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The Analysis, Design and
Management o f Complex
A.

INTRODUCTION

Section I dealt prim arily w ith the analysis of interrelationships in the real world, using the
general systems approach as a tool. Section II may be summarized as a set o f articles dealing w ith
the nature of systems— the analysis and synthesis of any system, leading to management o f sys
tems. Section III focuses on social organizations, stressing their dynamics of adaptation. Again, an
alysis, synthesis and management are the underlying themes. Section IV concentrates on some of
the complexities of social organizations and factors which should be considered in the analysis
and design of systems.
•The section is divided into five parts in addition to the introduction. The two papers in part
(B) review the methods available to the analyst and synthesizer, briefly review the history of these
methods and provide an application in a particular sector. Part (C) deals w ith the usefulness,
limitations and applicability of analytical methods while part (D) is concerned w ith approaches to
the design of systems particularly the organizational aspects. Part (E) considers the various causes
of stress in an individual and stress in the organization. Finally, part (F) deals w ith factors neces
sary for the health and stability of organizations.
In part- (B) Sutherland states that the general system theorist recognizes only one epistemo
logical1 dictate:
" it is the mark o f an educated man to look for precision in each class of things just
so far as the nature of the subject admits; it is evidently equally foolish to accept
probable reasoning from a mathematician and to demand from a rhetorician rigorous
proofs" (emphasis added).
This dictate recognizes the two extreme or hard-line positions in inquiry into problem situations. The
hard-line empiricist holds that the scientific method for the "h a rd " or physical sciences is totally
■transferable toany problem in the behavioural or social sciences. The hard-line deductivist or theo
retician, on the other hand, holds that there are considerable differences between the subjects of the
behavioural sciences and those of the physical sciences; this implies the need for a separate scientific
methodology for the "s o ft" or behavioural sciences.
The articles in Part IV demonstrate that the truth lies somewhere in between, depending on the

1The branch of philosophy dealing with theories of knowledge. Thus, GST recognizes only the Aristotelian-based theory.
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r
particular problem situation. This in turn demonstrates that, while different general system theorists
lean to one end or the other o f the continuum between the empirical and theoretical extremes, in ac
cordance w ith their own training and experience, the field of general systems theory follows
Aristotle's epistemological dictate.
Sutherland claims to ta lk only of the analysis process. In fact, however, he demonstrates the
intertwining o f analysis and synthesis. Synthesis or design of systems fo r particular purposes may be
stated as the output of the research system which examines a particular problem situation. Analysis
may be thought of as the input of the research system selected to produce the desired output. The
design output should include a regulator which controls the object system (the real world system
being looked at) via feedback linkages, etc. towards a predefined goal. This goal and its attendant
constraints may change if the environment and the object system are unstable (see Part II). Thus we
have an existing object system which is regulated or maintained in some manner. When this regula
tion is deemed unsatisfactory, a research system should be developed to improve it or decline and
breakdown may result.
Sutherland talks o f various inform ation sets which occur in the research process:
1.
A Priori Information: the stock o f knowledge whose roots are found in theory, intuition
and prior empirical findings (i.e., experience), which the researcher in itia lly deems useful to the pro
blem situation. This knowledge is selected w ith out incurring any current analytical expenditures.
2.
A Posteriori Information: selected additions to or deletions from the a priori stock of
knowledge (modified as the research process continues), plus empirical inform ation deliberately
sought fo r the particular problem at hand. This inform ation, and its systematic assemblage w ith
the selected a priori knowledge, has current costs attached to it.
3.
Real Information: an abstraction which represents our knowledge as to the feasible
limits o f (1) and (2) in producing problem-relevant inform ation. It represents a yardstick against
which the quality o f the a priori and a posteriori inform ation can be measured at any point in
the process. Of course, this quality measurement exercise also has attendant current costs.
Sutherland then goes on to deal w ith costs and benefits o f additional research, to provide a
general problem-solving paradigm, and to categorize different problem types (from assumptions of
complete determinism to complete indeterminism) and their effects on the research system's e ffi
ciency and effectiveness. He concludes that all of the instruments in the scientific arsenal, from
theoretical to empirical, from "hard” sciences to "s o ft," are appropriate at different times in the
research process. Their use depends on the particular problem-type.
Howland provides a partial history of General Systems Theory (GST) in a more concrete
health setting, discussing analysis, design and management of medical facilities through a hard
man-machine systems paradigm.
Starting w ith "scientific management" in the 1940s, he discusses briefly industrial engineer
ing, human engineering, operations research and systems research.
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Difficulties w ith each of these approaches led Howland to a set of concepts based on cyber
netics, where the operational objective of his designed system is to provide patient care.
In part (C) Arrow deals w ith mathematical models at a more abstract level, discussing the
scope, u tility and limitations of mathematical models in the social sciences. His position is hard
line:
"any meaningful proposition can be expressed in a suitable mathematical form , and
any generalizations about social behaviour can be formulated mathematically.''
In accordance w ith our knowledge of logic, his proposition is irrefutable. However, the philosoph
ical question as to whether this knowledge of logic is complete is still open. Nevertheless, math
ematical models have much to offer. It is because mathematicial models!are "contentless" (ab
stract, no empirical real world ties, no semantical or "meaning" linkages) that they may well be
universally useful (to date, the only social science to use these models extensively is economics).
Their usefulness in adding clarity via logical deductions is undisputed, in that they formalize
our way of thinking about real world (object) systems. Furthermore,
" it is by now a platitude of the scientific method that if theory w ithout empirical
evidence is unreliable, empirical inquiry w ith out theoretical background is u n fru it
fu l."
This leads us to a basic consideration of the simplest form of tests for our appropriate mathema
tical model fo r any given object system.
We need t --------- -—
1. ! empirically test the
V
assumptions and
J
\.
resuUs^jrconclusipfns of the model as well as

2. (W icany^test-^h^><^
'

n.

internal consistency of the model.

Contrary to the popular song by "M eatloaf," two out of three is not sufficient; all three are neces
sary, and more is required to make these tests sufficient.
Arrow next discusses some classifications of models, wherein the most interesting may be his
dichotomy of "individualistic" models (dealing w ith the behaviour of individuals) and "collective"
models (dealing with the behaviour of groups). His own findings are at present generally accepted,
that it is impossible to generate a social welfare function from individual u tility functions. Again,
however, the philosophical basis o f his work may or may not hold up in time.
Another interesting aspect of Arrow's discussion concerns the "principle of rationality." Under this
hypothesis:1
hypothesis = a proposed law, yet to be fully tested.
law = a principle held to be true by the scientific community but still tentative.
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"th e individual's behaviour depends on his tastes- as expressed, say, by a u tility
in d e x - and upon the obstacles, which are determined by exogenous factors, by
the actions of others, and possibly by past actions of the individual and of others.
We may say that the individual maximizes his u tility , subject to the obstacles.
Now the individual's u tility , representing his tastes, may be expressed either as his wants or his
needs. The definition of either of these for a particular individual has proved to be a stumbling
block.
The alternative position to the principle of rationality involves the developmend of ad hoc
hypotheses, usually drawn from introspection or casual observation and dependent upon the re
searcher's intuition and common sense. While this method allows one a step outside the formal
boundary of the principle of rationality, it tends to lead to a profusion o f contradictory state
ments. Again, some combination of rational and ad hoc procedures is probably appropriate as a
methodology for the analysis, design and management of a particular object system.
Arrow's development o f the theory of games as mathematical models leads us to consider
A ckoff's paper.
"there is already evidence that, in the systems revolution modest results tend to be
excessively generalized and that assumptions once stated— if stated at all— tend to
be ignored in defining the realm to which results can be applied.
According to A cko ff, a person or group can be said to be in a problem situation under the
following assumptions:
1.
2.

he has one or more unsatisfied wants or needs,
he has available alternative ways of pursuing the objective of satisfying the wants or
needs, and is uncertain as to the relative effectiveness of the alternatives.

Game theory deals w ith this problem type, in that utilities or valued outcomes are involved and
that alternative strategies are available.1 In addition, however, the tool o f game theory requires
several additional ssumptions:
3.
4.
5.

the set o f possible strategies can be specified in advance,
a set of well-defined end-states exists,
a specified payoff is associated w ith each end-state.

Various criticisms have been leveled at game theory. One or more of the above conditions may
not be satisfied. Mathematical solutions only exist fo r relatively simple game theoretic, problem
situations. Utilities are not transferable; this means that two or more players may formulate the
same problem situation into tw o or more different payoff matrices. The payoffs may not be inde
pendent; that is, given the selection of a mixed strategy, the payoffs associated w ith any one

1These alternative strategies must be unequally effective to have a real choice. However, this.information is not often available
a priori.
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strategy may depend on the frequency of choice o f the other. This latter criticism has implications
for the choice of a philosophy. A single philosophy is more predictable than a mixed one.
A ckoff further criticizes the im plicit assumption of complete ignorance (on the part of the
player) of the probabilities associated w ith the competitor's choices, by pointing out that in a
real world problem situation the decision-maker is not given a game to play but must extract it
out of the situation itself. Problem form ulation and the selection of a solution are not separable
aspects of problem-solving.
Ackoff, then, appreciates the precise form ulation of "game-theoretic games" but heavily
criticizes their unreality. On the other hand, he appreciates the partial reality of "operational
games" such as m ilitary or business games but criticizes their lack of precise form ulation and use.
Let us digress for a moment to summarize some o f the major themes. A decision-maker or
manager of a real-world system is faced w ith a problem-situation. He has certain a priori and
potential information resources, either personally or through an agent. These resources include em
pirical and theoretical instruments which he or his agent can combine into a research system w ith
the objective of analyzing, designing or synthesizing, and implementing as a m odification o f his real
world system. He w ill so m odify this object system if the costs and associated benefits are approp
riate.
An initial comment by A ckoff is relevant to Rice's article (Part D).
"U n til recently, scientists and engineers tended to treat systems as complexes whose
output could be expressed as a single function of the outputs of the component
parts. As a consequence, systems were designed from the inside out. Increasingly,
researchers have come to deal w ith systems whose output cannot be expressed as a
simple function of component outputs and it has become more productive to treat
them holistically and to design them from the outside in ."
In Section III, Bakke suggested seven services which an adequate concept of social organiza
tio n " can perform, of use to both researchers and practitioners. One of these services is to provide
a systemic framework of the major parts of a social organization such that more elementary vari
ables (selected aspects of elements of the object system) and more specific theories w ith respect
to their relationships can be derived. In Part (D) of this Section Rice defines a "research model
(or "research system") as a strategy which helps in the selection and measurement of the system
variables and relationships we wish to study. He develops in preliminary form a research system
to deal w ith performance measurement of the contributions of organizations suc^ as hospitals,^
schools and prisons to society. The output variables chosen are "care of patients, ^ protection
(of patients and hospitals), "social restoration" of patients, "training and education of hospital
personnel, scientific "research" into hospitals and the mental health of patients, and "adminis
tra tio n " of the hospital systems in society.
His input variable comprise four classes of parameters: com munity type, measurable features
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of patients entering the hospital, aspects of direct com m unity participation in the hospital's func
tioning, and other basic resources received by the hospital such as financing. His system variables,
which can be used to describe the state of the hospital system at any time, include three classes of
parameters: physical characteristics of the hospital system, staffing pattern, and policies and pro
cedures regarding the hospital's functioning as a going concern rather than its structure. Relation
ships among variables are dealt w ith using statistical correlation, where input and system measures
(predictors) are statistically correlated w ith output measures (criterion variables).
The differences between Rice's research system and those using an ''operation research

(O.R.)

methodology are stated as follows:
1

The scope of O.R. is typically a single organization, whereas that of Rice's system is a

class of organizations studied simultaneously.
2.
O.R.typically first develops a model to represent system functioning, then collects empi
rical data to apply the model to a particular object system; Rice calls for the collection of data
first, on which model construction is based.
Studer advances further into the field of collection o f data first. He first postulates the
difference between "ape” and "m an." Apes are seen to have no capacity to plan or
design something "b e tte r;" man is seen to have total capacity to plan. A major human problem,
then, is how to get from "IS " to "O U G H T "1 via planning or designing. We need then to hold on
to "O U G H T " via control (regulation and maintenance, avoiding breakdown). He recommends an
innovative, experimental approach to both individual and collective systems based on directed
behaviour changes" and leads us to (Skinner's and) M itro ff and Sagasti's world.
M itro ff and Sagasti deal conceptually, as opposed2 to technically, w ith "stimulus-response
(S/R )'' aspects of inputs and outputs of systems. They raise the question whether the philosophy
of the physical sciences (scientific methodology in the "h a rd " sciences) can be transformed whole
sale to the behavioural or social sciences, and even if it can, how?
Their major reference seems to be Churchman;3 their self-imposed task to conceptualize be
havioural science experiments using philosophical analysis and systems theory to provide a new
perspective. They provide a taxonomy of experimental problem (decision-making) situations
where the inquiring system (IS) is both stimulus and response, concluding this is only one way of
approaching S/R, w ith different systems appropriate to different situations.
The major theme of these writings is that their conclusion can be generalized further: GST is
only one way of approaching problem situations, albeit a most promising one; w ithin the GST

•1" IS ” describes where we are; "O UGH T" prescribes where we want to be.
2A major theme underlying G ST is that dichotomies are only an analytical device representing continuums along a dimension.
3Churchman, C. West, The Design of Inquiring Systems, New York, Basic Books, 1971, which compares Leibnitzian, Lockean,
Kantian, Hegelian (Dialectical) and Singer-Churchman Inquiring Systems (IS).
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system of knowledge, either polar position or a point on the continuum between them may be
appropriate to a particular problem situation.
In today's organizations, psychological stress is being recognized as a major health problem.
In part (E) Horvath reviews some definitions of the concept of stress and some experimental
research deemed relevant. He does not cover all research which is called an investigation of stress
by its author. Furthermore, the research covered deals w ith stress in the individual rather than a
large and complex group representing an organization. Arrow has (elsewhere) demonstrated the
impossibility of aggregating individual utilities into a social welfare function. However, there may
be some lessons in this individual stress research for a preliminary concept of organizational stress,
Looking at the "hardest” physical science, physics, Horvath finds general agreement about
the concept of stress. "Stress" is the (input) force applied to an object (system), and "stra in " is
the resultant change (output) in the object system's dimensions.
Horvath then adopts and adapts Hans Selye's terminology due to his general acceptance
among physiologists and partial acceptance among psychologists, both representing the "s o ft"
sciences. The term "stressor" represents input stim uli eliciting stress, where "stress" refers to a
state of the organism and "stress response" to an output response which characteristic of or a refelection of this state of stress (e.g., a fear or sex or hunger response). Thus, in outline at least,
the "s o ft" and "h a rd " definitions are parallel.
A fter further considerations, Horvath derives an operational definition of stress deemed ap
propriate to psychology.
"Psychological stress is a state which occurs when an individual is subjected to con
ditions which disturb or threaten to disturb crucial psychological variables from w ith 
in their normal lim its."
An immediate problem here is that- the definition is static: "norm al lim its" may expand or con
tract w ith time. This definition, however, does f it the various definitions of stress in psychology,
according to Horvath, and he suggests that lessons may be learnt from physiology. Since these
"s o ft" sciences study human organisms (i.e., a subset of those organisms which are alive), this con
ceptual research may also be appropriate to the study of organizations (assemblages of organisms
which are alive).
Horvath examines the psychological literature and concludes that certain stress variables
leading to certain organism behaviour are particularly sensitive to certain stressors as stimuli. His
most generally descriptive stress variable is "functional limits." A fter measuring performance limits
in some manner under neutral conditions, stressors may then be applied below (underload), at, or
above (overload) the functional limits.
A second stress variable, which is useful in controlling the nuisance variable motivation, is
"level of attention." If an organism under controlled conditions has already been performing in a
task requiring a high level of attention, he is less able to compensate by higher motivation, leading

405

to a higher level of attention when he is stressed.
Horvath's, third stress variable is "focus of attention," another aspect of attention processes.
Here, stress may reduce the focus and the a b ility to control the focus.
A fourth stress variable is "strength of habit" or "level of learning." This variable reflects the
notion that stronger habits or overlearned responses are less easily disrupted by stress than weaker
habits or underlearned responses.
The fifth variable derived by Horwath is related to the fourth. "Reversal of habit or set" is a
variable descriptive o f tests having the common characteristic o f fle x ib ility needed to reverse a set
or habit.
These, then, are the five most promising stress variables found by Horvath. Stressors may be
tasks; or motivational arousers such as fear, frustration or anxiety; or distracting, irrelevant or
novel stim uli; or disruptors o f physiological homeostasis such as certain drugs or fatigue. These
stressors and their related stress variables are emphasized by Horvath as preliminary findings only.
Gray asks the questions, "Does Johnny's psychosis, or phychosomatic illness, or depression,
serve a homeostatic function in the fam ily system, the group system, or the network system?
Should we use a systems perspective to focus our intervention on changing the fam ily, group, or
marital system, and if so, w ill the individual's symptoms disappear? Gray s answer is a resound
ing "Y es," as he claims the class o f therapists- fam ily, group, and transactional- w ill tell us.
Herein lies his basic case fo r the application of GST in psychiatry, in particular to derive a general
theory of personality. His thesis is epistemologically correct in a GST sense: changes of state from
inputs within the system are certainly im portant, as are changes of state from inputs from the
system's environment. In particular, he makes the not unreasonable claim that intrapsychic inputs
need to be studied as well as extrapsychic inputs, to explain an organism's behaviour. Thus, his
call is fo r a general system's view of personality, the measurement of which is the most d iffic u lt
in psychology.1
One must wonder, fo r example, about what exists in an individual's makeup to cause "flu id
intelligence," which is exhibited by performances characterized by adaptation to new situations,
the " flu id " application o f general ability, so to speak. On the other hand, what causes "crystallized
intelligence," another aspect of (or variable w ithin) personality, where this form of intelligence is
exhibited by cognitive performances in which "skilled judgment habits" have become fixed or
crystallized.2 And what, if anything, does this have to do w ith Newton's experience of mixed
inputs (an external input of an apple falling on his head, and an internal input of some quality,
X, which we sometimes call intuition) causing him to draw the conclusion that bodies having mass
exert some kind of pull towards other bodies?

1Koi linijoi, I

N., r-ouiwlnlmii ol Holmviuni.il Hitwiiirch (2nd ml.). Now York: I loll. Rinolinrl mu) Winsl.on, Inc., 19/3, p. 494.

2lljid., pp. 682-3
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Vickers deals, as have others, w ith the personality aspect termed "stress." He claims; that the
stability of a human system determines whether the application o f a stressor w ill cause the system
T £ £ d o ! or (merely) ,o function badly. If the system does break * w n w,ll ,t b ^ o m e cbsorganized (exhibiting random behaviour) or w ill it go through some
. ^ o r.
tective reorganization? The latter implies some movement, perhaps expansion, of Horwa
^
mat limits " which may in turn be partially measured via his stress variable "functional limits.
This in turn reminds one of Studer's postulate that humans, through learning about and applying
planning, strive to reach and maintain the "m an" state. In an organizational sense, Vickers, in
Part II, discusses the function of management as:
1.

trying to observe and work w ithin the laws or principles involved in the self-regulation

of the organization, and
2.

attempting to intervene as a "helmsman" or "steersman" in order to influence the sys

tem's choice of action towards certain goals.
Part (F) examines this notion of planning for a future a little more closely, in the context of
stable and unstable equilibrium. Smith quotes Tagore that "worries come only if V°u believe m a
future. Believing in ghosts, you are freed from burden, all the worries enter ,he «host
This fanciful analogy serves as an introduction to his plea fo r fusion of seemingly opposed forces,
group dynamics and project management, where group dynamics is an interdisciplinary cluster of
many behavioural scientists and project management is an interdisciplinary cluster of phys
sciences And so we are back to Sutherland's "square one" and Aristotle's dictum from over 2400
years ago. General Systems Theorists are supposed to recognize this dictum, which ,n essence' 'im
plies a need to fuse the so-called "hard" and "s o ft" sciences if we expect to solve rea I world
problems. However, these forces of "s o ft" and "h a rd " appear to want to dominate or sit at
to p " in science.
Let us consider another somewhat fanciful analogy, which may of course be an incorrect an
alogy as may Smith's. Consider a hollow sphere and two marbles representing the soft and the

"h a rd " sciences. Place the tw o marbles on the top of the sphere, which itself is fixed in posit o
by some magnetic forces, say. The marbles, unless held by some complex magnetic forces, w ill
fall o ff the sphere, exhibiting unstable equilibrium, and fission.
Now place the marbles w ith in the sphere, in any position whatsoever. They w ill fall to the
bottom of the sphere and "fuse," exhibiting stable equilibrium and homeostasis, which w ill be
maintained unless external forces manage to overcome internal compensatory mechanisms an
inputs from the system's environment representing order (see Young in Part III).
It may be helpful at this point to recall some notions as to whether an analogy is correct.or
incorrect. In Part III, the functions of a formal a n a lo g u e s described as tw ofold : to teach and to
extend theory. The latter is accomplished by what Mary Hesse calls neutral analogies. It is up
to the reader to decide whether the above analogy is "positive" or "negative whether the soft
and "hard" sciences can fuse into stability or w ill exhibit fission and instability.
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Let us now use Bennis' article on organizational health to provide a link from analysis of
complex social systems to synthesis or design or planning fo r complex social systems. Among
other things, Bennis discusses two types o f communication networks fo r problem-solving by a
group of five persons, the "w heel'' and the "circle ." Consider his diagram, where o represents individual
and «— ► relation.

"circle1

"w heel"
Now m odify the circle to:

Despite the far greater number o f communication linkages (ten as opposed to four), Bennis states
that experiments show more rapid acceptance of a new idea is possible w ith the circle than with
the wheel. The man in the middle of the wheel is apt to discard an idea on the grounds that he is
too busy or the idea is impractical. Furthermore, when the task is changed, the circle organization
is better able to adapt to this change by developing a new code. In addition, and this brings us
back to the notion of fusion versus fission of the "s o ft" and the "h a rd " sciences, a changing
leadership in accordance w ith the unique leadership qualities of each member may be the best
authority group strategy.
'
Nevertheless, as stated earlier, all hypotheses are "m ere ly" tentative laws, and all scientific
laws are "m erely" tentative; we are told that the entire scientific com munity once regarded the
earth as flat. Is it?
Whichever leadership strategy is adopted by the scientific com munity of general system
theorists is yet to be seen.
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BEYOND SYSTEM ENGINEERING: TkE GENERAL SYSTEM THEORY
POTENTIAL FOR SOCIAL SCIENCE SYSTEM ANALYSIS
John W. Sutherland
to encounter, and use these ideal-types to engineer
congruence between problem properties and meth
odological platforms.

INTRODUCTION
There is m uch' argument in the scientific
community about the extent to which the social s c i
ences' methodological practices reflect the condi
tions for objective, accurate inquiry. Even within
the social sciences, there are two polar positions:
the dictate from those who prefer empirical, predications that the proper instruments of science are
the instruments of the natural sciences, and that the
proper output of scientific analysis a relnomothetiej
v~ constructs; I on the other side, the grand theory
M5uiTHers whose analytical preference is largely
deductive and whose analytical results are gener
ally idiographic or theoretical in nature. The posi
tion of the former is defended by trying to define
social science subjects in term s of the phenomena
dealt with by physics and the other natural s c i
ences; the deductivist's position, on the other hand,
reflects his opinion that there are considerable dif
ferences between the subjects of the social sciences
and those traditionally dealt with by the "hard"
disciplines.1
Now, in the perspective of the general system
theorist, neither of these polaristic positions have
an exclusive option on the methodology of the social
sciences. Rather, he recognizes only one epistemo
logical dictate, that lent us by Aristotle over 2400
years ago:
. . . it is the mark of an educated man to look for pre
cision in each cla ss of things ju st so fa r
thp. ^ahira
.of the subiect admits; ftt is evidently equally foolish to
~acceprpr05able reasoning from a mathematician and
to demand from a rhetorician rigorous proofs.
(

In short, the properties of the phenomenon at
hand should determine the param eters of the ana
lytical approach—not any a prioristic preferences
we happen to hold. To make this dictate somewhat
more operational, we shall generate an array of
four analytical ideal-types, approximative of the
range of problems the social scientist may expect

I. THE ANALYSIS PROCESS
The applied scientist is primarily a model
builder. The models he builds are intended to cap
ture the properties of real-world phenomena which
we wish to describe, predict, or reconstruct. These
models may, moreover, take several different
forms:
mathematical, statistical, metaphorical,
physical (i.e., simulative), or some combination of
these modalities. At any rate,\trre~ engine whichdrives models and provides {heir structure is
information, and information is the output from an
analysis exercise.) In short, the scientist engages
"in research and analysis in order to generate the
information necessary for the construction of
accurate models of predictive or descriptive
significance.
At any rate, we shall be concerned about
information in three guises:
(a) There is, first of all, the stock-ofigj r i o f t /
information. This isJbfi-laiO^Iedge we possess (or
think we posse>e)''about a problem which exists
\prior to I the inauguration of a formal, dedicated
1analysis orocessT? That is, it is knowledge whose
roots are to be found in experience, theory, intui
tion, or other non-empirical predications. Thus
were we to set the analysis process in a time
framework, the a priori stock of information would
be that which we possess at time t^. That is, it is
information we have obtained without incurring any
current analytical expenditures or without under
taking any current empirical observations.
(b) Secondly, there is the succession of
aC ^ sterio ri information stocks. These are the
aggregations of information which have been a c 
quired bv it^rp-tions of analyses aimed at empiri-y
frally capturing the properties of the problem fat
hand o r, more generally, products of incremental
expenditures of analytical resources. Thus, if the

1.
Because of this lack of serious em pirlcalization, the social sciences have perpetuated an em barrassing schism ,
marked by acrimony and recrim ination between what we will la ter re fe r to as positivists and idiographic model-builders.
In his Social Theory and Social Structure (F re e P re s s , 1968 edition, p. 139), Robert Merton cites the polar ends of the
schism : "On the one hand we observe those sociologists who seek above all to generalize, to find their way a s rapidly as
possible to the formulation of sociological laws. Tending to a s s e s s the significance of sociological work in term s of scope
rather than demonstrablllty of generalizations, they eschew the 'triviality' of detailed, sm all-scale observations and seek
the grandeur of global sum maries. At the other extrem e stands a hardy band who do not hunt too closely to the implications
of their research but who remain confident and assured that what they report is so . . . . their reports of facts are v e rifi
able and often verified, but they a re somewhat a t a loss to relate these fa cts to one another or even explain why these,
rather than other, observations have been made."
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result in a more accurate model in either of two
a priori information stock exists at time t^j in the
ways:
/
analysis process, the a posteriori stocks are those
—if our ambition for the model we ate build
which exist at times ti ... t n, and each has a direct
ing is predictive (or if we are trying to causally
expenditure of analytical resources associated with
reconstruct some historical event), then a reduction
its generation.
in
erro r is realized when events predicted by the
(c)
Finally, there is a third information stock
model
and events which actually occur are identical
of interest to us: what we will call the re a l. This
—or to the extent that the variance between predic
is an abstraction which both the. a priori and a pos
ted and actual events declines;
teriori stocks must approximate, for it houses our
—if the model we are building is in' ended to
expectations about the limits of information avail
serve
as a descriptive allegory, then error declines
able about the entity under investigation. That is, it
to
the
extent that we realize a morphological c o rre serves as a reference point against which we can
lation between the real-world entity and the proper
measure the relative quality of the a priori and
ties of the model.
a posteriori information stocks at some point in the
But we will have considerable difficulty in
analysis process. M oreover, our concept of the
dealing
with the concept of predictive/descriptive
limits of information available to us about the
erro
r
within
the confines of the analysis process
problem at hand, our concept of what the ideal
itself. Specifically, if we were to devise some sort
information stock might look like, may have several
of objective function for system analysts to operate
different origins:
under, it might read like this: Minimize the erro r
—it may result from past experience with
component of a model! However, this is a flat and
sim ilar problems;
usually non-directive imperative. There are sev
—it may simply be an intuitionalistic formu
eral things wrong with it. F irs t, there are some
lation without empirical foundation;
problems which must be attacked which simply do
—or it may be a product of deductive infer
not warrant much expenditure of tim e, energy, or
ence such that its properties are generated as the
effort in the attempt toward ultimate rectitude (i.e.,
result of the application of some theoretical base to
those which, even if we are considerably wrong
the current problem—a technique we shall discuss
about them, will carry no significant loss for us).
in detail in another section of this work._______ —
Thus we must insert the concept of economic m arAt"any rate, the heal information stock rep reginality and suggest that the system analyst may
sents our expectations about what can be achieved^
better attempt to minimize e rro r subject to the
by the analysis process in its role as a producer oL
point where the expenditures for information are
model-oriented information, r
lower than the expected value of the information.
■---------Tfie”analysis process, then, is the vehicle by
But this leads us directly to a seemingly
which we attempt to move from a less favorable
impossible
problem: the assessment of the value of
a priori informational state at time t^ to more
information
during the analysis process. That is,
favorable ones at times t , ... tn; and time tn may,
how may we begin to get some estimates of the
for the moment, be thought of as the point where we
economy of continuing .the analysis process in an
feel that the currently existing a posteriori infor
effort to concatenatively lower the e rro r component
mation stock has adequately exhausted the postu
associated with the model we are building? At what
lated properties of the real information stock.
point does the acquisition of further increments
Graphically, the process looks like this (Figure 1):
of information become gratuitous or marginally
unproductive ?
Probability of Predictiv®/
Detcriptive Error
This problem approaches impossibility, but
not entirely. Initially, if the problem at hand is a
precedented one, such that we have had empirical
association with it at some prior time, then the real
information stock may be set to reflect this experi
ence, and the analysis process would be continued
until the a posteriori state at some time tj was
perceived to have exhausted the real. But, for the
Expenditure of Analytical
unprecedented problem, or one which is sufficiently
Resources/ * of Observations
dissimilar from previous experiences to make
on Problemic Properties of
Interest.
dubious a real state set as a product of inductive
inference, we must take recourse in some deductive
Fig. 1
construct.
Initially, let's consider that almost any real
This is what we shall refer to as the normative
world phenomenon we encounter will be admissible
learning curve: it shows that increased expendito modelling on four basic dimensions or levels of
tures of analytical resources (time; energy, compu
analysis:
tational cost, man-hours, etc.) are expected to

410

SOCIAL SCIENCE SYSTEM ANALYSIS
(a) The state-variable level: here we try to
identify the major structural or qualitative aspects
of the entity at hand . . . the determinants of the
problem.
(b) The param etric level: this involves the
assignment of specific numerical (or precise quali
tative) values to the state-variables.
(c) The relational level: this involves estab
lishing the nature of the relationships among the
s t a t e -variables (i.e., the array of interfaces and the
directions of influence).
(d) The coefficient level:
here we assign
specific numerical or magnitudinal values to the
state-variable interfaces.
Thus, as we set out to build a model to p re
dict or ^Hegorize^some problem (phenomenon) of
interest, I k e information we generate during the
analysiy'process will be directed at forcing a con
gruence between the phenomenon and the model on
these; several dimensions. Again within the confines
of the normative analysis process, the difference
between the a priori and the a posteriori states on
smy of these levels of analysis becomes intelligible
An term s of the following construct (Figure 2):

Now, this event-array which forms the base for the
probability distributions may take on several dif
ferent implications within the context of the model
building exercise. H ere, however, we want to
re strict it to one of several possibilities:
—the set of alternative values which a spe
cific state variable may assume;
—the set of alternative coefficient values
which a particular interface (i.e., set of sta te -v ari
ables) may assume; that is, a specific magnitude
of interelationship;
—the array of alternative sets of state-v ari
ables we might employ to establish the structural
aspects of an entity-alternative sets of determi
nants proposed as fully exhausting the structural
properties of the phenomenon we are treating;
—the array of alternative relationship condi
tions which a specific entity-interface (i.e., a spe
cific set of purportedly interelated state-variables)
might evoke.
Then the central point of Figure 2 is this: the
a posteriori event-probability distribution rep re
sents a more favorable informational condition than
the a priori because (a) some events which were
assigned positive probabilities of occurrence in the

a priori phase have been eliminated from consid
eration in the a posteriori; (b) there is a more
intense or localized density of probabilities for the
remaining events associated with the a posteriori
distribution than with the a priori. In short, the
a posteriori distribution entails much less variance
than the a priori, and therefore represents a situa
tion of greater assurity about the event which will
occur. In short, the expected value of an e rro r in
assignment from the real world entity to the model
is lower in the a posteriori than the a priori case.
By way of illustration, suppose that we faced at
some point in time the problem of estimating the
magnitude of the relationship between two variables
(determinants) of a problem we are attempting to
allegorize—the problem of estimating a coefficient.
In the a priori phase, before the application of
formal analysis and prior to the inauguration of
empirical observations, let us say that we have only
the vaguest notion of the value which might be
assumed. More specifically, we know with assu r
ity only that the value which the coefficient may
assume may not be lower than X nor greater than y.
Thus the a priori event-probability distribution we
would establish would be sim ilar to that of the dia
gram: x and y would be assigned , lowest ..positive
probabilities of occurrence and would, therefore,
rest at the tails of the distribution. Now, in order
to start formal analysis with the greatest possible
variance allowed for in the a priori event-probabil
ity distribution, we might then generate a normal
curve with a slight graduation of densities toward
the value which sits midway between x and y.. Once
we begin empirical observations of the state vari
ables in actual relationship, we would expect the
a priori distribution (wide and flat) to be tran s
formed gradually into one which converges on some
value that is most recurrent in the empirical exam 
inations. When the event-probability distribution
spawned by successive observations begins to find a
"lim it" at some value, and when successive obser
vations do not yield significantly different esti
m ates, we can assume that we have pretty well
exhausted the informational potential associated
with this particular aspect of the entity we are
modelling. In short, the value which we will then
enter into our emerging model for the particular
interface under investigation is that converged on
by the successive a posteriori distributions. In the
case of the diagram we have used, this turns out to
be’ the central estim ate—the mid-point between x
and y. And we did this, not by coincidence, but to
make a critical point: even if the most likely esti
mates yielded by the a priori and a posteriori prob
ability distributions are the sam e, the a posteriori
is still more favorable, for we are more certain
about its prescriptions than we were with the a p ri
o ri. So, was the expenditure of tim e, dollars, and
effort required to produce the a posteriori con
catenation wasted ? Not from the standpoint of the
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Simply, greater magnitudes of e rro r carry with
them greater absolute co sts. Or, more specifically,
as our best estim ator for some event we are trying
to predict is increasingly inaccurate, we must
expect to incur successively greater losses if we
act on the estim ate. Thus it is more costly to over
supply a product by 1 ,0 0 0 units than by 1 0 0 ; sim i
larly, it is more costly to have overestimated the
demand for case workers by 10 than by 3, etc. As
for the second factor, the probability of incurring
an e rro r of a given magnitude, we have already
suggested that vie want it to decrease with infor
mational acquisitions. That is, information has
its direct value in accomplishing the following
(Figure 4).

system scientist, because, for him, the value of
information is directly related to its ability to
cause just such a convergence: a reduction in the
potential variance or e rro r associated with an esti
mator to be entered into a model purporting to p re 
dict and/or describe a real world phenomenon.
This point may not be immediately cle a r, but
it is critical in term s of the perspective it lends us.
F ir s t, if a model is comprised of many such e sti
mation processes, with each estimator entered
carrying with it a specific index of accuracy (i.e., a
probability of occurrence), then the aggregate index
of expected e rro r we would associate with the
model as a whole would be some product of these
e rro r estimates associated with its components.
Thus, by acting to minimize the expected e rro r
associated with each component of the model, we
also act to decrease the variance or e rro r we
expect to be associated with the model as a whole
(and this becomes especially critical when we r e c 
ognize that e rro rs in an integrated model tend to
behave concatenatively, not simply additively).
We have now one more step to take before
approaching the problem of estimating the value of
information in the confines of the analysis p rocess.
It consists basically in defining the concept of the
expected value of an e r r o r . This is a bivariate
function, the product of the following factors: the
probability of an e rro r of a given magnitude o ccu r
ring; the absolute cost (or loss) expected to be
incurred should the e rro r be realized.
Although there are other dimensions we might
use under special circum stances, we try to esti
mate the cost or loss associated with e rro rs we
might make in term s of some standard unit, like
d ollars. Thus, were we building a model to predict
demand levels for some product we are marketing,
or trying to develop a model which would estimate
the number of case workers we should hire and
train to serve some causalty population, the re la 
tionship between e rro rs of estimation in the enter
ing of the model's components and the cost of those
e rro rs is direct: oversupply costs us money in two
ways—the expenditures for product supplies (and/or
personnel) which will not be used, and the oppor
tunity loss, which must be calculated against profit
able uses to which the expenditures could have been
put were they not used to generate oversupplies.
The normative construct we would impose on
these factors, then, is shown as Figure 3.

P R O B A B ILIT Y O F IN CU R R EN CE

Fig. 4

We can now suggest that, because expected loss is
jointly a function of absolute cost of e rro rs of c e r 
tain magnitudes and the probability of incurring
e rro rs of those magnitudes, a reduction in the lat
ter factor results in a direct reduction in the
expected value of e rro rs associated with a predic
tion or description problem. Or, more, explicitly,
the value of information generated via analysis
process is imputed equal to the reduction in
the expected cost of e rro rs associated with its
generation.
None of this says anything about the real or
actual value of the information generated during an
analysis process, i.e ., how much was actually saved
by conducting formal research , e tc. The reason is
a simple one; we cannot ever arrive at this value
except after the problem has already ultimated such
that the problem is now empirical rather than a
target for analysis, per se. Thus, in a prediction
exercise, our best estim ators of what some true
parameter will be, our best estimates of the nature
of the relationship between two variables, are sim 
ply that: estim ates. And, although we may have
assigned them overwhelmingly significant probabil
ities of occurrence relative to all other alternatives
we considered, our probability constructs do not
engine the real world—the event which actually
occurs may have little reference to that which even
the most exhaustive pre-ultimation analysis process
led us to expect would occu r. Thus, when consider
ing the value of information, we are forced to oper
ate with expectations and use the abstract eventprobability distributions to engine our decisions
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(b) There is expected to be a positive m argi
about when to continue or when to discontinue anal
nal
product
associated with the acquisition of the
ysis and finalize the model at hand. In other words,
next increment of information (that is, its acquisi
we expend resources for analysis in the expectation
tion is expected to be worth more than it will cost
that the marginal product of the information gen
to obtain it).
erated will be positive; that is, that the value of the
(c) There is no requirement that the decision
reduction in the expected value of e rro r will exceed
be
made
immediately, irrespective of the existing
the cost of obtaining the information engineering the
information
state relative to the potential. In other
reduction.
words, the decision-horizon is still some distance
In summary, (a) The applied scientist* e x e r
away.
cises himself in the generation of models which
(d) If we are in the a posteriori state, a final
have their "purpose" in the ambition to treat a real
condition is that there be some substantive and
world phenomenon in term s of prediction, descrip
positive difference between the information stock at
tion, or causal reconstruction, (b) The models are
time t_j and time t x; that is, that we have a "h is 
predicated on information which may be either
tory" of successive improvement in our informa
a priori or a posteriori in generation and which
tional acquisition via the analysis process. If suc
may be directed toward the completion of the model
cessive observations on param eters or properties
on any of four dimensions: state-variable, para
of
interest have yielded.no new information, we can
m etric, relational, or coefficient, (c) The informa
assume that we have hit some kind of analytical
tion generated, at positive expenditure of time,
ceiling, that the properties of the real state are
effort, and other analytical resou rces, finds its
changing more rapidly than we can encompass using
utility in the ability to engine more favorable a
the specific analysis instruments and strategies
posteriori informational states from less favorable
involved. In this case, we can either take decision
a priori ones, where the quality of the informational
action on the basis of what we have or explore the
states is determined indirectly by the morphology
possibility of inaugurating a new research strategy
of the event-probability distributions associated
or instrument a rra y —a new analytical modality.
with the'm. (d) Hence, every model we build and
In the most elementary sense, then, we have
every component of the model generated during the
the
bases
for what may be considered a simplified ,
analysis process may be indexed with some proba
general system analysis model. It is "genera l 1 (
bility of accuracy, where this refers to our confi
because it is, at this point, context-independent;(~it
dence that the "event" we have elected to enter into
IS Simplified because we have incorporated none of
the model will be identical with the real-world event
the behavioral or affective factors which operate in
as yet to 'occur (or, in the case of causal recon
real-world analytical situations .2 It is graphically
struction, which occurred), (e) Finally, the imputed
reproduced in Figure 5. The story this logic dia
value of information is found in the reduction in the
gram tells us is admittedly fabricative (normative),,
expected value of e rro r associated with its acquisi
but useful for us both here and in subsequent dis
tion; thus the transformation of the event-probabil
cussions as a heuristic . 3 The interpretation is
ity distributions engined by successive increments
abbreviated as follows:
of information has a directly utilitarian significance
(a) Initially, the decision maker may (usually
for us, and the fundamental concepts of marginal
illegitimately)perceive an effective identity between
economics may be called into play (however grossly
his a priori state at time t^and the postulated real
they must be applied initially). So long as the m ar
state. When this is the case, he takes immediate
ginal product of increments of information may be
decision action, drawing his prem ises from the
calculated as expectedly positive, analysis p roces
a priori information stock. If this identity is not
ses will be iterated and the finalization of the model
perceived, he inaugurates an analysis exercise.
delayed.
(b) Here, an a posteriori information stock is
In general, then, when we consider the analy
produced
which, at each iteration of the p rocess, is
sis process to be a discontinuous one and enter our
compared against the real for identity. If identity
as yet immature concept of the learning curve, we
is not perceived, the decision maker will look at the
can suggest that the circum stances under which
difference between the information stock at time t
additional increments of information will be sought
relative to that which was obtained at time t .j
(i.e., the analysis process iterated) will be the
(associated with the previous iteration). So long as
following:
(a)
There is a perceived significant variance the relationship continues positive (and significant
relative to historical expenditures per increments
between the existing stock of information (either
Obtained),
the analysis process will be continued.
a priori or a posteriori) and the postulated real
stock of information.
2. For example, there are some individuals for whom form al, em pirical analysis is gratuitous, d esp lte th e co m plexlty of the problem situation. These a re usually those equipped with a considerably inflated opinion of
information, or individuals who are the product of s tric t dogmatic development (i.e ., individuals convinced that the sun
revolves around the earth because of exegetical inferences drawn from religious writings).
3. c . f . , Frank George, Models of Thinking (Allen & Unwin, 1970), passim .
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(c)
However, should the learning curve turnsolution. Thus the applied scientist differs from
his Epicurean counterpart largely in the fact that,
negative or become diseconomic (such that the re la 
in addition to studying phenomena in their own
tionship between successive information stocks is
right, he is also interested in somehow altering
unfavorable relative to costs), a decision action is
their properties or behavior.
made using whatever prem ises may be drawn from
In most cases, the problems which we en
the existing information stock at that point.
counter will take the form of a system , given the
These are the basic deflection points of the
definitional param eters we outlined in Section I;
analysis process. But their practical implications
also, in most cases, the solution proposed will also
for our work here will not become apparent until we
take the form of a system . The former is a natural
have introduced another paradigm, one which takes
phenomenon; the latter is a prescriptive fabrication
a more detailed look at the procedures by which
of the scientist until it is reified via development
problem-solving models are constructed.
and implementation. Thus, in the most basic sense,
the applied science domain is characterized by a
II. THE GENERAL PROBLEM
set of interfaces between problem systems and
SOLVING PARADIGM
problem-solving system s. And, quite clearly, the
contribution of the sciences to the world at large is
Once again we have to say something about
directly dependent upon the success we enjoy in
the role of the applied scientist and the role of ap
these interfaces.
plied science in general. Specifically, the applied
So, the generalized problem-solving paradigm
scientist, in addition to building models which a t
we will introduce has the following properties:
tempt to predict and/or describe or causally r e 
construct phenomena, finds his essential utility in
It views the problem-solving process as the
the ability to devise solutions to problems. In this
development of successively more precise and'A
sense, the applied scientist builds not simply one
accurate allegories of both the problem to be solved
model (the predictive/descriptive/reconstructive
i and the system to be designed to solve it.)
allegory) but two: the second is a model which alle
The design criterion for the system is con
gorizes the solution in term s of its effect on the
gruence,
which implies that it is both adequately
problem. In other words, he develops a model
effective and efficient in solving the problem (not,
which defines the problem to be solved; then, given
necessarily, optimal).
this definitional model, he develops a model of a

u
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The criterion for rationality imposes the con
dition that, at all points, analysis be undertaken to
the extent that the resultant information associated
with analysis be expected to be marginally pro
ductive (in that the expected cost of dysfunction
is reduced by an amount greater than the cost of
obtaining the information, something which will be
made clearer shortly).
Our paradigm suggests two major phases,
within which are grouped eight tasks. We have
assigned them a sequence which need not be fol
lowed in any particular instance fo r, as will be
shown later, whereas the problem-solving process
for the mechanistic problem situation is monolithic,
that which we would associate with the pursuit of
essentially gestalt-like, organic problems via com 
plex systems is a reflexive, opportunistic process.
Considerably abbreviated, the tasks of the paradigm
are the following.
Tasks in the Development of an a priori ProblemDefinition Model
The design of a successful problem-solving
system depends on the rectitude of the problem def
inition which precedes the actual design process.
1. identification of Problem Determinants.
This first step asks that we identify all structural
factors (major variables) likely to have a determin
ing impact on the "state" of the problem during the
tim e-fram e with which we are concerned.
2. Development of Dynamic,
Predictive
Micro-Models. Each of the higher-order deter
minants identified in the first task will itself be a
product of still lower-order factors, which deter
mine the way the higher-order factor will be valued
or will behave at any point in tim e. Thus, if we are
to be able to predict some future problem state or
fully define the structural processual properties of
the problem at hand, we must have causal models
allegorizing the way each of the major problem
determinants is itself determined.
3. Development of an Integrated Macro Model. In this final step of the problem definition
phase, we are concerned with identifying the way
the higher-order determinants identified in step 1
are related in "causing" the problem, much as in
step 2 we were concerned with the way the deter
minants themselves were caused by the lower-order
factors. This step involves synthesis, in that we
are here trying to establish the way the major
problem determinants behave in interrelationship
with one another .4 When this step is completed, we
should have arrived at a fully integrated, predictive
model of the problem we are to solve, a model
which will project future problem states, exhausting
the structural/functional properties of the problem
as fully as possible.

Tasks Leading to the Design of an Effective/Efficient Problem-Solving Model
The performance requirements a problem
solving system must meet will be dictated by the
a priori problem model just developed, subject to
the condition that this largely deductive construct
be empirically validated at all points prior to any
firming of the system properties.
4.
Identification of Sub-Problem/Sub-System
interfaces tor Modules) and Development of T reat
ment Schedules. Drawing on the network-type problem macro-model developed above, we isolate those
problem components most in need of adjustment,
modification, or elimination (either in their stru c
tural or processual properties), thereby establish
ing the performance requirements for a set of
sub-systems to be dedicated to each of the sub
problems, thus responding to the "partitioning"
criterion introduced ea rlie r. Each of the various
sub-problem/sub-system unions may involve one or
more of the basic problem structural determinants
identified in 1 above, depending .on the nature of the
interrelationships specified by the integrated, p re
dictive problem model developed in 3. We must
then decide which of the various problem system
modules to implement first, e tc., in order to m axi
mize the information and developmental effects of
our problem-solving exercise.
5. Development of a Subproblem-Solving
Strategy for Each Subsystem. Drawing on the
causal sequences allegorizing each of the major
problem determinants developed in step 2 , and con
sidering the inter-determinant relationships p re
dicted to be operative at the macro-problem level,
we must devise sub-problem solving strategies for
each of the various sub-problems specified in step
4 , subject to the condition that the individual stra te 
gies be defined to avoid conflict, redundancy, or
interference with the other strategies. Here we are
concerned with introducing treatment integration in
the system rather than structural integration, the
form er being a somewhat more simple analytical
process than the latter, as will be shortly explained.
6 . Assignment of Problem-Solving Instruments to Each Sub-System. The initial partitioning
of the system allows us to treat each sub-problem/
sub-system union as an essentially isolated entity
at first (although this might seem a contradiction of
established system design principles). At any rate,
this task involves the selection of those instruments
which will b e st'se e the sub-system s strategy
translated into effective action. The sum of all such
instrument arrays will, of course, be the sum of all
resources (material, skilled personnel, equipment,
and tactical algorithms) of the total system .
7. Empirical Validation Cycles. At this point,
the problem constructs, the strategic platforms,

4.
For an explanation of the pervasiveness of problems of system synthesis, see George K lir's An Approach to Gen
e ral System Theory (Van Nostrand, Reinhold, 1969), Chapter 6 .
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levels of analysis, introduced in the previous s e c 
and the instrument array s are predicated largely on
tion, as follows:
deductive inference (possibly some inductive infer
ences as well) and all must now be subjected to
SUB-PROCESS
LEV EL OF EVENT
em pirical field trials designed to determine their
1. State-Variable
validity in the face of real-w orld contingencies for
1. Identification of m ajor problem
each of the sub-problem/sub-system modules. Thus
determinants.
all a priori constructs will be examined for the
2. Development of causal sub-models. 2. Relational
degree of divergence between predicted and actual
3. Param etric/
3. Development of predictive m acro
outcomes with significant divergences demanding
Coefficient
model.
theoretical or inferential revisions, etc.
4. State-Variable
8.
Development of an Aggregated M acro-4. Development of sub-system/
sub-problem interfaces.
System Configuration Model' The functional (or
treatm ent) integration of the system has been p er
5. Relational
5. Development of sub-problem
formed in step 5, so here we are concerned in
solving strategies.
viewing this partitioned system as an aggregate,
6 . Relational
6 . Assignment of sub-problem
roughly equal to the sum of its p arts. We can then
solving instruments.
aim at effectively maximizing the efficiency of the
7. Coefficient
7. E m pirical validation e xercises.
partitioned system through the elimination of any
8 . Param etric
8 . Development of m acro-system
structural or resource (instrumental) redundancies.
model.
In the long run, it will be used to gradually elimi
nate those sub-systems which have completed the
As we have suggested, the expediency with
desired affect on their respective sub-problems,
which we will be able to pass through these mode^reallocating or disposing of the resources assigned
building procedures and the ultimate level of suc
them.
cess we can expect to achieve depends primarily on
What we suggest here is graphically summa
the nature of the problem (i.e., the phenomenologi
rized in Figure 6 .
cal category to which it belongs). Not only will this
factor determine the morphology of the learning
THE NO RM A TIV E PRO BLEM SO LV IN G PRO CESS
curve we can legitimately expect to generate; it will
also (at least partially) determine the phenomeno
logical category into which the problem-solving
system will fall.
HI. THE ARRAY OF PROBLEMIC
IDEAL-TYPES
Recalling the Aristotelian dictate with which
we began, it is clear that the ease or difficulty
encountered in moving through the problem-solving
paradigm will depend primarily on the properties of
the phenomenon at hand. Those properties which
are of elemental concern for us may be abstracted
into four problemic ideal-type entities, as shown in
Figure 7.
Given these synthetic probability distributions
(Figure 7) it should be evident that as soon as the
system at hand begins to depart from the criteria
for the essentially deterministic entity, we shall
begin encountering difficulties in virtually all
aspects of the problem-solving process. Particu
larly, as the problem begins to approach the
severely stochastic or indeterminate ideal-types,
the scientist wiU face the following inhibitory
fa cto rs.

Fig. 6

Within the context of this model, then, the
problem-solving process becomes an exercise in
allegory-building, one associated with the emergent
properties of the problem itself, gradually captur
ing the properties of a problem-solving system
congruent with the developing problem definition.
Within the various sub-processes we find the four

Properties Inhibiting Problem Definition
The lack of identifiable, definable boundaries
for the problem (system) due to the constant inter
change of forces and material with the environment.
This means that some problem determinants will be
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PROBLEMIC IDEAL TYPES
I. DETERMINISTIC

II. MODERATELY
STOCHASTIC

W here, for any given set of
star ting-state conditions, a
limited number of qualita
tively sim ilar events must
be assigned significant prob
abilities of o ccu rren ce(a s
with the problem of trying to
estim ate next period sales
levels for a well-precedented
product).

m . SEVERELY
STOCHASTIC

W here, fo r any given set of
starting-state conditions, a
large number of qualitatively
different events must be a s
signed significantly high prob
abilities of occurrence (as in
the area of conflict behavior
or game-based analyses).

,

IV. INDETERMINATE

(P(ejl)

W here, for any given set of
star ting-state conditions,
there is one and only one
event which may be assigned
a significant probability of
occurrence (i.e ., as with the
fin ite-state automata).

£=(ei, e2.

E=(ei

W here, for any given set of
starting-state conditions,
there is no event which can
be assigned a significant
probability of occurrence;
thus the high probability that
some outcome we have not
been able to pre-specify will
occur (as in extrem ely longrange forecasting problems).

Fig. 7

unidentifiable at any point in tim e, being spatially
or temporally removed from the immediate problem vicinity. ___________________ _______ __________ ,
''
The dynamic causal sequences leading to the
problem's state(s) may be expected to be unallegorizable because of (a) components' capability for
equifinial5 behavior (getting to a value-point by dif. ferent paths); (b) reflectivity, by which every v ari
able in the problem may legitimately be expected to
exert determining force on any other (not hierarchial determinacy or otherwise "ordered" behav
" 5

ior); (c) some of the forces determining the prob
lem state will be transparent (we won't know they’re
there), especially those attitudinal and behavioral
determinants which can be only reflectively ob
served (through their impact on observable parts).
The future state(s) of a problem are largely
unpredictable because of structural/dynamic indeterm inacies and because their components (human
or social entities) have the capability for initiating
strategic behavior in response to encroachments by
the problem-solving system.

F or a detailed elimination of "the concept of equifinality in system s, see G H. waddington, "T he Theory of Evolu-

and transparent until they a re inadvertently attacked by a development program.
y
.
i t mate ria l accumuagainst social change. For example the vestige,> of m
e d i e v a , ^ a p i a f K ^ a lt v ls t o e n t .a s ^
lation, are generally overlooked by development officials in Northeast urazu.yep
y pp<=
the associated implication of accru al of gains is a deep-seated religio-cu ltu ral offense.
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Properties Inhibiting the Design of a Congruent
(Effective/Efficient Problem-Solving System
Because of the inability to accurately deter
mine the future "states" the problem-system might
evidence, there is a probability that any problem
solving strategy we elect to implement will prove
dysfunctional; that is, we may have predicated our
treatment on an event which will not in fact occur.
Because of the wide behavioral-reactive rep 
ertoire available to components of non-mechanical
system s, evidenced especially in their facility for
"strategic" behavior, any therapeutic or control
instrument we elect to impose may prove dysfunc
tional because of (a) the lack of empirically vali
dated correlations between instruments and effects
within the context of organic entities; (b) the possi
bility that instruments employed in an organically
structured entity (i.e., a reflexive-recursive system
context) may interfere with each other or cause
a priori unpredictible events which prove inhibitory
to positive, purposive control or change.
There is the possibility that the problemsystem we are trying to control or modify and the
problem-solving system we have designed will be
chronically out-of-phase, largely because statechanges may occur more rapidly in the system we
are treating than can be adjusted for in the prob
lem-solving system we have inaugurated.7
In rather more general term s, Sorokin8 has
walked the same ground, suggesting that:
...th ere is the fundamental difference between socio
cultural and physiochemical—or even purely biologi
cal-phenom ena. It consists in a profound difference
between the componential structure of sociocultural
phenomena on the one hand, and that of physiochemi
cal and purely biological phenomena on the other. Any
em pirical sociocultural phenomenon consists of three
components: ( 1) im m aterial, spaceless and tim eless
meanings; ( 2) m aterial (physiochemical and biological)
vehicles that "m a teria liz e, externalize, or objectify"
the meanings; and (3) human agents that b ea r, use,
and operate the meanings with the help of m aterial
vehicles.

Thus, the entire analytical strategy of the scientist
will have to change as the problem at hand begins to
approach indeterminacy. Specifically, the scien
tis t's model-building exercise will be characterized
by the following:
1. The array of problem determinants identi
fied will probably be incomplete because social,
economic and political problems cannot be isolated
from the environment in which they occur. They
a re , rather, caused by external factors which may
be spatially or temporally far removed and there
fore not identifiable at problem-definition tim e.
F o r example, an individual's economic performance
may be poor because of early diet deprivations,

because of adverse social or cultural experiences,
because of a religious belief which countermands
m aterial acquisition, etc. A system designed to
treat poverty would, therefore, have to consider all
these and many similarly analytically amorphous
factors for which no models currently exist, except
of the most speculative kind. Simply, all the stru c
tural factors comprising a problem are unlikely to
be empirically accessible to the analyst.
2. The behavior of problem determinants can
be accounted for only probabilistically, because we
have virtually no models which treat largely sto
chastic or indeterminate both in their interface and
processual conditions. We do not, for example,
know the precise nature of the interrelationship
between, say, heredity and academic potential, or
between socio-cultural background and logicomathematical capabilities of students. Therefore,
any correlation we use is likely to have some posi
tive probability of being wrong (either in magnitude
o r, more seriously, in direction). This reflects not
only the inherent behavioral complexity of human
beings themselves, but the analytical transparency—
the empirical inaccessibility—of the forces driving
human systems (valuational, affectual, or surrogate,
the residual effect on accessible system compo
nents). Moreover, human components, unlike me
chanical, can alter their behavior endogenously in
response to localized changes, suggesting that an
accurate dynamic allegory at one point in time may
be highly inaccurate shortly afterward.
■ 3. Therefore, the problem definition (or pre
dictive problem model) we arrive at must be treated
as probabilisitc rather than deterministic. The
major reason for this, aside from the two men
tioned above, is that the determinants of a socio
economic or socio-political problem may interact
with each other in unpredictable, unspecified ways.
Whereas, for example, the combined effects of
gravity, friction, and atmospheric density on a
space vehicle of a certain configuration becomes
calculable in term s of known, resolvable interaction
models (e.g. force vectors), the interaction of diet,
native intellect, cultural heritage, educational con
text is practically a m atter or guesswork in the
absence of predictive, interdisciplinary models.
For example, does too good a diet make a student
lazy and complacent, or does it give him energy to
do good work? Within what limits might either
hypothesis be true? Does high intellect discourage
the detailed, rote drilling necessary to become
facile in basic mathematics, or is it a prerequisite?
To what extent might either be true? Our inability
to subject such factors to unconfounded laboratory
manipulation and measurement heightens this pre
diction problem in many cases.

7. Helmut Schoek has noted, for example, that "C ertain stocks of germ s are known to outwit the antiobiotics
research er by selectively outbreeding his luck with resista n t stra in s." Quoted from his Scientism and Values. (Van Nos
trand, 1960), p. 136.
8 . Pitirim Sorokin, Sociocultural Causality, Space and Time (Russell & R u ssell, New Y ork, 1964), p. v.
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4. With a non-deterministic problem defini
tion, the system performance crite ria must be
developed stochastically. Unless we can fully and
precisely define the problem to be solved, we can
only guess at the ch aracteristics or properties a
system designed to solve it should have. In other
words, whatever strategy we decide on might, if the
problem is non-deterministic, turn out to be wrong.
For example, we might decide that one of the
factors inhibiting the economic performance of
minority citizens is their early dependence on their
mothers (since the incidence of broken homes
among minority groups is higher than that of major
ity races). A sub-problem then to be attacked is the
introduction of a father's influence (perhaps by
making desertion subject to strict legal penalties or
offering fathers who remain with their families
some kind of subsidy). Therefore, our strategy
might prove wrong and we will actually have exa
cerbated the very problem we were trying to solve.
5. Instrument selection must be treated as a
stochastic exercise . That is, there is little in the
way of empirically verified or statistically sup
ported data to indicate what tactical instruments
will be most effective and efficient in solving so
cial, political, or economic problems. One of the
major reasons is the fact that, in the human s e c 
to rs, a change introduced one place will rev erb er
ate far beyond the immediate problem area, raising
the very real problem of differentiating between
short-run or local and ultimate or distant effects.
Or two different individuals can react to the same
tactic instrument in two different ways (one man,
for example, might find jail a rehabilitating experi
ence and another might be led to seek revenge or
commit suicide; one student might find the "open
classroom " a stimulus to achievement, another
might find it an excuse to do nothing)—in other
words, instrumentically or indeterminately. In so
many ca se s, when we try to measure correlations,
so many other factors interfere that an unbiased
estimate of effect becomes something of an analyti
cal pipe-dream. Consequently, social instrumentselection is a very different thing than trying to
decide what size valve will be best for a given flow
of oil in a motor, or what size rocket engine is
needed to develop a specified thrust during a given
interval, or what level of inventory of a certain part
should be maintained to minimize average down
time of a machine in a plant, all problems perm it
ting eventually deterministic and optimal solutions
within the current state of the analytical a rts .

6.
Developing a problem-solving system
which will approach optimality in the social science
domains will be a heuristic not a deterministic task
Being able to assume that a system design is an
optimal one prior to actual implementation and field
experimentation depends on the accuracy and p reci
sion with which each of the five previous tasks were
performed; so the social, political, or economic
problem-solver is in trouble right from the sta rt.
Unless the system is essentially a deterministic
one, we cannot predict how it will perform with any
degree of accuracy, and unless the problem is
essentially a deterministic one, we cannot predict
whether we are employing the right strategy or
whether the instruments we've elected to use will
a ritu a l l y be congruent. So we must proceed heuristically, implementing system parts, constantly
testing their relative effectiveness and efficiency,
modifying where indicated, and rapidly changing
socio-economic and socio-political contexts, for
yesterday's optimal system design is sure to be
tomorrow's atavism.
These conditions simply reflect the fact that
human-based systems are "open" rather than closed
and that human beings as system components do not
have behavioral repertoires that are causally,
spatially, or processually constrained to the extent
that we would expect from components of physical,
natural (non-cognitive), or engineered system s.
Indeed, if we were to map the structural and
dynamic properties of most social, political, or
economic system s, we would emerge with incred
ibly complex, reflexive, and equifinal networks, not
with the neat hierarchical structures most system
analysis tools presume .9
In summary, the systemic ideal-type to which
the problem belongs will have a direct and imma
nent determinacy on the efficiency and effectiveness
of the problem-solving process. In the next section,
we want to make this contention a great deal more
appealing.

IV. THE CONCEPT OF THE LEARNING CURVE
AND INSTRUMENTAL CONGRUENCE
Specifically, we want to offer a deductivelypredicated proposition which will make clear the
dependency of instruments of analysis on the prop
erties of the problem at hand. F irs t, however, let's
review the definitional properties of our four
phenomenological (systemic) ideal-types summa
rized in Table 1. With Table 1 redefinitions in

9.
For a discussion of the immanency of hierarchical organizational types in the natural science domain see Whyte,
Wilson, and Wilson, ed s., H ierarchical Structures (E lsev ier, 1969). My m ajor disappointment with attem pti to.make hier
archical organization the structural sine qua non of the social sciences is its inability to account for recursive rrflexive
behavior we note associated with socio-economic and socio-cultural entities, especially when the entb-e
order entities, being impervious to determinacy from low er-order entities, is called into question by so much em pirical
evidence of the social sciences.

■b
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Table 1
EXPECTED VALUE OF ERROR
HISTORICAL
PERFORMANCE CHARACTERISTICS

SUBSTANTIVE
EXAMPLES

I . D e te r m in is tic

No s i g n i f i c a n t r e l a t i o n a l or
s t r u c t u r a l changes through
t i m e . . . s t a t e a l t e r a t i o n s a re
n e g lig ib le .

F i n i t e - s t a t e autom ata;
p ro d u ctio n fu n ctio n s
fo r autom ated p r o c e s s e s ;
n r n o e r t ie s o f i n s t i t u t i o n a l i zed (prim i t i v e )
so cio -e c o n o m ic sy stem s.

II.

Some s i g n i f i c a n t changes in
c o e f f i c i e n t and param eter
v a lu e s , b u t in v a r ia n t
b a s ic s t r u c t u r a l and r e l 
a t io n a l p r o p e r tie s .

Prom otional e l a s t i c i t i e s
a s s o c ia te d w ith e s t a b l
ish e d m arkets and produ cts
(and demand p a ra m e te rs);
market sh a re s w ith in an
o l i g o p o l i s t i c in d u stry ;
in p u t-o u tp u t r a t i o s fo r
b u r e a c r a t ic o r g a n iz a t io n s ;
demogrpahic f a c t o r s in
given r e g io n s .

S i g n i f i c a n t r e l a t i o n a l and
some s t r u c t u r a l ( i . e . , s t a t e v a r ia b l e ) changes through
tim e , where r e l a t i o n a l changes
a re r ea s o n a b ly w e ll co n ta in e d
and where s t r u c t u r a l changes
a re e i t h e r p e r io d ic ( r e p lic a t iv e ]
o r a r e drawn from a lim ite d
p o p u la tio n o f s t a t e - v a r i a b l e s
(d eterm in an t a r r a y ) .

s to c h a s t i c - s t a t e
m achines; d is t r ib u t io n s
o f p o lit ic a l o ffic e s ;
m e te o r o lo g ic a l phenomena;
a t h l e t i c e v e n ts ; human
r e l a t io n s phenomena;
m ilita r y 'g a m e s '; la b o r
management c o n fr o n ta t io n s ;
the problem o f induced
g e n e tic m u tatio n s.

S i g n i f i c a n t s t r u c t u r a l changes
through tim e , such t h a t s t a t e v a r ia b l e s or m ajor d e te rm in an ts
can n o t be p r e -a s s ig n e d e x ce p t
p a r t i a l l y and p r o b a b i l i s t i c a l l y ;
both c a u s a l and s t r u c t u r a l
p r o p e r tie s e it h e r e m p ir ic a lly
in a c c e s s ib le o r u n a lle g o r iz a b le ;
s ta te -c h a n g e s independent o f
p r io r s t a t e s .

The fa s h io n in d u s t r y 's
m arket; a r t i s t i c and
c r e a t i v e e n t e r p r is e ;
c o sm o lo g ica l and t e le o 
l o g i c a l phenomena; op
p o r t u n is t i c phenomena
( i . e . , g u e r illa u n its );
h e u r i s t i c m achines.

M oderately
S t o c h a s t ic

I I I . S e v e re ly
S t o c h a s t ic

IV . I n D eterm in ate

Fig. 8

mind, the rationale behind the following proposi
tions should be clear:
(a) The greater the inherent complexity of
any entity whose behavior we a re trying to describe
and/or predict (i.e ., the greater its approximation
to the indeterminate ideal-type), the more expen
sive will be each increment of information in the
a p rio ri/a posteriori transformations; the greater
will be the cost in term s of analytical resources
associated with the reduction of 'the a priori
expected value of decision e rro r to any given
a posteriori level.
(b) The greater the inherent complexity of
any entity we are attempting to treat analytically,
the greater will be the minimum expected loss we
can legitimately expect to reach (that is, there will
be some still significant "floor" level of expected
decision e rro r below which we cannot go), irresp ec
tive of the level of analytical resources expended or
the number of empirical observations taken on
properties of interest.
These contentions are collapsed in Figure 8 .
The different learning curves associated with the
several ideal-type entities show marked differ
ences in two critical aspects: the rate of decline in
e rro r relative to the base and the positions of the
asymptotes for the learning curves.
The deterministic entity must be taken as the
purest embodiment of the properties we earlier
associated with the mechanical ideal-type, and
normatively we expect its learning curve to drop
most rapidly and intercept the z e ro -e rro r point
420

after the least number of observations or at the
lowest expenditure of resou rces. For the indeter
minate system (the surrogate for the organic idealtype), we notice the least decline per unit of expend
iture and postulate that there will still remain a
significantly positive probability of descriptive or
predictive e rro r were infinite resources expended
or an infinite number of empirical observations
made on the properties of interest. This means
that one of the major assumptive tenets of learning
theory (and mathematical learning models) can be
legitimately expected to hold for the mechanical
case, but not for the intermediate or organic. SpecificaUy, that
lim E (Xn |Qn)

X,

n -M »

where (Xn) is the most likely estimate for the true
value (X) of a param eter, generated by the n-th
a posteriori probability distribution in a Bayesian
type successive approximation process (Qn)*
However, for non-mechanical subjects we
cannot legitimately expect that the limiting value of
our estimator of a parameter (or entity property)
will approach the true value, even as (n), here rep
resenting expenditure of time and/or analytical
resou rces, approaches infinity. Rather, we must
provide another construct for this type of system:
(a) lim P(Xn |Qn = X ] F ) << 1

where F is the true stochastic distribution for the
param eter in question and (X) is the most likely
value of that param eter, given F , because
(b) lim P(Qn = F ) < < 1
n-*-®

In other words, we normatively expect our esti
mates of an organic entity's properties to be in
dexed with a probability of e rro r, despite the extent
of our analytical efforts (both for any parameter
values themselves and for the successive a posteri
ori probability distributions purporting to reflect
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where X n is the value of the n-th observation on
the value of a parameter and X is the true value.
Conversely,

the true stochastic distribution). Indeed, it is pos
sible that some essentially organic entities might
give rise to the ergodic-stochastic paradox of
increasing information entropy, through study-time,
because their potential for change exceeds the reso
lution power of our analytical instruments. Simply,
we must assume that our predictive models will
always be somewhat out of phase when working with
subjects approximating the organic ideal-type.
To bring the concept of the learning curve
into empirical perspective, we can replace the
residual -probability-of-error factor with another
variable: the first differences in stocks of informa
tion acquired during an analysis p rocess. That is,
one surrogate for the extent to which potential
information about a subject is being exhausted is
the difference between the stock of information
which existed at time t and that which exists at time
t+ 1 , the interval being the time allocated to another
iteration of the analysis p rocess, i.e ., the time for
another empirical observation of the properties 'of
interest. Let's employ three general, familiar ab
stract ideal-types (the mechanical, man-machine,
and human system) and set out learning curves for

ft>) lim P(Xn ? X ) - 1 .
B+co

Letting (R) stand for the residual probability of
e rro r associated with some level of (B), and setting
1, 2, and 3 as indices representing the mechanical,
man-machine, and human system types respectively,
we propose
(c) lim P(R, |Bi < R2 |B 2< Rg |Bg) -*1
rj-voo
and

n-wn

Simply stated, as the number of observations on a
system increases toward infinity, the residual
probability of e rro r associated with the limiting
value for the learning curve will be least for the
mechanical entity, greatest for the organic-type
entity, and intermediate for the man-machine type '
system . However, we need not consider only lim 
iting values, for the inclusion of a decision horizon
(Figure 9) which reflects the point in time where a
decision must be made, irrespective of the current
e rro r level, indicates that, for any given level of
resource expenditures or for any given number of
observations, the residual probability of e rro r and
the first-differences between successive observa
tions will be highest for the organic-type entity, our
associated predictive models least accurate, etc.
Just as we can develop classes of phenomena
as ideal-types (i.e., the three in Figure 9), we can
also think of taking the entire arsenal of scientific
instruments available to us and parsing it 'into
meaningful categories. F o r those somewhat fam il
iar with the components of this arsenal, we find that
we can devise an instrumental trichotomy which
parallels the following phenomenological trichot
omy: (a) the set of deterministic instruments col
lected roughly under the heading of optimization
techniques; (b) the set of successive approximation
and stochastic programming instruments which
serve to generate occurrence probabilities about a
limited set of alternatives; (c) the set of heuristic
instruments which are designed to gradually tran s
form a priori chaos into some kind of actionable
order via disciplined, controlled learning algo
rithms mixing deductive, inductive, and empirical
processes as dictated.
However, as we earlier separated the sto 
chastic category into two sub-categories (moderate
and severe), we can also isolate two sub-categories
of stochastic instruments: those designed to treat
essentially moderately stochastic problems and
those designed to handle problems falling into the

them (Figure 9). The curves describe the following
function, where (B) is a stochastic variable:
lim E (Xn - Xn- i )

(d) lim P(R, = Bi = 0) = 1.

B

where Xn is the value of the n-th observation of
the param eter (X) taken in a disciplined learning
exercise.
Quite obviously, the concepts of the "limiting
value for the learning curve" and the "residual
probability of e r r o r " are closely related, for when
the.asymptotic value of (B) declines—as successive
observations bring us less and less new quantitative
or qualitative information—we can suggest
(a) lim P (X tt ~ X) - 1
B+O'
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Table 2
ELEM ENTS OF THE INSTRUMENTAL ARRAY
ANALYTICAL STATE/
ANALYTICAL PRECEDENTS
ASSOCIATED ANALYTICAL
PHENOMENOLOGICAL TYPE______ AND PROCEDURES______________ INSTRUMENTS______ _

ANALYTICAL STATE
ANALYTICAL CONDITIONS
ASSOCIATED ANALYTICAL
______________________________ AND PROC^TTRBR___________ INSTRUMENTS______

(1 )

(3 )

Determinism

...data bases and
causal relation
ships are highly
specific and ac
curate with res
pect to the pheno
menon at hand.

(2)

Moderate
Stochasticity

...basic causal
relationships are
probably a-priori
known (and accu
rate), but data
base is incomplete
hence the parame
tric uncertainty.

There is expected to be
one and only one ’proba
ble ’ event...generally
a simple replicate of
present and/or past events (or parametric
values). Hence we
search for one-answer
projection or transform
functions which 'fit'
the temporal and/or
cross-sectional data
base available to us.
Generally, we can pre
sume an effective iden
tity between a-priori
and a-posteriori states,
obviating the necessity
for a-posteriori empir
ical validation exer
cises.

Here we are concerned
with the possibility of
a single state-variable
or parameter assuming some
value within a pre-specified, manageable range.
Hence, the probability of
any specific value occur
ring is a-priori leas
than unity, but the struc
ture of our formulations
or functions is essen
tially deterministic,
only with error treated
endogenously. General
ly, we empirically inves
tigate the outcome of
interest to a-posteriori
determine the 'real'
parametric value ob
tained. In any case, the
domain of the function is
highly constrained and the
individual members a-prio
ri well-specified.

-Finite-State SystemAnalysis Models
-Linear programming
and Max-Kin models
-Optimization Models
-Regression, correla
tion, time series and
spectral analysis
techniques, with
error treated ex
ogenously (if at all).

-Bayesian Estimation
processes.
-Range estimation
techniques (e.g.,
probabilistic pro
jection models).
-Numerical approxima
tion techniques (e.g.,
Taylor Functions, ex
ample omitted)
-Finite State system
analysis techniques
(usually for 'con
tinuous systems)
-Shock Models (e.g.,
those semi-deter
ministic econometric
and psychometric
constructs which
treat error nonspecifically).

Table 3

O ptim ization

■s.

I n f e r e n tia l /
8xtru p o l.iti.vo

Gamo-na*«od
H o u rlstJ c/
Meta-Hypothc tic a l.

M oderately
S t o c h a s tic

S ev erely
S t o c h a s tic Indeterm inate

X

^

x

in e f f ic ie n c y A rea: due to
in stru m en tal 'o v e r k i l l ') use
w o f too powerful an instrum ent
la uneconomical.

fn **ff*ctlv e n a » Axeai due
to high p r o b a b ility o f
*
o f to o 'woftk* an
Instru m ent.

...there is no rele
vant data base and
the inherent causal
relationships for
the phenomenon at
hand are a-priori
unallegorizable.

Here ve must consider a
side range of signifi
cantly different events
which might occur, each
of which will lead to
highly differentiated
'futures'. We will have
to handle multiple 'state'
variables and, at some
points, must postulate
alternative causal chains
(action/reaction sequences)
which might be generated
by the heterologous (hetermorphic) alternatives
being considered.
In any
case, empirical investi
gation will be vised to
'converge' on one or ano
ther alternative in the
a-posteriori stage.

-Game-based models

Here, lacking pre-specified alternative out
comes, futures must be
deduced by reference to
any generalized, empirically-unvalidated theo
retical constructs which
might exist. A-priori,
then, this situation is
unactionable except to
designate those phenome
nological foci that are
logically expected to be
most fruitful targets
for 'learning' exercises
in the empirical (aposteriori) stage. The
uaual strategy is to
gradually narrow the
range of alternatives
so that the indeterminate
a-priori state may gra
dually be transformed
into a more actionable
stochastic situation
(a-posteriori).

With so many structural
and relational (dyna
mic) unknowns, the
analyst can only use the
most gross analytical
instruments:

-Stochastic state
system analysis
techniques
-Adaptive or dynamic
(usually Bayesianbased) programming
algorithms.

-Neural Network models
-simple simulation tech
niques.

-deductive analysis
leading to the gene
ration of broadlydefined possible
future 'states'
(qualititive or ca
tegorical alterna
tives).
-Stochastic simula
tion (with heteromorphic function sets).
-heuristio program
ming or 'learning'
algorithms (usual
ly just to disci
pline empirical in
vestigations).

In Table 3, the main diagonal represents this
vector of congruence, where the given analytical
state is associated with that instrumental subset
expected to deal most effectively and efficiently
with it. We use the term "congruence" to suggest
that this instrument class will have the highest
logical probability of producing an adequate ulti
mate e rro r level at the lowest associated expendi
ture of time and analytical resou rces. To the right
of the main diagonal we strike an expected inter
face condition called "inefficiency." The use of this
term reflects a probable misallocation of analytical
resources. Here we are using instruments designed
to deal with a more complex analytical state than
that indicated, and these more powerful instruments
will have a higher cost associated with them. Thus
we might possibly employ stochastic tools to solve
an essentially deterministic situation, but we will
reach any terminal erro r level at a higher cost than
had we used more economical, more expeditious
deterministic or optimization instruments. To the
left of the main diagonal falls a more serious situa
tion, here called "ineffectiveness." The implication
is that we are employing analytical. instruments

SYSTEM TYPE
D e te rm in istic

Indeterminate

-Statistical Inference
Processes

severely stochastic range. The above table, then,
presents a separation of the array of analytical
instruments available to us into four significant
categories, with the rationale for the system type/
instrument type correlations included.
In summary, then, we can suggest that there
will be some vector of analytical congruence which
can be grossly defined between the four phenomeno
logical (or system ic/problem ic) ideal-types and
the various instrument classes we defined, as in
Table 3.

INSTRUMENT TYPE:

...data bases might
be fairly good but
causal models are
ill-defined or
entity is inherent
ly capable of assum
ing any one of some
set of pre-definable
states.

w

-Markov Processes

Severely
Stochasticity

X
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Table 4

which" are not powerful enough to resolve the prop
erties of the problem at hand, suggesting that what
ever eventual e rro r level we do achieve will be
unacceptable or considerably higher than necessary.
For example, the economist, employing essentially
deterministic "shock models" in an effort to de
scribe the structural and dynamic properties of a
regional economic system, trades off analytical
expediency against ultimate rectitude. Any policy
decisions made then on the basis of that model's
output will inhere a significant probability of being
dysfunctional, for they will have incorporated con
siderable oversimplifications of the real-world
problem.

SYSTEM OR
PROBLEM TYPE

ASSOCIATED INSTRUMENT
TYRE/EXAMPLE

ADMINISTRATIVE
APPLICATION (EXAMPLE):

I.

Ontimization Models (e.g.•
linear programming al
gorithms; maximizationminimization models).

Used to prediot or con
trol the behavior of
automatic (finitestate) production
equipment...e.g. auto
mated production of
chemical fertilizer.

Statistical Inference or
Promotional models used
to'extrapolate the future
on the basis of past be
havior or to make cross
sectional projections (e.g.,
time-series analysis; re
gression-correlation models;
Markov processes).

Prediction of next
period production de
mands for an estab
lished produot; used
to prediot output of
man-machine systems
(e.g., assembly lines)
on the basis of para
metric alterations;
useful in p r o moting
inventory or servic
ing requirements, eto.

Game-based or deterministio
simulation models; adaptive
or dynamio programming al
gorithms, eto. (or other
euoh techniques oapable .of
allegorizing alternative
system-states).

Used to prediot compe
titor-dependent pro
cesses; used also to
try to arrive at coat/
effectiveness indices
for structurally dif
ferent organizational
or production modali
ties, etc.

Determinietic

II.

V. DEFENDING THE NORMATIVE
LEARNING CURVES

III.

Instrumental congruence is achieved when we
employ an instrument which will yield the desired
level of information at the lowest associated ex
penditure of analytical reso u rces—o r, more real
istically perhaps, will yield a desired quantum of
information at a reasonable expenditure level. As
suggested earlier, we can gain a surrogate measure
of the value of information in its effect on event
probability-distributions associated with some phe
nomenon, and on the efficiency of the information
gathering instrument by analysis of the successive
first differences in information stocks—learning
curve analysis.
In a natural obeyance to these deductivelypredicated propositions, we find the several scien
ces in possession of model bases which usually
contain instruments drawn from all four categories.
Using administrative problems as a focus, for
example, w'e might find examples as shown in
Table 4.
To return to the defense of the normative
learning curves developed in the previous section,
we have to take a closer look at the characteristics
of these components of the aggregate model base
and, in the p rocess, look for reasons why analytical
efforts aimed at deterministic phenomena result in
learning curves which rapidly drop to an asymptote
of z e ro -e rro r, etc. We find the reasons in the
morphological parallelsim between the various ana
lytical ideal-type categories and the instrumental
sub-arsenals.
As we move from deterministic toward inde
terminate phenomena, the empirically-validated
component in the models declines in favor of judg
mental or deductive factors, with a corresponding
decrease in the morphological correlation between
the entity under study and the allegory purporting to
describe or predict it. Quite simply, then, we begin
to displace fact with opinion and, in the process,
incur ever greater levels of expected predictive or
causal e rro r. Hence the empirical predication of
deterministic models is expected to yield (normatively) a lower variance between "predicted" and

17.

Moderately
Stochastic

Severely
Stoohaetlo

Indeterminate Stochastic simulation
models: heuristic search/
pmcTantmlng algorithms
(capable of loosely
specifying alternative
•logically possible' or
deduoed states).

Deed primarily to 1dentify foci which will
probably be most use
ful for further etudy;
used to discipline
•learning* processes
in the face of unstruc
tured, unprecedented
situations (e.g., longrange technological
adaptation).

"real" events than a statistical inference-based
model; the statistical-inference model is, in turn,
expected to be more reliable in its predictive or
causal allegories than the inductive inferences
underlying the severely stochastic models; and, at
the indeterminate extrem e, the strong deductive (or
intuitive) component argues that we expect signifi
cant divergence between predicted or allegorydriven events and real-world outcomes.
So, the model classes, like the system
classes, differ on several critical dimensions sum
marized in Table 5. As the table indicates, the
model or instrumental categories differ on the
indicated dimensions as much as do the system ic/
problemic ideal-types they are to serve. The p re 
cision of the information output generated by the
models refers to the "narrowness" of numerical or
qualitative intervals separating the various "events"
generated (or the mathematical precision of the
single event generated under the optimization cate
gory, i.e ., the number of significant digits). The
actionability of the output refers to its ultimate
utility in so far as dictating '"actions" are con
cerned. Clearly, for both the severely and moder
ately stochastic case, the ability of the information
to direct subsequent action depends on the number
of alternatives outlined and their degree of differ
ence in qualitative term s; for the usual condition of
sca rce resources makes it impossible for us to
pre-adapt to many, significantly different alternative
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Table 5
MODEL BASE PROPERTIES

c3IVEN THE
I■FOLLOWING
>flQDEL CLASS:

ANALYTICAL
BASE:

D e te rm in is tic

P o s itiv is m

M oderately
S t o c h a s t ic

In d u ctiv e
In fe re n c e

S e v e re ly
S t o c h a s t ic

Deductive
In fe re n c e

Ind eterm in ate

A - p r i o r is t i c
or
I n t u i t io n a lis tic .

op tim izatio n

E x tra p o la tiv e /
P r o je c t iv e

Contingent/
Game-Based

H e u ris tic /
fletaH yp oth etical

NATURE OF
INFORMATIONAL
OUTPUT:

QUALITY OF
OUTPUT:

High degree o f
G enerates a s in g le
p r e c i s i o n .. .
s o lu tio n fo r any
r e s u l t s depend
given s e t o f p re
d ir e c t l y on
d ic a te s w ith in a
e m p iric a l d ata
c lo s ed -sys tern
b ase w ith minimal
c o n te x t ( i . e . , as
judgm ental i n t e r 
linear-program m ing
v e n tio n .
m od els).
P r e s c r ip tiv e n e s s
G enerates a 'ra n g e ' o f
p o s s ib le s o lu tio n s o r a o f output depends
on th e 'w id th ' o f
p r o b a b i l is t ic e stim a te
th e range o f even t
assign ed some index o f
a lt e r n a t i v e s ; p re 
c o n fid e n c e .. .where
c is io n on d ata
a lt e r n a t iv e ev en ts are
d erived from d ata b a se. base q u a lit y .
A lte rn a tiv e s are
G enerates an array o f
u su a lly in the
a lt e r n a t iv e events
o f d if f e r e n t 'q u a l i t y ', form o f s c e n a rio s
and n o t too p re
where a lt e r n a t iv e s are
c i s e ; a c t io n a b il
u su ally independent o f
i t y depends on
h i s t o r i c a l d ata b a s e .
number o f a lt e r n 
a tiv e s p resen ted
and t h e i r degree
o f 'd i f f e r e n c e '.
These are p r e s c r 
G eneration o f broad
h e u r i s t i c s o r le a rn in g - ip t iv e only in a
m ethod ological
based paradigms to
s e n s e , not a subd is c i p l i n e i n i t i a l
ta n tiv e one.
in fo rm a tio n a l p u rs u it.

PROBABILITY
OF ERROR:
Extrem ely lew (as
th e re i s no
*
attem pt to gen
e r a l iz e from
r e s u lts ).

Depends on the
'q u a li t y ' o f the
d ata b a se as a
sou rce o f i n f e r 
ences . . . o b je c t iv 
e ly determined.
as output i s i n t 
ended t o provide
ev en ts o f unprece
dented nature in the
problem co n text a t
h a n d ...b u t e r r o r i s
reduced as a lte r n a 
t iv e s a re e m p irica l
ly v a lid a te d .
n o t c a rry any p re
te n tio n s to accuracy
or re a lis m , p er s e .

conceptual or intuitive devices, we suggest it to be
primarily a product of deductive inference; on the
other hand, when the majority of the informational
content of the allegory is derived from empirical
data (e.g., such that its coefficients are actually
objectively measured), then we consider it basic
ally a positivist construct, which, when generalized,
is an exercise in inductive inference.
Inductively predicated allegories generally
express probabilistic engination, such that an alle
gory may predict (or attempt to reconstruct) a phe
nomenon's behavior under the assumption that it
will behave according to certain em pirically-gener
ated generalizations with some significant proba
bility. The data component is very strong, but the
actual structure and substance of the allegory owes
something to statistical, mathematical, or logical
mediation, such that the morphology of the model or
allegory need not be isomorphic with respect to the
properties of the phenomenon being treated (but it
must be a morphological extension or extrapola
tion). And, to a limited extent, some variables will
be exogenous by way of entering certain contextual
assumptions, but these too will be calculable, for
mally-derived extensions of empirically accessed
phenomena. Thus a model imputing a certain
behavior to a class of phenomena on the basis of
successively more exhaustive analysis of individual
members of that phenomenological class is an

events assigned probabilities of occurrence (the
inherent limitation of the utility of game-based or
contingency-predicated analytical procedures, as
with war games, etc.)- Prescriptiveness is a subdimension of actionability and refers to the degree
of detail actions dictated by the informational output
assumed: the model’s ability to provide detailed,
precise action references.
We shall shortly defend the several analytical
bases we associate with the instrument categories
but, for those familiar with epistemological predi
cates, the correlations between the analytical bases
and the nature of informational output are virtually
tautological, as is the step from there to the con
tentions about the probability of predictive/prescriptive erro r associated with the various infor
mational modalities. The assertions housed in
Table 5 become somewhat clea re r when we note that
information per se is always a product of some
model (i.e., some component of the available modelbase) operating on or manipulating raw data (i.e.,
some elements drawn from the data base we have
Lon hand pertinent to the system we are treating).
Ultimately, then, the information output from an
analysis process (in the form of a purportedly p re
dictive or explanatory-reconstructive allegory) will
owe part of its substance to empirical data, part to
logical or m athem atical/statistical engines. To the
extent that it relies heavily for its components on
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Considering again our concept of congruence,
we suggest the following Table 6 .

inductively predicated allegory, and its probable
predictive or explanatory reliability is, to a large
extent, calculable within statistically generated
lim its.
For the m ost part, deductively predicated
allegories (those whose predictive or explanatory
significance owes more to logical o r intuitionalistic
devices than to empirically predicated data base
elements) are tolerated only when the inferences to
be made are acro ss wide tracks of time or space—
for example, as with the admittedly logically probable if not statistically-probable constructs of
the archaeologists or the fabricative, futuristic
scenarios of the long-range forecasters (cf., Kahn
and Wiener, The Year 2000, Macmillan, 1967).
Thus the concepts of the model and data base,
and the proportional reliance on each associated
with some terminal predictive or descriptive alle
gory, serves as a prime dimension for the genera
tion of ah array of analytical modalities, which
incorporates the following gross intervals:
1. Positivistic Modality—where no logical,
mathematical, or statistical model mediates be
tween the data base and the ultimate allegory, such
that there is an almost perfect correlation between
the components of the original data base and the
components of the ultimate allegory. Alternatively,
the positivistic modality is indicated by the fact that
every element of the allegory is itself determin
istic, being assigned no significant probability of
departing from the "assigned" value (e.g., para
metric or coefficient).
2. Inductivist Modality—where the reliance
on the original data base is still extremely strong,
but where some "model" has intervened such that
the morphological correlation between data base
and allegory is dampened. In general, inductivist
allegories will be extensions or extrapolations of
the elements of the data base, such that the para
metric or coefficient values assigned the allegory
are products of statistical inference, etc.
3. Deductivist Modality—where the reliance
on the empirical data base is rather weak, such that
there is little morphological correlation between
the components of the ultimate allegory and the
components of the original data base. In other
words, under the deductivist modality, we introduce
significant qualitative changes which mediate be
tween the data base and the allegory.
4. Heuristic Modality—where there is no data
base from which to work which has any relevance
for the problem at hand, but only isolated and unin
tegrated scraps of historical-em pirical evidence.
Hence, under this modality, we deliberately fabri
cate possible futures and develop initially artificial
(i.e., fictional or analytic) frameworks within which
a subsequently disciplined learning exercise may
take place; where the heuristics employed often owe
their origin to idiographic or analogic constructs
(i.e., abstract ideal-types).

Table 6

ANALYTICAL MODALITY
P o s itiv is tic

M o d e ra te ly (S e v e re ly
D e te rm in is tic S t o c h a s t ic -S to c h a s t ic

E x tr a p o lative/PrO '

I n d u c t iv is t

O e d u c tiv is t

In d e te rm in a te

O p tim ization

(AREA OP
^
INEFFICIENC

(ARE.ft OP INEFF
ECTIVENESS)
Game^
Based/Con
t in g e n t.
M eta-H ypotht i c a l / L e a rn in g B ased .

H s u r is ti c

The positivist, inductivist, deductivist, and
heuristic modalities exist as broad analytical pro
cedural paradigms associated with one or another
of the problem or system classes (normatively).
The intervals occupied by each a re , of course, only
grossly definable a priori, and the refinement of the
intervals is the responsibility or legitimate ambi
tion of the various social science disciplines per se.
At any rate, we can suggest something about the
relative "size" of the predictive e rro r we might
associate with each of the modalities on the basis of
some arbitrary data/model trade-offs, as dia
grammed in Figure 10.
CO N TRIBU TIO N O F
M ODEL BASE

Fig. 10

I
'
, IAs we begin, then, to displace fact with judgment
and measured, empirically observed allegory com 
ponents with deduced ones, we must expect to incur
successively higher levels of analytical (e.g., p re
dictive or explanatory) e rro r. With this in mind,
the contributions we can legitimately expect from
inductive and deductive modalities reflects the
following propositions:
(a) The probable accuracy of the results gen
erated by inductive models increases (e.g>, phe
nomenological population) as the proportion of the
subject universe recorded in the associated data
base increases.
(b) Deductive models, not depending on the
existence of a data base, may be used in the
absence of a high "quality" data base.
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The proper proportional reliance on infer
ential models depends, then, largely on the quality
of the data base, which depends jointly on:
1. The completeness of the data base which
is reflected in the proportion of actual phenomenon
properties which have been captured and recorded.
2. The accuracy of the data contained in the
data base.
3. Finally, and most important, the relevance
of the data contained in the data base (which
depends, generally, on the extent to which any
exogenous conditions present at the time of the
data's recording still pertain).
However, the probable quality of the data base
increases as the phenomenon under treatment
approaches the concept of the essential mechanism
or inherently deterministic entity; co rre ctiv e ly ,
the probable relevance (reliability) of inductive
inferences or inductively-driven allegories for p re
diction or explanation will expectedly increase
under this condition for, reiteratively, ( 1 ) the
future performance of a subject system which
approaches the concept of the mechanical ideal-type
is likely to be a simple product of its past perform 
ance; ( 2 ) the unseen portions of a system which
approaches the concept of the essential mechanism
are most likely to be a calculable function of the
seen, observed, or sampled portions of the system.
These, then, are the tentative foundations for
our proposition that the essentially mechanistic
phenomenon will allow greater reliance on data
bases and, consequently, on inductively-predicated
instruments, than the system approximating the
organic ideal type.
It follows that there are two conditions which
act to make the deductive modality a more favor
able analytical alternative: (l)when the phenomenon
at hand is inherently severely stochastic, such that
no amount of historical information collected on
observable or observed properties will adequately
serve as a basis for structural and/or temporal
predictions; ( 2 ) when the historical record asso
ciated with an entity is so incomplete or illstructured that the future behavior of that entity
cannot be effectively induced from known or
observed properties. Hence we would expect that
the informational predications of models we build
will reflect the nature of the problem at hand. P a r
ticularly, for our two polar ideal-types (the inher
ently deterministic and inherently indeterminate
entities), the attributions or sources of the total
information quantum should be distributed roughly
as shown in Figure 11. Extending this analysis
somewhat, the heuristic modality becomes a ttrac
tive when the problem at hand is so ill-structured
that even the basic state-variables which should be
treated are difficult to isolate or target in on; and,
lacking this, we can’t even afford the luxury of the
deductive modality.

IN D E T E R M IN A T E E N TITY

D E T E R M IN IS T IC E N TITY

(Where: the judgemental component
indicates a-prioristic inputs).

Fig. 11

The concept of a heuristic and explanations of
the various heuristic paradigms have been offered
by many different authors, among them Newell,
Simon, Frank George, Samuel, Tonge . 10 Basically,
however, heuristic paradigms serve as relatively
formal structures which discipline the "learning"
exercises of analysts faced with problems too com
plex to admit to treatment by any of the three more
traditional modalities. In this sense, many higherorder theories of both the social and natural s c i
ences are heuristics. They serve as ultimately
empirically-unvalidatable logical masks to lend
some a priori discipline to the pursuit of an
a priori indeterminate problem situation. They do
not attempt to allegorize real world event alterna
tives but simply set the logically permissible
"range of inquiry" and isolate some synthetic v ari
ables (e.g., surrogates) which serve to increase the
probability that a formal analysis process will
gradually reduce the a priori indeterminate proba
bility-event to a more favorable, more actionable
one. The heuristic is a hypothesis whose substance
is not conveyed to lower-order hypotheses in the
form of exogenous prem ises.
In the procedural as opposed to the nomina
tive sense, the heuristic platform is both an inter
esting and often misunderstood alternative. Ini
tially, as we have already stressed, it is associated
with inherently or effectively indeterminate enti
ties, and only those. F o r, if there is some logical
or empirical (e.g., historical) "order" which can be
brought to bear on a problem, the question of what
to study is already answered, at least sufficiently to
permit some other mode of inquiry. So, essentially,
it is when we are faced with a problem which is so
statistically complex or so historically ill-behaved
that the heuristic process comes into play as an
opportunistic but disciplined attempt to gradually
impose some sort of logical order on a phenome
non, such that one or another of the more efficient
and more highly organized instrumental platforms
may subsequently be used. In term s of a general
problem-solving sequence, then, with respect to an

m See fo r exam ole Newell Shaw, and Simon's "Elem ents in a Theory of Human Problem -Solving,'' Psychologic^
Review ?VQh 65 1958, pp 151-166) or the b rillian t little book by Frank George, Models of Thinking (Allen & Unwm, 1970).
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Table 7
ANALYTICAL STATE: INDETERMINACY -*■ SEVERE STOCHASTICITY -*■MODERATE STOCHASTICITY
Appropriate
Analytical
Modality:

Generation of
.
Heuristic

Development of Deductive
Hypotheses or LogicallyProbable "S ta tes"

Inductive Inference
and
Projection/Estim ation

DETERMINACY
Development of
Optimization
Algorithms

"completion •experiences" and for continuous in
volvement with emerging, real-world system /
problem interfaces.

effectively indeterminate (as opposed to inherently
indeterminate) problem , 11 we expect to see some
thing like Table 7.
In the sense of the Table 7 construct, we can
see that the majoral ambition with respect to
applied science system analysis is to gradually
reduce a' priori indeterminate problems to effec
tive determinacy, passing through the various
stages indicated, engined by the analytical modali
ties set out. And, when faced with problems falling
into the severely stochastic and indeterminate ana
lytical states, we can suggest several components
of a congruent methodological strategy, as follows:
1. Social, political, economic and behavioral
problems demand interdisciplinary a tta c k ,. in that
real-world problems seldom follow the neat demar
cation lines one finds among academic faculties.
2. Such problems will have to be treated as
systems rather than isolated, monolithic causal
sequences. This suggests that the basic methodo
logical vehicle must be a system approach of some
kind.
3. Lack of empirically-validated, determin
istic social science models and indisputable causeeffect correlations dictates that the analyst and
administrator proceed probabilistically, presuming
a positive probability Of e rro r at all points in the
problem-solving process.
4. Finally, granting the prevalence of ana
lytical and operational e rro r, problem-solving
systems cannot be taken right from the a priori
drawing board into implementation. Rather, the
construction of problem-solving systems in the
indeterminate domain will have to be conducted as
learning exercises, with controlled empirical trials
of preceding elements (or modules) used to par
tially determine the properties built into following
elements, etc.
Thus we find the heuristic approach arguing
an end to academic parochialism and for an adop
tion of interdisciplinary platforms; arguing against
simple statistical-m athem atical models (e.g., the
shock models of econometrics or the stimulusresponse schemes of psychometricians) and for
more elegant and complex systemic formulations;
against deterministic models and for models which
treat e rro r explicitly; against the quest far quick

VI. RECONCILING THE METHODOLOGICAL
DIFFERENCES
In summary, we have tried to show that all the
instruments in the scientific arsenal have both a
positive and necessary role to play within the con
fines of the applied social sciences, despite the fact
that models or allegories predicated on one or
another of the instrumental categories we have
identified may differ considerably on the following
dimensions:
—the proportion of the information set (e.g.-,
the output of the analysis process) dependent on
empirically generated data per se;
—the proportion of the information set de
pendent upon the operation of logical or mathe
matical statistical paradigms or verbal models; >
—the extent to which the paradigms or models
employed are themselves empirically validated; the
extent to which they are axiomatic;
—the marginal productivity associated with
the instruments employed, in term s of their, infor
mational output in relation to expenditures of ana
lytical resources or time;
-th e absolute effectiveness of the instrumen
tation used in term s of its ability to encompass and
operate with problem properties of varying levels
of complexity, irrespective of any marginal consid
erations (e.g., reduction in predictive e rro r re la 
tive to cost).
Most critically, we have tried to deduce the
congruent associations between instrument types
and systemic ideal-types.
The latter are the
driving determinants of analysis, at least in the
following term s:
(a) The probability of any a priori informa
tional stock fully exhausting the postulated proper
ties of the real is greatest for the essential mech
anism (i.e., the Type-I system), least for the
essential gestalt (Type-IV system).
(b) Similarly, the probability of any a posteriori informational state adequately exhausting
the postulated properties of the real state dimin-

11 . An "inherently" indeterminate system is one whloh Is engined to bo deliberately unpredictable and erratio in
behavior, or which operates opportunistically and with rospoot to localized (non-unlversalistloally accessible) criteria, i.e.,
the heuristic machine. An effectively indeterminate system, however, is one whloh is a priori so, but oan bo legitimately
expected to move to a more favorable category when formal analysis has been Inaugurated.
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At any rate, whatever the level of initial inde
ishes as the phenomenon at hand departs from th
terminacy or the inherent complexity of the subject
properties associated with the Type-I entity, etc.
being studied, we need not depart from disciplined
(c)
The cost, in term s of tim e, resources or learning and investigatory crite ria ; after all, the
energy, associated with increasing the quality of the
heuristic approach is, in its way, as formal as the
a posteriori informational state associated wih
empirical and as appropriate to situations fraught
some phenomenon under investigation is e j e c te d
with axiological engination as the positivist is to
be least for the Type-I entity, greatest for the
essentially mechanical, constrained contexts.
Type-IV entity, e tc. Correlatively, the cost of
The "truth" about socio-economic and socio
reducing the probability of predictive and/or causal
cultural issues, which we all presumably seek, is
e rro r associated with the allegorization of some
unlikely to be gained by strict attention to any one
phenomenon, by any given increment, will vary
of the modalities; rather, it is most likely to occur
inversely with the extent to which that phenomenon
in the emerging confluence between successively
approaches the properties of the essential gestalt.
more specific deductive inferences and su cces
(d) Finally, the greater the approximation ol
sively more general inductive inferences. Perhaps
the entity which we are trying to capture anatyaLewin had this kind of concatenative process in
cally to the essentially deterministic ideal-type, the
mind when he set out what to him constituted a
g reater the probability that components of the
satisfactory theory. As Dorwin Cartwright reports
model predicated on extrapolative or projective
with respect to Lewin s position.
instruments operating on an historical data base
I n o r d e r to d e v e lo p a s a t i s f a c t o r y s y s t e m o f c o n 
will be accu rate, etc.
.
ce p ts
th e s c i e n t i s t h a s to b e p a r t i c u l a r l y c a r e f u l
In the broader schema of social science sys
a b o u t ’ th e w ay in w h ic h h e d e v e lo p s h i s c o n c e p t s
tem analysis, then, the parochial positions of the
B e f o r e a s y s t e m c a n b e f u lly u s e f u l th e c o n c e p t s in i t
warring methodological platform s-th e em piricist s
have to be defined in a way that ( 1) Pfrm l‘s
f ,^
preference for nomothetic constructs, the deductiment of both the "qualitative’ and quantitative as
vists preference for idiographic, rhetorical con
pects of phenomena in a single system , ( 2) adequately
represents the conditional-genetic (or causal) a ttn
s tr u c ts -a r e hardly enlightened. Neither alone can
butes of phenomena, (3) facilitates the ™easurem e“*
move the applied scientist through the problem
(or operational definition) of these attributes, and
solving paradigm on anything approaching an opti
4 ) allows both generalization to universal laws and
mal learning curve. Rather, as we gradually tran s
concrete treatm ent of the individual case.
form the problem at hand from an ill-structured
a priori one, the deductively-predicated practices
necessary for the initiation of a complex analysis
What we have done here can, of course, be only a
exercise may gradually be employed to provide us
hesitant and somewhat immature step toward the
with an ultimately p recise, empirically validated,
position Lewin ultimately asks us to assume and the
and nomothetic a posteriori model or allegory, at
stance that integrity will eventually demand from
least to the extent that the inherent tractability of
the social sciences.
the phenomenon under treatment permits.
„

F„n,

h i s i n t r o d a C i o a to I b i s ' s F i e l d T h e s r , i s S o c i a l S c i e n c e ( H a r p e r , 1 9 5 ! ) , p . i * .
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APPROACHES TO THE SYSTEMS PROBLEM*
Daniel Howland

The combination of rising costs of medical
care and increasing demands for medical services
poses many complex problems for the design and
management of medical facilities.
Because of
these trends, trial-an d -erro r solutions to hospital
design and management problems are not feasible.
More powerful and less subjective problem solving
methods must be used. In this situation, hospital
designers and managers are turning to problem
solving methods which have been developed in
military and industrial situations. These methods
vary in comprehensiveness from methods engineer
ing and time-study techniques to operations and
systems research. They may all be conceptual
ized, however, as approaches to the basic prob
lems of design, regulation, and control of manmachine systems.
Interest in the design and operation of manmachine systems has a long history which can be
traced from the beginning of the industrial revolu
tion to the vast man-machine complexes on which
our military and economic security are based.
The development of these systems has led to co r
responding developments in methods for designing
and operating them. These methods are summar
ized in Figure 1. Each represents an approach
to the basic problem of designing and operating
man-machine system s, and each has relevance for
developing solutions to different aspects of hospi
tal design and management problems.

1890

1900

1940

1950

I960

Figure 1. The M ajor Areas Contributing to the
Development of Systems R esearch. Tim e Scale Is Ap
proximate.

centives for doing it. Contemporary with Taylor,
the Gilbreths were approaching sim ilar problems
but with more emphasis on work methods than on
wage payment plans (1911) (3). One of their early
studies, for example, was a motion analysis of
surgery (1916) (4). Fatigue and work decrements
were of particular interest to them.

INDUSTRIAL ENGINEERING

SCIENTIFIC MANAGEMENT

Modern industrial engineering is a direct
outgrowth of early scientific management and its
development consists of two major overlapping
phases. During the early period, the concepts of
scientific management constituted the principal
content of industrial engineering. The second
resulted from the pioneering work of Wald (195U1
in statistical decision theory and the development
of improved procedures for decision-making (5).
These procedures, based on probability theory,
were applied primarily to problems of quality and
production control (1953) ( 6 ).

Scientific management was developed to pro
vide planning information for industrial managers.
As Tavlor (1947) pointed out: / "The thing which
_ ____ mnrp side
than lacked
anv- more than any
we on "management's
thing else was exact knowledge as to how long it
ought to take the workman to ,do his work \ 1 ).
'"This information is a necessary prerequisite to
production planning, purchasing, and organization
of a labor force (Davidson, 1957) (2).
Taylor s
time study was a procedure for obtaining this in
formation.
Having decided what the workman
ought to do, his wage payment plans provided in-

_
, ,, , •.n
♦Reprinted by perm ission from Nursing R e s e ^ c h ,
.
^

1963. This investigation was supported in
Division of Nursing R esources, Public Health

%tPi n C
artHT a
n eerii^ hExperiment

for her substantive contribution to this paper.
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solution is a mathematical "m od er or represen
tation of selected aspects of the "real world" sy s
tem. A model representing the aspects which are
of concern is manipulated according to rules of
logic, and the consequences of policy decisions are
predicted from model solutions. As long as the
model represents the real world in all critical
aspects, it is possible to predict the consequences
of decisions from the model without having to a c 
tually manipulate the real world system. The ob
ject of manipulating the model is usually to deter
mine an "optimum" solution to a resource allocation
problem, where optimum is defined relative to
some value system external to the model. When
an optimum model solution has been determined,
guidance for the solution of the real world prob
lem is provided. The model solution is usually
in the form of a maximization or minimization of
a cost function. The form of the model and pro
cedures for its solution have been described (17).
An optimum solution may be determined mathe
matically if formal statements of relationships be
tween variables exist or can be developed. The
relationships may also be determined numerically,
by trial-an d -erro r, or by simulation.
Although operations research has provided
guidance for the solution of a wide range of mili
tary and industrial problems, it has limitations.
The chief limitation is the difficulty of describing
the complexity of the real world with existing
formal models. Model solutions will be real world
solutions if and only if correspondence exists be
tween the model and real world. The required
correspondence cannot be inferred from the exist
ence of formal or mathematical relationships, as
Churchman, et al., have pointed out (18). Model
assumptions, although perfectly valid and necessary
mathematically, may not be valid in the real world.
The existence of the required similarity between
real world and model must be demonstrated em
pirically.

In addition to concern with production prob
lem s, industrial engineers have long been interest
ed in hospital problems.
Barnes (1949) studied,
operating room layout, and Fredericks (1951) in
vestigated the task of the head nurse using link
analysis techniques (7,8).
HUMAN ENGINEERING
Concurrent with the scientific management
movement and the corresponding development of
modern industrial engineering, psychologists were
developing experimental procedures for the study
of human performance. Wundt's investigation of
the human response to various sensory inputs in
the first psychological laboratory provided a con
ceptual basis for much present-day human engi
neering (9,10).
Psychologists, faced with the
problem of selecting pilots for the Army Air Force
in World War n , found that the complexities of
military equipment limited the user population ( 11 ).
As a result, interest was focused on procedures
for the design of military equipment so that it
would be simpler to operate. This focus differed
from that of the industrial engineer, interested
prim arily in lowering the cost of production.
An important human engineering problem is
now being posed in hospital systems as a result
of the development of devices for acquiring, tran s
mitting, and displaying patient data: the perform
ance of the human monitor (12,13). This interest
stem s from the possibility of remote observation
of patients as a partial answer to critical person
nel shortages. Selected aspects of patient behavior
such as blood pressure, pulse rate, temperature,
and respiration can be measured and presented
on remote reading displays. Equipment for pa
tient monitoring is being developed in conjunction
with the military space programs (14).
Blumberg (1961) has discussed the application of elec
tronic equipment to hospital operations (15). Al
though savings may result from the automation of
some hospital tasks, such as data processing, the
automation of procedures which will require staff
to monitor patients should be preceded by careful
testing. The evidence shows that people are poor
monitors, and that the probability of signal detec
tion falls rapidly in the first thirty minutes of a
monitoring situation (16).

SYSTEMS RESEARCH
Operations research is concerned primarily
with the optimization of existing systems to cost
criteria. ^ /Systems analysis, which is co n cern ed ^
primarily with the design of future systems, is a \
logical extension of operations research (19,20).
1
Alternative designs are selected on a cost-effec
tiveness basis, where effectiveness is measured in \
term s of system performance, which depends in J
turn on allocation of resources. J ~
._____ System s lcivetCrch procedures differ from op
erations research in a number of ways (21). The
most important difference is that they are "descrip
tive" rather than "prescriptive" (22). They seek
to develop behavioral abstractions of systems which
can provide guidance for decision-making for a
range of values rather than an optimum solution

OPERATIONS RESEARCH
Another major development in the design and
operation of system s, operational research, began
in Britain in the early years of World War n.
Operations research provides solutions for
many production-oriented problems, particularly
those related to inventory control, resource allo
cation, and programming. The basis for problem
430
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have developed our own concepts, based on cyber
netics (24).
These concepts provide a basis for
relating system design and operations, where the
fundamental operational objective of the system is
taken to be the provision of patient care.
Since patient care is provided in a very com
plex organizational environment, this environment
has been abstracted as a hospital system model
so that the effect of organizational decisions on
patient care can be assessed.
This model, and
the steps leading to its development, will be p re
sented in a subsequent paper.

relative to any specified value system, i.e ., they
provide a behavioral description of the conse
quences of various policies of resource utilization,
rather than the value of these courses of action.
Specifically, they provide statements of relation
ships between system task and resource variables.
These relationships are derived from empirical
data and organized according to logical rules (23).
In our attempts to develop planning models
of hospital system s, we have utilized the range of
concepts from scientific management to systems
research. As a result of difficulties encountered
with each of these approaches to the problem, we
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MATHEMATICAL MODELS IN THE SOCIAL SCIENCES*
Kenneth J . Arrow
possible that two events should both o ccu r? The
events here may be of a purely qualitative nature,
such as the presence or absence of tra its in a
culture complex. It must further be observed that
there may very well be a quantitative aspect to the
study of even the most definitely qualitative phe
nomena; if we realize that we will rarely be able
to a sse rt universally valid laws about the relation
between different tra its , we will be willing to ask
in what proportion of the observed phenomena will
two traits be found together, i. e. , what is the
probability of their coexistence. The Mendelian
theory of inheritance is the prototype of the tran s
formation of qualitative into quantitative analysis
via the probability calculus . 2 It is, of cou rse, also
clear that quantitative phenomena enjoy equal claim
with qualitative ones in the study of social forces.
An understanding of a community doubtless r e 
quires knowledge of its religious and social be
liefs, but it also involves knowledge of the d is
tribution of income by size and by occupation, the
total population and its distribution by occupation
and social cla ss, and the proportion of resou rces
devoted to various social and individual needs.
Finally, the argument that only trained intui
tion can yield worth-while social analysis is r e 
jected as meaningless by the mathematically trained.
If the intuition of the investigator is reliable, it
will yield the same judgments every time it is con
fronted with the same set of facts.
But any such
unique correspondence can always be represented
by a mathematical relation of sufficiently compli
cated form. Hence, any intuitive knowledge can
always be reduced to mathematical term s. Apart
from this, there is the general presupposition
that scientific knowledge should be interpersonally
valid and transmittable and hence expressible in
an objective, consistent language.
These arguments seem logically irrefutable,
and yet, outside the realm of econom ics, very
little use has been made of mathematical and
symbolic methods.
Even in econom ics, only a
sm all minority of the theorists use anything more
complicated than a very elementary form of
calculus.
How can we explain this failure on

L THE USEFULNESS OF MATHEMATICAL
REASONING
It is a commonplace rem ark among many
social scientists that m athem atics, however useful
it may have proved in the physical sciences,
can play no essential role in the development of
the social sciences because the phenomena studied
a re somehow different—"human beings are not
amenable to mathematical la w ." The social
scientist who thinks a little more about the m at
te r will perhaps add that mathematical analysis
is quantitative, while his field calls for qualita
tive analysis.
Doubtless he will concede that
certain elementary facts of a numerical nature
can be tabulated ( e . g . , distribution of income or
population); and he will usually admit that for
certain purposes, one might be permitted to add
up a column of the table.
N evertheless, it is
held that the judgment and intuition of the skilled
invetigator are fundamentally more useful in the
social sciences than mathematical formulas based
on quantitative observations.
To the mathematician or the individual trained
in the spirit of modern m athem atics, the views
just presented seem to be based on nothing more
profound than a misunderstanding. "M athem atics,"
said the American physicist Gibbs, "is a lan
guage. " If this be tru e, any meaningful proposi
tion can be expressed in a suitable mathematical
form , and any generalizations about social be
havior can be formulated mathematically- Mathe
m atics, in this view, is distinguished from the
other languages habitually used by the social
scientist chiefly by its superior clarity and con
sistency -1
Furtherm ore, it is simply not true
that mathematics is useful only in quantitative
analysis. Doubtless many branches of mathe
m atics--esp ecially those most fam iliar to the
average individual, such as algebra and the ca l
cu lu s--a re quantitative in nature. But the whole
field of mathematical or symbolic logic is purely
qualitative. We can fram e such questions as the
following: Does the occurrence of one event a l
ways imply the occurrence of another? Is it im 

* Reprinted Iron, The Pulley Science. , Chapter VIII (Daniel Leraer and Harold D. Ussw ell, edltore), Stanlord
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KENNETH J . ARROW
the part of social scien tists to accept in their
p ractice the theoretically superior language of
m athem atics? The simple fact that they would
like to shun such a difficult subject as mathe
m atics can be regarded at best as only a partial
explanation.
There have always been enough
m athem aticians interested in the social sciences
to have made the superiority of mathematics
manifest if it were a clearly better tool.
There must be some flaw in the arguments
advanced above for the use of m athem atical methods
in the social sciences; the most important one is
concealed in the statement that every proposition
"can " be expressed in m athem atical form . The
statement is doubtless true if we mean that there
exists in some Platonic realm of being a mathe
m atical expression of every given proposition, but
it is not ture if we mean that the mathematical
expression in question can be given within the
realm s of mathematical theory now existing.
E very mathematician realizes what a sm all part
of all the potentially available mathem atical knowl
edge is actually, grasped at the present tim e -3
The usual reaction of the "lite ra ry " social scien
tist when confronted with a mathematical system
designed as a model of reality is to a sse rt that
it is "oversim p lified ,” that it "does not re p re 
sent all the complexities of reality. " In effect,
he is saying that the symbolic language in which
the mathematical model is expressed is too poor
to convey all the nuances of meaning which he can
c a rry in his mind.
What happens is that the
very ambiguity and confusion of ordinary speech
give rise to a richness of meaning which su r
p asses for the social scientist the limited resou rces
of m athem atics, in which each symbol has only
one meaning. It is not surprising that there should
be a difference between the social and the natural
scien ces in this regard.
Language is itself a
social phenomenon, and the multiple meanings of
its symbols a re very likely to be much better
adapted to the conveying of social concepts than
to those of the inanimate world.
Furtherm ore,
the em pirical experience on which one's under
standing of the social world is based consists to
a large extent of symbolic expressions of other

individuals; one can apprehend these expressions
directly because one is himself part of the social
world he observes- 4 Such apprehension must in
evitably take place on a largely unconscious level
unamenable to mathematical expression (which is
surely the acm e of consciousness). It is precisely
in the field of econom ics, where the individuals
studied are engaged in relatively highly conscious
calculating operations, that mathematical methods
have been most successful .5
It is tru e, then, that there are certain lim ita
tions of mathematical methods in the social sciences.
N evertheless, it must be insisted that the ad
vantages are equally apparent and may frequently
be worth a certain loss of realism .
In the first
place, clarity of thought is still a pearl of great
p rice.
In p articu lar, the multiplicity of values
of verbal symbols may be a great disadvantage
when it com es to drawing the logical consequences
of a proposition. Consider, for example, the fol
lowing verbal arguments: (a) If p rices are high,
people will tend to buy less; when people buy less,
m anufacturers produce le ss, since they tend to
produce only what they can sell; therefore, high
p rices are associated with low production, (b) If
p rices are high, manufacturers will produce m ore,
since it is more profitable for them to do so;
therefore, high p rices are associated with high
production. At a verbal level, both arguments
a re convincing; yet obviously they cannot both be
valid.
Let us try to isolate the postulates of the
two arguments and express them symbolically.
Let x x denote the amount which people will buy,
x 2 the amount m anufacturers will produce, and p
the price.
The first argument says that xi is a
decreasing function of p rice, i.e . , that xi = f(p);
and that x 1 = x 2. The second argument says that
x^ is an increasing function of p rice, x 2 = g(p)Then we have three equations in three unknowns;
thus, in general there is no inconsistency, all
three relations simultaneously determining x b x 2 ,
and p. These relations express the behavior of
consum ers, the m arket, and producers respective
ly. So long as no change occurs in anyone's behav
ior pattern, the values of X j, x 2, and p will remain
constant.
There will be no question whether

3 Consider the following apparently sim ple statement: Every even number is the sum of two odd prim e numbers
(a prime number\s a number divisible only by itself and by 1). T here is no known exception to the statement_ yet
it hn*? npver been Droved in general. T h is is known as Goldbach's problem and dates ^ om the
c5 ntury*
,,
4 T M . p“ ,” l ” “ » s” es«ed b , Frank H. Knight in "The Lim itations ol Sclentllic Method .n E c o n o m ic ,"
10 ^
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supply varies directly or inversely with p rice,
since neither moves at all. Suppose, however,
that there were a shift in the tastes of consum ers,
so that f(p) changed to another function, say fj(p )To obtain the values of x i; x 2, and p, we would
solve the new system of simultaneous equations,
x j = fi(p), x j = x 2, x 2 = g(p).
Note now that
the solutions X!*, x 2’ , p’ to this equation system
satisfy the conditions that x 2' = g(p')Hence, if
p' is greater than p, x 2’ will be g reater than x 2.
If therefore we have a sequence of observations
in which consumers' ta s te s 'a r e varying but pro
duction conditions, as expressed by g(p), remain
constant, p rices and production will move together.
On the other hand, if consum ers’ ta stes are con
stant but production conditions a re variable, high
p rices will be associated with low production.
Thus, mathematical symbolism resolves the ap
parent contradiction between the two arguments
and shows when each is valid.
In addition to the problem of clarity in logical
deductions, there is another methodological ques
tion related to the formulation of
theoretical
models: the problem of inductive inference. It
is by now a platitude of the scientific method
that if theory without em pirical evidence is unre
liable, em pirical inquiry without theoretical back
ground is unfruitful. The theory of statistical in
ference, as it has been developed in recent years
by Je rz y Neyman, Egon S. P earson , and Abraham
Wald on the basis of the earlier work of R. A.
Fisher and K arl P earson , is p recisely the mathe
m atical expression of the logic of induction.
It
has shown clearly how the optimum statistical
methods depend critically on the theoretical model
assum ed . 6 Now the derivation of the statistical
methods appropriate for making inferences within
a given theoretical model is usually a m atter of
considerable mathematical difficulty . 7 To proceed
with the derivation at all, the underlying theoreti
cal presumptions must be set forth in explicit sym 
bolic form.
Hence, a second argument, besides
that of greater clarity of thought, for the explicit
formulation of theories in mathematical term s is
the resultant opportunity to tap the great resou rces
of modern theoretical statistics as an aid in em 
pirical verification.

The observations made above as to the lim ita
tions of our present knowledge of mathematics
are applicable here also. It is unfortunately true
that it is very easy to formulate theoretical models
in which the determination of the optimum satistical methods leads to mathematical problems which
have not been solved; in other ca se s, the resultant
problems can be solved in principle, but the com
putations needed to find the solution in any given
case take an im practical amount of tim e . 8 Here
again we must re so rt to simplification. The cus
tom ary procedure is to substitute a mathematically
practicable theory, as sim ilar as possible to the
desired one, and use that as the basis for deriv
ing statistical methods.
For example, the a s 
sumption is frequently made in theoretical models
in biology and economics that there exists some
linear combination of the variables that is normally
distributed. The assumptions of normality and
linearity a re introduced prim arily because of the
relative mathematical simplicity of deriving opti
mum methods of estimation and te sts of signifi
cance. 9
In Section II, some alternative possibilities in
the types of mathematical models which are be
ing proposed are discussed in a classificatory way.
In Section HI, extended examination is given to
one proposed model, the "gam e" theory of social
behavior developed by John von Neumann and
Oskar Morgenstern. Section IV will take up more
briefly some other proposed mathematical theories
of the social sciences. Finally, certain very im
portant recent advances in the methodology of
em pirical work as guided by theoretical models
will be taken up in Section V. While the litera
ture of current economic thought is frequently
referred to, the emphasis is on those p arts which
have wide applicability in the social sciences.
II. SOME CLASSIFICATIONS OF MODELS
1. Individualistic versus collective basis
In most mathematical and, generally, in most
deductive studies in the social scien ces, the sta rt
ing point is the behavior of the individual. Each
individual is conceived of as acting in a way de
termined partly by his psychology and his physical

6 . The concept ofL "optimum"
is ,f Ui
of LUUl
cou rse,
always iciaw
relativ
upuniuni 19
a c > aiwajfO
vce to
w «a* value system . As
w will be , seen
, below,
, _ . the
statement in the text is not meant to imply that a ll the philosophical d ifficulties in the theory of induction. have been
completely resolved. W e'can, however, be reasonably sure that the optimum methods, however defined, for maxing
a choice among alternative theories on the b asis of given em pirical evidence will depend c ritica lly '
retial background of the inquiry, i . e . , upon the range of theories which a re believed to be sufficiently plausible th t
they are admitted to the set among which the choice is to be made.
Harnlrt O am d r
7. The level of mathematics needed In modern sta tistica l theory can be seen in such a work a s Harald C ram er,
Mathematical Methods of Statistics (1946).
rn..ntPV
b . Tin attempt, for example, to estim ate statistically the economic laws governing a large mo“ ®rn.
on the basis of a relatively simple model (say, a few hundred equations to be fitted) could easily occupy the best com 
puting machines now available for the" next five hundred to a thousand y ea rs.
.
. j , , . . . . the
9. Of course there are other justifications for the widespread use of the normal distribution, in particular tne
Central Limit Theorem , which a s s e rts that, under certain general conditions the sum of a large
Harald"
See, fo r instance,
e u t v a r i a t e s , e a c h c o n t r ib u tin g a s m a l l p a r t to th e w h o le , w ill b e n o r m a l ly d i s t r i b u t e d .
C r w im V .

R an d o m . V a r ia b le s and P r o b a b ility D is tr ib u tio n s (1 9 3 7 ).
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logically implies a knowledge of group behavior;
there is nothing left out. 13 The rejection of the
organism approach to social problems has been
a fairly complete, and to my mind salutary, r e 
jection of m ysticism . But as usual in these prob
lem s, there is something to be said for at least
the possibility of a collective basis for social
theorizing, if not taken too literally.
Much of
our casual observation and m uch' of our better
statistical information relate to groups rather
than individuals.
We may therefore be led to
generalize and form a theory whose subject is the
total behavior of a group. So long as it is under
stood that such a theory is really a resultant of
certain as yet unanalyzed laws of individual be
havior, no harm will be done, and the greater
convenience of em pirical analysis on groups may
be highly beneficial.
In fact, even in econom ics, the unit of the
theory of production is not really the individual
but the firm , which is an operating organization
of individuals. Sim ilarly, the unit of the theory
of consumption is really the household, not the
individual consumer.
In em pirical economics,
the investigator is usually forced to use a collec
tively based model by the nature of the data.
The Keynesian theory postulates that the consump
tion of a community is an increasing function of
its total income. As an em pirical equation, this
is a statement about group behavior, not individual
behavior . 14 Similar rem arks apply to all m a cro economic models designed as a basis for em piriical fitting, in which the variables that enter are
obtained by aggregating the behavior of many in
dividuals -15
They apply even to many models
constructed for the purposes of theoretical analysis.
The various representations of the Keynesian theory
in mathematical form all involve functional re la 
tions among magnitudes which cannot be identified
with the behavior of any individual. 16

surroundings and partly by the actions of others.
If there a re n individuals, we may denote the
actions of individual i by A ; , and the nonsocial
determ inants of his behavior by
Then the
actions of the first individual may be described
by a symbolic equation.

Aj = f(Px, Aj , . . . , A n)

U)

There is one such equation for each individual.
Together they constitute n equations in the n v a ri
ables A
A
n. In general, these may then be
solved to express the actions of all individuals in
te rm s of the data Px , . . . ,P n ■10 Therefore, given
the reaction of each individual to his total (social
and other) environment, as expressed in re la 
tions of type ( 1), and given the nonsocial environ
mental facto rs, which we may term exogenous,
we can determine the behavior of society in the
sense that we can determine the behavior of any
individual in society.
This individualistic viewpoint as we may term
it, is explicit in the main tradition of economic
thought- and is completely accepted in the von
Newmann-Morgenstern game theory.
It seem s
also to be accepted by the other theorists whose
work is discussed below, though George Zipf
seem s at tim es to be referrin g to the laws of
behavior of society in some total sense.
The
individualistic viewpoint has been challenged r e 
cently by Rutledge Vining in the course of a
methodological controversey with Tjalling C.
Koopmans 11 Vining has stated, "I think that in
a positive sense the aggregate has an existence
over and above the existence of Koopmans’ indi
vidual units and behavior ch a ra cte ristics that may
not be deducible from the behavior of these com 
ponent p a r t s ." 12 Taken literally, this position
seem indefensible. As Koopmans points out, a
full characterization of each individual’ s behavior
10

The fact that the actions Ax may not be representable by single numbers does not alter the validity of the

nf ^Rrnnnmirs and S ta tistic s, XXIX (1947), 161-72.
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The usual feeling among economists is that
these macroeconomic models could be justified
on the basis of an individualistic theory if suit
able definitions of the aggregate magnitudes in
term s of those pertaining to individuals were
given. The problem of finding such definitions,
generally known as the aggregation problem, has
received a certain amount of attention in recent
y e a rs. Because of the nature of the discussion,
at once technical and unresolved, it is not sum
marized here. But one methodological principle
em erges clearly: in order to have a useful theory
of relations among aggregates, it is necessary
that they be defined in a manner derived from the
theory of individual behavior.
In other words,
even the definition of such magnitudes as national
income cannot be undertaken without a previous
theoretical understanding of the underlying indi
vidual phenomena.
It also seem s evident that
the aggregated model must include among its
variables some which ch aracterize the distribu
tion of various magnitudes among the individuals
of the society; e. g . , in the consumption function
some measure of income inequality should be in
troduced as an additional variable. Doubtless,
the sam e rem arks apply to aggregation in other
social re a lm s . 17
2. The principle of rationality
A postulate frequently encountered in theoret
ical economics and elsewhere in social theory is
that the behavior of the individual or group can
be described by saying that the individual or group
is seeking to maximize some quantity. Thus, in
the theory of the firm , the economist postulates
that the individual seeks to choose that mode and
scale of operation which will yield more profit
than any other possible choice. In the theory of
consumption, it is assumed that among all the
combinations of commodities an individual can
afford, he chooses that combination which m axi
m izes his utility or satisfaction.
Behavior of
this type is frequently referred to as rational.
The basis for the assumption of rationality is
the following seemingly quite general formulation
of individual behavior in a social situation: Each

individual at a given moment of time is free to
choose among several possible courses of action;
he decides among them on the basis of their
consequences. The range of actions open to him
and the consequences of these actions are d eter
mined by the contemporary actions of others, by
the past actions of himself and of others, and by
the exogenous factors. To put it briefly, we may
say that the individual can choose at any instant
among a limited range of consequences according
to his tastes. It is natural to suppose that a s the
range v aries, his choices from different ranges
bear some sort of consistent relation to each
other.
In particular, we will suppose that he
makes the same choice each time he is confronted
with the same set of alternatives; further, if,
when confronted with the two alternatives A and B,
he chooses A, and when confronted with the two
alternatives B and C, he chooses B, then it is
reasonable to suppose that when confronted with a
choice between A and C, he chooses A. Under
these circum stances, the p rocess of decision may
be described a s follows: we can imagine the indi
vidual as listing, once and for all, all conceivable
consequences of his actions in order of his p refer
ence for them; then, on being informed of the
choices actually available to him, he selects that
one which stands highest on his list. The list
represents his ta ste s, while the alternatives actu
ally available to him are restricted by obstacles.
So far there has been no quantitative element at
all in the formulation.
In certain problem s, of
course, the desirability of the various courses of
action is associated naturally with a quantitative
variable; e. g . , profits in the case of a firm de
ciding upon its productive operations, probability
of winning in the case of a country deciding
whether or not to go to w ar. Even if there is no
natural quantitative variable associated with the
problem, it is sometimes useful for analysis to
introduce one artifically, by assigning numbers
to each consequence of an individual’ s actions in
such a way that, of two consequences, the higher
number will be assigned to the preferred one.
Such an assignment of numbers is known as a
utility index.
Let x stand for the consequences

17. See F ran cis W. D resch, "Index Numbers and the General E qu ilibriu m ," Bulletin of the Am erican Mathem atical Society, XLIV (1938), 139-41, and "Continuous Index Numbers and Quantiative Study of the G eneral Economy,
in Je rz y Neyman (e d .), Proceedings of the Berkeley Symposium on Mathematical Statistics and P ro bability (1949),
pp. 203-22; Lawrence R. K lein, "M acroeconom ics and the Theory of Rational Behavior, " E c o n o m ^ ^ , XW ( 194b),
93-1 0 8 , and "R em arks on the Theory of Aggregation," E con o m etn ca, XIV (1946), pp. 3U3-1Z; Kenneth May, T e
Aggregation Problem for a One-Industry M odel,” Econom etrica XIV (1946), 2 8 5 -9 8 , and "Technological Change and
A i| re| ation," Econom etrica. XV (1947), 51-63; Shou Shau Pu, "A Note on M acroeconom ics, Econom etrica , XIV
(1946), 299-302: Kenneth J . Arrow, "Summarizing a Population of Behavior P attern s, Econom etrica, X\TT19 8 ),
203; and AndrS Nataf, "Sur la possibility de construction de certains m acromodbles, Economqtn g a , X V [ (1948),
232-44. The works of D resch and May, in particular, make great use of the index numbers introduced by Francois
D ivisia in his Economique rationnelle (1828), pp. 260-73.
For the aggregation Problems in th^consum tp on function, see also Jacob M arschak, "P erso n a l and Collective Budget Functions, Review of Econom ics and S ta tis tic s ,
X^ I 'l ^ ° This 19fo^mulation is essentially due to Vilfredo P areto, Manuel d'econom ic politique (2d ed. , 1927), pp.
150-79.
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of some action, and let U1 (x) be the utility a s 
signed to x under one assignment of the type de
scribed.
T h en U ^ X i) > U i ( x 2) if and only if the
individual p refers x x to x 2- There is, clearly ,
nothing unique about the assignment of a utility
index, at least within the conditions laid down
thus fa r.
Let F(x) be any strictly increasing
function of a real variable u, i. e . , if u i > u 2 ,
then F(ui) > F(u2).
Then, if we define U2 (x) as
F [U i(x )J , it is clear that U 2 (x) will also serve as
a utility index . 19
Under the hypothesis of rationality, then, the
individual's behavior depends on his ta s te s --a s
expressed, say, by a utility index--and upon the
obstacles, which a re determined by exogenous
fa cto rs, by the actions of oth ers, and possibly by
past actions of the individual and of others. We
may say that the individual m axim izes his utility,
subject to the obstacles. We a re thus led to an
expression of form (1) above.
If we postulate
nothing more than that there exists some utility
function in term s of which the individual’ s be
havior can be described in the above way, we
have imposed some re strictio n s on the possible
form s of ( 1), since the principle of rationality is
not a pure tautology; i. e . , it is logically possible
that an individual may choose A over B , B over
C, and yet choose C over A .20
However, the
degree of restrictiv en ess thus obtained is not
great.
It is customary to supplement the gen
e ra l principle of rationality in any particular in
stance by further assumptions as to the nature
of the preferences involved.
F o r example, in
consum er’ s demand theory, it is ordinarily under
stood that more of a commodity is preferred to
le s s , all other things being equal.
A number of objections have been raised to
the usefulness of the principle of rationality: (a)
If the complicated nature of the range of choices
possible in an actual social situation is even ap
proxim ately taken into account in the theoretical
model, the mathematical problems to be solved
in the maximization of utility will become ex
trem ely complex, and it will be hard to derive
resu lts which have any simple meaning. This

objection has been frequently raised, for example,
against the W alrasian scheme of general equilibri
um in economics, (b) There is no real reason to
suppose that individual behavior does conform to
the principle of rationality.
This argument is
partly related to the previous one; it is argued
that if the rational choice is too difficult for the
trained mathematician to find, it is certainly un
reasonable to suppose that the untrained, unre
flecting, average individual will be able to locate
it. 21 (c) The utility function itself, even if it
plays the role assigned to it, is highly unstable
over tim e; hence, for an understanding of social
p ro cesses, more interest attaches to the deter
minants of the variation of tastes than to the line
of causation from the utility index to the actual
decision made .22 (d) There is a fundamental am 
biguity in the concept of rationality in a social
situation. An individual will soon realize that his
actions, in addition to their other consequences,
will alter the obstacles faced by others, thereby
affecting their actions and in turn altering the
obstacles controlling his choices.
Hence, his
actions will be partly controlled by his realization
of their repercussions on the actions of others.
But the same statement is true of each other indi
vidual; thus, each will be concerned with the
effect of his action on the others, and no d eter
minate solution will be possible.
There is no single sweeping principles which
has been erected a s a rival to that of rationality.
To the extent that form al theoretical structures
in the social sciences have not been based on the
hypothesis of rational behavior, their postulates
have been developed in a manner which we may
term ad hoc.
Such propositions are usually
drawn from introspection or casual observation;
som etim es they are of the nature of em pirical
regularities.
They depend, of course, on the
investigator's intuition and common sense.
An example of this approach is Lewis F.
Richardson’ s approach to international relations .2 4
What will make a government increase its arm a
m ents?
C learly, it will increase them more if
the arm am ents of a potential enemy are greater;

19 It should be clearly understood that the variable x need not be num erical. The consequences of an action
mav be a power or prestige situation or a state of religious e csta sy , as well as a bundle of commodities for con
sumption or a sum of money. A ll that is required is that given two well-defined situations resultant from his actions,
an individual should be able to say that he p re fe rs one to the other.
20. For a discussion of the refutable, and therefore em pirically meaningful, consequences of the principle of
rationality in the field of consum ers’ demand, see Paul A. Samuelson, Foundations of Economic Analysis. (1947) ,
ChaP2 1 V Objections of this type and others were raised by Richard A- L ester in his '’Shortcommgs of Marginal
Analysis for Wage-Employment P ro b le m s ," Am erican Economic R eview, XXXVI (1946]l, 6 3 -° 2 .
* rePxY ®*e
F ritz Machlup, "M arginal Analysis and Em pirical R e s e a rc h ," Am erican Economic Review, 3QOCVI (1946), 51 - •
22. Vinlng attributes this view to Thorstein Veblen. See his a rtic le , ' K w p m u v s on the Choice of V ariables
to He Studied and Methods of Measurement. ”■Review of Econom ics and S ta tis tic s , XXXI (1949), 77 -8 6 , esp. 82 83
23. T his fourth objection to the principle of rationality has been recognized in a general way in economics in
the theories of oligopoly and b ilateral monopoly.
It was given a definitive statement by Oskar Morgenstern in his
W 1rt 2 4 haL e w i s ^ - R ic h ^ r d s o n Generalized Foreign P o litic s (B ritish Journal of Psychology, Monograph Supplement

No. 23 [ 1939J).
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but it will be deterred from increasing them by
the expense. Let x represent the armaments of
this country, y those of a potential enemy, and t
tim e; and let k and a be fixed coefficients. Then,
the above theory may be expressed in the equa
tion
dx/dt = ky - ax.
(2 )
A sim ilar equation holds for the other country.
Taken together, they form a complete system of
differential equations which, with the initial condi
tions and the values of the coefficients, define the
course of x and y over tim e. Richardson then
deals with the implications of these results and
those of more general models.
Because of the first and fourth difficulties
mentioned above, theoretical economics has gen
erally had an admixture of ad hoc assumptions
which limit the scope of the principle of rational
ity. The hypothesis of a perfect competition r e 
moves the fourth difficulty because each individual
supposes his effect on other individuals is so
sm all that their actions are not influenced by him.
Under conditions of monopoly it is assumed that
while one individual can affect other individuals,
none of them is strong enough to affect him. The
monopolist’ s behavior incorporates his realization
of this situation, thereby again avoiding indeter
minancy. In those ca se s where neither hypothesis
can be maintained (e. g . , bargaining between a
labor union and a monopolistic employer, or the
behavior of an industry in which there a re a few
large firms) still m ore complicated ad hoc a s 
sumptions have been made about the way individual
firm s took into account the anticipated reactions
to their actions in order eventually to reduce the
problem to a simple m aximization .25
One somewhat digressive rem ark on the prin
ciple of rationality may be in order: a rational
theory always has a dual interpretation.. On the
one hand it may be taken as a description of
reality to the extent that individuals really are
consistent in the sense assumed. On the other
hand it may be taken rather as a normative
theory, which p rescrib es what individuals ought
to do.
Thus, theoretical economics has been
used to analyze what the optimum state of eco
nomic welfare would be and how to attain it. 26
This subject of "welfare econom ics" is not new,
being indeed as old as theoretical economics
itself, but clarification of its basic principles has
been a slow process.
Even today there are a
number of profound unresolved difficulties, prin
cipally revolving about the problem of comparing
the welfares of different individuals in arriving

at a concept of a social optimum. 27 Since we
a re here concerned with the problems of a de
scriptive social science, we shall not pursue this
m atter any further.
Statistical inference may be viewed broadly
as the behavior of an individual under a certain
set of conditions; namely, he does not know com
pletely the consequences of his actions. We may
therefore speak of a rational theory of statistical
inference. More p recisely, statistical inference
may be described as follows: The true state of
the universe under investigation is known, a p riori,
to belong to one of a class of states. A sample
of elements of the universe is drawn; the proba
bility distribution of the sample depends on the
true state of the universe. The statistician must
then take some action (e. g . , estim ate some state
to be the true one, a sse rt that the state lies in
some subclass of the one given a priori; o r, in
industrial applications, accept or reject a lot of
goods), the consequences of which a re a function
of the action and of the true state, being favorable
if the action is really appropriate to the true state
and unfavorable otherwise. F o r sim plicity, let us
consider the case where the true state is known
to be one of a finite number, the possible sam 
ples to be drawn are finite in number (e. g . , sup
pose we draw a sample of three observations,
each of which is either "yes" or " n o ," as in a
questionnaire or in a quality inspection; then one
possible sample is "yes, yes, n o ," another is "n<*
yes, n o ," and so on; there are altogether eight
possible sam ples), and the number of actions the
statistician can take is finite. Let i stand for an
action, j for a true state, k a sample, p kj for the
probability of observing sample k when the true
state is j, and rtj the loss to the statistician if
he takes action i when the true state is j ( r ^ is
sm all or negative if i is appropriate to j , large
otherwise). The statician's problem is to choose
a decision function i(k), which tells him what a c 
tion to take for each possible sample k. The
function i(k) is to be so chosen a s to minimize in
some sense the probable loss.
This formulation includes all the classical
problems of statistics and m ore.
F o r example,
in the above illustration the problem of estimation
is the case where an action consists of naming a
true state.
The range of possible actions is then
the same as the range of possible states of nature.
Another case would be that of two possible actions,
one affirming and one denying that j = J „, where
j 0 is a fixed possible true state.
This is the
classical problem of testing a hypothesis .28

25. The most extended treatm ent of various possible assumptions of this type Is found In Ragnar F risch ,
"Monopole, polypole: La Notion de la force dans l'fiquilibre Sconom ique," Natlonaltfkonomlsk T id ssk rlft (1933).
26. Recent system atic expositions of this subject will be found in Paul A. Samuelson, Foundations of Economic
Analysis (1947), chap, viii, and Melvin W. R eder, Studies in the Theory of W elfare Econom ics { 194T). P a rts I and

n r^ —

27. Kenneth J . Arrow, Social Choice and Individual Values (1951).
28. This general formulation of the problem of sta tistica l decision is due to A. Wald, "Foundations of a Gen-
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We have here clearly a problem of behavior;
the statistician must choose among the various
possible functions i(k), and the consequences are
given, though not with certainty, by the condi
tions of the problem, the p kj’ s and r ij's . The
foundations of statistical inference, from the
normative point of view of proper scientific
method, are then nothing but the application of a
suitable principle of rationality to the problem
just described.
Indeed, it will be seen that
W ald's important contributions to this field are
closely related to an important development in
social theory, the von Neumann-Morgenstern
theory of games.
This relation between the theoretical analysis
of behavior and the foundations of statistical in
ference can, of co u rse, be applied in rev erse.
To the extent that actual behavior under condi
tions of uncertainty as to the consequences of any
action is governed by the principle of rationality,
the theory of statistical inference may also be
interpreted as a descriptive theory. This point
of view has especially been stressed in economics
by Jacob Marshak. 29
HI. THE THEORY OF GAMES 30
The von Neumann - M orgenstern theory of
gam es is an attempt to provide a theory of social
(prim arily economic) interaction by analogy with
ordinary games of strategy (such as chess or
card games) as they would be played by th o r
oughly rational individuals.
It goes well beyond
any other system atic social theorizing in the com 
plexity of its structure and the rigorous nature
of its form al logic.
Yet it is interesting to note
that virtually no m athem atics m ore difficult than
algebra is employed although the chains of reason
ing a re frequently long and complicated.

1. Rational behavior in situations involving risk
As a prelim inary to the theory of games,
though not strictly part of it, von Neumann and
Morgenstern formulate the principle of rationality
applied to a situation in which the consequences
of the different actions open to an individual are
expressed as probability distributions rather than
as certainties.
A simple example is that of an
individual choosing between two lottery tickets,
one of which pays $ 1 , 0 0 0 with probability 0 . 0 1
and nothing otherwise, while the other pays $ 1 0 0
with probability 0. 10 and nothing otherwise. More
generally, the choice is among a number of "lot
tery tic k e ts ," each of which is a prom ise to pay
amounts mi , m 2, • • • with probabilities p j , P2 >
. . . , the quantities m i, m 2 . • • and px , p 2,
. . . varying from ticket to ticket.
Also, of
cou rse, in general the "payments" need not be
sums of money but consequences of any sort which
m atter to the individual. A "lottery ticket" is a
paradigm for any choice made by a human being
in which the outcome of his action is not known
with certainty but in which, on the basis of ex
perience or intuition, he believes he knows the
probabilities of the different possible outcomes.
In accordance with the principle of rationality,
the individual may order all possible probability
distributions of outcomes; he may then choose a
utility index having the properties described in
the second part of Section II of this chapter and
act so a s to maximize utility. The concept of
rationality as applied to this situation has been
formalized by von Neumann and Morgenstern in a
se rie s of axiom s . 31 The principal condition laid
down, in addition to the general requirement that
the probability distributions be ordered in accord
ance with the individual's preferences, may be
expressed loosely as follows: If the individual
p refers the outcome Xj to the outcome x 2, then

e ra l Theory of Sequential D ecision F u n ctio n s," E c o n o m e tric , XV (1947)> PP; 2 7 9 -3 13 ■ ®®p,eci^ lly pp7, 27 q9 ’ 8 F o ^ a
his "S ta tistica l Decision Fun ctions." Annals of Mathematical S ta tis tic s , XX (1949), 165-205, esp. 172-73. For a
m ore elementary presentation of the problem in a somewhat le ss general form , see Wald s Contributions to the
Theory of Statistical Estim ation and Testing H ypotheses," Annals of M athem atical Sta^ s tig g , X
T2^ g ^ 6,
and his "Statistical D ecision Functions Which Minimize the Maximum R isk, Annals of M athem atics, XLV I (11)40) ,
265-80.
For the currently standard methods of estimation and testing hypotheses, see Harald Cramfir, Mathematical Methods of S ta tistic s (1946), chaps, xxx-xxxvii. An excellent introduction is to be found in Wald, On the__P n n ciD les of Statistical Inference (Notre Dame Mathematical Lectures, No. 1 [ 1942j ) . _
_
, , .
...
29 For a specific application, see Jaco b M arschak, "R ole of Liquidity Under Complete and Incomplete Informa
tio n ," Am erican Economic Review, X XX IX , No. 3 (1949), 182-95, esp. 192-95; see; also Franco Modigliani, L i
quidity and Uncertainty: D iscu ssio n ," Am erican Economic Review, XXXIX, No. 3 (1949), 20 1 -8 , esp. 203-8. For
e a rlie r work, see M arschak's "Money and the Theory of A s s e ts ," Econom etrica, VI (1938), 311-25, and Leonid
Hurwicz, "Theory of the F irm and Investm ent," Econom etrica, XIV (1946), 105-36, esp. 133-36. The relation
between the problems of sta tistica l inference and of behavior under certainty is clearly indicated in Frank H.
Knight, R isk. Uncertainty, and P rofit (1921), P a rt III, esp. chap. vii.
...
,
1Qd7,
30. .John ynn Neumann and Oskar M orgenstern, Theory of Games and Economic Behavior (2d e d ., 1947). Some
of the review a rtic le s give excellent expositions oi the theory; see especially Leonid hurwicz, The Theory of
Econom ic B eh a v io r," Am erican Economic Review, XXXV (1945), 901-25; and Jacob M arschak,
Neumanns and
M orgenstern’ s New Approach to Static E co n o m ics," Journal of P olitical Economy, LIV (1946), 97-115.
For a more
critic a l appraisal of the theory in its application to econom ics, see L a ri Kaysen, "A Revolution in Economic Theory?
Review of Econom ics Studies, XIV (1946-47), 1-15.
..
31. John von Neumann and Oskar M orgenstern, op- c it. , chap. 1, sec. 3; Appendix.
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problem mathematically manageable. (Compare
the rem arks in the first section above.)

he will prefer the certainty of X! to an even
chance of getting either x i or X2 - With the aid
of this highly reasonable condition, and some
other more technical ones, it is shown that among
the many utility indexes which can be assigned
to the possible probability distributions, there is
one with the property that the utility attached to
a probability distribution is the mathematical ex
pectation of the utilities of the possible outcomes.
I. e . , if a given choice has possible outcomes xi
. . . x„ with probabilities p i • • • P n> resp ec
tively, and if U(x) is the utility (in the index just
described) of the outcome x , then the utility atn
tached to the given choice is £ PiU(xi). (Note
i= l

that this utility index is not unique; if U(x) is one
such index and a is a positive number, than aU(x)
+ b is another such index.) Rational behavior in
the choice of risky alternatives can thus be sim 
plified to the statement that the individual seeks
to maximize the expected value of his utility.
Milton Friedman and L. J . Savage have developed
an interesting hypothesis about the shape of the
von Neumann-Morgenstern utility curve for money
which will explain some phenomena observed in
the behavior of individuals in connection with
gambling and insurance. 33
Since probability distributions are basic in the
theory of gam es, the above construction enables the
authors to speak of a num erical utility, having the
convenient property that the utility attached to a
chance event is precisely the mathematical expecta
tion of the utilities of the various possible outcomes.
However, they need further the idea of a tran sfer
able utility, i . e . , some sort of measure the units of
which mean the sam e, in some sense, to both play
e rs . In effect, they then re s tric t the realm of their
theory greatly by assuming that the outcome of each
game is expressible in some common units, which
we may take to be money, and that the utility of a
given sum of money, for each player, is simply a
linear function of the sum, so that each players is
seeking to maximize the expected amount of money
he will receive. This assumption is to be under
stood as an intentional simplification to make the

2. The general concept of a g am e 34
In general, a game will have a certain num
ber of players, say n. The game is composed of
moves, which are of two types; personal, made
by one of the players, and chance, in which one
of several possible outcomes is selected by a
chance device acting in accordance with certain
probability laws. Thus, in a game of card s the
distribution of the hands is made by a random
device, while the players still have certain choices
as to how to play their hands. The rules of the
game p rescrib e the following; (a) whether the first
move shall be personal or chance; if personal,
who shall make it, and what range of choice he
shall have; if chance, what the possible outcomes
are and what the probability is of each; -(b) after
k moves have been made, whether the (k + l)st
move shall be personal or chance; if personal,
who shall make it, what range of choices he shall
have, and what information he shall have about the
outcomes of the previous moves; if chance, what
the range of possible outcomes is and what prob
ability is attached to each (note well that the rules
may make each of these prescriptions dependent
on the outcome of the preceding moves, it being
required only that at each stage of the game the
prescriptions in question must be unambiguously
defined); (c) when the game shall stop and what
amount shall be paid to each of the participants
depending on the outcomes of the various movesThus, in chess, the rules specify that all moves
are personal, with the two players taking a lte r
nate moves; that at each move each players knows
the outcome of every previous move; and that in
any given move, the range of perm issible actions
depends upon the present configuration of the
p ieces, which in turn depends upon the outcomes
of all past moves. In card gam es, on the other
hand, the dealing of the hands is a chance move,
the outcome of which is not revealed to the other
players.
It is easy to see that many economic and
social situations can be described in these term s.

32. The explanation of choice among risky alternatives in term s of maximizing; the
dates back to Daniel
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in these te rm s; see » U r « lM a r s h a ll, E E lS S E lS J
of Economics (8th e d ., 1920), pp. 135 n . , 843. However, Von Neumann and Morgenstern have been the first to
show the assumptions about behavior which are implied in this theory.
33. Milton Friedman and L. J . Savage, "The Utility Analysis of Choices Involving R is k ," Journal of P o litical
Economy, XVI (1948), 279-304.
.......................
— 34 See von Neumann and Morgenstern, op. c it. , chap. ii.
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F o r exam ple, the operations of a m arket may. be
described as a game, with the buyers and sellers as
p lay ers, and bids, offers, and agreem ents to con
clude transactions as moves. The initial distribution
of goods and money may be taken a s part of the
ru les of the game; the final distribution of goods
and money describes the pay-off to the various
players attendant upon the p articular set of moves
which they made.
Sim ilarly, conflicts between
nations or between social and economic groups can
be brought within the same rubric.
Now suppose, for the purpose of simplified
description, that each individual does not play the
game by waiting each time until his move comes
and then deciding among the various alternatives
presented to him, but rath er that he prepares
beforehand a strategy which specifies for each
possible situation with which he may be confronted
in the course of the play what choice he shall
make.
Indeed, something of the sort must be
done by skillful players, since they realize that
the effects of their choices at various moves are
interrelated; a good move at one point may im 
prove the range of choices available at another.
A good choice of any one move may therefore in
volve consideration of the alternative possible de
velopments of the game following each possible
action.
Suppose each individual were to write
down his strategy and hand it to an umpire.
It
would then be unnecessary actually to play the
gam e; the umpire would need only to follow the
instructions of the appropriate individual’ s strat egy at each personal move and make the indicated
chance moves.
T herefore, every game can be
reduced to the following type: each player makes
a single move, namely the choice of a strategy;
then the pay-off to each player is a random v a ri
able whose probability distribution is determined
by the strategies of the various players- Since,
according to the assumption made at the end of
Section I, the individual is interested only in the
m athem atical expectation of the pay-off we can
consider the pay-off to be a single number, in
stead of a probability distribution. Thus every
gam e, not m atter how complicated, can be r e 
duced to the following norm al form : each player
makes one move, knowing nothing about the moves
of the others, from a range of choices fixed in
advance; the pay-off to each player is then a func
tion of the moves of all the players. This reduc
tion perm its a consideration of the basic nature
of games undisturbed by the complications of p ar
ticu lar rules. From now on, we will consider
all games to be in normal form . 35

To simplify the analysis further, von Neumann
and Morgenstern assum e that the game will be
terminated in a finite number of moves and that
at each move there a re only a finite number of
possible choices. Then it can be seen that the
number of possible strategies is finite. In the
normal form , therefore, each individual has the
choice among a finite number of alternatives for
his move. It should be noted, though, that the
finite number of strategies may be enormous;
m erely to enumerate all possible situations in
chess is a tremendous task, and the number of
possible ways of specifying responses to these
situations staggers the imagination.
If the r e 
striction to a finite number of choices at each
move is not made, then some extrem ely subtle
mathematical difficulties a rise .
Some work has
been done on this problem; it will be cited in
footnotes where appropriate.
3 . The Z ero-sum two-person game 36

Consider now the special case of a game with
two players in which the sum of the pay-offs to
the two players is zero for all choices of stra te 
g ies- e .g . , if the outcome of a play of the game
yields 5 to player a, then it necessarily consti
tutes a loss of 5 to player b. This is the model
of a situation of pure conflict, since the gain of
one player is precisely the loss of the other.
Since there are only two players, there is noth
ing whatever to be gained by agreement between
them. Assume that the game is in normal form,
let player A have the choice of strategies 1, • • • ,
m , player B the choice of strategies 1 , • ■ ■ , n .
If A chooses strategy i and B strategy j , let the
pay-off to player A be a^ ; then the pay-off to
player B is -a*,. Clearly, A wishes to maximize
a while B seeks to minimize the same magni
tude. Suppose A is contemplating the use of a
particular strategy iIt is natural for him to
think of the worst that B could do to him; the
latter will try to choose that j which will make
a as sm all as possible for the given strategy i.
Hence, if player A chooses i, all he can be sure
of is min a., (read, "minimum with respect to j
j

1J

of a ").
He can evaluate this magnitude for each
value of i and choose that value of i which m axi
mizes it; by this choice, he insures that his r e 
turn is at least max min a i r
Similarly, by
i

J

suitable choice of j, player B can guarantee that
player A will not receive more than min max a^.
The pay-off m atrix a {j is such that,

35- The concept of the economic agent a s choosing a strategy - m erely makine sDecific decisions from time to time, was c
y

P

j,

; ™n "a*Somewhat different context, by
tirn h a h ilitles." in Studies in Mathe-

^

36. See von Neumann and M orgenstern, op- c it. , chapts. iii-iv .
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max min
i

j

= min max a^.
J

j

(3)

i

If the common value of the two sides of (3) is v,
then A can, by choosing a suitable strategy i’ ,
guarantee himself at least v, while B , by choos
ing a suitable strategy j’ , can guarantee that A
will not get more than v. It is cle a r that in
this ca se , A will choose i ', B will choose j’ ,
and the outcome of the game (term ed its value)
will be that B pays an amount v to A. (The
quantity v could be negative, in which case the
payment would be from A to B . ) Equation (3)
can be valid, as shown in the pay-off m atrix
given in Table I in which each player has the
choice of two strategies.
TABLE I
Strategies
of P layer B

Strategies
of Player A

2
1
0

1
2

1
2

3

If player A chose strategy 1 and player B chose
strategy 2, A would receive 1 unit from B. If
A chose strategy 2, he would run the risk of
receiving nothing; of B chose strategy 1, he
might have to pay 3.
Hence, i ' = 1, j’ = 2,
and v = 1 represent a stable solution; even if
one player knew in advance the other one's s tra t
egy, he would have no incentive to change his own.
Unfortunately, equation (3) need not hold.
Consider the pay-off m atrix in Table II.
TABLE H

X

ar .
If, then, B realized that A would reason in
this way, he would choose strategy 2 , and so forth,
leading to a seemingly endless re g re ss. Indeed,
this is precisely a chief objection to the principle
of rationality, a s noted in the second part of Sec
tion II, above.
To arrive at a determinate stable solution,
the following procedure is suggested: let player
A have a random device which will choose s tra t
egy 1 with probability 0 .4 and strategy 2 with
probability 0. 6 . Then, if player B selects stra t
egy 1, player A will have an expected return of
0 .4 (1 ) + 0.6(0) = 0 . 4 ; if B chooses strategy 2,
the expected return is 0 . 4(-2) + 0 . 6 ( 2 ) = 0 . 4.
Hence, A can guarantee himself an expected r e 
turn of 0 . 4 .
Sim ilarly, B , by playing strategy 1
with probability 0 . 8 and strategy 2 with probability
0 . 2 , can hold the expected pay-off to A down to
0.4.
This solution, in term s of randomized or
mixed strategies, has the stability found in the
first case; even if one player found out the prob
abilities used by the other, he could not gain from
this information.
In general, the players can be considered not
as choosing a strategy but as choosing a proba
bility for each strategy (possibly zero).
Let
player A play strategies 1 , . . . , m with prob
abilities x i , . . . , x B , respectively, while player
B plays his strategies with probabilities yx, . . ■ ,
y n. Let max mean the maximum with respect to
*

z

perm issible variations in X j, . . . , x m and let
min have a corresponding meaning. The expected
payoff to A if he chooses Xj , . . . , x m and B
chooses y v . . . , y n is

Strategies
of P layer B

Strategies
of P layer A

which he would choose if he were maximizing min

m

1
2

In this case, max min a^ = 0, min max
i

j

J

£ a i j x i Vjj *l

Then the analogue to (3) is

2
-2
2

1
1
0

£
i"l

n

max min L
X
y k»l

£

m

n

min max L *
i*l
X
y

= 1.

a ij

a ij

*

If a player B played so as to minimize max a - ,h e
would choose strategy 1; but if player A knew this,
he would choose strategy 1 , rather than strategy 2 ,

If (4) holds, then we have a stable solution in
term s of mixed strategies. It turns out, rather
rem arkably, that (4) always holds .37
The theory

37. See von Neumann and Morgenstern, op. c it. , pp. 134-43, 153-55. The theorem was
with
the aid of very deep mathematical developments, by von Neumann in his Zur Theorie der G esselsch aftssp iele,
Mathematische Annalen, C (1928), 295-320.
The firs t elementary proof was given by Je a n V ille, Sur la thfione
gfinfirale des jeux o& intervient l’ habitat<5 des jo u e u rs," in Em ile B orel et a l . , T ra its du calc.ul des prol^ bilit4s et
de s e s aDDlications (1938), Vol. IV, pp. 105-13. The sim plest proof of (4) has been given in a slightly m ore general fo rn fb y Lynn H. Loom is, "On a Theorem of von Neumann." P roceedings of the National Academy of Sciences,
^^The^case^w here the number of strateg ies may be infinite is considerably more difficult m athem atically, and the
generallzatfon of (I) does ^ o t always hold. S e e V ille , o p . c l t . ; Wald, "Generalization of a Theorem by von Neuman
Concerning Zero-Sum Tw o-Person G a m es,” Annals of M athem atics, XLVI (1945), 281-96, Wald, Foundations of a
General Theory of Sequential Decision Fun ctions," E conom etnca, XV (1947), 279-313, esp. 285-96; and Wald,
"Statistical Decision Fun ctions," Annals of Mathematical S ta tis tic s , XX (1949), 165-205, esp. 166-71. A recent
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of rational behavior in zero -su m two-person
gam es can therefore be regarded as definitely
solved, at least within the limitations of a tra n s
ferable utility. However, the objection that the
principle of rationality cannot be rea listic be
cause it imposes too great burdens on the ability
of the individual is not refuted; the solution of
even relatively simple social games is frequently
very difficult.38
Before leaving the discussion of zero-sum
two-person gam es, consider the special case of
a game in which, before reduction to normal form ,
the rules provide that at every stage of the game
each individual knows the outcome of all previous
m oves, i. e. , a game of perfect information.
Chess and backgammon a re fam iliar examples.
The m ore enduring features of many social con
flicts a re of this type; there is no possibility of
concealing the existence of a m ajor strike from
the management, though certain
preliminary
ta ctica l plans may be concealed for a while. It
is shown that for such games relation (3) always
holds.
Mixed strategies become unnecessary for
a determ inate solution. This suggests that mixed
strateg ies may be regarded essentially as a de
vice for withholding information from the oppon
ent, for bluffing.
4. The zero-sum n-person game39
Consider first the following simple game:
There a re three players; each is to write down
the name of one of the others.
If two players
write down each other’ s name, they each get 1 /2 ,
and the third player pays 1. If no two players
w rite down each o th er's name, then no one gets
anything. The rational method of playing seem s
fairly obvious; two of the players will agree in
advance to write down each other’ s name and
then collect.
In what sense is this really a de
term inate solution?
In p articu lar, it is to be
noted that the solution is not unique; there are
th ree possible p airs of players who can form
coalitions. Von Neumann and Morgenstern argue
a s follows: Consider all possible distributions of
payments to the players.
These will include
tran sfe rs not provided for by the rules of the
gam e, since we perm it one player to bribe an
other into following an acceptable course of a c 
tion. Since the game is zero -su m , the sum of
the payments must be zero; since each player
can get -1 without any coalition, no distribution
can be enforced which gives any player less than
-1 .
Let (a , a , a ) denote a distribution which

gives a x to the first player, a2 to the second play
e r , and a 3 to the third player. Then, in symbols,
a3 +

a2 +

a 3 = 0,

(5)

a 1. >
— -1 for each i.

(6)

Any set of numbers satisfying (5) and (6) will be
term ed imputation.
The particular imputations
which seem intuitively to be the rational ones a re ,
then, (1 /2 , 1 /2 , -1 ), (1 /2 , -1 , 1 /2 ), and (-1 ,
1 /2 , 1/2).
Let V be the set consisting of these
imputations. Then the essential properties of V
a re (1) for every imputation not in V, there are
two players who would both prefer a particular
imputation in V to the one not in V; (2) for any
two imputations in V, there are not two players
who would prefer one to the other. These are
stability properties; no imputation not in V can
be maintained, while there is no drive to change
from one imputation in V to another, since in our
simple game the behavior of pairs of players is
decisive.
The decisive ch aracter of a pair of players
who choose to agree consists in the following:
any pair of players can, by agreem ent, get the
amount 1 between them, while no imputation can,
from (5) and (6), give them more than 1. T h ere
fore, they are in a position to choose any impu
tation whatever, since no imputation gives them
m ore than they can get by the rules of the game.
These concepts all lead to natural generalization.
Consider the following zero-sum n-person game:
Let S be any set of players; let the rules specify
a ch aracteristic function v(S) which states the
total amount any set S will get if they form a
coalition. Because of the zero-sum character of
the game, v(-S) = -v(S), where -S is the set of
all players not in S. In particular, let (i) be the
set consisting of the player i alone, so that v ([ij)
is the amount player i will get (presumably nega
tive) if he does not enter into a coalition with
anyone. Then an imputation is a set of payments
(aj , . . . , an) to the respective players having
the properties,
aj + . . . + a n = 0,

(V)

a

(8)

> v ([ij)
i —

for each i.

A set of players S is said to be effective for an
imputation (a! , . . , , a j if I

a

= v(S), where

volume, edited by H. W. Kuhn and A. W. Tucker, Contributions to the Theory of Games (Annals of Mathematics,
Study No. 24 [ 1950J). Contains some papers on this and other developments in the theory of zero-sum two-person
games.
38. See the detailed discussion needed for even a highly simplified form of poker in von Neumann and Morgen
stern, op. cit. , chap, iv, sec. 19.
39. Ibid., chaps, v and vi.
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"ieS" means "i belongs to S ," i - e . , if the impu
tation does not give the players in S more than
they could get by forming a coalition. The im 
putation ( a i , . • . , an) is said to dominate the
imputation (b i, . • • , b„) if there is a set S
which is effective for (ai , . • • , K ) and such
that a A > bi for every player i in S; under these
circum stances we would certainly expect the
players in S, by agreem ent, to change the impu
tation from (bi , • • ■ , b n) t o ( a 1} ■ • • > a n )•
A set of imputations V is said to be a solution if
(1) every imputation not in V dominates another
imputation in V; (2) no imputation in V dominates
another imputation in V- A solution thus defines
the outcome of the above game when the players
behave rationally.
It might seem that the above discussion r e 
lates only to a very special type of game, in
which coalitions enter through the explicit state
ment of the rules.
It is argued, however, that
every n-person zero-sum game can be expressed
in this manner.
Suppose a coalition S form s,
which seeks to maximize the sum of the pay
offs to its m em bers. The coalition will naturally
suppose that the players not in S will form a
countercoalition; in view of the zero-sum ch arac
te r of the game, the coalition -S will seek to
minimize the sum of the pay-offs to members of
S. This situation is p recisely a zero-sum twoperson game, which has a determinante value,as
has been seen. T herefore, we may define v(S)
to be the value to the coalition S of the zerosum two-person game just described. This can
be done for each possible set of players S, so
that the game is reduced to the form discussed
in the previous paragraph.
Games a re classified as essential or inessen
tial.
An inessential game is one in which a
coalition can get no more than the sum of the
amounts that each of its m embers could get by
playing separately, i . e . , v(S) = L v ([ij). In

>es

such a game, there is no incentive to form coali
tions and hence no specifically social element.
In an essential game, on the other hand, such
as the three-person game which introduced this
discussion, there is a positive incentive to form
coalitions.
We have already observed that a
solution may contain more than one imputation.
This is a general phenomenon: it can be shown
that in an essential game, a solution must con
tain at least two imputations. There seem s to
be some sort of fundamental indeterminancy in
the purely rational theory of social behavior; the
true significance of this indeterminacy must be
regarded as obscure.
The definitions as framed do not exclude the
possibility that there is more than one solution to
40.

a given game, and indeed this can happen, a l
though there are also games with only one solu
tion. In the three-person game just considered,
let c be any number less than 1 /2 .
Consider
the class of all imputations in which a 3 = c. It
can easily be verified that this class is in fact a
solution, within the meaning of the previous defi
nitions. For each value of c , there is a c o r r e 
sponding solution, so that the number of solutions
is infinite. Unlike the first solution, these solu
tions do' not have any sym m etry.
They may be
term ed discrim inatory solution; the ruling coali
tion (1, 2) agrees to give the excluded player a
fixed amount c, and then divide up the remainder
between them. It is rem arkable that discrim ina
tory p ractices turn out to have certain stability
properties even when the basic rules of the game
are completely sym m etric a s between players.
Even within the first solution found, there was a
certain element of unfairness; each given imputa
tion within the solution was unfair to one player,
but there was an element of sym m etry in the solu
tion as a whole.
So it can be seen that even a
sym m etrical game is not necessarily fair, in that
it does not guarantee that each individual will be
as well off as every other. Much m ore than
equality of opportunity is needed to insure equal
ity of outcome.
There is thus a hierarchy of successively
m ore restrictiv e conditions on the state of society:
the rules of the game, which define the class of
possible imputations, the solution, and the imputa
tion which actually prevails at any given instant
of tim e. It is suggested that the first c o rre 
sponds to the basic limitations of the s o c i e t y physical, biological, and possibly psychological;
the second to a socially stable standard of be
havior which, however, does not uniquely d e 
term ine the actual distribution of values among
the members of the society.
More than one
standard of behavior may be compatible with the
ru les, but only those found by the theory will be
stable enough to survive.
5. The general n-person game 40
The games thus far considered have lacked
generality in one important resp ect. Society as
a whole could not gain because of the zero-sum
restriction . In the study of many social con
flicts, this may not be an important limitation,
but it does serve to eliminate all economic a s 
pects. The crucial feature of economic behavior
is precisely the possibility that by co-operation
all individuals can be made better off.
The general n-person game is handled by a
reduction to a zero-sum (n + 1)-person game.
Introduce a fictitious player, n + 1, who can make
no moves but who receives the negative of the

See von Neumann and Morgenstern, op- cit. , chap. xi.
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sum of the amounts paid to the other players.
This enlarged game can be described in term s
of the theory in the preceding section; v(S) again
rep resen ts the amount that each coalition can
guarantee for itself. The concept of domination
goes through as before.
However, not all the
solutions of the extended game can be accepted.
We may take it for granted that the genuine play
e r s will get as much for them selves collectively
a s they can, since this in creases the amount of
wealth to be divided among them. In effect, the
genuine p layers will discrim inate against the fic 
titious player. The only solutions that are th ere
fore admissible a re those in which every imputa
tion gives the fictitious player the minimum possi
ble.
In the case of a general two-person game, it
turns out that there is just one solution, namely,
the set of all imputations which maximize the sum
of the returns to the two players. Suppose A and
B are bargaining over a house which A owns but
B values m ore highly. Then the house will be
tran sferred to B , who will pay a price at least
equal to the value A places on it but not more
than the value of B.
This conclusion extends
readily to all cases of bilateral monopoly, even
when there is not a unique indivisible object but
a continuously divisible commodity: the amount
of goods which changes hands is determ inate, be
ing that amount which m axim izes the sum of the
profits of the two b argain ers, but the buyer will
pay the seller at least enough so that he will not
be worse off than if he sold nothing and not so
much that the buyer will be worse off than if he
bought nothing.41
The discussion of the two-person game yields
a purely com m on-sense answer. Much less obvi
ous resu lts follow in the general three-person
game, e . g . , one selle r and two buyers. In the
case of a single indivisible object, again, it will
be tran sferred to the individual who values it most
highly, but the possible accompanying patterns of
payments may be very complicated indeed. The
game theory fully takes into account such p ossi
bilities as having one buyer bribe another to stay
out of the market.
The determination of the
solutions to this game cannot be presented here
in d etail.42
6. Statistical inference as a gam e.
In the discussion of statistical inference as
a problem in rational behavior (in the second part

of Section II, above), it has been shown that the
statistician must choose a function i(k) which de
term ines the action i he will take for any possible
sample k. Suppose he chooses such a function,
while the true state of nature is j. If the sample
k should come up, he will take action i(k) and
therefore lose r i(k )J . But sample k will come
up with probability pkj. T herefore, if the statisti
cian chooses a function i(k), his expected loss
when the true state in j is given by

which depends on the statistician’ s choice of i(k)
and nature's "ch o ice ," j. Wald has suggested
interpreting statistical inference a s a zero-sum
two-person gam e, in which nature chooses a state
j, the statistician chooses a decision function i(k),
and the pay-off to nature is given by (9). The
optimal behavior of the statistician is to choose
that decision function (possibly mixed) which mini
m izes the maximum expected loss.
IV. SOME OTHER MATHEMATICAL
MODELS OF SOCIAL BEHAVIOR
1.

Rashevsky’ s theory of human relations43
Nicolas
Rashevsky of the University of
Chicago, who is known prim arily for his work in
the application of mathematical methods to biology,
has suggested that analogous methods could be
applied to the study of human relations. His ap
proach is of a generally ad hoc ch a racter, partly
collective, partly individualistic.
The bulk of
his work is devoted to the interaction of social
cla sse s. A great variety of different hypotheses
as to the nature of this interaction a re proposed
and formulated mathematically, and some conse
quences drawn. An example of his analysis will
suffice to give the general flavor. It is assumed
that there a re two cla sse s, the active and the
passive. Active individuals do not imitate anyone,
while passive individuals are influenced by active
individuals in proportion to the number with whom
they come into contact and also, to a lesser ex
tent, by other passive individuals. Suppose that
there are two possible activities, A and B, that
x and y of the active individuals engage in A
and B respectively, and that at any instant of
tim e x and y passive individuals engage in A and
B respectively. The number of passive individuals
engaged in A will tend to be increased by the

41 The earlier discussions of this problem in economic literature had given smaller ranges of indeterminancy;
the contribution of game theory is to show that the earlier answers were artificial from the viewpoint of rational
behavior (though not necessarily from that of actual behavior). However, Gerhard Tintner has already given the
solution indicated above. See his "Note on the Problem of Bilateral Monopoly,” Journal of Political Economy,
XLVII (1939) 263-70.
42. See von Neumann and Morgenstern, op. cit. , chap, xi, sec. 62; an excellent elementary discussion is
contained in Jacob Marschak, "Neumann’s and Morgenstern’s New Approach to Static Economics," Journal of Politic
cal Economy, LIV (1946), .97-115.
____
------43. Nicolas Rashevsky,, Mathematical Theory of Human Relations (1947).
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number of active individuals engaged in A and,
to a le sse r extent, by the number of passive
individuals engaged in A , and to be decreased by
the number of active and passive individuals en
gaged in B. Symbolically,
dx/dt = a ox o + ax - c 0y„ - ay,

(10)

with a sim ilar equation for dy/dt. These equa
tions can be solved to reveal the variation in x
and y over time as functions of the coefficients
and to find the points of stable equilibrium to
which the system will tend.
It is to be noted that the situation in ques
tion might be interpreted as a conflict between
the active individuals engaged in A and those en
gaged in B for control over the passive individ
uals. It could easily therefore be brought within
the general framework of game theory.
It is
noteworthy that P rofessor Rashevsky’ s model is
broadly sim ilar to models of conflict in other
spheres, such as Richardson's work on interna
tional relations— compare (10) with (2) above—and
L an ch ester's theoretical treatm ent of military
strateg y .45 There seem to be emerging two
general analyses of social conflict situations em 
ploying mathematical methods: rationalistic game
theory, and ad hoc dynamic analysis by means
of system s of linear differential equations. There
may be some complementarity in the two ap
proaches; in particular, note that game theory,
at least in its present state, deals only with
equilibrium situations. If additional assumptions
could be made as to how each player learns about
the others from experience, the theory would be
a dynamic one.
Rashevsky presents the above case as highly
oversimplified and suggests m ore complicated
variations of the same scheme. Some of these
involve economic considerations in that the inter
action of cla sse s may be productive of wealth. 46
In the economic analyses, the ad hoc laws which
rela te , e . g . , to certain aspects of the distribu
tion of income, are not sufficient to define the
situation uniquely; within the framework of these
postulates, the individuals a re assumed to act r a 
tionally in some appropriate sense, i. e . , to maxi
mize satisfaction or profits. One simple case is
that of two classes of individuals, one of which
is composed of organizers under whose supervi
sion the m embers of the second class produce
m ore than they would otherwise. It is assumed
that the members of the first class decide on a
fixed fraction of the total output to be divided
among the members of the second class in pro

portion to the amount of work each does, while
each member of the second class decides how
much work to do on the basis of the given fra c 
tion. The first class then chooses the fraction
in question so as to maximize their total profits.
There are several ad hoc elements here; the
fraction to be given to the second cla ss need not
be independent of the amount of work they do, it
need not be divided among the m em bers of that
class in proportion to the amount of work each
does, and each member of the first class may
try to maximize his own profits, possibly by
special bargains with some members of the
second cla ss, rather than maximize the total
class profit.
Some of these assumptions are
sim ilar to the assumption of perfect competition
in classical economics.
The same techniques of analysis are. used
throughout Rashevsky's work, though there are
many variant sets of assumptions made. Appli
cations are made to the urban-rural distribution
of population, the distribution of city sizes, in
ternational relations, historical change, and war.
Rashevsky emphasizes the tentative and simplified
ch aracter of his approach and suggests that its
chief function is to make available a number of
alternative models which might be useful in further
theoretical and em pirical work.
It might be remarked that the standards of
mathematical rigor are high. The methods used
are drawn from the calculus and the theory of
ordinary linear differential equations, with a few
tentative steps toward the use of integral equa
tions.
2. Zipf’ s principle of least effort and Stewart’ s
social physics
The work of George K. Zipf 47 is an e x tra 
ordinarily comprehensive effort to subsume the
m ajor part of human behavior, both individual
and collective, under a single principle of least
effort: Individuals and societies act so as to
minimize the expected average rate of work. We
shall here be concerned only with his discussion
of social behavior in P a rt Two of his book.
In
term s of the classification in Section II of this
chapter, the model is certainly rational; since it
seem s to be assumed that both individuals and
society seek to minimize effort, the model has
both collective and individualist elements.
It must be stated, however, that Dr. Zipf's
work does not constitute a properly developed
mathematical model. The fundamental postulates
are nowhere stated expliclty; though mathematical
symbols and formulas are sprinkled rather freely

44. Rashevsky, op. cit. , chap. lil.
45. Lewis F. Richardson, Generalized Foreign Politics (British Journal of Psychology, Monograph Supplement
23 [ 1939j); and F. W. Lanchester, Aircraft in Warfare (1916), chaps, v and vi.
46. Rashevsky, op. cit. , chaps, v, vi, xix, xx.
___
47. George K. ZipT7~Human Behavior and the Principle of Least Effort (1949).
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through a long work, the derivations involved
are chiefly figures of speech and analogies,
rath er than true mathem atical deduction;
in
some ca s e s , they a re simply wrong. Thus, as
an attempt at a system atic social theory, Zipf’ s
work can only be regarded as a failure.
However, two em pirical regu larities do em erge
which a re highly suggestive and may prove prom 
ising for further rese a rch .
It is held, with con
siderable em pirical support, that if the cities of
a nation a re ranked in order of population, then
the rank of a city is inversely proportional to its
population; e .g . , the larg est city, with rank 1,
has twice the population of the next larg est, which
has rank 2.
This relation, it is suggested, is
an equilibrium condition in that a nation in which
it does not hold will either expand or break up
until the relation does obtain. Some, though in
conclusive, em pirical evidence is adduced for this
last conclusion, which is used to generalize about
international relations. Sim ilar relations hold for
other types of frequency data, such as the num
ber of sto re s of each kind.
An attempt is made to analyze a hierarchy of
social c la sse s with the aid of analogous rankfrequency relations, it being assumed that each
cla ss exploits the one beneath it and is exploited
by the one above it.
The strength of a cla ss,
and therefore its potential for rebellion, is
m easured by its total income, while the incentive
to rem ain in statu quo is proportional to the in
come of an individual. To have equilibrium, the
two magnitudes must be brought into a suitable
relation. Dr. Zipf suggests that, if the classes
a re ranked upward from the bottom, the income
of each individual should be proportional to his
c la ss rank while the number of individuals in any
one cla ss should be inversely proportional to the
square of its rank.
From this analysis, certain
im plications are drawn for the distribution of in
com e.
The postules of this theory of social
c la s s e s a re again never clearly stated, beyond
some generalizations that each individual would
p refer exploiting others to working as a source of

income.
It would be interesting to define the
problem m ore precisely and then compare the
gam e-theoretical analysis with the suggestions of
Dr. Zipf.
Another em pirical regularity found is that the
interaction between two cities is inversely propor
tional to the distance between them. This applies
particularly to the flow of traffic or information
between them.
The study of this relation had
been begun earlier by John Q. Stewart of P rin ce
ton University, an astronom er.
Stewart has
stressed the form al analogies of this relation to
the law of gravitation. Let Pj be the population
of a place i, and Di be the distance of place i
from a given place A; then the demographic po
tential at A is defined to be Z (Pi / D J , the sum
being taken over ail populated places i. Under
the above law, the demographic potential should
represent the total amount of transactions per
unit population at A and therefore should correlate
with other economic magnitudes. Some evidence
has been found to support this assertion , but it
can hardly be described as proved.
V. THE USE OF THEORETICAL MODELS
IN INDUCTIVE INFERENCE
The fam iliar proposition in the metholology
of science that em pirical study without previous
theoretical development is fruitless has recently
been developed in detail with particular reference
to the field of economic analysis by a group of
individuals associated with the Cowles Commission
for R esearch in Econom ics, at the University of
Chicago.
The general viewpoint was expressed
at length by Trygve Haavelmo. 50 The associated
problems in m athem atical statistics have been
studied by Henry B. Mann and A. Wald.
T jalling C. Koopmans, Herman Rubin, and Roy B .
Leipnik:52 and Theodore W. Anderson and H.
Rubin.5
The most elementary exposition is that
of J . M arsch ak ;54 slightly more technical are
those of Koopmans?5 M arschak,56 and Gershon

48.
John Q. Stewart, "Demographic Gravitation: Evidence and Applications," Sociometry, XI (1948), 31-58,
and earlier work cited therein.
49. There must be mentioned, if only in a footnote, certain other recent works relevant to the mathematical
formulation of social theory. Stuart C. Dodd and Eliot D. Chappie have devoted much attention to the proper sym
bolization of social problems as a basis for the construction of models and for empirical research. See Dodd’s
Dimensions of Society (1942) and "A Systematics for Sociometry and for All Science," Sociometry, XI (1948), 113-30;
and Chappie’s Measuring Human Relations: An Introduction to the Study of the Interaction of"Individuals (Genetic
Psychology Monographs, Vol. XXII, No. 1 [1940J). Their work has been principally methodological rather than
substantive, tor otner work of this type, see the journal Sociometry.
Norbert Wienor, in his Cybernetics (1948), has initiated the systematic study of communication as a feature
common to physiology, modern servo-me'chanisms, and human society; however, he has made little specific appli
cation to social study and, indeed, has expressed pessimism over the possibilities of any sort of social science.
50. "The Probability Approach in Econometrics," Econometrica, XII (1944), Supplement.
51. "On thp s t a t is t ic a l T rp a tm e n t of Linear Stochastic Difference Equations," Econometrica, XI (1943, 173-220.
52. "Measuring the Equation Systems of Dynamic Economics," in TJalllng C. Koopmans (ed.), Statistical Inference in Dynamic Economic Models (1950).
53. "Estimation of the Parameters of a Single Equation in a Complete System of Stochastic Equations," Annals
of Mathematical Statistics, XX (1949), 46-63.
54. "Economic Structure, Path, Policy, and Prediction," American Economic Review, XXXVII, No. 2 (1947),
55. "Statistical Estimation of Simultaneous Economic Relations," Journal of the American Statistical Association, XL (1945), 448-66.
'
4
, , „
. „
56. "Statistical Inference in Economics: An Introduction," in Koopmans (ed.), Statistical Inference in Dynamic
Economics Models (1950).
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Cooper.57
Though the work done is strongly in
fluenced by the special problems of economics,
there is unquestionably a great portion applicable
to the social sciences in general.
1. E xact versus stochastic relations
In economics and in other social sciences,
we may certainly expect that no exact relation
will hold between the variables we measure for
at least two reasons: (1) Not all the variables
which a re relevant a re included in the analysis,
and we always omit a host of unimportant factors
which a re too difficult to m easure. (2) The v ari
ables we do observe are not m easured precisely.
In the statement of a relation, then, we must
include not only the explicitly enumerated variables
but an additional unmeasurable variable, known
a s a disturbance. Such a relation is said to be
stochastic. Thus, we may say that, for an individual, consumption (c) is related to income (y)
by a relation of the type c = f(y) + u, where u
is a disturbance which stands for all the omitted
variables which influence consumption. Merely
to say that a relation holds with a disturbance in
it is a tautology. F o r. any function f(y), we can
make the above relation true by defining u to be
c - f(y). To give a relation em pirical content,
we must a sse rt some regularities in the behavior
of the disturbances.
We say that the disturbance in a given re la 
tion is a random variable with a probability d is
tribution which is the sam e for each time the
variables a re observed.
It is usually also a s 
sumed that the disturbances at different times are
independent. Thus, in our consumption example,
if the subscript t denotes tim e, the disturbances
u t = c t — f(y t) for different values of t can be
regarded a s forming a random sample from a
fixed probability distribution.
These concepts
extend themselves naturally to all types of social
laws.
In general, then, we may say that the
formulation of a generalization in social science is
equivalent to an assertion about the probability
distributions of certain d istu rb an ces.58
2. Simultaneous relations and the concept of a
structure
If we take the individual viewpoint as devel
oped in the first part of Section II of this chapter,
we find that the actions of ail individuals are
simultaneously determined by all the equations of
form (1). There is no unique line of causality;
the actions of all individuals enter sym m etrically.
The situation is not altered if we assum e that the
equations (1) a re stochastic. The variables Pj>
57.

on the other hand, play a different role. If they
refer to exogenous fa cto rs, they will in general
be determined by p rocesses which are independent
of the social context in which equations (1) are
stochastic.
With respect to actions A j, • •
A n, the
exogenous factors have a strictly unidirectional
causal influence. The same is tru e, with some
qualifications, if the variables Pi , • - •» Pn con
tain past actions of individuals as well as truly
exogenous facto rs, for at any given instant of
tim e, the past has also a unidirectional causal
influence on the present choice of actions. The
causal variables Pj are referred to as predetermined; the m utually interdependent variables A*
are referred to as endogenous or jointly dependent.
At any given instant of tim e, therefore, the endo
genous variables are simultaneously determined by
a set of stochastic equations,
Aj = ^(Aj , . . . , A i.! , A n , A i t l , • • • • , An,
P i, u4).

(11)

Here again, equations (11) are tautologous unless
the distribution of the disturbances ui is specified.
The equations and the distribution together are
known as the structure of the social system .
The predetermined ch aracter of the P i 's is ex
pressed in the assertion that they are statistically
independent of the ui's.
Suppose the system (11) to be solved for the
endogenous variables:
A j = gi(Pi> • ■ • » P n > ui > • • • > u ")'

( 12)

Equations (12) are known as the reduced form of
the structure.
The reduced form is itself a
stru ctu re, and it might seem at first that a
knowledge of it conveys as much information
about the endogenous variables as does (11) •
This is not so if we realize that one or more of
equations (11) may change; for example, one of
the equations m ay refer to a government policy,
or it may refer to an industry whose behavior
will be affected by technological change. If one
of equations (11) changes, then all of equations
(12) change, but there is no necessity that the
other equations (11) will be altered. The oqua^tions (11) have a higher degree of autonomy
than (12), in the sense that each equation of (11)
is invariant under a wider class of structural
changes than the equations of (12).
If the laws under study were truly immutable,
autonomy would be an irrelevant concept, and the

re extended UiaCUBBlUIl Ul me lueao m
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.............. . Econometrics. Vol. XII (1944), Supplement, chap.
in Econometrics,"
chap, in.
m.
59. This term is Ragnar Frisch’ s.
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reduced form of a stru ctu re would be as useful
a description of reality a s any other form . The
need for an autonomous structure is especially
critica l when the resu lts of social analysis are
to be used for policy purposes.
Here, the ques
tion is that of choosing among several possible
form s for the equation expressing government be
havior. What we wish to do is to consider the
stru ctu re for each possible form of the govern
ment equation and predict the behavior of the
endogenous variables under each; that form is
then chosen which yields the most satisfactory
behavior. This procedure can be carried out,
however, only if the equations other than the
government equation a re invariant with respect to
changes in it.
F o r prediction under changed'
stru ctu re, and in p articular for policy decisions,
it is therefore important that the structure be
expressed in as autonomous a form as possible.
The s tre s s on models based on individual behavior
a ris e s from the argument that they are more apt
to be autonomous than collective models.

where each is a function of p rice. If, during
the period of observation, neither supply nor de
mand shifted, the p rice and the quantity exchanged
would not a lte r, and we would have only one
point from which to infer the supply and demand
curves.
This is obviously impossible, since
there a re an infinite number of possible p airs of
curves passing through the observed point. This
sam e problem a rise s in stochastic stru ctu res;
consider again the supply-and-demand problem:
q = a 1 p + a 2 + u (demand),

(13)

q + bjp + b 2 + v (supply),

(14)

where q is quantity exchanged, p is p rice, and u
and v are disturbances with a given probability
distribution.
Equations (13) and (14) can be
solved for q and p in term s of u and v, and we
can then find the distribution of q and p from
that of u and v.
F o r example, suppose that
aj = -1 , a 2 = 2, bi = 1, b 2 = 1, and u and v
a re normally and independently distributed with
means zero and variances 1.
Then it can be
shown that p and q are normally and independently
distributed with means 1/2 and 3 /2 respectively,
and variances 1/2. Now suppose that a x = - 1 /2 ,
a^ = 7 /4 , bj = 2, b* = 1 /2 , and u and v are
normally and independently distributed with means
zero and variances 5 /8 and 5 /2 , respectively.
Then q and p have the same distribution a s in the
previous case. Since observations on a sample
of p and q values can only yield information as
to the distribution of p and q, it is clear that no
such sample, no m atter how large, could enable
a choice to be made between the two structures.
A model containing both structures is said to be
unidentified; in general, a model in which no two
stru ctu res generate the same probability distribu
tion of the endogenous variables is said to be
identified. In order to make useful statistical
inferences, the range of possible stru ctu res must
be sufficiently restricted by a p riori considera
tions so that the model is identified.
The conditions for identification have been
discussed for m odels in which the structures are
system s of linear equations. The concept of identi
fication has also been generalized in various ways.

3. Models, statistical inference, and the prob
lem s of identification.
Suppose now that we have a sample of obser
vations on a system of endogenous and prede
termined variables and we a re faced with the
problem of inferring the structure which generated
them. This is a problem in statistical inference.
H ere, the states of nature a re the different possi
ble stru ctu res. As in the general formulation of
the problem given e a rlie r (see the second part of
Sec. II and the sixth p art of Sec. Ill, above), we
assum e it known that the possible stru ctu res be
long to a certain c la s s .
That is certain state
ments can be made about the structure on a priori
b asis, so that we need not consider structures
not compatible with those assertio n s. The class
of adm issible stru ctu res is known as the model.
The determination of the optimum statistical
methods for selecting one structure out of the
model is then a technical problem which has been
solved, at least in an approximate sense. 60
There is a certain difficulty in the statistical
analysis which does not seem to arise in the
natural sciences. Take first a very simple non
stochastic problem. Assume that p rices are de
termined by the equating of supply and demand,

60. The fundamental statistical papers are Koopmans, Rubin, and Leipnik, "Measuring the Equation Systems of
Dynamic Economics," in Koopmans fed.), Statistical Inference in Dynamic Economic Modelg (1950); and Anderson
and Rubin, "Estimation of the Parameters of a Single Equation in a Concrete System of Stochastic Equations,
Annals nf Mathematical Statistics. XX (1949), 46-63. In practice, chiefly the methods of the latter paper have
been used. For more elementary expositions, see Koopmans, "Statistical Estimation of Simultaneous Economic
Relations " Journal of the American Statistical Association. XL (1945), 448-66; and M. A. Girshick and T. HaavelmOj
"Statistical TYViftlysis 51 the Demand for Food? Examples of Simultaneous Estimation of Structural Equations;
Ecmometrica XV (1947), 79-110. It Is Important to observe that equations (11) should not be fitted by taking the
least squares regression of A; on the other variables.
61 Koopmans, Rubin, ancf Leipnik, op. c lt.; Leonid Hurwicz, "Generalization of the Concept of Identification,"
in KoopmanB (ed.) Statistical Inference in Dynamic Economic Models (1950). For an excellent exposition of the
identification concept, see Koopmans, "Identification Problems in Econometric Model Construction, Econometrics,
XVII (1949), 125-44.
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4. Model-building and scientific ta ctics
The method of scientific investigation indi
cated in the preceding paragraphs calls then for
intensive a p riori thinking to formulate a model,
followed by the selection of a best-fitting stru c
ture from that model by appropriate statistical
techniques. It is the virtue of the Cowles Com
mission approach to have set forth this process
clearly and to have resolved many of the statisti
cal difficulties in the way of its fulfillment. It is
cle a r that the cru cial step is the choice of a model.
If we can say very little on purely a p riori
grounds about the nature of the p rocess under
investigation, then the resulting model is unidenti
fied, and further progres is stopped.
An alternative procedure employed by a num
ber of econom ists62 is to sta rt with a very wide
and vaguely stated model and investigate em piri
cal data which seem to be relevant. By exam i
nation of these data, m ore definite models will
be suggested which will, in turn, provide the
basis for further em pirical re se a rch , and so forth.
It might be asked how, if the original vague model

is really unidentified, this procedure can lead to
any resu lts. Two related answers seem to be
implied in the discussion: (1) The observations
will select out of the original model a collection
of structures compatible with the observations;
among these, the "sim plest" in some sense is
selected .63
(2) There is really an identified
model in the minds of the investigators, which,
however, has not been expressed formally because
of the limitations of mathematics or of language
in general. Perhaps we may interpret the "sim ple"
structures as those found in this unconsciously
maintained model. The choice between the a l
ternative scientific ta ctics indicated depends on
the stage of formalization of the underlying theory.
No dogmatism is possible; a certain amount of
oversimplification is tolerable (and necessary) to
gain the advantages of formalization and the use
of optimum statistical methods, but there are
lim its; since the statistical methods are best only
on the assumption that the model is c o rre c t, a
serious e rro r in formulating the model may in
validate all further em pirical work based on it.

62. See, for example, the works named In footnote 11.
63. See Milton Friedman, "Lange on Price Flexibility and Employment, " American Economic Review, XXXVI
(1946), 613-31. See pages 616-22 on the use of Occam's razor.
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Russell L . Ackoff
m ore and m ore re s e a rc h tim e to be consumed in
efforts to answer questions which have no op era
tional significance. That is , a new type of n ietaphysics, one which is subtly cloaked in m athe
m a tics, is arisin g and drawing scien tists into
fru itless inquiries.
.
.
It is my contention that th ere is a funda
mental m isconception in game theory which has
had a deleterious effect on both th eo retical and
experim ental work done on individual and c o lle c 
tive decision making. This m isconception de
riv e s from the failure to distinguish what might
be called an “ e x e r c is e ” and a “ problem .” It is
manifested by the assumption that gam es a re
adequate models of at le a s t som e problem situa
tions
It leads to a m ultiplicity of decision
c r ite r ia under so -called “ uncertainty” condi
tions and to an inability to determ ine which
crite rio n is “ b e s t,” This, in turn, has led many
scien tists to play gam es while suffering under
the illusion that they a re conducting th eoretical
o r experim ental inquiries.
These assertio n s require clarificatio n and
justification. It is to these tasks that this essay

INTRODUCTION
In the la s t two decades we have witnessed
the em ergence of the “ sy stem ” as a key con
cept in scientific re s e a rc h . System s, of co u rse,
have been studied for cen tu ries, but something
new has been added. Until recen tly scien tists
and engineers tended to tre a t system s as com 
plexes whose output could be exp ressed as a
sim ple function of the outputs of the component
p arts As a consequence, system s w ere designed
from the inside out. Increasingly r e s e a rc h e rs
have com e to deal with system s whose output
cannot be exp ressed as a sim ple function of
component outputs and it has becom e m ore p ro
ductive to tr e a t them holistically and to design
them from the outside in.
The tendency to study system s as an entity
ra th e r than as a conglom eration of p a rts is con
sisten t with the tendency in contem porary s c i 
ence no longer to isolate phenomena in narrowly
confined con texts, but rath er to open interactions
for examination and to examine la rg e r and larg er
slice s of nature.
Under the banner of system s re s e a rc h (and
its many synonyms) we have also witnessed a
convergence of many m ore specialized contem 
p orary scientific developments.
Where those
interested in system s re s e a rc h gather we are
likely to find rep resen tativ es of every scientific
discipline who have becom e exp ert in such di
v e rse fields as communication theory, cy b er
n etics, com puters, decision theory, value th eory,
the theory of gam es, operational gaming, and
organizational theory. These re s e a rc h pursuits
and many others a re being interwoven into a
cooperative re s e a rc h effort involving an e v e rwidening spectrum of scientific and engineering
disciplines.
We a re participating in what is
probably the m ost com prehensive effort to at
tain a synthesis of scientific knowledge yet
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mad©.
As in all boundary-breaking a c tiv itie s -in o r
out of scie n ce -e n th u sia sm for new vistas and
the joy of playing in new a re a s tends to bring
with it certain e x c e s s e s . There is already evi
dence that, in the system s revolution, modest
resu lts tend to be excessively generalized and
that assumptions once stated —if stated at a ll—
tend to be ignored in defining the re a lm to which
resu lts can be applied. F u rth erm o re, and p e r
haps m ore serio u sly , th ere is a tendency for

A person (or group) can be said to be in a
prnhlem situation if the following conditions e x 
ist:
(1) He has one o r m ore unsatisfied d e sire s;
that is, he wants something that he does
not have, and
(2) He has available alternative ways of
pursuing the objective(s) and these a l
tern atives a re not equally effective; that
is, he has a re a l choice.
He can be said to have a problem if he is in a
problem situation and is in doubt about the r e la 
tive effectiveness of the altern atives; that is, he
m ust have an uncertain state of mind.
It will be observed that in a gam e, as con
ceived in Game Theory, the f ir s t two conditions
are satisfied. Utilities or valued outcom es a re
involved, as a re unequally effective p lays or
stra te g ie s. To have a gam e, however, sev eral
additional conditions a re required:
(1) The possible plays can be specified in
advance.
(2) There
is a se t of well-defined endstates .
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(3) A specified pay-off is associated with
each en d -state.
It has frequently been pointed out that Game
Theory cannot be applied in many r e a l situations
b ecau se eith er (1) one o r m ore of the three con
ditions ju st specified cannot be satisfied, or
(2) the m athem atical solutions which are avail
able co v er only relativ ely sim ple competitive
situations.
There have also been a number of
m o re subtle and m ore fundamental criticism s
leveled at the use of gam e-th eo retic gam es as
m odels of decision making. One of these ob
s e rv e s that even if each of a p air of opponents
can assign a m easurem ent of the utility (to them)
of each outcom e, they may not impute the utili
ties to each other which a re the sam e as their
self-assig n ed u tilities. That is, two opponents
may form ulate the sam e problem situation into
two different payoff m a tric e s . A second c r i t i 
c is m is based on the observation that in many
problem situations in which a m ixed strategy can
be selected the payoffs asso ciated with any one
stra te g y may depend on the frequency of choice
of the oth er; that is the payoffs may not be in
dependent as is assum ed in Game Theory.
The inadequacy of Game Theory to which I
want to address this discussion, however, is
different from th ese. It is, how ever, at le a st as
fundamental as th ese, but, in gen eral, has been
overlooked. It is found in an exam ination of the
assum ption of com plete ignorance of the prob
abilities of the com p etitor’s ch o ices.
The im portance of this assumption has al
read y been widely observed. F o r exam ple, r e 
ferrin g to the c r i t e r i a of choice employed in
Game Theory, Luce and Raiffa (1957) rem ark :
A common c ritic is m of such c r i t e 
r ia as the m axim in utility, minimax
r e g r e t, Hurwicz a , and that based on the
principle of insufficient reaso n is that
they are rationalized on som e notion of
com plete ignorance. In p ra c tic e , how
e v e r, the decision m aker usually has
som e partial inform ation concerning the
tru e sta te . No m atter how vague it is,
he may not wish to endorse any c h a ra c 
terization of com plete ignorance, and so
the h e a rt is cu t out of c r ite r ia based on
this notion, (p. 299)
The assumption of com plete ignorance can, p e r
haps, be defended at le a st as a limiting case if
one accep ts the gam e, as form ulated in Game
Theory, as an adequate model of a problem s it
uation. I shall argue that such a formulation is
not an adequate model of a problem situation
and that what m ust be added rem oves whatever
justification the assumption of com plete ignor
ance might have.

In a game the problem is already form ulated
for the decision m aker and hence he is deprived
of the information which is required to form ulate
a re a l problem in this form . In a re a l problem 
solving situation the decision m aker is not given
a game to play, he m ust e x tra c t it out of the
situation itself. A pre-form ulated problem is a
contrived e x e rc is e in which the decision m aker
is presented with incomplete information. The
procedure by which he does or should solve this
e x e rcise is not n ecessarily the sam e as what he
does or should do in a re a l problem situation
that can be form ulated as a gam e.
This can be seen by referen ce to a hypothet
ical application (there is p ractically no other
kind) of game theory to an advertising campaign
which was made by Shubik (1955, p. 47):
Two firm s, A and B , each have a
million dollars to spend on advertising
th eir products in a certain m arket a re a .
They can use the media of radio, te le 
vision, new spapers, m agazines, and
billboards.
F o r sim plicity, we will
group these five alternatives into radio,
television, and printed media.
The
m arketing re s e a rc h sections of each
firm work out the expected effect of any
contingency.
We will discuss the de
cision-m aking at firm A only. A payoff
m atrix of 4 x 4 is drawn up. This con
tains information on the 16 contin
gencies that might a rise if either firm
spent all its money advertising solely
by means of radio, television, o r printed
m edia, or decided to save the million
d ollars and not advertise at all. Each
entry in the payoff m atrix rep resen ts
the amount of e x tra revenue above cost
estim ated under these circu m stan ces
(in millions of d ollars).
F i r s t we observe that there a re many p os
sible advertising media which a re not included
in this gam e. F o r exam ple, the firm s could ad
v e rtise by use of skywriting, p oin t-of-sale d is
plays, travelling exhibitions, and so on. In p ra c 
tice these could be excluded for only one reason :
their choice by competition is extrem ely un
likely. To do so , then .presupposes som e knowl
edge of the probabilities of com petitive choices.
Now one might reply that this is doing injustice
to an exam ple, that the alternatives might be
formulated so as to be exclusive and exhaustive.
F o r exam ple, one might formulate the altern a
tives a s:
(a) visual but not auditory
(b) auditory but not visual
(c) visual and auditory
(d) neither
454 :
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Now it will be observed that there a re different
types of advertising that can o ccu r in any of
these ca te g o rie s. F o r exam ple, “ visual but not
auditory” includes newspapers, m agazines, bill
boards, skywriting, and so on. To asso ciate a
payoff with such an altern ative, then, presuppose
som e knowledge of the probabilities of choice
associated with these su b -altern atives. No m at
te r how fine the classification , this problem re
m ains.
Even in Shubik’s original classificatio n many
sub -altern atives a re possible in each category.
F o r exam ple, “ radio” may mean spot announce
ments o r sponsored p ro g ram s, day o r night
p ro g ram s, and many other variatio n s. To a s 
sociate a payoff with “ rad io ,” then, also a s 
sum es som e knowledge of the distribution of
probabilities associated with these su b -altern a
tiv es.
„
. ,
Secondly, it is assumed that F irm A knows
the amount of re so u rce s F irm B has available.
On p ra ctica l grounds, it is difficult for me to
conceive of a situation in which this could happen
and in which a would have no knowledge of B s
probability of ch oices. In p ra ctice A would have
knowledge of B ’s previous advertising choices
and could use this information to estim ate prob
abilities of choice. If B w ere a com pletely new
com petitor with no p ast h istory, information
would be obtained about the personnel involved in
B , and from their past h isto ries inferences
would be drawn about possible future actions and
th eir likelihood.
Now one might argue that the advertising
example is a poor one and that other competitive
situations a re not susceptible to these observa
tions . Then let us consider the type of situation
which, in my opinion, m ost closely approxim ates
a gam e.
_ .
In the development of a new weapon and pol
icie s for its use we do not know who the enemy
will be, where the weapon will be used, when,
and under what circu m sta n ce s. Here we seem
to be in a state of com plete ignorance. In m ili
ta ry p ro jects of this type in which I have p a rtici
pated and with which I am fam iliar th ere a re two
fairly standard p ra c tic e s .
F ir s t, a counter
m easu res group is established which trie s to
develop instrum ents and ta c tic s to combat the
new development. The enemy is assumed to be
likely to make a sim ilar study. As a conse
quence, on the b asis of the cou n ter-m easu re
studies estim ates a re made as to what the enemy
is likely to do. Secondly, the weapon and its use
is usually tried in “ map problem s” which are
simulated m ilitary engagem ents.
These are
designed involving the m ost likely enem ies, the
m ost likely locations, tim es, and so on. For
exam ple, B ritain o r Canada is seldom , if e v er,
used as the hypothetical enemy in such problem s.
Once a likely enemy is designated extensive

studies of their present and future capabilities
are used to estim ate the likelihood that they will
employ certa in specified ta c tic s .
Even if one agrees with all this he might
still argue that there a re situations in which
com plete ignorance e x is ts , in situations ^ade
quately modelled by what might be called s ta 
tistica l g am es.”
One fam iliar formulation of
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You have a bowl which is filled with
black and white balls and a method of
random selection of these balls. On n
draw s you have selected m black balls
and (n-m) white balls. What is the prob
ability that the next ball drawn will be
white (or black) ?
This e x e rc is e fails to model reality for ex
actly the sam e reason s as the com petitive game
does: it fails to provide the decision m aker with
the information required to form ulate the prob
lem
Specifically, it does not tell him how it
was determ ined that there a re only black and
white balls o r even only balls in the bowl, and
how it is known that the draws a re made at ra n 
dom.
Consideration of how these assertion s
could be made in p ra ctice rev eals that inform a
tion would be required which could be used to
form ulate a reasonable assumption concerning
the distribution of co lo rs of the balls in the bowl.
A number of my colleagues have objected to
the argument I have just given with the ob serva
tion that in many “ re a l life” situations certain
information cannot be gotten directly but can
only be inferred. My argum ent, however, is not
based on the insistence of a c c e s s to d ire ct ob
servation involving no inferences. To the con
tra ry , in other p laces—for exam ple, (Churchman
and Ackoff, 1 9 5 0 ) - I have maintained that all
data a re the re su lt of inferential p r o c e s s e s . My
argum ent is based on the observation that in such
sta tistica l gam es as I have described the in
form ation used to infer the c h a ra c te ris tic s of
the e x e rc is e m ust be made available to him who
m ust solve it before the game can become an
adequate model of a problem situation.
There is a serious type of sta tistica l proolem , a re a l one, in which the statistician is con
ceived of as playing a game with nature under
conditions of complete ignorance. In testing a
hypothesis, say , of the form : H0 ’• X - a, there
a re two types of e r r o r s which can be m ad e.
Type I:
true

rejecting the hypothesis when it is
.
.. .
Type II: accepting the hypothesis when it is
false.

W hereas the firs t type of e r r o r has a unique
value—the significance level at which the te st is
run—the second can only be represented as a
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function. This function e x p re s s e s the probability
of accepting X = a for possible true values of X ,
a + A a, where A a may take on negative as well
as positive valu es. F o r m ost sta tistica l tests it
is possible to derive a “ power function” which
allows us to determ ine these probabilities which
a re usually shown graphically in what a re called
“ Operating C h a ra cte ristic (OC) C u rv es.”
In
o rd e r to evaluate a sta tis tic a l testing procedure
we would ideally want to determ ine the expected
c o s t of the type II e r r o r . But in o rd er to de
term in e this expected c o s t it is n e cessary to
know the probability asso ciated with each pos
sible true value of X; that is, the probability that
X is actually equal to a + A a.
This situation is frequently form ulated as a
gam e between the sta tisticia n and nature in
which nature ch ooses the true value of A a. and
in which the sta tisticia n has no knowledge of the
probability of nature’s ch o ice s. Having form u
lated the problem in this way the sam e decision
c r i t e r i a employed in Game Theory—ones a s 
suming com plete ignorance—a re then applied to
selectin g a testing p rocedure. But again, in any
r e a l problem situation involving such a te st, the
inform ation used to form ulate the hypothesis and
to establish its relev an ce to the problem at hand
provides some b asis fo r som e expectations con
cerning the tru e value of the p ara m eter in ques
tion. F o r exam ple, in testing a hypothesis con
cern in g the length of, say, a table, the fact that
the table is in a room whose size is known at
le a s t approxim ately, that we can walk around it,
and so on, enables us to know the m ost likely
range of possible true values of the length. Even
crude information to this effect can be used by
the introduction of weighting functions to evalu
ate a testing p rocedure.
To take an extrem e
instance, we m ay assum e that the observations
on the table’s length a re norm ally distributed.
Under this assumption we would derive Operat
ing C h a ra cte ristic Curves which would provide
probabilities for possible negative lengths of the
table as well a s positive ones. We certainly
would assum e that the probability of a negative
value being tru e is equal to zero .
It is becoming common p ra ctice to present
a subject with a gam e-th eo retically formulated
problem situation in a laboratory for the de
c la re d purpose of determ ining how the individual
o r group makes d ecisions. Does a person who
has p a rt of his mind tied behind him go about
solving problem s in the sam e way as he does
without this r e s tric tio n ? That we do not norm al
ly think so is apparent from the fact that m ost
te a ch e rs of pure and applied scien ce do not be
lieve that e x e rc is e s done in c la s s a re a co m 
plete substitute for solving r e a l problem s in the

field.
To be su re , they a re not unrelated, but
those of us in teaching appreciate the magnitude
of the gap between them. We do not know enough
at p resen t to make any verified assertion s about
the differences in decision making in an e x e rcise
and problem situation. If we are to continue to
use e x e rc is e s as models of problem s, inquiry
into the nature of this difference should have a
high p rio rity on our re s e a rc h agenda.
To sum m arize this section briefly, it ap
p ears to be a m istake to conceive of problem
formulation and the selection of a solution as
separable asp ects of problem solving. A de
cision reached and the way it is reached is as
much affected by how the problem is formulated
as by the c r ite r ia employed by the decision
m aker.

OPERATIONAL GAMING
Up to this point we have considered theo
re tic a l and experim ental work on decision m ak
ing which involves gam es that can be formulated
in gam e-th eoretic form . Another type of game
(operational gam es) is coming into increasing
u se, one which is much too com plicated (relative
to our p resen t state of knowledge) to be given
any p re cise form ulation.
M ilitary games and
business gam es a re generally of this type. The
development of such gam es has become as pop
ular a pastim e for many re s e a rc h e rs as playing
them has for m anagers of industrial and m ilitary
operations.
In m ost instances such gam es a re developed
without any c le a r notion as to how they can or
should be used. Rationalizations for the effort
are occasionally offered, but in general they have
been developed either for the fun of it or for the
nonscientific “ retu rn ” they make possible.
Claim s have been made for them as useful de
v ices in training, personnel selection, and dem
onstration. As yet, however, there has been no
controlled evaluation of their perform ance in
these r e g a r d s .1 It is not with these uses that
we are concerned h ere but with their use as
re s e a rc h tools to determ ine how decisions are
made by individuals o r g ro u p s.2
Put another way, our in terest here is in the
use of these operational gam es to gather infor
mation and develop knowledge about the stru ctu re
and functioning of organized groups in decision
making situations.
The degree of re a lism associated with such
gam es has struck exp erim en ters and players
alike.
Both re a lize that these gam es are not
com pletely re a listic but few a re concerned with

1. See (Thomas and Deemer, 1957).
2. Thomas and Deemer have also provided an excellent evaluation of their use to determine what the best decision is.
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the nature and significance of the unreality of
the g a m e .3
The operational gam e is also conceived of
as som e kind of model of a specific (or c la s s
of) r e a l problem situations. The game has c e r 
tain p rop erties which a re supposed to c o r r e 
spond with the p rop erties of re a l problem situ
ations. In the gam e these prop erties of reality
may be represented by the sam e property with a
transform ation of sc a le . F o r exam ple, the tim e
dimension may be collapsed o r the amounts of
re a l money involved may be d ecreased . A model
which has the sam e prop erties as that which it
represented may be called an “ iconic” model.
In the operational gam e r e a l p rop erties may be
represented by other p ro p erties. F o r exam ple,
instead of making a product the p layers may
make- words. ■ A model which con sists of sub
stitute prop erties is an “ analogue.” Finally,
prop erties may be represented sym bolically as
in a m athem atical model. It is c le a r that m ost
operational gam es a re m ixtures of iconic models
and analogues.
It is because of their iconic
p rop erties that they seem so r e a lis tic .
A model is always a sim plification of reality
anri it is only because it is that it is useful in
scien ce. It is important, however, to know the
nature and significance of the sim plification. It
is important because only by use of such knowl
edge can our ability to infer from the model to
reality be established.
In our cu rre n t p ra c tic e s concerning the use
of operational gam es there is, I believe, a tend
ency to confuse the use of an analogue model and
arguing by analogy.
These a re not the sam e
thing; we can only draw very weak inferences by
analogy, which is what is being done. The in
feren ces being drawn, however, a re being given
a degree of re sp e ct they would deserve only if
they had been drawn from manipulation of an
adequate analogue o r other type of model.
In an analogue the revelan t prop erties of the
situation modeled a re each represented and they
a re related to each by the designer of the ana
logue in a way which rep resen ts the stru ctu re
of the re a l situation. The behavior of the “ r e a l”
sy stem is inferred from the behavior of the
model.
In an analogy one situation which has
som e prop erties in common with the situation of
in terest is used without any effort to show either
that all the revelan t p rop erties a re the sam e or
that these p ro p erties have the sam e stru ctu ral
relationship.
Most operational gam es are not
constructed as m odels of the situation of in ter
e s t; in fact, in many c a s e s the situation of in ter
e s t is not cle a rly designated. They are con
stru cted as analogies not as analogue m odels.
In the construction of m ost management

gam es a selection of p rop erties of reality is
made with no attempt to determ ine the im por
tance of, or stru ctu ral relationship between the
asp ects of reality which a re excluded. That is,
the sam e principles of selection and relatin g of
p rop erties norm ally employed in model con
struction a re not employed in the development of
the gam e. As a consequence, once the game is
constructed it may have only a subset of the
revelan t p rop erties of reality and these may not
be properly related .
Can we argue that be
havior exhibited under the game conditions is
sim ilar to that exhibited under re a l situations?
If we do so argue, we argue by analogy, not by an
inferential p ro ce ss involving knowledge o r a s 
sumptions concerning the significance of the
omitted variables and th eir relationship.
The inadequacies of argum ents from analogy
a re too well known to d iscu ss h ere. What is
needed is the sam e c a r e in the construction of a
gam e as is usually e x e rcise d in the construction
of an analytic model. The principal difference
between the game and an analytic model lies in
the use of decision m ak ers ra th e r than re p re 
sentations of them. This difference should not
affect the c a r e with which the game is con
stru cted . The principal advantage of the game
lies in situations in which the p rop erties of the
decision p ro ce ss cannot be modelled and hence
the decision making p ro ce ss itself is included in
the model.
Consider, for exam ple, two gam es, from
one of which we would not hesitate to draw in
fe ren ces, from the other of which the reflective
experim enter would h esitate to draw inferences.
In one industrial problem in which the Op
erations R esearch Group at Case was involved it
was n ecessary to find the o rd er in which item s
requiring production should be p ro cessed over
an assem bly line. The setup co sts associated
with each product depended on which item p re 
ceded it over the assem bly line. T ie problem
was to minimize the sum of the setup c o s t s . The
problem could be represented by a m a trix in
which the co s t of making each product after each
other product is shown.
T ie m atrix was not
sym m etrical since the co st of setting up for
product A after product B was not n ecessarily
the sam e as for setting up for product B after
product A. It was recognized that this was an
n-dim ensional
traveling salesm an problem ,
where n is the number of products to be p ro 
duced. No analytic solution to such a model was
available. Study of the problem revealed s e v e r
al decision ru les which appeared to yield lower
co s ts than one would expect to obtain by using
intuition and experience to sequence the produc
tion. The ru les, however, did not co v er every

3.
Dr. George Feeney is one researcher who has been deeply concerned with this problem. It is through conversations with him
that the importance of the problem has come to my attention. He is not responsible, however, for these observations.
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possible situation.
Judgment by the decision
m aker was still required. The re s e a r c h e rs r e 
planned the production of the la s t three y e a rs
using the proposed decision ru les and com pared
the resulting co sts with those actually incurred.
A substantial reduction was obtained. The ques
tion rem ained, however, as to whether such im 
provem ents could be obtained by the people who
actually made the d ecision s. A game was se t up
involving the rescheduling of production over
that th ree y e a r period. The people who actually
had scheduled production o v er that period w ere
taught the decision ru les and asked to reschedule
production over the period. They did so and the
re su lts showed the sam e im provem ent obtained
by the r e s e a r c h e r s .
On the strength of these
re su lts the ru les w ere adopted and subsequently
showed a continuing im provem ent over previous
m ethods.
Few would argue with the inference that the
im provem ent in p erform an ce obtained by use of
the decision ru les in the gam e w ere a legitim ate
b asis for forecastin g an im provem ent if they
w ere used in reality . The confidence one has in
such an inference d erives from the adequacy of
the model of the problem situation; its c o r r e 
spondence to reality .
On the other hand m ost of us would hesitate
to draw inferences from the perform ance of a
m anager in m ost management gam es, such as
that developed by the A m erican Management As
sociation (Bellm an, et a l, 1957) to his p erfo rm 
ance in a r e a l situation. The problem h ere is
that we do not know p recisely what the gam e is
a model of.
The exp erim en ter is put in the
position of search in g for a rea lity that c o r r e 
sponds to the gam e, or of looking for a problem
that fits a solution.
To be su re the situation
which appears to be modelled in the AMA game
is m ore com plex than the product-sequencing
situation described above. This may explain its
d eficiencies but it does not affect its inadequacy
as an inferential base to anything but the game
itself.
Most of us a re excited about the possibili
ties of the use of operational gam es for the study
of decision making in com plex situations. We
cannot, however, allow our enthusiasm to sup
p re s s our judgment and the realization that as
much c a r e m ust be taken in the construction of a

game as in the construction of any other type of
model. That models of very com plex situations
can be constructed has been dem onstrated with
increasing frequency. One re ce n t and exciting
construction of a model of a firm ’s decision
making p ro ce ss is reported by C yert e t al (1959).
F ro m a model such as this an effective game for
use in studying organizational decision making
could be constructed.
The critic a l attitude toward gam es taken
here is not to be interpreted as an attem pt to rid
scien ce of them. To the co n trary , I believe that
the use of gam es offers g re a t possibilities in the
study of the individual and group decision p ro
cess.
F u rth er, I believe with Rapoport (1959)
that the concepts involved in gaming have opened
im portant new v ista s, p articu larly in the be
havioral scien ces. But these enthusiasm s should
not close our eyes to the deficiencies in cu rren t
th eoretical and experim ental work with gam es.
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APPROACHES TO O RG ANIZATIO NAL DESIGN

A MODEL FOR THE EMPIRICAL STUDY OF A
LARGE SOCIAL ORGANIZATION*
Charles E. Rice
What seems to be needed here is a research
In recent years, the administrators and per
model which involves: (a) the development of c r i
sonnel in some of our larger social organizations
terion measures for psychiatric hospital perform
(such as schools, hospitals, and prisons), have
ance, (b) the development of measures for hospital
been appealing to social scientists for help con
resources, programs, and policies, and (c) the de
cerning the following problems:
termination
of possible relationships between these,
1. How can these organizations' contributions
two sets of measures. Data pointing to the exist
to society be specified? More especially, that is,
ence of such relationships might then be used to
how can such an organization effectively evaluate
guide the hospital administrator in deciding what
its performance, when its accomplishments seem
policies or procedures to adopt in order to achieve
intangible when compared with industrial or mili
a certain kind of hospital performance.
tary organizations?
2. How can such organizations determine
what kinds of policies, procedures, facilities, and
THE RESEARCH MODEL
personnel to employ?
The purposes of this paper are to show that
A "research model," as we use the term ,
advances in the area of the first problem have
is
simply
a strategy which helps in the selection
implications for a concerted attack on the second,
and measurement of the system variables and r e 
and to describe a research strategy being devel
lationships we wish to study. (The term is not
oped to study these problems in public psychiatric
necessarily
synonymous with the term "explana
hospitals. It is believed that the model described
tory model.") It has proven convenient to stru c
in this paper might prove useful in studying the
ture our research model in term s of General Sys
function of many large social organizations.
tems Concepts.
The research project, Medical Audit Plan
One such strategy may be called the "cla ssi
for Psychiatric Hospitals** has been organized to
cal
model,"
and its application to the above prob
develop a methodology which can be used by the
lems
in
a
single
large social organization might
staffs of hospitals in evaluation of performance
proceed in the following steps:
and in the assessm ent of policies and resources.
a) Certain variables of the system would be
The term "medical audit" refers to procedures
designated
as dependent variables whose measures
for obtaining information about hospitals often used
would be designed to reflect various aspects of
as a basis for decision on whether o r not a hos
an organization's performance or behavior.
pital meets specific standards for accreditation.
b) Specific independent variables would be
Medical audit data has thus been used both to set
selected
and appropriate measures devised.
up standards and to detect deviations from these
c) The independent variables would be sys
standards.
tematically manipulated or allowed to vary with
Application of typical medical audit to a psytime, and their effects on the performance varia
chiatric hospital meets with some difficulty in that
bles noted.
medical audits have no specified external criteria
There would, however, be several difficulties
for evaluating the performance of an entire hospi
in
this
approach. One, imposing variation on the
tal. The validity of accreditation standards there
system 's independent variables would be im practi
fore remains untested. For example, one might
cal except in the cases of very limited problems.
feel that a given ratio of physicians per patient is
Direct manipulation by an investigator might dis
optimal, but unless it can be empirically demon
turb the system 's routine functioning, while varia
strated that this ratio is related in some measure
tion over time, for many variables, would take an
to hospital performance we cannot be certain that
inordinately long period of observation. Another,
the ratio actually represents optimum function.
the results derived from a limited study of one
The use of this ratio as a standard for evaluation
organization may be of such a nature that to gen
of hospitals is consequently seen to be of dubious
eralize the findings to other sim ilar organizations
value.
♦Presented at the meeting of the Society for General Systems Research-American Association for the Advancement**j0Stn^yCgupported°by th^Ve^era^Admlnistration and the National Institute of Mental Health, and sponsored by
Johns Hopkins University.
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would be unfeasible. Solutions to some restricted
problems of one organization would not necessarily
benefit adm inistrators of other sim ilar institutions
having their own unique problems and settings.
What we would want, therefore, is a broadscale approach which would provide data to aid
administrative decision-making for all social o r
ganizations of a given type. The research model
we have been developing, which might be called a
"multiple system s" model, has the following fea
tures:
a) The initial step in our thinking about the
problem involved the conceptualization of a class
of social organizations. One might attempt to sort
organizations into classes by comparing sizes or
internal structures, but our approach was limited
to generalized concepts of the goals of organiza
tional functioning. The term "organizations of a
given type" then means organizations sharing com
mon purposes or goals. In other words, if we
consider some of the behavior of social organiza
tions to be "goal-seeking," then public psychiatric
hospitals differ from other organizations in that
their goals are different. The first step involves
the specifications of these common goals along
with the selection of variables whose measurement
would reflect the performance of any such organi
zation with respect to these goals. These varia
bles are designated as output variables.
b) Having conceptualized the organization as
a system with output, the next step concerned the
specification of input variables and system varia
bles. The distinction between these two classes
of variables has not been rigorously defined in
our thinking because it is difficult to specify the
boundaries of the system in regard to input v ari
ables. However, it should be pointed out that we
are not making use of a black box model since
many aspects of the "inner" structure and func
tioning of the system would seem to be amenable
to observation and measurement.
c) Variation in the three classes of varia
bles is observed by measuring these variables in
many organizations of the given type over the same
time interval. All variables are represented by a
single measure considered a sample of that vari
able's values during the given time interval. Then,
using each organization as an experimental unit,
input and system measures will be related to out
put m easures by means of statistical correlation
methods.
In addition, input m easures might be
related to system m easures in order to study the
effects of input variation upon changes in the sys
tem variables.
This approach, which is an extension of the
field-study or correlational model widely used in
psychology and sociology, will now be described
with more detail in its proposed application to the
study of public psychiatric hospitals.
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OUTPUT VARIABLES
The first step in our strategy was selecting
those aspects of a psychiatric hospital's behavior
to serve as output variables. One means of se 
lecting output variables for social organization
study is to ask, "F o r what purposes was this' sys
tem created and for what purposes is it being
maintained?” These organizational purposes, or
goals, usually represent the conceptualization of
organization members, and of the community as
to what contributions the system is and should be
making to society. We wanted a list of goals that
would be an abstraction in that it would not rep re
sent exactly the goal-structures of any single psy
chiatric hospital, but would be a generalization
from all such hospitals.
Discussion with mental hospital personnel and
a survey of the literature resulted in the following
list of public psychiatric hospital goals:
Care of patients is defined as encompassing
those hospital activities which involve the "daily
maintenance" of patients, i.e., keeping them alive,
physically healthy, and as comfortable as possible
while in the hospital.
Protection includes preventing the occurrence
of harm or injury to patients, hospital staff, hos
pital property, or to the surrounding community.
Social restoration includes those hospital a c 
tivities aimed principally at releasing patients into
the community so that they are able to remain
there with an improved degree of adjustment.
Training and education involves the training
of professional people and hospital employees as
well as the dissemination of information to the
community.
Research encompasses the scientific study
of hospital and mental health problems.
The final goal, for want of a better name,
has been termed " administration."
It includes
those hospital activities aimed at controlling and
coordinating the operations of various sub-units of
the system, as well as the relationship of the hos
pital to other organizations of society.
It should be noted that these concepts are
neither mutually exclusive nor do they constitute
the only list that could be formulated. We wanted
a list that represented a parsimonious abstraction
of hospital purposes while simultaneous compre
hensive.
The comprehensiveness of our list resulted
from a nation-wide survey of over a thousand psy
chiatrists, psychologists, psychiatric nurses, psy
chiatric social workers, and board members of the
National Association of Mental Health. These peo
ple were asked to supply their own lists of mental
hospital goals. We are able to define our list so
that well over 90 per cent of the items received
in the survey could be classified reliably under
one or another of the goals mentioned above.
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It should further be noted that the six goals
are not themselves variables, but rather classes
of variables. These groups constitute the set of
hospital behaviors designating the output variables
of our design. The survey aided us in deciding
which variables, or hospital behaviors, to include
in each goal category.
Having proceeded to the point where we had
conceptualized classes of output variables, it was
then necessary to examine these classes in order
to determine which of the variables in each cate
gory seemed amenable to operational definition and
thereby to measurement. We examined those hos
pital behaviors subsumed in order to see which of
them appeared promising in term s of feasible
measurement procedures. The measures of the
variables thus selected were to represent esti
mates of a hospital’s performance with respect to
care, protection, etc.
In addition to measurability, we have also
been guided in our selection of output variables
by the notion that we wanted our m easures to rep
resent ch aracteristics of "products" of the sys
tem 's functioning.
This criterion is admittedly
vague, but it may be illuminating to note that many
of our output measures are expressed in term s
of things that "happened" to groups of patients
after they had been exposed to the hospital en
vironment. In a sense, for some of our output
measures, we have been thinking of patients as
being "processed" by the hospital.
At this point, it may be enlightening to brief
ly describe our measures of hospital performance
with respect to one of the goals, social restora
tion. Consideration of hospital behavior subsumed
under this goal resulted in our focusing on the " r e 
turning patients to the community" concept.
Basically, we have three variables here. The
first of these is measured by the probability that
a patient, admitted to hospital A in time interval
Tlf will be released to the community during a
subsequent interval T2 , following a hospital deci
sion that he is "ready" for release.
This is
called the release rate of hospital A and it meas
ures, you might say, the social restoration per
formance of hospital A insofar as quantity of out
put is concerned.
The second measure is given by the proba
bility that a patient admitted to hospital A in T1(
and released from A in interval T2 , will return
to institutional status (in A or other psychiatric
hospital, prison, home for aged, etc.) during sub
sequent interval T3 . This is the return rate of
Hospital A and, continuing the analogy, represents
a first approximation for the measurement of the
quality of Hospital A's social restoration output.
The third measure represents the probability
that a patient who was admitted to Hospital A in

T, released in T2 , and remained in the commun
ity’ throughout T3 , will show a prehospital-post
hospital improvement in adjusting to the commun
ity's expectations. If one considers the helping
of patients to resume or improve their status as
socially-acceptable community residents to be the
essence of social restoration, then this measure
is seen to be critical for representing a hospital's
Social Restoration performance.
Procedures for collecting the necessary in
formation for these measures have been worked
out in some detail, but I will not attempt to de
scribe them in this paper. The reader who is
interested in a detailed account of these measures
and of the data-collection procedures underlying
them is referred to another publication by the
author.*
We have no guarantee, of course, that our
output measures will prove workable, for we have
no generally accepted and reliable measures. We
are working in new territory. All that can be done
at this stage is to devise measures which appear
relevant to the general goal definitions, free of
contradictions and opportunity for bias and distor
tion, sensitive enough to detect inter-hospital dif
ferences, and which involve information, comparable
from hospital to hospital, we can reasonably hope
to gather.
The Input and System Variables
Turning to a discussion of the input and sys
tem variables, we are faced again with the task of
selecting which variables to include in the design.
There is no solid notion of which input and system
variables have relevance for any given output vari
able simply because there has been very little re 
search in this area. Selection has been guided by
choosing those variables which seem to embody
issues and problems of relevance to hospital ad
ministrators and mental health personnel. A few
have been suggested in consulting the literature in
the fields of administrative science, social psy
chology, and psychiatry.
With respect to the study of hospital output
in the area of social restoration the following types
of input and system variables are included in our
design:
„
a) Input variables. By input is usually meant
"those parameters of the system 's environment
whose variability affects the system 's functioning."
This definition includes the notion of something
entering the system or impinging upon its bounda
ries. Although it is difficult to decide, in the case
of social organizations, what is system and what
is environment, we have achieved at least a pre
liminary specification of the input variables.
One class of input param eters involves speci
fication of the type of community in which the

•c. E. H e . D. 0. B . r * . , , L . O .
« d P. Vlie Psychiatric Hospitals," Public Health Reports, Vol. 76, No. 5, May 1961, ,437 446.
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or the sex of the director of nursing. These are
measures of what we will call "low-level” varia
bles.
Constructs and measures of a higher order
may be defined by combining "low-level” con
structs. For example, one could consider the vari
able "physical size of hospital" whose measure
could be defined in term s of the number of build
ings in conjunction with the area of the grounds
and the average amount of floor space per build
ing. Or, one might define the construct "degree
of dignity with which patients are treated" as a
great number of variables of lower order such as,
amount of hospital censorship of patient mail,
degree of privacy of patient's bathing facilities,
and amount of time allotted for patients to eat in
hospital dining halls. It becomes obvious that there
are many possibilities for constructing higher order
variables and each of their measures could be con
structed from a great many different combinations
of lower order variables.
We have been striving to specify some of
these variables to have as high an order as possi
ble and yet be meaningful in the light of our knowl
edge of hospital operations. One reason we are
doing this is to reduce the number of variables
considered. This a priori construction of parame
ters has its pitfalls, however. If we have meas
ures x, y, and z, and combine these to derive higher
order measure A, which we then relate to a given
output measure, we may fail to demonstrate a re 
lationship simply because we specified an "incorrect,
functional relationship between A and variables x,
y, and z, or because variable w was omitted from
the construction of A. All is not lost, however,
because we will, after data collection, have meas
urements for w, x, y, and z, and we are free to
try other functional relationships which might be
suggested by the data. It is anticipated that there
will be a considerable amount of empirical con
struction in higher order variables.
It is possible, of course, to construct higher
order variables by using the empirical method
only. A factor or principal components analysis
of the inter-correlations of all input or system
variables might seem to be indicated here so that
"clu sters" of variables could be elicited from the
data and used as the basis for higher order param
eters. This would represent an attempt to discover
the basic dimensions underlying the measures.
At the present time, however, it is felt that
the rational, a priori approach should definitely ac
company the empirical in the construction of higher
order input and system measures. Our aim is to
provide the staff of a mental hospital with some
tools for manipulating very real and palpable fea
tures of the hospital so as to enhance a specific
output. This aim has guided us in the construc
tion of these m easures.
Should a higher order
construct appear to be of little predictive value,
one of its constituent lower level measures may

hospital is located. This includes such things as
ru ral vs. urban location, as well as various ch ar
acteristics of the larger mental health organization
(state mental health department) to which the hos
pital is subordinate.
This class of parameters
may be looked upon as providing some real con
straints to the variation in the remaining classes
of input variables.
A second, and very basic, class of input vari
ables involves certain measurable features in the
patient population entering the hospital throughout
a given time interval. These variables include the
size of this population and measures of central
tendency with respect to age, socio-economic level,
education, and pre-hospital level of social adjust
ment.
A third class of input param eters comprises
the various aspects of direct community participa
tion in the hospital's functioning, such as amount
of community volunteer work and amount of pro
fessional consultation afforded to the hospital dur
ing a given interval of time.
A final class of input variables encompasses
basic resources which the hospital receives dur
ing a given time period, such as financial alloca
tions, food, and medical supplies, etc.
b) System variables.
Herein are included
variables which we feel ch aracterize the "internal"
structure and functioning of the system. The sys
tem variables also fall into various categories.
The first class of system variables contains
physical ch aracteristics of the hospital such as
m easures of size and capacity, m easures of treat
ment, maintenance, and recreation facilities.
The second class of system param eters in
cludes variables reflecting the hospital's staffing
pattern, such as size of staff, formal and informal
patterns of authority, and attitudes of the staff
toward mental illness and mental patients.
A third and final class of system variables
might be termed "policies and procedures." The
param eters in this class may be said to reflect
the hospital's internal functioning rather than its
structure. Included here are a great many varia
bles such as ch aracteristics of inter-departmental
contact and communication and m easures of the
"operating ch aracteristics" of the various hospital
services and departments.
In short, this class
contains variables which reflect "what goes on”
inside the system.
Having gained a general idea of what the
input and system variables were to be, the next
task is devising measures for these variables.
Here again, one finds quite often there are no
"ready-m ade" measures whose usefulness as op
erational definitions have been demonstrated.
Some of the variables present little difficulty
because their measurements result more or less
directly from the level of simple observation, e.g.,
the total number of buildings, or the total number
of physicians employed full-time by the hospital,
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still be quite useful in being highly correlated with
a given output.
The collection of data relevant to the input
and system measures will consist largely of struc
tured interviews and systematic observations on
visits to public psychiatric hospitals throughout the
country. At present, we anticipate data collection
relevant to several hundred such variables. This
"broad" approach is pragmatically necessary if
entire hospitals are to be used as the experimen
tal units. It is much more efficient to gather a
great deal of information at one time from a hos
pital than to return again and again for additional
data.
Input-Output Relationships
— Our research design is a correlational one,
in which input and system measures (predictors)
are to be statistically correlated with output meas
ures (criterion m easures), both sets of measures
resulting from the observation of many hospitals.
For each hospital we will have several hundred
measures of input and system variables and an
anticipated two or three dozen measures of output.
Our task will then consist of trying to detect rela
tionships between the two sets of variables, input
and system variables on the one hand and output
variables on the other. Many problems confront
us here, some of which have already been sug
gested, and I can do no more than to outline our
thinking as to how we should proceed.
F irst, some of the input and system meas
ures may fail to reflect any inter-hospital varia
tion. These variables will then be dropped from
further consideration because, insofar as our meas
uring techniques could detect, they would not be
variables at all. This points up a difficulty in our
"multiple system s” approach. The lack of varia
tion displayed by an input or system variable could
result from the "single-value" nature of our meas
ure. It would not be legitimate to infer, in this
case, that such a variable has no relationship to
a given output. We can only report that the vari
able’s lack of inter-hospital variance precludes
any inferences about its relationships to output and
that its further consideration should be shelved,
but not discarded altogether.
Our next step will be working with each class
of output variables, one at a time. Each input and
system variable will be related to each of the out
put measures in the given class. As a first ap
proximation, this would be accomplished by the use
of product-moment correlation. (Should a higher
order variable, of a priori construction, fail to be
correlated with any output, its lower level constitu
ents would then be tried.)
For any given input-output or system-output
pair we would then begin to "partial out" other
variables one at a time in order to gain a truer
picture of the relationship. This "partialing-out"
process will be limited by pragmatic considerations,
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and guided by the realization that psychiatric hos
pital people have some specific questions and prob
lems about which we desire to supply some infor
mation. Should the use of multivariate statistical
methods, such as principal components analysis,
point up some underlying dimensions of the input
of system measures, these too might be exploited
by relating them to output measures.
I might remark that input-output and systemoutput relationships are not the only ones that might
be considered. Relationships between output vari
ables might be of vital importance to administra
tors if high performance with respect to one goal,
say protection, tended to be accompanied by low
(or high) performance in another goal area, say
social restoration. Should such relationships be
found it could prove helpful to the management of
hospitals in deciding which objectives should r e 
ceive emphasis in the planning of long-range pollc ies *
Another aspect of our model is that it lends
itself to the determination of input-system relation
ships. It would be of particular interest, not only
to a hospital administrator, but also the social s c i
entist, to learn how changes in input affect the
structure and functioning of the system.
Our design represents an attempt to predict
various hospital outputs from a knowledge of vari
ous input variables, but it would also be meaning
ful to attempt to predict input by using output
variables as predictors and, in those cases where
temporal priority could be established, we would
speak of "feedback." Thus, a hospital with high
performance in training and education might at
tract better professional personnel.
Our research strategy will not enable us to
derive a determinate system of variables; causal
relationships will not be deduced. For this, the
’’classical" strategy, involving more restricted
sets of variables, would be necessary. Data from
our research, pointing up the possibility of useful
relationships, would be a guide in such efforts.
We realize, of course, that we are dealing
with extremely complex systems of variables.
However, it is felt that this "broad-scale" research
strategy is a necessary first step in establishing
an empirical base for further investigation in the
area of research in organization theory and in psy
chopathology. Even if all of the data is not put
to immediate use, it is felt that this broad ap
proach will provide mental hospital personnel with
some new ways of looking at the operations o
their hospitals. Our preliminary work in several
state mental hospitals has already resulted in a
stimulating interchange of ideas between our staff
and the personnel of these institutions.
A Summary of the Model
.....................
The research model described in this paper
provides an approach to the study of a given class
of social organizations, especially where it is
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aimed at achieving a given level of output. Inputsystem relationships can be used to understand
how organizational structure and functioning are
affected by changes in environmental conditions.
This "multiple-systems." model can be used as a
basis for studying and evaluating the effectiveness
of many types of social organizations and agencies
such as schools, prisons, libraries, and hospitals.
It may be instructive, in closing, to note how
the above research strategy differs from typical
Operations Research procedures whose aims are
very sim ilar.
The first difference can be seen by compar
ing the scope of the two approaches. Operations
Research methodology focuses typically on the func
tioning of a single organization, the aim being to
provide information relating to the optimum per
formance of the system with regard to the achieve
ment of objectives which are more or less unique
to that organization. Our approach, on the other
hand, involves the simultaneous study of many o r
ganizations of a given class, and measures per
formance in term s of the achievement of general
ized goals which typify the entire class or organi
zations.
Secondly, Operations Research usually in
volves the development of an a priori model (that
is, the model is developed prior to data-collection)
to represent system functioning. This model, and
its solutions, are then tested by employing empiri
cal data. Our approach does not involve this type
of model-construction, but calls for the collection
of data which can then be used as the basis for
constructing models of system functioning.

desirable to evaluate the effectiveness of the o r
ganization's functioning and thereby determining
which aspects of the organization's environment,
( structure, and "inner functioning" are related to
the effectiveness of the organization's performance.
The first step in such an approach requires
defining a class of social organizations in term s
of a generalized set of organizational goals. These
organizations are viewed as systems having input
and output.
Output is defined by total system performance
with respect to the achievement of organization
goals, and indices thereby devised to measure this
performance. Input and system variables are de
fined and measures are designed to reflect these
variables.
The input variables represent those
features of the environment which are seen as im
pinging upon the system , o r serving as constraints
to system behavior. The system param eters rep
resent various structural and operating ch aracter
istics of the organization.
We then wish to relate the input and system
param eters to the output variables by observing
the covariation of their m easures. Because it may
be difficult or im practical to impose variation on
the system 's variables in any direct fashion our
re search strategy involves the measurement of
these variables in a great many of the brganizations, comprising the given cla ss, within the same
time interval.
Relations between the measures
will be ascertained by means of statistical c o rre 
lation methods.
Input-output and system-output relationships
furnish information which can be used by organi
zation members as a basis for policy decisions
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HUMAN SYSTEMS DESIGN AND THE MANAGEMENT OF CHANGE
Raymond G. Studer

Rene Dubos reports that we have at last
discovered the missing link between ape and m an it is us. This observation provides a kind of in
sight regarding the difficulties we face in planning
human settings. If homo sapiens were less highly
developed he probably wouldn't have the capacity
to plan; if he were more highly developed (a com
pletely rational organism) there would be little
reason to plan. In either case man would be in
harmony with his environment and his evolutionary
course. Our failures in planning the course of
human events are due in great part to our m is
understanding of man's capacity to participate in
and execute such plans. In other words, our plans
have not as a rule been appropriately linked to the
realities of human functioning. We are well aware
that things are not going as we would individually
and collectively wish. Our interest in change is
thus predicated on an assumption that there are
critical problems, and the hope that things could
be better. The question which remains is how we
should go about changing the present state of af
fairs in the future.
A human problem can be properly defined as
the disparity between things as they are and things
as they ought to be. When there is a perceived
disparity between human intentions and accomplish
ments, we are faced with a design problem. Plan
ning and design involves the development of stra t
egies for organizing human settings to overcome
extant social, biological, and environmental deficiences. The design of a human system , then, is
concerned with things as they ought to be and with
development of the means for moving the system to
this new state. Intervention and change-the pre
diction and control of human affairs—is the implic
it objective of planning and design. Such an enter
prise cannot, needless to say, be approached c a s 
ually, but requires the most careful formulation
possible. In this paper I will explore, at rather
fundamental levels, not the technological future but
the methodological future-th e possibilities for a
more coherent approach to planning and organizing
human settings.
Anticipation of future states, purposefulness
and goal directedness—in short, planning—is an
intrinsic aspect of human functioning (Miller,
Galanter and Pribram , 1960). It is necessary to
our survival and well-being. However, planning
and design as an externalized, self-conscious pro
cess is a fairly recent human development
(Alexander 1964). Planning in this formal sense
has been, and perhaps still is to a very great ex
tent, an activity confined to the holders of power
(either
>r given or assumed),
a ssu m e s, wealth,
we^uui, and knowledge.
•TO. .r .l c l . i , h.s.d on , ,»,*,• p a n t e d

In most if not all contemporary cultures, the con
cept of large-scale planning and design is under
stood by only a few, and planning by the few for
the many is the common tradition. Most members
experience dysfunctions and attempt to respond to
these as they arise.
A planning culture can be described as one
wherein collective planning is an integral aspect
of the individual member’s thought and behavioral
repertory—an enculturated orientation toward ex
istence. Few cultures have existed without plan
ning, but it is just possible that no planning cul^
tures have emerged. In a planning culture, where
collective planning strategies are supported, par
ticipated in, and taken for granted by the member
ship, emphasis is upon directed response to the
future. Objectives are identified and resources are
mobilized to attain these objectives. A planning
culture would seem to emerge when (1) dysfunc
tions are widespread, (2) technological (and other)
resources are available, and (3) the processes of
enculturation (education) are available on a large
scale. The United States is hopefully becoming a
planning culture.
The unplanned imposition of
technology, the squandering of resou rces, and the
linkage of these to questionable ideologies have
produced a level of social and environmental pol
lution which has become a model of what can go
wrong without planning. Certainly, the sophisti
cation of our planning is inadequate considering
the complexity of our problems. We in the United
States, "blessed" as we are with an abundance of
means and a highly developed technology, have
everything to learn about planning—organizing our
selves to exist in harmony with our environment
and other cultures.
Even in a planning culture, particularly a
technologically developed one, there em erges the
need for specialists, those with particular skills
and specialized knowledge of relevant phenomena.
In becoming a planning culture, where guessing is
replaced by a controlled approach to the future,
there emerge questions about who plans what for
whom. Planning to date has occurred in spite of
rather than because of widespread support, but in
a culture which understands and subscribes to the
need for it, planning becomes a powerful force.
In United States metropolitan centers, advocacy
Dlanning has emerged as a dampening^ force, a
safeguard against the implementation of plans in
which the interests of certain populations are not
fully represented. As it exists, advocacy is not a
real solution to the planner’s dilemma, i.e ., the
"rational" plan versus the "irrational” interests
within the community. Need for the advocacy
.
^ w M cW U lt, publi.ted
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movement represents a failure of the planning and
design disciplines to date, but it establishes the
fundamental principle that formulation of plans for
the future must system atically involve the people
affected.
In a planning culture, this is neither
excessively difficult nor productive of bad plans.
The mention of planning (not to mention hu
man system s design) arouses concern regarding
freedom. No human wants to be under the control
of another, and planning implies control. The fol
lowing comments could easily be misunderstood in
this regard. This analysis is, however, predicated
on the belief that any approach which does not seek
to maximize the freedom of affected individuals to
pursue their own goals is not worthy of support.
This proposition, one which we all ostensibly sub
scribe to, is not so simple. Freedom from what
and for what? One man's freedom obviously ends
where another's begins, and most problems come
about as individuals and collections of them pursue
inimical goals. People seek autonomy to pursue
their individual goals, but these goals are integrally
linked to those of others. Like it or not, all hu
mans a re essentially interdependent; our biological
and extrabiological survival is conditioned by this
reality. The difficulty is that the environment is
so arranged that some are in a position to, and are
rewarded for, exploiting this interdependence. The
task of the human systems designer is to arrange
the environment so as to maximize autonomy in
the context of collective goals, and minimize the
probabilities of exploitation of the many for the
benefit of the few. In short, planning and design
is not antithetical to human freedom; it is abso
lutely essential to insure it.
The problems of planning and designing sy s
tems for increasingly large and complex settings
a re , of course, monumental. Traditional problem
spaces are by necessity being collapsed and r e 
defined in complicated ways, requiring more com
plicated approaches to problem solving. The ner
cessity for synthesizing discipline and subdiscipline
objectives is manifest. However, we as yet have
no conceptual framework, no metastructure of
operationalizing a truly transdisciplinary approach
to human problems. Specialization of one sort or
another has been essential to the development of
scientific knowledge. One consequence of this is
conflicting epistemologies, conflicting research and
problem-solving paradigms, disparate levels of ad
dressing problems, and closed systems of analysis.
These make the required interdisciplinary synthesis
extrem ely difficult.
This analysis attempts to outline an a-d isciplinary framework for addressing human problems,
for identifying relevant resou rces, and areas of
research which may help to solve them. The ap
proach is not without bias toward what constitutes
a useful view of reality and scientific relevance.
It isn't assumed for a moment that there is
universal agreement on these m atters, and the

recommendations may be judged by some social
scientists as unfeasible, considering our present
knowledge b a s e -o r just downright objectionable on
other grounds (e.g., excessively mechanistic). How
ever, our performance to date in organizing human
affairs is, to say the very least, inadequate. When
facing a precarious present and a frightfully un
certain future, some rather bold suggestions seem
in order.
The following formulations are extrapolated
for the most part from earlier work dealing with
physical design issues, but with certain adjustments
the concepts appear to apply more generally to a
discussion of "software” for social change. This
discussion involves neither predictions of nor p re
scriptions for the future. Rather it attempts to
outline a means of getting to any number of futures
from the present.
An Approach to the Design and Maintenance of_
Human Systems
.
.
One cannot long discuss the analysis or de
sign of human settings without extensive reference
to the environment. Perhaps this is a good place
to enter the discussion. The term "environment
is a co n stru ct employed for conceptual convenience

to study the effects of one system upon another.
The distinction between man and environment is but
one such case. There is not one human environ
ment, but many; it can be partitioned into infinite
sub-environments depending upon the objectives of
the analysis in question. It is entirely reasonable
to isolate and speak of the economic, political, or
n environments, or to speak more genencally of a
problem situation as compossed of internal, i.e .,
the system under analysis, and external, i.e ., the
system impinging upon the system under analysis,
environments (see below).
In approaching the planning and design a ctivity, a traditional dilemma has emerged in dis
tinguishing between "natural" and "a-natural phe
nomena. That which is natural is generally con
sidered desirable; that which is a-natural or a rti
ficial is generally considered undesirable. But
most humans exist in man-made environments. One
would be hard-pressed to identify a physical en
vironment completely devoid of influence or a lte r
ation by man, and who can identify a social stru c
ture which is more "natural" than another. The
search for immutable natural laws has been the
hallmark of science. In adopting paradigms from
the most mature and successful physical sciences,
aspects of the social and behavioral sciences have
also sought to discover "natural” human states. On
the other hand, we have the undeniable fact that
environments which facilitate human ontogeny are
subject to a degree of "arb itrarin ess" associated
with the man-made. This is true unless one wishes
to take the position that anything man does is
"natural"—a tautology of questionable utility, in
which case we indeed have no solvable problems.
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Since most mammals are not presently living
in the environment which selected their principal
genetic or behavioral features, attempts to return
human systems to their "natural" states would
seem a rather fruitless undertaking. We may envy
the social structure of the ant which has stabilized
in a mere 50 million years, but analogous "natural”
processes in humans, if indeed such ever did exist,
have been altered to the point where we can no
longer seek such mythical states. Whether to in
tervene is no longer a live issue. If we do nothing
there are risks; if we do something wrong there
are comparable risk s. Human system s, including
the environments which support them, must be
designed: we must intervene more, not less. This
is a formidable proposition, but we really have lit
tle choice in the matter. The first order of business
is to survive biologically, but we must go beyond
survival in the biological sense; and it is this
sense of survival and well-being which presents
the more interesting and complex class of problems.
This matter of the natural vs. the a-natural
has been belabored (to excess, perhaps) in order
to point up an extremely useful and quite neces
sary orientation in approaching the design and
management of future human system s. In his r e 
cent book Sciences of the Artificial (1969), Herbert
Simon attempts to resolve the dilemma of natural
vs. a-natural phenomena. I will utilize some of
his arguments, together with some of my own, in
order to document an approach to the subject at
hand.
The realization of artificial systems involves
synthesis or design; the concern is with "how things
ought to be in order to attain goals and to function"
(Simon 1969). The design of artificial systems,
then, involves normative as well as descriptive is 
sues. Simon questions whether we should maintain
the traditional exclusion of normative (as opposed
to descriptions of how things are) when we move
from natural to artificial phenomena—from analysis
to synthesis. He identifies the following ch aracter
istics of artificial system s: (1) artificial things are
synthesized by man (and usually prespecified); (2)
artificial things may imitate appearances in natural
things while lacking in one or many respects the
reality of the latter; (3) artificial things can be
characterized in terms of functions, goals, adap
tation; (4) artificial things are discussed in terms
of imperatives as well as descriptives.
The artificial systems design problem in
volves the following functional elements (see Fig
ures 1 and 2): (1) the external environment, (2) the
Internal environment, (3) the goals of the system
to be realized, and (4) the transducers relating ex
ternal and Internal environment. The external en
vironment is that within which the system under
analysis is to function. It operates according to
certain natural laws and impinges upon the system
in question in systematic ways. The internal or
designed environment (Studer 1967) is that which

is to be organized-in order to attain the particular
goals the system is intended to attain. Both the
internal and external environments operate within
the same natural laws. F o r example, realization
of a bridge or man-made shelter requires the de
sign of a structural system . This structural sy s
tem (an aspect of the internal environment) is
subject to the same gravitational forces as trees
or other physical elements in the external environ
ment, and must be analyzed with the same tools.
Likewise, the same biological or psychophysical
laws apply equally to persons included in a system
to be designed as to those not included.
The conditions for goal attainment in artifi
cial systems are determined by the external
environment.
If properly designed, the internal
environment will be adapted to the external in that

Fig. 1

Fig. 2
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The objective of human systems design is to
realize an alternative state of (behavioral) affairs,
to organize energy and matter (living and non-living,
human and non-human) within the internal environ
ment bounded by the problem situation under anal
ysis. In directing attention to the goals of the pop
ulation and maintaining a commitment to behavior
as the class of independent variables, we are in a
position to identify an approach, i.e ., a behaviorcontingent paradigm, for the design and maintenance
of human system s.
The above series of arguments, it is claimed,
condition a program of human systems design.
These can be summarized as follows: Human sy s
tems planning and design is necessary and condi
tioned by the fact that humans do not, by virtue
of their phylogeny and/or ontogeny, behave with
unfailing "rationality"—have not demonstrated the
capacity to organize and regulate their affairs
without intervention and self-conscious planning.
The human environment has evolved via extensive
"unselfconscious” human influence in such a way
that widespread disparities between human inten
tions and accomplishments are the inevitable pro
ducts. The human environment is for the most
part artificial, not shaped entirely by "natural"
processes but, for better or worse, configured by
man. We often observe human groups "muddling
through,” deluded by the belief that their dysfunc
tions are the products of inevitable "natural" pro
cesses.
Aspects of the behavioral and social
sciences reinforce this view. The intensity of
change, interaction, and the attendant complexities
occurring in most cultures demand a more sy s
tematic approach to the design of human system s,
including the social, biological, and environmental
domains. The emergence of planning cultures is
both necessary and inevitable. Human systems of
interest to this analysis are those classified as
artificial, i.e ., designed in response to the goals of
population under analysis.
Human behavior, an
empirically accessible change in organismic state,
is identified as the relevant unit of analysis since
human problems are essentially behavioral prob
lems (see Figure 3).
Some interesting methodological arguments
follow from the above tenets, and these can be
most effectively developed via a (rather tedious)
discussion of the processes of decision-making. So
essential is a system analytic perspective in these
matters that there seems little need to argue for
its implementation in approaching complex design
problems. This perspective underlies the com
ments which follow. That is, a problem-solving
task can be seen to involve the following kinds of
sequential operations shown in Figure 4: (1) model
(what ought to be), (2) simulate (what would happen

its behavior will be largely determined by the be
havior of the latter, i.e ., "the behavior takes the
shape of the task environment" (Simon 1969). The
interface between internal and external environ
ments can be mediated by transducers which relate
these two systems in desired ways, i.e ., to meet
the goals. It should be carefully noted that, once
an artificial system is realized, it becomes a part
of and alters the external system which conditioned
its design. This is a consideration which leads me
to take mild exception to this particular aspect of
Simon's formulation. It appears that an internal
environment might, depending on the scale involved,
exert an influence on the external in a somewhat
less subordinate relationship than that depicted by
Simon. In any event,
Description of an artifice in terms of its organiza
tion and functioning- its interface between inner and
outer environments—is a major objective of inven
tion and design activity (Simon 1969).
Assuming that I have not misrepresented
Simon's analysis in order to support one of my
own, I am encouraged to go on now to a ssert that
human system s must be developed within precisely
these same principles. We are and have been for
some time faced with the organization of artificial
human system s. It is essential that we more fully
recognize the artificial nature of our contemporary
existence. We simply cannot assume that natural
forces will se lf-co rre ct social, biological and en
vironmental dysfunctions without the demise of
large numbers of people.
Whether engaged in analysis or synthesis, a
fundamental concern is selection of appropriate
units of analysis. These elements direct empirical
observations and organization of the data. Simi
larly, the problem-solving task involves particular
units (independent and dependent variables). More
over, the problem -solver's selected unit of analysis
reflects a philosophy of science concerning the
phenomena of problematic concern (T. Kuhn 1962).,
As a unit of analysis for human problems,
"need" has received popular recognition. However,
this unit lacks certain ch aracteristics which are
n ecessary to either the analysis or synthesis of
human events. "Need" can only be inferred from
or operationally defined in term s of units of behavior. Behavior1 is a more likely candidate for
problem formulation, an index of both biological
and social need. In short, human problems are
behavioral problems requiring behavioral solutions.
If we formulate problems in these dimensions,
human systems design becomes a more reasonable
proposition. Culture is, after all, simply a short
hand way of talking about behavior (Hernstein 1966).

1. The generic term "behavior," without further qualification, has been criticized as too vague to deliver the kind
of substance—the richness and complexity—required in describing human systems of interest. The definition of behavior
as an empirically accessible change in organismic state will suffice for purposes of this discussion.

468

HUMAN SYSTEMS DESIGN AND THE MANAGEMENT OF CHANGE

ANAL YS I S

£>

<1

S Y N T H E S I S

Fig. 3
(3) are behavior-contingent, i.e ., such systems
must be analyzed, realized, and evaluated in term s
of empirically accessible units of behavior.
MODELLING desirable human settings begins
with goals. As mentioned above, artificial systems
are designed in response to the way things ought
to be rather than the way they a re. The norma
tive task of identifying goals for human settings is
among the most frustrating and complicated aspects
of planning and design. The issues are too com 
plex to fully explore here, but can be briefly men
tioned.
The identification of goals for human settings
cannot be accomplished empirically. We cannot
observe things the way they ought to be, only the
way they are. Goals or intentions are ostensibly

if . . .), (3) implement, and (4) test (what happens
when . . .).
Human Systems Design: A Behaviorr-Contingent
Approach2
In this and the foUowing two sections I will
attempt to outline a framework for the design and
management of human systems in three phases,
increasing in complexity as new arguments are a c 
commodated. The first series of documents deals
with the problem solving structure which emerges
given the above assumptions. That is, human sy s
tem design strategies (1) are directed toward the
realization of goal-oriented system s, (2) must be
organized around a systems analytic perspective,
i.e ., a model-simulate-implement-test paradigm,

GENERAL PROBLEM-SOLVING PARADIGM
Fig. 4
% For a more extensive discussion sec Studer (1966,1969).
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embodied in the population, the situation under
analysis.
Clearly, there are
individual and
collective intentions which are not being accommo
dated; otherwise there would be no problem(s) to
solve. Two kinds of technical issues are involved
in goal-setting. The first is that of externalizing
and communicating goals in order to act upon them.
The second is that of analyzing these to detect
inimical aspects, gross violations of constraints
and their projected implication.
One of the principle failings of most political
system s (at both m icro and m acro levels), as we
all know, is communication—the inability of the
decision-making apparatus to receive, analyze, and
act upon the intentions of a population. The per
ceived goals of the members and subgroups within
a human setting should be, but usually are not,
available to the planning and design instrumentality
via open, minimally dampened channels. Beyond
communication, however, is the need to probe the
attitudes, "feelings,” and internalized models (Mil
le r, Galanter and Pribram , 1960) which direct the
behavior of those involved. Once this information
is available, it must be analyzed and ordered. A
distinction must be made, for example, between indi
vidual.and collective goals (the latter are usually not
simply an aggregate of the form er), and resolution
of inevitable conflicts between (1) individual and
collective, (2) inter-individual, (3) intra-individual
goals.
There must be a hierarchical ordering of im
mediate, intermediate, and long-range goals. Some
goals are obviously impossible fo ra particular pop
ulation to attain, and these must be identified and
revised. A geriatric population would employ c e r 
tain constraints which would be dissim ilar to an
other. However, there are many ways to attain
goals, and one should be cautious not to lightly
discount certain possibilities.
The objective of
human systems design is,- after all, to overcome
extant limitations to goal attainment.
Finally, goals must be delineated in dimen
sions which admit functional extensions. Unless
goals can be operationally defined in empirical
units of behavior, they a re pretty nearly vacuous
for design purposes; i.e ., they must implicitly con
tain information and directives for design decisions.
These dimensions of goal setting are obvious
and well known. The purpose in reviewing them here
is to emphasize that here is an aspect of planning
which must become much more refined, and it is
one requiring a great deal more research atten
tion. Because goal setting is an area of norma
tive concern, it has usually been viewed as be
yond systematic consideration. Tools exist to ad
dress this issue and these should be further devel
oped—more innovatively and integratively utilized.
Ajs noted above, advocacy planning has emerged as
a means of making the recipients' desires felt in
decision-making. It is operationally rather primi
tive, however. There is need to invent and/or

apply the advancing techniques of communication
and information management, for the entire popu
lation concerned should be somehow involved in
goal-setting (and other) aspects of the planning and
design process. Other tools which might be men
tioned include (1) attitudinal surveys, (2) participant
gaming techniques for goal setting, (3) simulation
(of goal consequences to assess conflicts). It is
clear that goals and their determination have a l
ways been an implicit aspect of human processes; it
must become a more explicit aspect before human
systems design can reach the required level of
sophistication.
Goal setting is an initial step in addressing
human problems, but goals cannot be directly
transferred into solutions. Rather, they must be
transformed into an explicit problem statement.
Human behavior has been identified as the relevant
class of variables. The goals of a population must
be operationally defined in empirically accessible
units of behavior before they can be acted upon.
It is necessary to develop explicit descriptions of
what a human system is intended to accomplish
before alternative conditions (the environment) can
be arranged to support them. In operations r e 
search jargon, an objective function is needed to
direct the design operations. The development of
a behavioral model is itself a design problem. The
"a rt” of behavioral design is another of the im 
portant areas which has not really received the
attention it deserves. The descriptive or analytic
mode which characterizes research in the human
sciences precludes great involvement in the pro
blems of behavioral design. Modelling a requisite,
goal-oriented behavioral network with appropriate
precision is, admittedly, complicated. We have no
coherent methods, no effective algorithms for ap
proaching this phenomenon. Developed resources,
such as organization theory, network theory, infor
mation theory, simulation of human groups, and
several other areas have relevance here.
But
these resources are disparate, and must be inte
grated and augmented to realize a more coherent
approach to this modelling task. Hopefully, em erg
ing interest in design of the artificial (e.g., H.
Simon 1969) will stimulate appropriate research in
this area.
Because human systems design is behaviorcontingent, the behavioral model, once developed,
becomes the generating force, the class of inde
pendent variables for subsequent operations. The
second stage of modelling involves development of
ch aracteristics of the supporting environmental
structure required to realize the requisite state of
behavioral affairs. What is required is a model
of an environmental-behavioral ensemble.
The
behavioral component describes what is needed in
term s of human outcomes; the environmental
component describes how these outcomes can be
accommodated. This model involves a prediction
that a given environmental structure will produce
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a particular behavioral outcome.^ Clearly, this
kind of functional model requires resources (i.e.,
a complete science of behavior), which do not yet
exist; perhaps they never will. This problem con
cerning incomplete knowledge on which to base
predictions will be discussed below. It can be
noted here that the complexities of modelling pre
dictable environment-behavior structures are such
that this kind of operation is necessarily crude.
Perhaps we should leave it at that for the moment.
SIMULATION becomes essential in one form
or another in dealing with complex processes for
which there a re no available algorithms. There
are no system atic means for transforming envi
ronment-behavior models into reality. The tech
niques of simulation are not highly developed where
the vicissitudes of human behavior are concerned,
but such techniques provide an important resource
for realizing a modelled human system in the real
world. Certainly, it is an alternative to guessing.
But there are additional difficulties which
impinge on the process at this point.
In order to
produce an accurate simulation of an operating
human system other conditions must be accounted
for. The environment-behavior model is essentially
a representation of the internal system. In order
to pretest its performance in the real world, the
external environment (the product of a particular
spatial-temporal context) must be accounted for.
The result is a more complex (simulation) model
which represents not only the previous elements
(the internal environment) but elements of the ex
ternal environment as well. The output of an ap
propriate simulation is clearly the resultant be
havior structure produced by the environment rep
resented in the model.
Because of (1) the incompleteness of know
ledge required to develop an environmental model,
(2) the lack of algorithms to transform this model
into a real system, and (3) the inherent complexity
of interactions of (internal and external) variables,
it is highly unlikely that the results of an initial
simulation will produce the requisite human states.
The process must, therefore, be seen as iterative
(i.e., simulations must be reformulated and tested
via behavioral outcomes) until there is sufficiently
high probability that the conceptualized ensemble
will perform properly in term s of the originally
proposed behavioral outcomes (goals). The im
portance of simulation as an integral aspect of
problem solving is that it increases the likelihood
and demonstrates that an ensemble will perform
as predicted.
Human system s, even highly
successful ones, are extremely fragile. Pretesting

a solution via simulation does not, of course, in
sure success, but these tools are essential and
must be greatly improved to reduce the risk of
implementing untested models.
It appears that several modes of simulation
are required to pretest and refine models of hu
man systems including, (1) computer—(both digi
tal and analog, numerical, and graphic—, (2) hu
man,4 (3) hybrid, and (4) physical. The future is
closely tied to developments in simulation.
As
these tools are refined in the future and (they de
finitely will be), fidelity between simulated and
real phenomena will be increased to the point
where highly complex systems can be pretested
and implemented with minimal risk of failure.
IMPLEMENTATION of a designed human sy s
tem, realization of an alternative to that which
exists, presents great difficulties in most situa
tions where democratic processes are in effect. If
the above operations have been properly executed,
implementation of a system should come as a mat
ter of course—that is, if the goal structure has
been properly developed, and if the population under
analysis plays an interactive role in the decisions.
The greatest challenge to implementation, then, is
the nature of rapport between social change agents
and the recipients. Important as the interpersonal
dynamics of social change are, they will not be
further pursued here. Assuming that a human, sy s
tems design has been implemented in the real
world, we come to perhaps the most neglected r e 
quirement.
TESTING or evaluation of implemented sy s
tems unfortunately has not been an integral aspect
of planning and design. This weakness is parti
cularly obvious in the domain of physical system s,
and attempts to systematically evaluate other human
services (e.g., health systems) are relatively new
and still somewhat unsuccessful. Unless problems
are formulated in dimensions which are meaningful
in human term s and empirically accessible, there
is little basis for asserting that a human problem
has actually been solved. The above decision
structure provides the required basis for a test;
i.e ., modelled behavior can be compared with the
actual behavior produced—a systematic comparison
between what was intended and what was accom 
plished.
The most difficult aspect of testing imple
mented systems involves problems of monitoring
behavioral outcomes on which to base such a test.
Here, then, is another challenge for the future (i.e .,
the means of monitoring human systems to identify
and analyze dysfunctions in order to make

3. A bridge designer can, of course, produce a solution with the unerring prediction that die bridge will perform in
a given environment. The resources of the more mature physical sciences have been utilized in developing algorithms
for this task. The engineer cannot, however, predict the human response to his bridge. On this matter, conventional
wisdom is invoked.
.
,
, ,
. ..
4. It becomes very clear that representative actors ,from the populationunder analysis participate in the simula
tion (as well as other aspects) since the possibilities for simulating their functions are highly limited.
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adjustments before these become serious.
The
a re a of social indicators may have promise, but I
suspect that more direct m easures will be developed
(e .g ., more precise remote monitoring via technol
ogical innovation). Trade-offs between the need for
individual privacy and the need to detect dissonances
before they reach critical levels a re matters r e 
quiring extensive debate and resolution. One pros
pect of systematically testing implemented human
system designs is that such a test may be negative
in certain respects. This suggests the need for
continuing iterations and adjustments until there is
consonance between modelled and resultant behav
ioral structures. Considering extant technology
(hardware and software), the need for this kind of
iteration—adjustment of system s in response to
post-testin g-p resen ts another challenging problem
in realizing a better future. This particular point
will be elaborated as the implications of this be
havior-contingent approach a re further explored.
Even in accepting a satisficing (Simon 1957)
rather than an optimizing principle, we must op
erate with predictive models based on incomplete
understanding of human processes (functional re la 
tions), and with problem situations which exhibit
enormous complexity. The risk of failure is ever
present. A model-simulate-implement-test prob
lem-solving format with appropriate, iterative
feedback links provides a powerful method of prob
lem solving with partial knowledge. While the
desirability and logic of this approach to planning
and design are fairly self-evident, counterexamples
in present planning procedures a re the rule.
P roblem s of the Human Dynamic

The arguments for a behavior-contingent ap
proach to designing artificial human systems r e 
quire refinement to account for certain ch arac
teristics ignored in the above formulations. R e
search in general systems theory tells us that a
fundamental distinction must be made between
closed and open system s.
Closed systems are
isolated from their environment; open systems are
not. The Second Law of Thermodynamics holds
for closed system s, i.e ., "entropy (roughly a mea
sure of disorder) of a closed system will always
increase toward a maximum, attained in equilib
rium " (A. Rapoport 1968). In closed system s,
equilibrium can be assigned by virtue of the behav
ior of the system, i.e ., homogeneity of the closed
environment. All living systems are open, and the
concept of equilibrium has no intrinsic ^meaning.
In constructing an open physical system "purpose
fulness," or a precept of goal state, is a part of
the design along with appropriate feedback links,
e.g ., an automatic steering device. In natural
living system s, internal and external events afford
self-correctin g mechanisms which tend to, "stabilize
the system ," but not in the equilibrium sense of a
closed physical system . Human systems a re, of
course, open system s, and design of a support en

vironment for them (e.g., economic, political, phy
sical) must accommodate this characteristic.
While exposing some frightful complexities,
the previous analysis was still simplistic (as are
many design strategies) in treating human systems
as closed. The implication was that a steady-state
environment-behavior ensemble would, once de
signed and implemented, remain stable. We all
know that this is not so. Like all living system s,
human systems (individually and collectively) r e 
ceive information and energy from the external en
vironment which changes the state of that system
(the internal environment). This is clearly what
makes predictions so difficult and insures a p er
vasive uncertainty in the design and maintenance
of human structures. Human system s, i.e ., manenvironment ensembles, are subject to constant
change as a result of exogenous events. These
changes in state require adjustment in the internal
environment along several dimensions and time
scales. In the context of previous formulations,
the sources of variability can be readily identified.
F irs t of all, goals are subject to change in an open
living system if that system happens to be human.
When these goals change, new behavioral and, thus,
environmental states are required. To the extent
that goals change without the required adjustment
in affected aspects, dissonance results.
A second source of variability is in the im 
pinging external environment, i.e ., its constraints
on the internal environment. These are in con
stant flux, and when the impinging variables reach
significant levels of change-when the interface be
tween internal and external environment is signifi
cantly altered—the internal supporting structures,
(e.g., economic, political) require adjustment. If
there is no such adjustment, a state of bad fit or
dissonance occurs between external impingements
and the behavioral goals.
A third and perhaps most profound source of
variability in an implemented setting involves
changes in the human participants. Humans are
both individually and collectively state-changing,
open system s, and their response probability in the
presence of a particular environment will vary as
a result of deprivation states, adaptation, gross
physiological changes, and perhaps most important,
learning. This last item, the dynamics of learn
ing, turns out to be the central concern of this
approach to designing and realizing human sys
tem s. It suggests that the environments required
for most human enterprises of interest are con
siderably more dynamic than those
presently
available. This is a point requiring further de
velopment, but first let us see where this analysis
has brought us.
The objective of more systematically organ
izing the human environment to meet the goals of
its inhabitants is certainly justified, and the deci
sion-making structure outlined is, I submit, quite
viable in this regard. However, the implementation
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(ontogeny), and the extant environment. In most prob
lem situations, only the third class of variables is
available to effect behavior change. (This may or may
not be true in the future; e.g., genetic engineering.)
As everyone knows, the behavioral sciences
encompass a variety of conflicting explanatory
theories and an array of clinical formats for bring
ing about behavioral change. It is not in the inter
est of this analysis to enter into a comparative ex
amination of these. We can only look to the future
for productive unification of competing "schools" of
behavioral explanation. It is, after all, a very
young science.
There is a branch of psychological research
which appears in its applied form to have great
relevance for human systems design, i.e ., directed
behavior change. An operant analysis of behavior
has been demonstrated as highly effective for an
understanding of the conditions under which be
havioral topographies can be seen to systematically
change form. The experimental analysis of be
havior as developed over several decades in the
laboratory (e.g., Skinner 1938, 1957, 1969; W.
Honig 1966) and to a more limited degree in ap
plied settings (e.g., Ulrich, et al. 1966, Bandura
1966), explores the methods by which behavior can
be brought under the control of specific elements
of the environment. It involves the spatial-tem 
poral relationship between behavior and its conse
quences. A particular temporal-spatial arrange
ment of consequences in the environment will affect
the probabilities of specific behavioral topographies'
recu rren ce. That is, if these consequences are
made contingent upon specific behaviors, these be
haviors come under their control. This is a com
plicated way of saying that people need "reasons"
for behaving in one or another way.
Environmental consequences can be either
favorable (e.g., money, social praise) or aversive
(e.g., fines, punishment, repression). The new tech
nology of teaching (Skinner 1968), for example, is
based on the principle of systematically relating
desired behavior to positive consequences. A great
deal of our general behavior is regulated, however,
by negative consequences because aversive control
brings m ore’ immediate results and is more eco
nomical to maintain (oh the part of the controller) —
but at a human price (on the part of the controllee).
The aversive control of behavior has many side
effects which are biologically, socially, and tech
nically undesirable. Human settings which are reg
ulated by the extensive use of negative controls are
in constant jeopardy of extensive dysfunction. This
is common sense; but it has also been verified in
rigorous laboratory settings. It is a principle
which the designer of human systems must under
stand quite clearly if we are to get to the future
better off than we were in the past. A full
explication of the principles of systematic behavior
modification is quite complicated. These are but
the barest elements, but they are sufficient to make

of such a decision-making format is subject to
three kinds of limitations. Our ability to model
predictable environment-behavior ensembles is
limited by the state of knowledge in human pro
cesse s. We have no algorithms with which to re a 
lize predictable environment-behavior models even
iTThese were available. Finally, the dynamics of
man-environment systems (i.e ., goal structures,
the external environment, and the human partici
pants) can produce dissonance in the ensemble r e 
quiring systematic adjustments. Clearly we are
dealing with a problem-solving domain which em
bodies great uncertainty. Is there a way to deal
with this unruly and fundamental problem? I think
there is.
Programmed Change in Human Systems
We can get to the future only from the p re
sent. It helps little to visualize or even to sy s
tematically design future states unless we can
describe the means for getting there.
"Getting
there" inevitably involves a change in human be
havioral potential. To design a new culture or
subculture is one thing, to realize it is another.
In the two previous sections, I discussed an ap
proach to designing behavior-contingent artificial
human system s, and then elaborated these argu
ments to account for the intrinsic demands of
living, as opposed to non-living processes.
An indispensable aspect of planning is prog
nostication. But "technical forecasts . . . should
not be confused with prophecies in the general
sense" (M. Brown 1969), for planning predictions
involve a self-realizing element. Even so, such
predictions are highly complicated, and the kinds
of predictive environment-behavior models possible
must be classified as conspicuously crude without
a comprehensive, functional science of human be
havior from which to draw resources (Studer 1969).
Simulation has been identified as a likely tool in
overcoming some of this difficulty, but even so the
enterprise remains highly equivocal. In order to
relieve some of this uncertainty, let us look more
closely at the nature of the design task.
This entire argument is based on the obser
vation that human problems produce the need for
alternative behavioral structures. Specifically, the
problem of human systems design is this: a r e 
quisite behavioral system has been specified in
response to the goals of the human population un
der analysis; this pqpulation is not emitting this
system of behaviors—otherwise there would be no
discernible problem to solve; this population has,
in all likelihood, a diverse behavioral history. The
problem is to specify and realize an environment
which will produce, with the highest probability,
the goal-related behaviors. What this clearly de
scribes is a learning problem, i.e ., the acquisition
of or modification toward a new set of behaviors.
Behavior is caused by genetic endowment (phylogeny), history of interaction with the environment
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maintaining the observed behaviors. Another im
portant area requiring attention is that of mod
elling the environmental-behavioral states required
to meet the defined goals.
The model describing the requisite environ
ment-behavior system must describe not only the
organization of a single terminal state (for a given
goal structure) but also a series of interim states
which incrementally modify these structures toward
that state.
In other words, the environment-behavior in
terface is dynamic; functional relations must be
described as taking n states along a continuum.
What we have here is a dynamic (to accommodate
the process of arriving at a requisite state) within
a dynamic (to accommodate changes in the external
environment). Figure 5 summarizes the arguments
for a behavior-contingent approach.

some general points regarding the management of
change.
The emerging applied discipline of contingency
management represents a much broader application
of operant principles. Contingency management has
been utilized primarily in institutional and educa
tional settings with notable su ccess. An expanded
utilization of these techniques in some form is
predicted for the future. The prospect of utilizing
the techniques of operant conditioning traditionally
raise s ethical issues (the "who controls the con
tro lle r" response). These cannot be fully addressed
here except to note that a social change agent, i.e.,
contingency manager, can be seen to develop a
"con tract" with an individual or group to produce
a behavioral situation which meets their goals.
There appears to be nothing sinister in such a
proposition. This is what educational settings are
all about, is it not?
To return now to the original point of con
cern , the objective of human systems design is to
move extant behaviors to another state, and main
tain it until a new goal structure is specified. So
cial change is behavioral change (J . Kunkel 1969),
and it is well known that the acquisition or modi
fication of complex behaviors is not accomplished
in an "all or none” fashion. Research in human
learning confirms that transformation from one
complex state to another involves a series of in
termediate states, i.e ., behavioral shaping (Goldiamond 1966). Plans for and planners of human
settings have not generally accommodated this
learning dynamic. Little wonder that finite-state
environments (most clearly illustrated, for exam 
ple, in architectural system s) rarely consummate
the specified goals of the recipients.
This analysis began with the identification of
(normative) goals. Beyond the need to externalize
and analyze the goals of the existing population,
the management of social (behavioral) change sug
gests the need for additional data and elaboration
of certain arguments. The process of implementing
a program of behavioral change can be generally
described as (1) em pirically analyzing behavioral
(and environmental) baseline states, (2) defining
alternative behavioral states, (3) managing con
tingencies in the environment which will bring
about and maintain the alternative states. This
process is, as noted, a dynamic one which em
bodies the principle of successive approximation.
These realities of behavior modification,
growing out of the laboratory and applied settings,
suggest some elaboration of the previous formu
lations concerning planning and design processes.
To begin with, the potential for change must be
found within the population under analysis.
An
existing human setting must be empiricallyianalyzed
to a sse ss baseline states both in the behavioral
and environmental structures, as well as the func
tional relations between them, i.e ., an assessm ent
of the contingencies in the extant setting which are

Conclusions: A Controlled Approach to an Uncertain
Future
Even in its generality this has been a rather
laborious approach to dealing with the future. A
straightforward forecast or description of a de
sirable future would have perhaps been much sim 
pler. But one must take seriously Karl Popper's
(1962) warning that we should not commit ourselves
to a particular plan for the future. Quite aside
from our inability to predict the events which will
alter such plans, overcommitment to the ideologies
which inevitably accompany them have led to hu
man disasters which we do not want to repeat. I
favor, along with many others, a flexible but
controlled approach to the future, where any num
ber of plans are realizable. Uncertainty is, and
probably will remain, a fundamental condition of
man, but uncertainty obviously does not preclude a c 
tion. It is perhaps true that there is no progressonly p rocess—in human affairs, and there are
probably no solutions to human problems, per se.
Our ability to respond incisively to human dysfunc
tions is, within the bounds of present knowledge,
critically limited; more important, human problems
change before solutions to them can be realized. In
approaching the future, our design objective should
respond more directly to the variable nature of
open, living system s. We must address the prob
lems of unpredictable states and general mainte
nance of the environment-behavior interfaces on a
continuing basis. Artificial human systems must
be viewed literally as experiments in which re le 
vant variables are systematically managed to move
the system toward consonance with the external
environment and its endogenous goals. A planning
committed to adjustment and change is one in which
the process of living becomes a process of (system 
atic) experimentation to upgrade human existence.
The hardware and software involved in realizing
experimental settings is complex and no doubt ex
pensive. But the consequences of human stre ss,
obsolete ideologies, and the untenable squandering
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HUMAN SYSTEMS DESIGN AND MANAGEMENT STRUCTURE
Fig. 5
(Adapted from Studer, 1969)
proach to the management of change, a vehicle for
moving from the present to an uncertain future In
a controlled manner. There has been little dis
cussion of the ch aracteristics of behavior-contingent
human systems themselves. The term "human sy s-

of material and human resources is also expen
sive. An innovative, experimental approach to in
dividual and collective existence has more to offer.
The. position that human systems design
is behavior-contingent has led to a possible ap
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tem " has been used quite often in this discussion.
A system has been defined as "a whole which is a
whole by virtue of the interdependence of its parts"
(Rapoport 1968). It could be observed that some
human systems are more "virtuous" than others
in this regard. A behavior-contingent perspective,
and all that is implied by it, has much to commend
it in term s of its organizing potential. The greatest
difficulty in realizing viable human settings, it is
argued, grows out of misdefining problems. T ra 
ditional approaches to problem solving are inundated
with preconceptions regarding the various compo
nents and arrangements of these in human settings.
F o r example, the concept of "c ity "—the various
elements connoted, and relations among th e m seem s unnecessarily and inappropriately constrained
by extant configurations and preconceptions. The
various subsystems which make up the human en
vironment (e.g., transportation, housing, medical,
educational) are considered d iscrete, requiring
specialists to deal with them. Indeed vast, com 
plex bureaucracies have evolved which insure that
these subsystems are neither redefined nor pro
perly interrelated. The economy of effort and
sheer cost of maintaining such systems is clearly
untenable, as every urtanologist knows, and the
problems of management seem insurmountable as
the fragmentation and deterioration continue.
Entirely new human system s topographies are
required. A behavior-contingent perspective, I
claim , offers a direction for more viable tax
onomies and a new sense of system in the envi
ronment based on the interdependence of human
functioning.
A behavioral analysis—an under
standing of the contingencies which define inter
actions with the environment and with each other—
embodies the substance for eventual reorganization.
B asic human service system s, such as education,
the administration of justice, medical services,
recreation, and transportation, each require serious
reexamination in order to fully realize not only new
structures but also the potential for reorganizing
these into new subsystems, contingent on human
behavioral goals. The new teaching technologies
seriously challenge extant educational configura
tions. Education need not, for example, be a c 
commodated in school "buildings," spatially and
temporally isolated from other activities. The a c 
tivities associated with recreation will become, in
some form or another, highly important in tech
nologically developed countries as increasing lei
sure time demands more careful composition of
intrapersonal activities. In the area of the ad
ministration of justice, one observes highly frag
mented components, conflicting goals in hopeless
d isarray. The punitive mentality is being replaced
by an emerging orientation which seeks to imple

ment a program of behavior modification where
socially unacceptable behavior has occurred. Such
programs require great continuity and integration
with other elements in human systems (e.g., the
educational systems mentioned above). In short,
there are contingencies in each of the discrete
subsystems which not only require internal rede
finition but integration with others to form new
subsystems which are behaviorally significant. This
leads us to the original issue concerning natural
and a-natural phenomena. Dysfunctions in certain
human systems (e.g ., economic, political, physical)
are ultimately traceable to human behavior. The
"ecological c ris is " provides an obvious example.
Pollution occurs because humans emit polluting
behavior-usually a side effect of pursuing another
goal (Studer 1970). The environment (social, eco
nomic, physical) maintains this behavior. Cam
paigns to change people, their (ecological) attitudes
and ethics may be in order, but attention to the
environment which produces this behavior may yield
more effective and permanent solutions. Pollution
control via routine coercion (e.g., fines and eco
nomic penalties) can only work to a point because
aversive control ultimately produces undesirable
side effects. The basic problem is that the consequences of pollution behavior are not readily
available to the polluter. Due to specialization and
the interposition of technology, these consequences
are aggregated until they reach the level of crisis.
An alternative approach would be one in which the
environment is organized so as to make the conse
quences of pollution behavior immediately available
to the polluter. That is, we need to disaggre
gate these consequences and reorganize them into
finer-grained networks which bring them into more
effective spatial-temporal proximity to the related
behaviors.
This principle of feedback from the environ
ment through the organization of appropriate con
tingencies is an important one. The challenge to
biological and extra biological survival comes
down to our ability to organize man-made envi
ronments which exhibit the subtle order found in
natural living system s. These systems are com 
posed of complex networks of interdependencies
which can be characterized as self-regulating. Not
only have these natural systems come to term s
with population control (the first priority of our
own design efforts), but they also have evolved ele
gant social control mechanisms (e.g., McBride, et
al., 1963). Due to the misapplication of technology,
many of these self-regulating mechanisms are ab
sent in contemporary human settings; they must be
designed into future efforts. The behavior-contin
gent approach to human systems design provides
the substance for this objective.
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A SYSTEMS APPROACH FOR THE ANALYSIS AND DESIGN
OF STIMULI, RESPONSES, AND EXPERIMENTS
Ian I. Mitroff and Francisco Sagasti
hand, while paying tribute to Gibson's paper, takes
a somewhat different point of view. While he
acknowledges the confusion and multiplicities of
meanings surrounding the term , Garner neverthe
less argues that the problem is not necessarily to
re strict the definition of the term stimulus to a
single, unambigious, and generally accepted mean
ing but rather to find out under which conditions,
which definition or concept is best suited for which
kinds of experiments or problems in Psychology.1
Basic as the problem of defining a disci
pline’s fundamental term s is, it is indicative (as
all problems of definition are) of even more ge
neric difficulties. At the heart of the difficulties
in providing adequate definitions for the term s
"stimulus" and "response” is the fact that the be
havioral sciences are sorely in need of their own
philosophy of science, i.e., a philosophy of science
that is especially suited to their particular phe
nomena and methodology (Campbell 1969, Miscliel
1969, Toulmen 1969, Turner 1967). Wolman (1971)
has put the problem squarely in front of us by
posing the issue rhetorically, i.e., in an article
entitled, "Does Psychology Need Its Own Philosophy
of S cien ce?" A simultaneous reading of Gibson
(1960) and Wolman (1971) leads one to the con
clusion that many of our difficulties with the terms
stimulus (S) and response (R) follow almost di
rectly from the unreflecttve and almost wholesale
transfer of philosophies of science underlying the
physical sciences to the behavioral sciences. Not
only is it highly contentious that a philosophy of
science adequate for one set of sciences is ade-

1. INTRODUCTION
In many respects, the most troublesome
problems of any science center around its most
basic term s and fundamental concepts, not around
its more sophisticated concerns. Indeed, to the
extent that everything either follows from or is
based on a discipline's basic term s and fundamen
tal concepts, problems at a higher level can al
ways be traced back to problems at a mo're funda
mental level. Psychology in particular and the
behavioral sciences in general are certainly no
exception. One of the most irritating and trouble
some of problems facing the behavioral sciences
is that adequate definitions for the term s "stimu
lus" and "response" still do not exist) their fields
of definition continue to remain a continual battle
ground. There is confusion, disagreement, and
even outright antagonism over the definitions of
these basic term s.
In an excellent paper, "The Concept of The
Stimulus in Psychology," Gibson (1960) surveyed
the various senses in which the term stimulus
was used in psychology. He made the highly per
tinent observation that while we have made con
tinual efforts to found a systematic theory of be
havior, we have made no such efforts to found a
system atic theory of the stimulus. He also noted
that while every psychologist makes use of the
concept of a stimulus, few have bothered to de
fine it with precision. Further, of the definitions
we do have, many, if not most of them, flatly con
tradict one another. Garner (1970), on the other
1.

On this point, Garner is worth quoting in some detail since he has put the point extrem ely well:

We would never consider drawing conclusions from an experiment based on a ®mSle!
about d r a S
that a different subiect might give us a different answer. And we have even learned to be cautious about drawing
general conclusions based ^ n ^ h e use of a single task. Continuous and d iscrete reaction-tim e ta®k®’
might ju st lead to different resu lts. Why, then, are we apparently so happy drawing sw eep i^ conclu^^^
information is processed when we have used only one kind of stim ulus? I a
m
c
o
n
we have learned about subject and task variations in our studies: I do want to argue that we become equally con
cerned about the nature of the information input.
M^ U AnotoeSr 0pomt1tte t has not been given sufficient consideration in our studies of
the organism is truly capable of many different types of information processing. Y et
assumed that only a single information process operates for the organism. How many papers * * * ,,
ittPse rla i 0r
in the past two y ears in which the question being asked was whether the organism Pr ° c e ®f®sJ rUd0™ ^ 1.0"
*2 ^ *
in parallel? Why must the organism do ju st one or the other? Very probably it can do eith er,
1
and the stim uli. And even us likely is that the organism frequently does both, not in the sense of doing fir s t one a
then the other, but in the sense of doing both simultaneously.
•
.
«.«)« of
Now the particular pertinence of arguing for a multiprocess organism whon 1
to
h w foe o t £ 2
stimulus concepts in Information process is this: One of the m ost important variables in
p tZ m o n fo o ^ r
ism will process information is the nature of the input itself, the very thing that has received^so little R a t i o n in our
research . If we want to understand how the organism processes information, we must be Prep ar®d ‘° aS^ Unde h a sto
circum stances a particular form of processing is used. And one of the m ost im p o ten t of these circum stances has to
do with the nature of the stimulus input, the information to be processed (Garner 1970* PP-.
)•
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quate for another (Churchman 1948, 1961, 1971)
but it is not even clear how a philosophy of s c i
ence even if acceptable should be carried over
from one science to another. F or example, the
definitions of S/R in psychology have varied g reat
ly depending on what was being "carried over"
from physics. If it was the concept of "force"
that was being transported, then S/R were defined
one way; if "energy" or "event," then S/R were
defined in other ways (Gibson 1960; Wolman 1971).
The purpose and plan of this paper is four
fold. F irst, we show that the concepts S and R
can be defined in system s term s. This will en
able us to show that the term s S and R can be
given a purely abstract, conceptual interpretation
in addition to their having a concrete (i.e., phy
sical) interpretation. This will also enable us to
make the point that S/R never exist as isolated,
independent entities. They can only be defined and
given meaning by reference to, (i.e., in relation
to) the surrounding system of which they are a
part or in contact with.
Second, we discuss some basic (i.e., arch e
typal) kinds of system s. This will allow us to
indicate explicitly the range of possible kinds of
distinct S's and R's that can exist. Since these
system s derive from epistemology, this step will
also allow us to indicate some philosophies of s c i
ence particularly appropriate for the behavioral
sciences.
Third, we develop a m atrix of S and R p er
mutations. This step indicates the basic kinds of
distinct S/R experiments that can exist.
Fourth, we indicate some of the archetypal
kinds of experiments that result from our classifi
cation.
In effect, the first two steps allow us to a c 
knowledge explicitly the fact that there are a mul
tiplicity of ways for defining S’s and R's and, that
each of these ways is equally valid; the last two
steps provide us with a rich enough conceptual
framework to see how each of these ways relate
to and build on one another. Thus, while each of
the ways is radically distinct from the others, they
all nevertheless relate to one another. The last
two steps also allow us to show how the range of
conceivable experiments has been greatly limited
by our failure to recognize, develop, and utilize the
full range of conceivable S/R types.

2.

A SYSTEMS DEFINITION OF S /R 2

.

We begin by defining the concept of a sy s
tem:
2.1 SYSTEM(S):
An entity consisting of two
or more elements (E) and a non-empty set of r e 
lations (R’) holding among the elements.
Note that this definition makes the concept
of a system exceedingly general. The definition
places no limitation at all on the kinds of entities
(or elements) that may constitute a system. The
entities can be physical as well as abstract (i.e.,
symbolic) or purely conceptual. For example, the
elements could be actions, individuals, organiza
tions, discussions, etc., and the relations could
be- interactions, communication, exchange of r e 
sources, information, orders, or any other con
ceptual or physical construct which bind or con
nect the elements (E). This initial concept of sy s
tem does not involve aims, functions, or purposes;
it is merely a "confining" concept which divides
the all inclusive set of elements and relations each
into two subsets: those of direct concern to the
observer or experimenter and those of no interest
to him. Notice that the identification of a system,
its properties, its boundaries, its structure, and
its function will depend on the purposes of the ob
server. 3
The set (E) of elements belonging to the sy s
tem can be subdivided into two mutually exclusive
and exhaustive subsets: a subset called the en
vironment (Ee) and another called the object (E^).
The set of relations can be divided into three sub
sets: those relations between elements belonging
to the object (Rg), those between elements of the
object and the environment (Rg) and those between
elements of the environment (RjO- Environment
and object can be defined in term s of elements,
relations, and the interests of the observer.
2.2
ENVIRONMENT (Ee): A subset of ele
ments of (E) and their relations, such that the r e 
lationships between them (Rj.) are of no direct con
cern to the observer. Only the relations between
elements belonging to this subset (Ee) and the
members of the object (E0) are of primary in
terest to him (i.e., Rg).

2.
3.

The discussion in this section follows the approach to system s suggested by Ackoff (1971).
As Ackoff has put it:
Although concrete system s and their environments are objective things, they are also s u b je c t ^ insofar as the
particular configuration of elem ents that form both is dictated by the interests of the re sea rch er. Different
o rs of the same ohonomena mav conceptualize them into different system s and environments (emphasis ours]. For
^ m p T c T ^ T iT d d to e t mav consider a house together with its e le ctrica l, heating, and water system s as one large
system. Out a mechanical engineer may consider the heating system as a system and the house as its environment.
To a social psychologist a house may be an environment of a fam ily, the system with which he is concerned. To him
the relationship between the heating and ele ctrica l system s may be irrelevant, but to the arch itect it may be very
relevant (Ackoff 1971, p. 603).
See also Churchman and Ackoff (1947) for a further explication of how the purposes of a re sea rch er define his objects or
elem ents of inquiry.
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Canons of Induction (cf. Ackoff 1962). ProducerProduct refers to probabilistic causality (Church
man and Ackoff 1947, Singer 1959).
In term s of these definitions we can define
the concept of "function":

2.3 OBJECT (E0): A subset of elements of
(E) and their relations, such that the relationships
between them (Rq) are of direct and primary con
cern to the observer.
A system is thus defined in term s of an "ob
ject-environment" couple, which implies that the
environment forms an integral part of the system,
and that object and environment are complementary
subsets with respect to the system.
The observer's "interest" may be derived
from his possibility of controlling or modifying the
elements in the system. In this case, the environ
ment would be defined as those elements, together
with their relations, which affect the object but
over which there is no possibility of exerting di
rect control.
Next we bring the concept of "function" into
our conceptual framework. In order to do this, we
require some preliminary definitions. Given a
specified class of entities Y (which can be objects,
concepts, relations, events, etc.) and a particular
system S', we define (following Churchman and
Ackoff 1947):

2.8 FUNCTION OF A SYSTEM: The class
of entities Y is said to be the function of a sy s
tem S’ if S' is a potential producer of Y.
For
example, consider a transportation system that has
a purposeful function, Y, e.g., "the transporting of
people from point A to point B within some speci
fied time interval T and acceptable cost range C ."
Then the system S’ consisting of the entities "cars,
buses, bicycles, etc., plus surrounding city envir
onment" is only a "potential producer" of Y be
cause not all "states” 4 of S' will produce Y (a fact
that is only too apparent and characteristic of mod
ern urban transportation system s). The reason we
require that not all states of S' produce Y is that
it makes no sense to talk about the "function" (and
especially "purposeful function") of a deterministic
system, i.e., a system that can and will produce
one and only one effect no matter what the state
of the environment for a given cause. Indeed,
Churchman (1965b) goes so far as to reserve the
term "system " only for those entities which satisfy
definition. 2.8, i.e., a system is an entity if and
only if it satisfies both 2.1 and 2.8. Thus,, a c 
cording to Churchman:

2.4 NECESSITY: A state of the system is
necessary for the existence of Y at a later time
if, (1) under a specified environment and set of en
vironmental relations, the state is always followed
by Y at a later time, and (2) given a different state
and no change in the environment and set of envi
ronmental relations, Y would not_ appear at a later
time.

We postulate that system s a re teleological
entities. This means that if something Is to be
called a system , there must be alternative system s
(i.e ., at least two alternative m eans), and there
must be a designer whose intentions are expressed
in term s of the common potential products of the
sets of system s (i.e ., the common set of functional
purposes or goals that all the system s a re pursu
ing) (Churchman 1965b, pp. 3-4).

2.5 SUFFICIENCY: A state of the system
is sufficient for the existence of Y at a later time
if the state is always followed by Y, under any en
vironment or set of environmental relations. (A
state of the system is insufficient for the existence
of Y at a later time if there is a particular en
vironment and/or set of environmental relations,
under which Y never follows the state under con
sideration.)

Given these notions, we can define the con
cepts "stimulus" and "response." We consider a
system in the Churchman sense (defs. 2.1 and 2.8).
Thus, we consider a system composed of defining
elements E, and relations R' and a class of func
tional entities Y.

2.6 PRODUCER-PRODUCT: A state of the
system is said to be the producer of a class of
entities Y, the product, if this state is necessary
and insufficient for the existence of Y at a later
time.

2.9 STRUCTURAL STIMULUS: A stru ctu r
al stimulus is one or more modifications of a sy s
tem 's initial defining elements (E) and/or relations

2.7 POTENTIAL PRODUCTION: A system
is said to be a potential producer of Y if more
than one state has produced Y and there exists at
least one state which has not produced Y.

( R ’).

2.10 FUNCTIONAL STIMULUS: A function
al or teleological stimulus is one or more modifi
cations of a system 's initial defintng functional en
tities (Y).

Necessity and sufficiency refer, in effect, to
deterministic causality, as typified by, say, Mills'

4. Strictly speaking, we should define the concept of the "sta te of a sy stem " m ore precisely: " STATE OF A SYS
TEM : The collection of all internal relations and all elements of the ob ject a t a particular tim e ." Thus note that the state
of a system is defined in term s of the elements and relations within or pertaining strictly to the o b je ct, i.e ., leaving aside
the environment and the environmental relations. It is also important to note that "sy stem s s ta te " is defined with r e fe r 
ence to a specific moment in time. In term s of our transportation system s example, not all objects (e .g ., cars) would be
capable of producing the desired system s functions.
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2 .1 1 STRUCTURAL RESPONSE: A structur
al response is a subsequent modification of a sy s
tem ’s defining elements (E) and/or relations (R')
in response to or as a result of an initial modifi
cation of E, R', and/or Y; i.e ., a structural r e 
sponse can result from either a structural or func
tional stimulus.

2.12 FUNCTIONAL RESPONSE: A function
al or teleological response is a subsequent modi
fication of a system 's defining functional entities
(Y) as a result of an initial modification of E, R ’,
and/or Y.
Notice that a system may be subjected to any
combination of initial structural and/or functional
stimuli and respond in any combination of stru c
tural and/or functional response patterns.
With these notions and definitions, one can
respond to a number of Gibson's queries regard
ing the nature of stimuli and responses. For ex
ample, Gibson (1960) asks, "Can a stimulus be
taken as the sufficient cause of a response, or can
it not?" (p. 695). The answer is clearly "no” since
a system, and hence the concepts S/R, are defined
through a producer-product relationship. By defin
ition a particular stimulus (or producer) is neces
sary but not sufficient for the production of a giv
en response (or product). Gibson further asks,
"Must a stimulus be defined independently of the
response it produces--in physical rather than term s
of behavior or sensory te rm s ? " (p. 696) and "Do
stimuli exist in the environment or only at the r e 
ce p to rs?" (p. 697). Like the term s "object" and
"environment," the definitions of S/R emphasize
that they are, if only in part, dependent upon the
interests and background of system s observer (conceptualizer) or experimenter. In this sense, the
term s S/R will always have an ineradicable con
ceptual element. Thus, stimuli maybe simultane
ously conceptualized or analyzed into their physi
cal, behavioral, and/or sensory components. (And
they may exist in the environment or at the bound
ary of the object.) Recalling Garner’s (1971) e a r
lier response to Gibson, it is not an eith er/or. th e
appropriate questions a re : Under which conditions
is a physical conceptualization more appropriate
than a behavioral one? For which conditions are
both equally appropriate? These questions we take
up in the next section where we consider various
kinds of systems, i.e ., archetypal kinds of concep
tualizations.
Further systems concepts could be defined,
e.g., "adaptiveness" (Ackoff 1971, Sagasti 1970) and
"separability" (Churchman 1965b).
These would
allow us to respond even further to Gibson's ques
tions, e.g., "When is a pattern or relation to be
considered a single stimulus and when a number
of separate stim uli?" However, at this point, it
is more fruitful to proceed to an examination of
different kinds of systems, since this examination
will not only allow us to respond to Gibson's con

cerns but give us a unique perspective on systems
research . Before proceeding, we emphasize that
stimuli and responses NEVER exist as isolated en
tities. They take on their basic meaning and de
finition ONLY by reference (i.e., through R’) to a
set or system of other entities (E).
3.

PHILOSOPHICALLY DERIVED SYSTEMS
OF INQUIRY

The systems we shall examine come from
the history of Western epistemology. We use epis
temology because (1) it represents the most gen
eral attitude of man towards the problem of how
to build models (conceptualizations) of the system
called the "real world"; (2) the history of episte
mology is anything but unanimous in its choice of
a single, "best" model; hence, (3) a survey of
Western epistemology provides us with the broad
est possible survey of the most disparate, widely
conflicting attitudes that man has taken toward the
problem of conceptualizing fundamental models.
Our models derive from the recent efforts
of C. West Churchman to formulate some of the
major systems of epistemology in such a way that
they could become of direct relevance to the information-systems needs of the practicing scien
tist. The title of Churchman's effort, The Design
of Inquiring Systems (1971), emphasizes that to
conceptualize or to model a problem is to conduct
an inquiry into its nature and that to conduct an
inquiry is to gather or produce some information
on the problem's nature. Thus, in this sense,, in
formation" is a function of "epistemology." What
we know about a problem (i.e., the information we
have on its "nature") is a function of how we have
obtained that knowledge, i.e ., of some system of
inquiry. Because information is a function of in
quiry, The Design of Inquiring Systems is an ex
ploration into the design of archetypal philosophi
cally-based information system s. To model a
problem is to present information on its nature to
some decision-maker who is (or may be) required
to take action on the problem (Ackoff 1958, Church
man and Ackoff 1947).
Of necessity our discussion of each inquirer
must be brief. For more extensive discussions
the reader must be referred to Churchman (1971).
See also Mitroff (1970, 1971, 1971a, 1972) and
Mitroff and Betz (1972). Also, it should be under
stood that we are not claiming that these systems
are exhaustive of the class of philosophic systems.
Such a claim would be as silly as it would be pre
tentious. We merely claim that these inquirers
are representative of some basic attitudes towards
modeling. Further, we do not claim that our label
ing of these models necessarily corresponds with
historical usage. The labels represent Church
man's characterization of the major "spirit" of each
Inquiring System (IS) and of the historic system
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of it. They start from a set of elementary em 
pirical judgments ("raw data," observations,’sensa
tions) and from these build up a network of everexpanding, increasingly more general, sets of
"facts." (Where in a Leibnitzian IS the networks
are theoretically, deductively derived, in a Lockean
IS they are empirically, inductively derived.) The
guarantor of such systems has traditionally been,
the function of human agreement; i.e ., an empiri
cal generalization is judged objective, true, or
factual if there is sufficient widespread agreement
on it by a group of "exp erts." A beautiful ex
ample of a Lockean IS is that of a Delphi (Turoff
1971). The final information content of a Lockean
IS is identified almost exclusively with its em 
pirical content. Lockean IS are best suited for
working on well-structured problem situations for
which there exists a strong consensual position on
the nature of the problem situation. If there does
not exist a strong consensual position, or if the
consensual position is suspect, no matter how
strong it might be, Kantian and Hegelian IS may be
called for.
Kantian IS are the archetype of multi-model,
synthetic system s. On any problem, they will build
at least two alternate representations or models
of it. (If the alternate representations are compli
mentary, we have a Kantian IS; if they are anti
thetical, we have an Hegelian.) The representa
tions are partly Leibnitzian and partly Lockean,
i.e ., Kantian IS make explicit the strong interac
tion between scientific theory and data. They show
that in order to collect some scientific data on a
problem a posteriori one always has had to p re
suppose the existence of some scientific theory a
priori, no matter how implicit and informal that
theory may b e.7 Kantian IS presupposes at least
two alternate scientific theories (this is their Leib
nitzian component) on any problem or phenomenon.

to which each most nearly corresponds. Ours is
an exercise in systems design, not in historical
analysis.
Given a problem, each IS will, in general,
produce a radically distinct "representation" or
conceptual model of it. The reason is that each
inquirer starts from radically distinct types of fun
damental building blocks, i.e ., primitive elements
or "elementary units of information." In addition,
each inquirer embodies a radically distinct kind
of guarantor for insuring the validity of the "final
information content" that is built up from the ele
mentary building blocks. As a result, the final in
formation which is generated from the blocks will
be fundamentally (i.e., characteristically) different
for each IS. In effect, the final information con
tent of an inquirer with respect to a problem is
that inquirer's representation of that problem.
Leibnitzian IS are the archetype of formal,
symbolic system s. On any problem, they will build
a formal, mathematical or symbolic representa
tion of it. They start from a set of elementary,
primitive "formal truths" and from these build up
a network of ever-expanding, increasingly more
general, formal propositional truths. The guaran
tor of such systems has traditionally been the pre
cise specification of what shall count as a proof
for a derived theorem or proposition; other guar
antor notions are those of internal consistency,
completeness, comprehensiveness, etc. The final
information content of Leibnitzian IS is identified
almost exclusively with its symbolic content.5
Leibnitzian IS are best suited for working on clear
ly defined (i.e., w ell-structured)6 problems for
which there exists an analytic formulation as well
as solution.
Lockean IS are the archetype of experimen
tal, consensual system s. On afiy problem, they
will build an empirical, inductive representation
5.

A more precise explication of the ch aracteristics of Leibnitzian IS is the following:
1) "innate ideas” (i.e., the primitive variables of a theory);
2) a capability of producing strings of symbols that break down into recognizable units (thus we drop the condi
tion that the units be sentences, though from the point of view of inquiry this is one important kind of unit);
3) a capability of classifying any unit, e .g ., a wff [a "w ell formed function" or a "w ell formed fo rm u la") into
either the cla ss of true or the cla ss of false w ff's.
6 . The difference between w ell-structured and ill-stru ctured (or "wicked") problems can be explained as follows.
Consider the cla ss of decision problems.
Then, decision problems can be divided into two kinds: structured versu s
unstructured. A decision theory problem can be defined as:
to choose from among a set of acts A^ . . . , Am that Aj which optimizes (in some sense) the d ecision-m aker's (Z* s) return
Uy, where Ujj is the utility or value to Z of the outcome Oy corresponding to the doublet (A(, Sj) where { Sj} is the se t of
the "s ta te s of nature" (Luce and Ralffa, 1958).
There are three basic kinds of structured decision problems. A decision problem under certainty is one for
which the sets (A i), fv y 1, ( O j), and (S j) are all known. In addition, there is a known determ inistic relationship holding
between the choice of an Ai and the occurrence of an Oj. If the relationship between Ai and Oj is probabilistic and known
(i.e ., the probabilities py are known) then we have a decision problem under r is k . If the probabilities are not known (but
only the probabilities) we have a problem under uncertainty.
.
, .
, . ,
An unstructured or "wicked" decision problem is one for which one or more of the lA (), (U y J, lOj I, I S jl term s
or sets is unknown at all or not known with any high degree of "confidence." The problem with wicked decision problems
is that of "defining the nature (states) of the problem."
7. Popper is particularly cogent on this point:
I do not believe that we ever make inductive generalizations in the sense that we sta rt with observations and try to
derive our theories from them. I believe that the prejudice that we proceed in this way is a kind of optical illusion,
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From these alternate Leibnitzian bases, they then
build up at least two alternate Lockean fact nets.
The hope is that out of these alternate fact nets
or representations of a decision-maker's or client’s
problem, there will be one that is "best" for r e 
presenting his problem. The defect of Leibnitzian
and Lockean IS is that they give only one view of
the problem. Kantian IS attempt to give many ex
plicit views. The guarantor of such systems is
the degree of fit or match between the underlying
theory (theoretical predictions) and the data col
lected under the presumption of that theory. Since
in a Kantian IS information is neither purely the
oretical nor experimental, the final information
content is a function of both. Kantian IS are best
suited for handling problems of "moderate" illstructure. Problems that are "wickedly" ill-stru c
tured are best handled by Hegelian IS.
Hegelian or Dialectical IS are the archetype
of conflictual, synthetic system s. On any problem,
they build at least two, completely antithetical, r e 
presentations of it. Hegelian IS start with either
the prior existence (identification) of or the c re a 
tion of two strongly opposing (contrary) Leibnitzian
models of a problem. These opposing representa
tions constitute the contrary underlying assump
tions regarding the theoretical nature of the prob
lem. Both of these Leibnitzian representations are
then applied to the same Lockean data set in order
to demonstrate the crucial nature of the underlying
theoretical assumptions, i.e ., the point that the
same data set can be used to support either theo
re tica l model. The point is that data is not in
formation; information is that which results from
the interpretation of data. It is hoped that out of
a dialectical confrontation between opposing inter
pretations, e.g., the opposing "expert" views, of a
situation (Mason 1969), the underlying assumptions
of both Leibnitzian models (or opposing policy
experts) will be brought to the surface for con

scious examination by the decision-maker who is
dependent upon his experts for advice. It is also
hoped that as a result of witnessing the dialectical
confrontation between experts or models, the de
cision-maker will be in a better position to form
his own view (i.e., build his own model or become
his own expert) on the problem that is a "creative
synthesis" of the two opposing views. [ For a case
study of this process, see Mason (1969); for a the
oretical model, i.e ., for a Leibnitzian model of a
Dialectical IS, see Mitroff (1971); for a treatment
of decision-theory from a dialectical point of view,
see Mitroff and Betz (1971a).] Where in the Lock
ean IS the guarantor is agreement, in the Hegelian,
it is intense conflict, i.e ., the presumption that
conflict will expose the assumptions underlying an
expert's point of view that are often obscured p re
cisely because of the agreement between experts.
Hegelian IS are best suited for "wickedly" illstructured problems. These are the problems for
which, precisely because of their ill-structure,
there will be intense debate over the "true" na
ture of the problem. Conversely, they are ex
tremely ill-suited for well-structured, clear-cut
problems because here conflict may be a timeconsuming nuisance.
Singerian-Churchmanian.IS are the most com
plicated and, hence, the most difficult to describe.
We must of necessity refer the reader to Church
man (1948, 1971) and to Singer (1959) for an ex
plication of their properties. In a very brief
word Singerian IS are best suited for studying all
of the other IS. They do this by converting "wick
ed" problems into "structured" and "structured”
problems into "wicked." Singerian inquiry shows
how Leibnitzian and Lockean IS can be modified
to work on wicked problems. How they do this
is a most fascinating story that must be left to
Churchman's book, The Design of Inquiring Sys
tems (1971).8

and helps us to select those which may be of interest (Popper, 1961, p. 13 ).
The relationship between scientific data and scientific theory has always been more intimate and complex than
the em p iricist would have us believe (Churchman 1948, 1961).

S S f P=S SS?

last
But a bit of reflection reveals that no natural scien tist should ^ g a rd his resuUs as as
his E xperience
e.g .. 'x is P ,' because all resu lts a re tentative and subject * h ^ t'ea o tu re d by some such phrasing as the object
and Reflection (1959), the sp irit of a M t u r a l i e n e e resiilt s b t
pt
J
^ e rro r fa cto r. The force of
observed Is to be taken as having such-and-suc a « ^ te “ J *
that further effort may rescind,
the Ms to bo taken’ lies in an agreem ent ot the « cs ‘^ c o m m u n i t y
^ ^
loRic of indicatives
Simon believes that n logic o Imperatives Is unnot-t " T f
oommnnds] T s absolutely necessary (Churchman
is probably unnecessary, while a deontle logic I I.e., the logic ol comm.
j
1 S ,”“ l„P p l c e o f 'X

„ P,
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indispensible throughout all of science, physical
as well as behavioral sciences (cf. Helmer and
Rescher 1959)-w e do question the validity of stud
ie s, that have accepted "agreem ent" without much
reflection on the nature of "agreem ent." In order
for "agreem ent" to remain a valid epistemic rule
in any study, we must ask, and in a deep and prob
ing way, why the judges agreed. Would they have
a e-reed if we had given them some other task?
The number of Kantian studies in information
science is almost non-existent. One, of the very
few is Salton's SMART System at Cornell, which
explicitly presents multiple models for performing
automatic information retrieval (Salton 1968).
It would take an equally extensive survey to
establish our point that in psychology the over
whelming number of studies and experiments have
been Leibhitzian and Lockean in design and ex
ecution if not in their underlying philosophy. The
underlying Leibnitzian and Lockean philosophical
presumption of psychology is readily apparent from
the analysis by Mischel:

4. INQUIRING SYSTEMS AS GENERALIZED
STIMULI AND RESPONSES
I t would take a whole series of papers to
analyze and classify properly the kinds of S's and
R's that have been typically presented in behavior
al science experiments. In an unpublished paper,
Mitroff and Williams (1972) have attempted to
show for the specific field of Information Science
that the majority of studies have been overwhelm
ingly Leibnitzian and Lockean in ch aracter. The
typical Leibnitzian study in information science
has proceeded on the assumption that the funda
mental problems are mathematical or symbolic,;
i.e., the fundamental problem is to find and then
to study appropriate formalisms for the expression
of "information." Examples of this kind can be
found in those attempts to build abstract models
for the retrieval of documents classified according
to the formal system being investigated (cf. Baker
1969). Under this kind of study, little or no atten
tion is paid to the thorny problem of how one gets
the initial or "given" data that the system assumes
is available for operation. It is either assumed
that the problem of "data collection" is so trivial
that nothing needs to be said about it or it is so
complex that nothing can be said about it. Data
collection is apparently a problem for somebody
else or, in our term s, some other Inquiring Sys
tem (IS).
The typical Lockean study in information s c i
ence, on the other hand, has been undertaken on
the crudest of empirical bases. Examples are
the plethora of studies on "document relevancy"
(Resnick and Savage 1964, Richmond 1963). The
stimuli in these experiments are usually documents
themselves or functions of them, like abstracts or
various abstracting schemes; the responses are
the "judgments" (e.g., rankings) of a group of "ex
perts" as to the "relevancy" of the documents for
a specified user, class, or purpose. More p re
cisely, the responses, are taken to be some " satis
factory agreement between the judgments of some
group of experts." It is this feature which makes
these studies "predominantly" Lockean in ch arac
ter, although not exclusively so, since the stimuli
are also partially Leibnitzian. While we have no
quarrel with the use of either agreement or ex
pert judges in behavioral science—indeed, they are

■ -■ ‘T

These limitations on psychological research
were reinforced by the belief that a science of
behavior must begin with colorless movements and
m ere receptor impulses as such [NOTE: This is a
Lockean Feature], and proceed to explain purposive
human behavior in term s of "postulates involving
m ere stim uli and m ere movement" (Hull, 1943; pp.
25-26). This belief about what " a satisfactory natu
ra l-scie n ce theory of behavior" must look like led
behaviorists to c ritic iz e the use of cognitive con
cepts involving consciousness, like Lewin' s "e x p ectancy " "life sp a c e ," and so on, on the ground that
they are "su b je c tiv e " and "in tro sp ectiv e," "sh eer
anthropomorphism" rath er than science
(Hull,
1943b, p. 287). And these epistemological p rescrip 
tions were justified by an appeal to the philosophy
of "lo g ical p ositivism ," "p h y sica llsm ," and "o p erationism " (Hull, 1943b, p. 273). Here again there
is a striking parallel between S-H theory and asso
ciation psychology: they rely on sim ilar epistemo
logical assumptions. F or "physicallsm and related
doctrines transpose into logical term s [NOTE: This
is a Leibnitzian Feature], the thesis Hume expressed
in psychological term s when he held that ideas must
be derived from im pressions; this now becom es the
thesis that meaningful term s must be explicable in
term s of (objective) experience, either d irectly , by
pointing to something that can be observed, or indi
re ctly , by using other words that can be explicated
in this way (Mischel 1969, p. 30).

L T c m muaity Judges that » a cc.p t ■«. t - W O l c , * “
“ 'k t t d f e f «
‘T l S
..lo g ical scheme. The acceptance may leed to social actloas.“ “ ~ „ i S J “s 7 'd these ..B o a . from an ethical point
ever Part of the community’ s Judgment s concerned
X t a i l i n g system can pass linof view. Hence, the linguistic puzzle which bothered some empiricists
“ how simrerlan inquirer: the inquiring

'd a ta b a se ' (Churchman 1970b, p. 22).
Thus, in a Singerian inquirer, information is no longer merely scientific or technical but also ethical a s well.
Singerian inquirers draw out the ethical implications of scientific models.
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On the design and execution side, the Lockean
basis of psychological experiments is most readily
apparent. The majority of experiments have been
predicated on the presentation of simple, isolateable, sensory qualities as stimuli, e.g., dots, fig
ures, patches, colors, sounds, etc. (Garner 1970),
with simple physical reactions as responses. A
classic example of simple Leibnitzian stimuli in
psychology are the nonsense syllables of Ebbinghaus (1913). Although Ebbinghaus's experiments
were not exclusively Leibnitzian (there are also
strong Lockean features), as simple symbolic enti
ties, his stimuli would be classified as Leibnitz
ian. On the other hand, the responses required
of subjects were mixtures of Leibnitzian (symbolic)
and Lockean (experiential) components. The Leib
nitzian component of the responses was again the
symbolic nature of the nonsense syllables—i.e ., the
fact the subjects were required to respond to sym
bols with symbols; the Lockean component was the
fact the subject had to learn "through trial and
e rro r" (i.e., experience) certain "associations" that
were not a natural, formal property of the stimuli
themselves.
.
More modern and complex Leibnitzian ana
lyses of S/R can be found in the work of Garner
(1962) . His work is not only interesting but ex
trem ely important, because it represents an attempt
to give a formal (information-theoretic) analysis
of how systems of S's and R 's relate to themselves
and to one another.
One of the most interesting and important
examples of Kantian inquiry in the behavioral s c i
ences is reflected in the work of Newell and Simon
(1963) . Their General Problem Solver (GPS) is a
prime example of Kantian inquiry in the sense
that the GPS explicitly embodies several distinct
means-ends strategies (models) for proving theo
rem s in the sentential calculus. We also cite the
GPS for another reason. The notion of a Kantian
inquiry should not be confused with the notion of
a Kantian experiment or that of a Kantian stimulus.
In a Kantian inquiry, multiple models are applied
to the design and analysis of an experiment. This
does mean the stimuli or responses in that experi
ment will necessarily be Kantian in ch aracter. In
order for an experiment to be Kantian, either the
S's or the R's must be Kantian themselves. This
means more than the fact that there must be mul
tiple stimuli or multiple potential responses made
available to a subject. In a Kantian experiment,
at least two of the stimuli and/or the available
responses- must be designed under alternate con
ceptualizations (e.g., alternate Schools of Psycho
logy) of the experiment. (If the alternate concept
ualizations are completely antithetical, i.e ., con
tra ry , we have Hegelian stimuli and/or responses.
For further details and elaboration of this point,
see Mitroff 1971c.) Thus, while we would not con
tend that the behavioral sciences have been bereft
of Kantian inquiry, we would contend that there
has been little, if any, system atic (and especially,

sophisticated) use or development of Kantian ex
perimental design. The situation is even worse
for Hegelian and Singerian experimental design.
In short, because of our predominant emphases on
simple Leibnitzian and Lockean stimuli and r e 
sponses, we have not developed the capability for
experimenting with more complex S’s and R's, e s 
pecially S's and R 's as complex as entire systems.
As a result, many of our experiments must be r e 
garded as deficient in external validity (Campbell
and Stanley 1969) since we can not generalize from
the simple S's and R 's presented in most experi
ments to the complex S's and R 's we face in every
day life. Indeed, in everyday life, the S’s and R's
we face are exceedingly complex. We rarely en
counter the simple physical entities of the labora
tory, especially in isolation from other entities or
system s. More often than not, the most persist
ent stimuli that we are continually forced to r e 
spond to are complex entire systems of linguistic
and conceptual stimuli which demand equally com
plex patterns, i.e ., systems, as responses.
It is for this reason that we have developed
the notion of Inquiring Systems (IS) as generalized
stimuli and responses. Indeed, if our formulation
is correct, IS would represent the most generally
conceivable kinds of S's and R 's available for ex
perimental design. In their most complex and
sophisticated form they would appear most fruitful
for those classes of experiments particularly con
cerned with complex decision-making behavior. It
is with this end in mind that the notion of IS as
stimuli and responses has been developed.
In Table 1, we summarize briefly the essen
tial defining characteristics of each of these IS
both as stimulii and as responses. It is extremely
important to emphasize that the summary re p re 
sents the most complex and complete form that
each of- :hese IS as S’s and R 's can take. Not
every experiment will or need embody every de
fining characteristic or feature of these IS.
5

A TAXONOMY OF IS EXPERIMENTS

Combining S's and R 's in all possible ways
results in 5 x 5 or 25 archetypal kinds of poten
tial experiments. It is our contention that to date
the behavioral sciences have systematically ex
plored but a very small subset (mainly, the upper
left-hand corner of Leibnitzian, Lockean S-R com
binations in Table 2) of the total kinds of experi
ments that are generally available. In Table 2,
we indicate briefly the kinds of problem situations
for which the IS experimental combinations would
seem most appropriate for studying.
A brief elaboration of a few of the cells
in Table 2 is in order. The cells (Leibnitzian,
Kantian) and (Lockean, Kantian) are labelled Idea
Generation, . . ., Brainstorming, because they in
volve the transformation of a single system (form
al or experiential) into a set of multiple systems
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Table 1
INQUIRING SYSTEMS AS GENERALIZED STIMULI AND AS GENERALIZED RESPONSES

IS
I. Leibnitz ian

As STIMULI—a Subject is presented with:

As RESPONSES—a Subject is required to
respond with or to produce:

1 . a set of primitive (undefined) formal elements (e .g ., symbol's) ; 9
2 . a set of explicit, form al ru les or operators for forming . . .

3. a model or a single set of complex relations (propositions) that can be . . .

4. explicitly shown to follow from 1. by means of 2,_____________________________________________

II. Lockean

1 . a set of primitive (undefined) experiential elements (e .g ., sensory qualities, elementary
observations, or "raw data" ) ; 9
2 . a set of agreem ent producing experiential operators (e.g ., individual perception, expert

judgment; group decision-making, T-groups, etc.) for forming . . .
3 . a consensual position or a single set (linkage) of "factu al" propositions that can be . . .

4. explicitly shown to follow from 1. by means of 2.

III. Kantian

1 . at least two alternate (i.e ., "somewhat?' complimentary, but potentially divergent) sets of
Leibnitzian elem ents and operators ;10

2. a set (s) of Lockean primitive, experiential elements such that . . .
3. when each of the Leibnitzian elem ent and operator sets is applied to the Lockean element
s e t ( s ) , a set of multiple Lockean-Leibnitzian (i.e ., integrative) models (interpretations)
is produced such th a t. . .
4. the interdependence between the Leibnitzian and the Lockean elements is explicitly
demonstrated and the multiple interpretations a re made available fo r explicit consideration
(i.e., choice).
_______________________________________ __

IV. Hegelian or
Dialectical

1. at least two completely antithetical (i.e ., strictly contrary) sets of Leibnitzian elements
(i.e ., differing fundamental assumptions) and operators such that when they a re applied to. _ . .
2. a common Lockean set of prim itive, experiential elem ents (i.e ., a data set), . . .
3. the underlying Leibnitzian model assumptions are brought up to the surface for a
d ecision-m aker's conscious inspection for the purpose of . . .
4 . a llo w in g (a id in g ) th e d e c i s i o n - m a k e r to f o r m h i s ow n m o d e l a s s u m p t io n s t h a t a r e a s y n t h e s i s
o f th e a n t i t h e t i c a l L e ib n i t z ia n m o d e l a s s u m p tio n s ._____________________________________________

V. SingerianChurchmanian

1. a set of Leibnitzian, Lockean, Kantian & Hegelian models such th a t. . .
2 . any model may be recursively applied to any other model (including itself) for the purpose

of . . .
elucidating the distinctive features (characteristic) assumptions underlying each model and
the entire inquiry process itself so that . . .
4. the more nearly strictly scientific (technical) features of inquiry (Leibnitzian, Lockean,
Kantian) can be integrated with the ethical features of inquiry (Hegelian/Churchmanian) . 1

3.

flict Resolution because they involve the transfor
mation of a set of strongly conflicting systems
(Hegelian) into a single, well-defined system (Leib
nitzian or Lockean). The (Hegelian, Kantian) cell
is labelled Conflict Management because it in
volves the attempt to manage conflict by giving a
Hegelian stimulus a number of alternate (but not
strongly conflicting) interpretations so that the

(Kantian). The cells (Leibnitzian, Hegelian), (Lock
ean, Hegelian), and (Kantian, Hegelian) we labelled
Conflict Generation, because they either Involve
the transformation of single systems (Leibnitzian,
Lockean) or a set of complementary multiple sy s
tems (Kantian) into a set of strongly conflicting
systems (Hegelian).
The cells (Hegelian, Leib
nitzian) and (Hegelian, Lockean) are labelled Con

9. Note that in the typical experiment it is only this one characteristic of the entire set of IS features that
Y
constitutes the stimulus. Note that under our formulation, there exist enumerable other ways by which to constitute (term)
a stimulus or a response. For example, any or all of the four features can constitute the stimulus and/or response. Thu ,
the total number of ways that one can form stimuli and responses is (^) + (^) + (^) + (^) = 2 - X = 15.
10. Thus the stimuli are already somewhat more complex to begin with than in the pure Leibnitzian case although the
elements and operators can be extremely simple In any particular experimental design.
.
,
npntheHr.\
11 The purpose of this last step is to allow a decision-maker to examine consciously the ethical (and/or aesthetic
aspects (consequences) of his policies by subjecting them to an Intensive dialectical cross-examination by opposing t^ral
or ethical viewpoints. The point is that if agreement is the decision-rule of ordinary or in Kuhn s (1962) terms, normal
science, then in Churchman's terms, disagreement is the decision-rule of ethics. That is, since the one thing “ en dono
universally agree on Is what "ought to be," if we are ever to have a "science of ethics" (Churchman, 1961), it will have to
be based on a process of decision-making that explicitly allows for conflict and debate. Thus, in order to derive the ethi
cal" implications of any technical or scientific model, we explicitly incorporate a dialectical mode of examining (or testing)
models. This constitutes a minimal condition for ethical evaluation. It obviously does not insure that the evaluation will be
"sufficient." Indeed, there-may be no known "sufficient" conditions at this time.
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Table 2
A TAXONOMY OF IS EXPERIMENTAL PROBLEM (DECISION-MAKING) SITUATIONS

n

.

IS as
\^ESPO N SES

IS as
STIMULI

Nv

Leibnitz ian

Leibnitz ian

Idea
Generation:
Production
of P ossib ilities;
H ypothesisProduction;
Brainstorm ing •

Traditional Experimental
Design: The Form al
Testing of Well-Defined
Experimental Hypotheses
Lockean

Kantian

Hegelian

Hegelian

Kantian

Lockean

Detailed Development
and/or Analysis of
Multiple Ideas/Hypotheses

Alternate Futures:
Elaborative
Idea Generation:
Elaborative
Production of
P o ssib ilities

Conflict Resolution
and/or Suppression

Conflict
Management

Conflict

Generation

Singerian

Derivation of
the Ethical
Implications of
Scientific/
Technical
Ideas (Models)

and/or

Production

Ethical
Implications
of Futuristic
Planning

Conflictual
Futuristic
Planning
Conflict
Perpetuation

Conversion of S c ie n tific Ethical Ideas into Scientific/
Technical Models

Singerian

Inquiry into the
P ro cess of Inquiry:
Modeling of Art
of Building Models

ple do not normally think in an explicit Hegelian
mode.12 The experimental question we are pursu
ing is, under which conditions are conflict resolu
tion, generation, and perpetuation hindered and/or
aided by explicit training in Hegelian S/R handling
(where one of the experimental conditions is dif
ferential training in the handling of these complex
S/R patterns)?

decision-m aker or subject of the experiment can
choose between the interpretations, i.e., he can
choose the one "m ost suitable" for his problem.
We hope in future papers to report on ex
periments currently underway utilizing these S's
and R ’s in complex decision-making tasks. As
preparation for these experiments, we are first
finding it necessary to train our subjects in the
handling of these complex S’s and R 's. While sub
jects deal with exceedingly complex S's and R's
in everyday life, they do not necessarily deal with
them in as pure and as explicit a form as our S's
and R 's present them. Thus, for example, we are
finding it necessary to give training in the. handling
of Hegelian S's and R's since in our culture peo

6.

CONCLUDING REMARKS

The tone and spirit of this paper has been
explicitly philosophical. This is because the prob
lems associated with adequately defining the term s
"stimulus” and "response" are fundamentally con-

12. It should be emphasised that research bn Hegelian IS is very different from previous r e s e a r c h tta t has been^done

persuading.
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with a single, satisfactory answer for every im
portant question that we can raise regarding the
nature of S's and R 's but that it provides us with
an (not the) interesting way for posing questions
and for contemplating how to go about settling them.
The fundamental questions of any science are too
important to be settled by any one mode of ihquiry. When will we realize that to raise the ques
tion of the definition of fundamental term s is to
raise a policy-information question? For, in ef
fect, Gibson's questions are policy matters (Helmer
and Rescher 1959) whose "answers” affect the fun
damental course and development of the behavior
al sciences. It is our contention that we need to
broaden the ways that we have typically used (i.e.,
Leibnitzian,. Lockean) to settle policy questions in
the sciences. We need to inquire into the nature
of inquiry.' This is what the concept of Inquiring
Systems is all about (Churchman 1971).

ceptual, not technical. In this sense, they cannot
be broached without recourse to philosophy at some
point.
The purpose of this paper has been to show
that philosophical analysis acting in concert with
modern systems theory is of direct concern both
to the philosopher and to the behavioral scientist;
i.e ., that both philosophical analysis and systems
theory can be used to give a new perspective on
the difficult problem of conceptualizing behavioral
science experiments.
In his paper, Gibson (1960) raises a number
of fundamental questions regarding the nature of
the stimulus. It should be obvious from a reading
of this paper that there are as many responses to
Gibson's questions as there are kinds of Inquiring
Systems and types of experiments based upon them.
In the long run, the most important consequence
of this exercise may not be that it provides us

REFERENCES
versity of California, Berkeley.
"Singerian Inquiring System s," Internal Working Paper #122 (October 1970b),
University of California, Berkeley.
Theory of Experimental Inference,
New York: MacMillan, 1948.
. "On Whole System s," Internal Working Paper #31 (May 1965b), Space Sciences
Laboratory, University of California, Berkeley,
EBBINGHAUS, H.
Uber Das Gedachtnts, Leip.,
Duncker, trans. H. Ruger and C. E. Bussenius,
1913.
GARNER, W. R.
"The Stimulus in Information
Processing." Amer. Psychologist, 25 (1970),
pp. 350-358.
. Uncertainty and Structure as Psychological Concepts. New York: Wiley, 1962.
GIBSON, J . J . "The Concept of the Stimulus in
Psychology."
Amer. Psychologist, 15 (1960),
pp. 694-703.
HELMER, OLAF and RESCHER, NICHOLAS. "On
the Epistemology of the Inexact Sciences."
Management Sci., 6, (October 1959), pp. 25-52.
HULL, C. L. Principles of Behavior. New York:.
Appleton-Century, 1943(a).
. "The Problem of Interviewing V ariables in Molar Behavior Theory." Psychological Rev., 50 (1943), pp. 273-291(b).
KRIPPENDORF, KLAUS. "Reliability of Recording
Instructions: Multi-variate Agreement for Nom
inal Data," Behav. Sci., 16, 3 (May 1971), pp.
228-235.
KUHN, THOMAS. The Structure of Scientific Revolutions.
Chicago:
Univ. of Chicago P ress,
1962.
LUCE, R. DUNCAN and RAIFFA, HOWARD. Games
and Decisions. New York: Wiley, 1958.
MASON, RICHARD O. "A Dialectical Approach to
Strategic Planning," Management Sci., 15, 8

ACKOFF, RUSSELL L . The Design of Social Research. Chicago: Univ. of Chicago P ress, 1953.
.
"Towards a Behavioral Theory of
Communication."
Management Sci., 4 (1958),
pp. 218-234.
. "Towards a System of Systems Concepts." Management Sci., 17, 11 (July 1971),
pp. 661-671.
, GUPTA, SHIV K., and MINAS, J .
SAYER. Scientific Method: Optimizing Applied
Research Decisions, 1962.
BAKER, NORMAN.
"Optimal User Search Se
quence and Implications for Information Systems
Operation." Am er. Documentation, 20, 3 (July
1969).
CAMPBELL, DONALD T., and STANLEY, JULIAN
C. Experimental and Quasi-Experimental De
signs for Research. Chicago: Rand McNally,
1969.
CAMPBELL, DONALD T. "A Phenomenology of
the Other One: Corrigible, Hypothetical, and
C ritical." In Human Action, T. Mischel, ed.
New York: Academic P re ss, 1969, pp. 41-70.
CHURCHMAN, C. WEST. "The Artificiality
of
Science" (a review of H. A. Simon, The Sci
ences of the Artificial), Contemporary Psychology, 15, 6 (June 1970).
CHURCHMAN, C. W. and ACKOFF, RUSSELL L.
"An Experimental Measure of Personality."
Philosophy of Science, 14 (1947), pp. 304-332..
CHURCHMAN, C. WEST. The Design of Inquiring
Systems. New York: Basic Books, 1971.
.
Challenge to Reason, New York:
McGraw-Hill, 1968.
Prediction and Optimal Decisions:
Philosophical Issues of a Science of Values,
New Jersey: Prentice-Hall, 1961.
___________. "Rationalist Inquiring System s." In
ternal Working Paper #29 (May 1965a), Uni
489

IAN I. MITROFF AND FRANCISCO SAGASTI
(April 1969), pp. B -4 0 3 -B -4 1 4 .
MISCHEL, THEODORE.
"Scientific and Philo
sophical Psychology: A H istorical Introduction.
In Human Action, T. Mischel, ed. New York:
Academic P ress, 1969, pp. 1-40.
MITROFF, IAN I.
"A Communication Model of
. Dialectical Inquiring System s—A Strategy for
Strategic Planning." Management Sci., 17, 10
(June 1971), pp. B-634 - B -648.
. "Epistemology as a Basis for Building a Generalized Model on General PolicySciences Models,” unpublished, 1971b.
"On the Methodology of the Holistic
Experim ent." Management Sci., (forthcoming)
1971c.
"Systems, Inquiry, and the Meanings
of Falsification." Philosophy of Science (forthcoming), 1973.
MITROFF, IAN I. and BETZ, FREDERICK. "Dia
lectical Decision Theory: A Meta-Theory of
Decision Making."
Management Sci., 19, 1
(September 1972), pp. 11-24.
MITROFF, IAN I. and BLANKENSHIP, VAUGHN.
"On the Methodology of the Holistic Experi
ment:
An Approach to the Conceptualization
of Large-Scale Social Experim ents." J . Tech
nological Forecasting (forthcoming).
MITROFF, IAN I. and WILLIAMS, JAMES.
"Methodologies in Search of Problem s," un
published.
NEWELL, A., and SIMON, H. A.
"GPS, A P ro 
gram that Simulates Human Thought." In Com
puters and Thought, E . A. Feigenbuam and J.
Feldman, eds. New York: McGraw Hill, 1963.
POLANYI, MICHAEL.
"Logic and Psychology."
Am er. Psychologist, 23 (1968), pp. 27-43.
POPPER, KARL.
The Poverty of Historicism.
New York: Harper, 1961.
RESNICK, A., and SAVAGE, T. R.
"The Con
sistency of Human Judgments of Relevance."
Am er. Documentation, 15 (April 1964), pp.
93-,95.

RICHMOND, P.
"Review of the Cranfield P ro 
je ct."
Am er. Documentation, 14 (October,
1963), pp. 307-311.
SAGASTI, FRANCISCO.
"A Conceptual and Tax
onomic Framework for the Analysis of Adap
tive Behavior." General Systems, Vol. XV (1970),
pp. 151-160.
SCHANK, R. L ., and GOODMAN, C. "Reaction to
Propaganda on Both Sides of a Controversial
Issue.” Public Opinion Quart., 3 (1938), pp.
107-112.
SEARS, DAVID, FREEMAN, J . L ., and O’CONNOR
E . F . "The Effects of Anticipated Debate and
Committment on the Polarization of Audience
Opinion." Public Opinion Quart., 29 (1965), pp.
615-627.
SALTON, GERALD, and LESK, M. E. "The
SMART Automatic Document Retrieval System—
An Illustration." Communication of the ACM,
8, 6 (June, 1968).
SIMON, H. A.
The Sciences of the A rtificial.
Cambridge, Massif MIT P ress, 1969.
SINGER, E . A. Experience and Reflection. Phil
adelphia: Univ. of Pennsylvania P re ss, 1959.
TOULMIN, STEPHEN. "Concepts and the Explan
ation of Human Behavior." In Human Action,
T. Mischel, ed. New York: Academic P ress,
1965, pp. 71-104.
TURNER, MERLE. Psychology and the Philosophy
of Science. New York: Appleton-Century, 1967.
TUROFF, MURRAY. "Delphi Conferencing." TM125, Office of the Assist. Dir. Resource Anal
ysis, U.S. Govt., (March 1971).
VAN COTT, HAROLD P ., and ZOVALA, ALBERT.
"Extracting the Basic Structure of Scientific
L iteratu re." Amer. Documentation (July 1968),
pp. 247-262.
WOLMAN, B. B. "Does Psychology Need Its Own
Philosophy of Science?" Amer. Psychologist,
(1971), pp. 877-886.
ZIMAN, JOHN.
Public Knowledge.
Cambridge
Univ. P re ss, 1968.

490

E.

STRESS IN ORGANIZATIONS

PSYCHOLOGOCAL STRESS: A REVIEW OF DEFINITIONS AND EXPERIM EN TA L RESEARCH
F red E . Horvath
PA RT I.

DEFINITIONS O F STRESS
is said to be in a “ state of s t r e s s ” (S ears, 1950).
However, som e p hysicists a re relu ctan t to re fe r
to “ s ta te s ” of an object and avoid using this
la tte r te rm .
Unfortunately physiologists, like psycholo
g ists, have failed to agree on th eir use of b asic
te rm s . Selye has proposed a se t of term s which
has been accepted by many other physiologists
and even won the approval of som e psychologists.
He applies the te rm “ s t r e s s ” to a state of the
organism , “ s tr e s s o r s ” to s tr e s s producing
agents, and “ s tr e s s reactio n s” to those which
a re ch a ra c te ris tic of a stre sse d organism (Selye,
1956).
On the other hand, other physiologists,
and psychologists, apply the te rm s tre s s to
agents (stimulus situations) and still others
speak of it as a resp on se. Since decisions on
b asic terminology are so arb itra rily made, this
failure to agree on what general c la s s of v a r i
ables to call s tr e s s is unfortunate.
Without
b etter agreem ent at le a st at this level, effective
communication between re s e a rc h e rs on s tr e s s
is sev erely handicapped.
While it might be preferable to fall in line
with the e a rlie r term inology of physics, Selye’s
te rm s seem to be in a m ore appropriate form
for studying the living organism under s tr e s s
and will be used in this review.. T herefore, the
te rm “ s tr e s s o r ” ' will be applied to stim uli
eliciting s tr e s s , “ s t r e s s ” to a state of the o r 
ganism , and “ s tr e s s resp o n ses” to those r e 
sponses which a re ch a ra c te ris tic of or r e f le c 
tions of this state of s tr e s s . The te rm “ stra in ”
could be easily substituted for “ s tre s s r e 
sponses” but psychologists are accustom ed to
identifying a response with an adjective which
also d escrib es the organism ’s drive o r state,
e .g ., fear response, hunger response.

The concept of s tr e s s has receiv ed a g reat
deal of attention in re ce n t y e a rs among psychol
ogists, leading to a larg e number of theoretical
and experim ental a rtic le s .
This fast-grow ing
literatu re was la s t reviewed se v e ra l y e a rs ago
(L azaru s, Deese, & O sier, 1952), although a few
review s emphasizing the applied asp ects of this
concept have appeared in m ilitary reports
(Katchm ar, 1954; Holtzman & B itterm an , 1952;
H arris, M ackie, & Wilson, 1956; M iller, Bouthilet, & Eldridge, 1953).
The p rim ary problem in compiling a review
of the literatu re on s tr e s s is that this concept
has been used with so many different meanings
that th ere no longer seem s to be one thing called
“ s t r e s s ” which can be the subject of an o v er-all
review . And not only is s tr e s s defined in various
ways but it also repeatedly appears in articles
without any mention of what the author means by
that te rm . This confusing state of affairs leaves
the review er the choice of eith er considering all
experim ents which a re called investigations of
s tr e s s by their authors, o r considering only
those experim ents which fit the rev iew er’s defi
nition of s tr e s s .
Following the second choice
may bring som e o rd er to this m ass of literatu re
but it may be an o rd er based on a definition un
acceptable to m ost psychologists. However, an
attem pt to organize this review without benefit
of som e specific definition seem s so unwieldy
that the second choice will be followed by this
review er.
Since a g re a t deal depends on selecting a
good definition of s t r e s s , it might be profitable
to consider f ir s t the term inology and definitions
of s tr e s s prevalent in those fields where it has
been productively studied, i .e ., physics and
physiology. M oreover, since psychologists have
been influenced, either explicitly o r im plicitly,
by the theories on s tr e s s of p h ysicists and phys
iologists, a c le a r e r understanding of these con
cep ts would be valuable

OPERATIONAL DEFINITION OF
PHYSICAL STRESS

BASIC TERMINOLOGY
P h ysicists a re in good agreem ent on their
b asic s tr e s s term inology: “ s t r e s s ” is the force
applied to an object and “ stra in ” is the re su lt
ant change in the object’ s dimensions. Since
s tr e s s can be rep resen ted as sm all forces
through the c r o s s sectional a re a of an object, it
.491

The physicists define s tre s s as the force
applied to an object and stra in as the resultant
change in dimensions occuring in an object under
s tr e s s (Sears, 1950).
At firs t glance, a valid
operational m easu re of s tr e s s seem s to be a
change in an object’s dimensions. But not all
changes in dimensions indicate an object has
been stre sse d , as heating a nonconstrained obje ct will change its dimensions without stressin g

F R E D E . HORVATH
Selye’s definition
Selye (1956) has defined his concept of
s tr e s s in still another way, in te rm s of a few
specified reactions of the organism . Selye s e 
lected these reaction s em p irically by noting
that after various noxious agents w ere injected
into an organism , these reactio n s took place:
(1) enlargem ent of the adrenal c o rte x ; (2) atrophy
of the thymus; and (3) u lce rs in the gastron intestinal tr a c t. Selye concluded that these tis 
sue damages and functional changes w ere p art
of the organism ’s general adaptive response to
s tr e s s .
S tress was th erefore defined as the
state manifested by these re a ctio n s, s tr e s s o r s
as the agents eliciting s t r e s s , and s tr e s s r e a c 
tions as the reactio n s (General Adaptation Syn
drom e) of an organism in a state of s tr e s s .
The s tre s s reaction s specified by Selye do
provide him with a suitable operational defini
tion of s tre s s which has generated many p ro 
ductive experim ents.
He and his colleagues
have dem onstrated the stre ssfu l nature of many
substances and shown how to com bat these
s tr e s s o r s with such agents as horm ones. They
have also investigated the tim e co u rse of r e a c 
tions following the adm inistration of a s t r e s s o r ,
separating them into:
(1) alarm reaction ; (2)
stage of re sista n ce ; and (3) stage of exhaustion.
It is in this tim e cou rse of events that Selye has
run into operational difficulties. As the r e a c 
tions to s tr e s s o r s have been plotted backwards
in tim e, a point is reached where, for example,
the size of the adrenal c o rte x does not differ
significantly from norm al. Since the reactions
specified in his definitions a re not p resent, can
it be said that the organism is in a state of
s tr e s s at that tim e ?
In his m ost recen t book (1956), Selye has
p referred to handle this problem by stating that
during these e a rlie r stag es, s tr e s s is mani
fested by other reaction s which a re being de
term ined by further experim entation. However,
if these studies rev eal that early reaction s to a
s tr e s s o r are like those to a n o n -stre sso r, then
Selye’s concept might be broadened to include
a stage p rior to the alarm reactio n . This period
would be ch aracterized by reaction s which are
local and peculiar to each physiologically active
stim ulus. During this stage the organism would
be in a state of dynamic equilibrium and not in a
state of s tr e s s . Only when a stimulus of a c e r 
tain quality and intensity is applied for a suffi
cient length of tim e does it becom e a s tr e s s o r ,
causing a disturbance in the internal environment
g re a t enough to precipitate the second or alarm '
stage. This alarm stage would be ch aracterized
by reactions involving the total organism , r e a c 
tions which would be sim ila r for all s tre s s o rs .
The inclusion of a n on -stressed stage of dynamic
equilibrium would naturally bring Selye’s con
cept m ore closely into agreem ent with the

it. Conversely, an object can be s tre sse d with
out a change in dim ensions, as heating a con
strain ed object will s tr e s s it without changing
its dimensions. T h erefore, strain is at best only
a rough indicator of possible s tr e s s .
Since an object is s tre s s e d when subjected
to a fo rce , s tr e s s could be defined by an ade
quate operational definition of a fo rce . A force
is defined as either a push o r pull acceleratin g
an object o r as energy sto red in an object. With
a definition operationally grounded on these
m easurable effects, acceleratio n o r energy s to r 
age, the productive study of s t r e s s by physicists
has been greatly facilitated . Arguing by analogy,
psychologists would sim ilarly benefit from a
definition based on m easurable dependent v a ri
ables by which s t r e s s can be recognized.
OPERATIONAL DEFINITIONS OF
PHYSIOLOGICAL STRESS
General definition
The general physiological concept of s tre s s
is derived p rim arily from th eo retical notions of
B ern ard and Cannon. This concept is that ho
m eo static m echanism s maintain within a limited
range fa cto rs in the internal environm ent which
a r e cru cia l to the life p ro c e s s e s of an organism .
An organism is s tre s s e d when its hom eostatic
m echanism s a re unable to maintain these fa c
to r s in a state of dynamic equilibrium.
The question is, how can this concept best
be put into suitable operational te r m s ?
One
possibility is to define s tr e s s by any change in
the internal environm ent, a definition somewhat
analogous to accepting stra in in a definition of
physical s tr e s s . The difficulty is that since a
living organism is subjected alm ost constantly to
conditions which a lte r these v aria b le s, the o r 
ganism would be always in a state of s tr e s s ,
with hom eostatic m echanism s reducing, but not
preventing, s t r e s s .
To avoid stretch in g the concept to this ex
tent, the “ limited ran g e” o r “ dynamic equilib
riu m ” for these variab les can be emphasized,
with displacem ent beyond that range indicative
of s tr e s s . This p laces the definitional load on
determ ining “ norm al” ranges and n ecessitates
m easuring these variab les under d iverse condi
tions to specify values for their normal lim its
on an actu arial b a sis. C ertainly such a defini
tion lacks p recisio n , and such problem s as
sp ecies, population, and individual differences,
a s well as adaptive changes fo r a single individ
ual a c ro s s tim e, com plicate attem pts to make
this definition m o re e x a ct.
N evertheless, it
does give the physiologist som e m easurable de
pendent variables which allow him to recognize
the p resen ce of s tr e s s with a statistica lly speci
fied degree of a ccu ra cy .
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physiological concept of s tr e s s previously d is
cussed .
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If Selye’s o r the m ore general physiological
definitions a re satisfacto ry definitions of s tre s s
in the living organism , is either also acceptable
as a definition for psychologists? One possibil
ity is to assum e that an organism physiologically
stre s s e d is also psychologically s tre s s e d , and
then proceed to discover which psychological
variab les produce these physiological reactions
and what psychological resp on ses accompany
this sta te .
This assumption seem s to be im 
p licit in those psychological experim ents which
use physiologically defined s tr e s s o r s to induce
s tr e s s in their subjects, e .g ., anoxia, hypo
therm ia. C ertainly the probability is high that
there is a relationship between psychological
and physiological s tr e s s , especially in ca se s
where the site of action of the physiological
s tr e s s o r is the cen tral nervous sy stem . How
e v e r, if the extent of this relationship is to be
experim entally verified, ra th e r than accepted as
a b asic assumption, this n ecessitates a definition
of s tr e s s in te rm s of psychological variables.
And, with non-physiologically oriented psycholo
g is ts , the need for a sep arate definition of psy
chological s tr e s s is even m ore obvious.
To
underscore the fact that s tr e s s is defined in
te rm s peculiar to each field, the expressions
“ physical s t r e s s ,” “ physiological s t r e s s ” and
“ psychological s t r e s s ” will be used in the r e 
mainder of this review to indicate what general
types of variables w ere the determ inants of a
given state of s tr e s s . The desirability of such a
differentiation has been pointed out by several
investigators of s tr e s s (P a sca l, 1951; Lazarus
et a l., 1952).
, . 4 .
.
S tress re s e a rc h by psychologists has su ifered m ore from a lack of definitions than has
re s e a rc h by p h ysicists and physiologists. Stress
has becom e a ca tch -a ll te rm applied to re se a rch
varying from the sim plest stim ulus, e .g ., a buz
z e r , to situations in which the individual’s life
is threatened, e .g ., a com bat m ission. Perhaps
th ere is no need to define psychological s tre s s
when a situation is used which seem s obviously
stressfu l to m ost individuals, such as a combat
m ission.
However, when the re s e a rc h e r at
tempts to s e t up mild experim ental facsim iles
of these situations, their stressfu l aspects may
be highly debatable. Unless all stim uli are to
be considered stress-in du cin g fo rc e s , a defini
tion of psychological s tr e s s is needed to see
what the author m eans by s tr e s s and to judge
how successfully he has operationalized his defi
nition.
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C urrent definitions of psychological s tre s s
may be classified into two general ca te g o ries;
(1) definitions emphasizing the stimulus situa
tions to which the individual is subjected, e .g .,
anxiety or frustration-inducing situations; (2)
definitions emphasizing both the stimulus situa
tion anri the o ccu rren ce of resp on ses o r changes
in the subject’s resp on ses. There are further
definitional differences depending on whether
s tr e s s is considered a sta te , drive, stim ulus, or
resp on se, but these term inological variations
will not be considered.
Definitions based on stimulus situations
Definitions which fall under the f ir s t ca te 
gory may specify different stimulus conditions at
the definitional level, but they all seem to be
derived from a sim ilar concept of psychological
s tr e s s .
The individual is conceptionalized as
responding to changes in the environment so as
to maintain equilibrium in his relationships with
his environment.
The individual is stre sse d
when som e asp ect of this relationship is th reat
ened:
a th reat to his se lf-e ste e m (Glixman,
1949); to a balance between needs and s a tis fa c 
tions ’ (Fox, 1955); to attainment of som e goal
(L azaru s et a l., 1952); o r to his integrity (B asowitz, P ersk y, Korchin, & G rinker, 1955). Stated
in these general te rm s any of these th reats can
be made to subsume all the oth ers. It is when
these th reats are operationalized, e .g ., anxiety
for th reat to integrity (Basowitz et al., 1955) or
fru stration for the th reat to attainment of a goal
(L azaru s et a l., 1952), that differences become
m ore apparent.
While there a re sim ilarities
between anxiety and frustration, distinctions are
made between both the stimuli arousing either
of these states and between th eir ch a ra c te ris tic
resp on ses. T herefore, at the operational level,
these th eorists seem to be defining different
kinds of s tr e s s , ra th er than a unified concept of
s tre s s
Since these definitions are re s tric te d to one
type of s tr e s s o r , they fail to suggest other kinds
of potential s tre s s o rs to the re s e a rc h planner.
Perhaps their g re a te st inadequacy is that they
do not indicate a relationship to sim ilarly r e 
stricted definitions.
Without a m ore unified
definition, experim ental resu lts will tend to r e 
main as unrelated bits of information, rath er
than serving as em p irical supports for a growing
concept of psychological s tr e s s .
A second c ritic ism of these definitions is
that they a re not stated in te rm s which can be
operationalized with any precision .
They are
not specific about the exact stimulus conditions
which will induce s tr e s s , and of co u rse they don’t
mention any response by which the p resen ce of
psychological s tre s s can be dem onstrated. For
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exam ple, the th reat to attainm ent of a goal is
handled operationally by subjecting an individual
to failure on a task. There is no crite rio n for
testing the assumption that su ccessfu l com ple
tion of that task was a goal, with failure a th reat,
and the individual in a state of s t r e s s . L azaru s
e t al (1952) discu ss this problem and conclude
that th ere is no adequate method of testing these
assum ptions. Basow itz et al (1955) com e to the
sam e conclusion but go further in stating that
ultim ately s tr e s s situations will be defined by
the o ccu rre n ce of a given resp on se.
Can these definitions lead to productive r e 
se a rch on psychological s tr e s s unless they in
clude a m easurable response as a crite rio n
v a ria b le ? We have already d iscussed the extent
to which physicists and physiologists have op
eration ally based th eir definitions of s tre s s on
variab les which a re analogous to behavioral de
pendent v ariab les. And in psychology m ost in
tervening variables have had to be grounded on
the response side by an appropriate response
before high agreem ent could be reached as to
which experim ents w ere interpretable as in
vestigations of a given intervening variab le. F o r
exam ple, if the exp erim en talist is interested in
hunger he will naturally try to s e t up conditions
which will arouse hunger in his subject, such as
food deprivation. He can then dem onstrate this
hypothetical state is p resen t under the condi
tions he selected by letting his subject make
food-oriented resp o n ses.
After the subject’s
behavior has shown he is hungry the exp eri
m enter can go on to find out about the relation 
ship of this intervening variable to other exp eri
m ental conditions.
Unless the p resen ce of an
intervening variab le is exposed to the litmus
paper te s t of an appropriate behavioral response
by the subject, shouldn’t an investigator lim it his
conclusions to the relationship of his specific
independent variab les to the dependent v ariab les,
ra th e r than attributing the changes in behavior
to a shadowy intervening v aria b le ?
Some psychologists have maintained that
psychological s t r e s s is a sp ecial intervening
variab le since it can be induced in a subject
without affecting his behavior.
The stre sse d
individual is said to m ask the p resen ce of s tre s s
by such facto rs as in creased attention, increased
m otivation, o r som e adaptive defense m echa
nism . T herefore it would be u seless to look for
a reg u lar response to s tr e s s since none may
o c c u r.
However, this viewpoint should rem ain
an unsupported hypothesis until experim ents can
be designed to te a se ap art these variables of
s t r e s s and reactio n s against s tr e s s to show their
individual, ra th e r than combined, effects on
behavior. It is scanty evidence when an effect
and a reactio n against an effect a re both hidden
from the o b serv er.
The literatu re on psychological s tr e s s is
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filled with conflicting conclusions about the ef
fects of “ psychological s t r e s s ” on the sam e
behavioral variab le. Some of these resu lts can
be attributed to the psychologist’s nem esis,
individual differen ces, this tim e in responsivity
to s tr e s s o r s . But many of these conflicting con
clusions a re due to the failure of the exp eri
mental conditions to induce s tr e s s in the sub
je c ts ; therefore the exp erim en ter’s conclusions
on the effects of psychological s tr e s s a re in
valid and misleading to his fellow re s e a rc h e rs .
Granted that there is a need for a crite rio n be
havioral variable in a definition of psychological
s tr e s s , is any such variable presently avail
ab le? Or is our p resen t knowledge so inadequate
that a selection of an appropriate response would
be p rem atu re?
This naturally leads us to a
consideration of the second category of defini
tions .
Definitions based on both stim uli and responses
These emphasize both the experim ental con
ditions likely to induce s tr e s s and the behavioral
responses which re fle ct this state. Freem an
(1945) defines psychological s tr e s s as a th reat
to the integrity of the total organism which is
manifested in physiological m easu res of bodily
arou sal.
Patton (1955) defines psychological
s tr e s s as a th reat which cau ses behavior to
oscillate beyond its norm al bounds of variation
and retu rn slowly to its mean. P a sca l (1951)
se e s it as a th reat to gratification of needs,
m easurable in te rm s of functional deficit. Schaf
fe r (1954) defines s tr e s s as occu rrin g when an
organism is unable to make an adjustive r e 
sponse to a disruption in its relation to its en
vironment.
This state is reflected in the ra te
and range of general activity, by altered ra te s
of acquisition and extinction of learned r e 
sponses, and by fixation on a dominant response.
The experim ental conditions suggested by
these th eorists a re sim ilar to those proposed
by th eorists who define psychological s tr e s s only
by the stimulus situations likely to induce s t r e s s .
As to the responses specified in these definitions
o r suggested by experim ents on s tr e s s , they may
be placed into the following general ca te g o ries:
(1) physiological resp on ses; (2) defense r e 
sponses; (3) subjective reactio n s; (4) changes in
goal-oriented behavior; and (5) decrem ents in
goal-oriented behavior. As in the case of Selye’s
specific reactio n s, the fruitfulness and accep tibility of any of these responses depends on the
th eo rist’s ability to pick out the cru cial response
variables a cro ss a variety of stressfu l situa
tions.
It should also be mentioned that in this
se a rch for an appropriate response, som e psy
chologists have also defined s tr e s s by m ore than
one response.
F o r exam ple, as c r ite r ia for
determining that a laboratory situation did induce
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s t r e s s , Funkenstein, King, and D rolette (1953)
proposed subjective re p o rts of emotional chang
e s , physiological reactio n s, and decrem ents in
task p erfo rm an ce.
Physiological re sp o n se s.
Taking up these
resp on ses in o rd e r, physiological resp on ses are
selected usually as either indicators of the func
tioning of hom eostatic m echanism s o r of emo
tional re a ctio n s.
The in terest in hom eostatic
m echanism s is based on the assum ed relation
ship between physiological and psychological
s tr e s s . The rationale for the use of physiolog
ica l m easu res of emotional reactio n s is that
psychological s tr e s s is often equated with the
emotional sta te s of fe a r, anxiety, frustration.
The main difficulties with this c la s s of variables
a re the technical problem s in m easuring and
analyzing physiological reactio n s as co rre la te s
of psychological variab les, as y e a rs of re s e a rch
on fe a r and anxiety c o rre la te s have pointed out.
Add to this the relu ctan ce of som e psychologists
to use o r at le a st lean that heavily on physio
logical m e a su re s, and it is apparent that a defi
nition based solely on this type of response will
not be generally acceptable.
Defense re sp o n se s.
Defense m echanism s
are im portant indicators of psychological s tre s s
for clinicians and p sy ch iatrists who conceptual
ize the individual as reactin g to stress-in du cing
th rea ts by m eans of defense resp o n ses. The
problem is to define those c h a ra c te ris tic s of
defense m echanism s by which psychological
s tr e s s is to be recognized. Accepting the o c
cu rre n ce of any defense response as an indicator
of s tr e s s would make the definition too general.
Another possibility is to recognize a normal
range of adaptive defense m echanism s for a
n o n -stressed individual and req u ire an in crease
in intensity of these resp on ses o r a change to
maladaptive resp on ses as evidence the individual
was s tre s s e d . A related procedure is to accept
the defense m echanism s c h a ra c te ris tic of psy
chotic patients as also c h a ra c te ris tic of any
individual under s t r e s s . It is not possible for
this review er to evaluate effectively the validity
of this c la s s of response v ariab les. While r e a l
izing the need for clinicians to use variab les of
im portance in their a re a , the com plex behavioral
pattern s which constitute defense m echanism s
a re subject to such varied interpretation that
they a re not p re c is e enough to serv e as a s a tis 
facto ry crite rio n for s tr e s s .
Subjective r e p o r ts . The third type of r e 
sponse by which psychological s tr e s s is defin
able is subjective re p o rts . These re p o rts are
designed to tap the d istressfu l, emotional ex
perien ce of a subject, eith er by questioning the
subject o r by subjective observations of his gen
e ra l behavior. This type of response is open to
the usual objections against its lack of objectiv
ity and quantification, so that it seem s best

suited as a rough indicator of psychological
s tr e s s for prelim inary investigations.
Changes in goal-oriented behavior.
The
fourth type of response by which psychological
s tr e s s is definable is sim ila r to that by which
many interviewing variab les are defined—eith er
an increm ent o r decrem ent in goal-oriented be
havior.
Unfortunately, s tr e s s is not like such
intervening variab les as th irst, for which stim u
lus conditions can be specified as constituting a
related goal (w ater), with behavior oriented
towards this goal an indicator of this hypotheti
ca l sta te . Instead of being related to one kind
of motivation and th erefore one kind of goal,
psychological s tr e s s may be elicited whenever
an organism is trying to reach any goal which
will satisfy its psychological needs. The defin
ing c rite rio n is that the attainment of this goal
and thus the satisfaction of the need be th re a tened.
However, it is possible to maintain that
there is always a minor obstacle and thus a
th reat to the attainm ent of its goal by any m oti
vated organism , even if it is just a long runway
for an unhappy r a t to tra v e rs e o r a heavy lev er
for him to p re s s . T herefore all motivated o r 
ganism s could be considered in a state of s tr e s s
and psychologists would m erely have to choose
between using eith er the te rm “ m otivation” or
its equivalent “ s t r e s s .”
If psychological s tr e s s is not to becom e
synonymous with motivation, it is n e ce ssa ry to
differentiate between the changes in g o a l-o ri
ented behavior of a stre sse d and of a nonstre sse d motivated organism . Perhaps one could
be m ore specific sbout the added motivation
(e.g. anxiety, fru stration , fear) induced by the
th reat to reaching a goal. Some behavioral or
physiological m easu re of these motivational
states could be selected to show that the ex p e ri
mental siatuation constitutes such a th reat. Thus
the total definition would contain two behavioral
c r ite r ia of psychological s tr e s s :
a change in
goal-oriented behavior, as com pared to control
conditions; and the o ccu rren ce of an emotional
resp on se, indicating that attainment of the goal
is threatened.
There are two c ritic ism s which I would like
to make of such a definition: one p ra ctica l and
the other th eo retical.
On the p ra ctica l side,
there is the problem of selecting good m easu res
of emotional resp on ses, be they subjective r e 
p o rts, behavioral observations, or physiological
re actio n s.
The th eo retical c ritic is m is that a
definition based on these two behavioral c r ite r ia
is not adequate to operationalize a m ore extrem e
concept of the psychologically stre sse d organ
ism . This concept em phasizes the maladaptive,
disorganized behavior of a stre sse d organism ,
as differentiated from the adaptive, organized
behavior of a n on -stressed organism .
This
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incentive, also lead to drops in perform ance
adaptive behavior m ay o ccu r even when the nonwhile the subject is not n ecessarily stre sse d .
s tre s s e d organism is subjected to “ threatening”
Perhaps an erroneous labeling of these condi
conditions which arou se an emotional reaction .
tions
as s tr e s s o r s can be avoided if other m eas
D ecrem ent in goal-orien ted b ehavior. This
u
res
of
behavior a re also used which sa tisfa c
concept is b etter operationalized by the fourth
torily te s t the disrupted, agitated behavior of a
and la st type of resp on se v ariab le, a decrem ent
stre sse d individual.
F o r exam ple, e r r o r s in
in goal-oriented behavior.
It is the thesis of
resp
on
se,
blocks
o
r
b
u rsts of resp on ses, o r
this review er that this variab le provides the
emotional responses should ch ara cte ristica lly
b e st c rite rio n by which psychological s tr e s s can
accompany the drop in p erform ance.
be recognized fo r se v e ra l re a so n s. F i r s t of all,
it seem s adequate for operationalizing our con
cep t of s tr e s s derived from observations of an
o rgan ism ’s behavior in non-laboratory, s t r e s s 
PROPOSED DEFINITION OF
ful situations.
Confused, disorganized, inap
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p rop riate behavior leads us to ca ll a given situa
tion a stre ssfu l one.
And this disorganized
What is the concept and definition of psycho
behavior can be operationally defined in an ex
logical
s tr e s s which has developed out of all
perim ental situation as decrem en ts in goalthese considerations?
It is that psychological
oriented behavior.
s
tr
e
s
s
is
a
state
which
o
ccu
rs when an individual
Secondly, em phasis on this type of behav
is
subjected
to
conditions
which disturb or
io ra l crite rio n suggests a relationship of psy
threaten to disturb cru cia l psychological v a richological s tr e s s to levels of motivation rath er
ables from within their normal lim its. These
than to ce rta in types of m otivation. Thus a high
variab
les a re of two general types: (1) those
level of any m otive sta te may be just as much a
variab les whose displacem ent from normal con
so u rce of psychological s tr e s s as external condi
stitute a th reat to the continued existence of the
tions which th reaten the attainm ent of a goal for
individual, thereby arousing high levels of bio
le s s e r m otivated org an ism s.
This notion is
logical drives o r fe a r; (2) those variables whose
s im ila r to the distinction L eeper (1948) made
displacem ent from norm al constitute a th reat to
between high and low levels of f e a r . He held
som e aspect of his personality stru ctu re o r eg o ,
that high levels of fe a r produce disorganized
thereby
arousing anxiety, failu re, frustration.
behavior but that low levels can facilitate o r 
When
eith
er of these conditions o ccu rs, the in
ganized behavior. Hebb’ s th eo retical notion that
dividual is in a state of psychological s tr e s s , the
high levels of c o rtic a l aro u sal contribute to d is
stim ulus conditions arousing this state are p sy
turbed behavior while norm al levels contribute
chological
s tr e s s o r s , and the responses c h a r
to organized behavior, suggests a neuro-physioa c te ris tic of this state a re s tr e s s resp on ses.
lo g ical m echanism which may play a role in
The behavioral m anifestations of s tre s s a re
psychological s t r e s s (1955).
disorganized,
disrupted, emotionally d istressed
Finally, this m easu re provides a fairly rig 
resp on ses.
The operational definition of these
orous te s t to insure that psychological s tr e s s has
s tr e s s responses is an im pairm ent of psycho
been induced in the experim ental subject. It is
logical function or a decrem ent in perform ance
possible that a disruption o r d ecrem ent in be
on a goal-oriented task . M easures of this d e c re 
havior may o ccu r during la te r stages of s tr e s s ,
ment in perform ance should be supplemented by
and that other resp on ses may be c h a ra cte ristic
other m easu res of the disrupting effects of
of its e a rlie r s ta g e s. T h erefore, s tr e s s will not
s tr e s s , such as in creased e r r o r s , bursts of r e 
be recognized in experim ents which tap only
sponses, o r emotional reactio n s.
th ese e a rlie r m anifestations of s tr e s s . However,
The above referen ce to “ c ru c ia l” psycho
it might be p referab le in prelim in ary investi
logical
variab les, an obvious derivation from
gations of an intervening variab le to be e x trem e
the
concept
of physiological s tr e s s , is stated in
ly rigorou s, determ ining s tr e s s o r s and th eir ef
ra th e r vague te rm s . The further accumulation
fe cts only in c a s e s w here s tr e s s definitely has
of experim ental evidence should enable us to
been induced.
Once the s tr e s s o r s and their
becom
e m ore specific about the ch a ra cte ristics
im portant c h a r a c te r is tic s have been identified,
of these cru cial v ariab les, much as the physio
it would be sim ple to proceed as Selye has done
logist has been able to delim it cru cial internal
in his later work, investigating the e a rlie r a s 
variab les, such as pH, CO2 and O 2 levels. How
p e cts of this sta te .
e v e r, the com parative sim plicity, limited num
On the other hand, this response crite rio n
b
e r, and limited range of these variables in an
could be criticiz e d fo r not being definitive enough
organism
’s internal environment have perm itted
to exclude c a s e s in which the organism s show a
the physiologist to pin down this aspect of the
d ecrem ent in goal-orien ted p erform ance without
concept much m ore easily than the psychologist
being in a sta te of psychological s t r e s s . Some
can hope to for some y e a rs to com e.
conditions, such as d e cre a se s in motivation o r in
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As a speculative exam ple, perhaps Freud
was b etter able to s e le c t variab les of g re a t s ig 
nificance for a conceptual p icture of the indi
vidual because he studied those who w ere p sy 
chologically stre s s e d . O bservations of neurotic
and psychotic patients have continued to g en er
ate th eories of the variab les which a re c ru cia l
to the development of the ego and its relatio n 
ship to its environment.
When a sy stem is
considered in which the conceptual units and
their relationships a re m ore ab stra ct, such as a
group of individuals in so cial psychological stud
ies, the use of s tr e s s may be even m ore p ro m 
ising. The th eo rist would con stru ct a model of
group p ro ce sse s from fa cto rs which rem ain r e l 
atively invariant when the group is s tre s s e d ,
but would d iscard those fa cto rs which vary
widely without disturbing group p ro c e s s e s .

Therefore, an operational definition of psy
chological s tr e s s m ust presently be based on
m easu res of im pairm ent of function, fro m which
m easu res it can be inferred that the lim its of a
cru cia l psychological variab le w ere exceeded
and the individual was psychologically stre sse d .
This definition is somewhat related to Selye’s
selection of specific kinds of resp on ses by which
s tr e s s can be recognized. It suffers from the
sam e w eakness, that in som e c a s e s s tr e s s may
be overlooked if im pairm ent is only a later
manifestation of psychological s tr e s s , but it has
the sam e advantage of providing an operational
m easu re by which fruitful prelim inary investiga
tions may proceed.
Advantages of this approach
What a re the advantages of this approach to
the above definition? F i r s t of all, the definition
is based on an examination of the concepts un
derlying the many d iverse definitions in the psy
chological lite ra tu re , and attem pts to fit these
conceptually related definitions. In addition, a
consideration of the definitions which have been
productively used in physics and physiology em 
phasized the need for the inclusion of an opera
tional m easure to te s t for the p resen ce of s tr e s s ,
and such a m easu re was proposed.
Finally,
som e relationships between physiological and
psychological s tr e s s w ere pointed out. Perhaps
an understanding of these relationships may en
able psychologists to make m ore fruitful gener
alizations from the findings of physiological
investigations
concerning c h a ra c te ris tic s of
s tr e s s o r s , s t r e s s , and s tr e s s resp on ses.
IMPORTANCE OF CONCEPT OF
PSYCHOLOGICAL STRESS
T heoretical considerations
The question might also be asked at this
point, of what im portance is the study of psycho
logical s t r e s s ? Theoretically, as well as p ra c 
tically , the study of s tr e s s shows prom ise for
psychologists.
When a psychologist builds a
th eoretical model of the individual, o r the social
psychologist of a group of individuals, the model
builder is faced with the problem of representing
the com plexity of his system with a minimum of
variab les. The m ore significant these v ariab les
a re to the re a l sy stem , the m ore rep resen tative
his th eoretical model will be. A living system
involves variab les which a re cru cia l to the
survival of that system and a re therefore kept
relatively invariant by the system . Stressing a
system may be a suitable experim ental tool for
the th eo rist to use in differentiating c o re v a ri
ables from those le ss important v ariab les which
vary greatly without affecting the functioning of
that system .
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P ra c tic a l considerations
In addition to these considerations, investi
gations of psychological s tr e s s can shed e x p e ri
mental light on a variety of p ra ctica l fa c to rs .
On the stimulus side, the stress-in du cin g prop
e rtie s of various conditions can be determ ined
so that they may be avoided or altered to reduce
th eir stressfu l potential. On the response side,
what psychological fa cto rs o r functions a re m ost
likely to re fle ct the c h a ra c te ris tic im pairm ent
of s t r e s s ? There is the problem of specificity
of effect; is a function sensitive to a v ariety of
s tr e s s o r s o r differentially sensitive to variou s
conditions?
Naturally other m anifestations of
s tr e s s should be exam ined, both of the physio
logical and psychological v a rie tie s. It has a l
ready been discussed how m easu res of e r r o r s ,
in creased r a te s , and sporadic response m ay be
n ecessary to catch the disturbed asp ect of s tr e s s
in o rd er to exclude decrem ents in perform an ce
which a re attributed to such n o n -s tre s s o rs as
d ecreased motivation.
Fatigue and s tr e s s . A concept that is clo sely
interwined with psychological s tr e s s is th at of
fatigue and an im portant question is can the
decrem ental effects of fatigue be differentiated
from those of psychological s tr e s s . The types
of responses previously suggested a re also c h a r 
a c te ris tic of fatigue so they won’t make a s a t
isfactory differentiation.
One possibility is to
em phasize that s tr e s s is a state involving the
total organism , as Selye has suggested. T h ere
fo re, im pairm ent of perform ance is a reflection
of s tr e s s only if the experim ental conditions
allow one to make an inference of this type of
total involvement. F o r exam ple, if visual func
tion is impaired by extensive u se, intense stim u 
lation, o r even lack of stim ulation, this could be
considered a localized fatigue effect on that
specific function.
To dem onstrate that m ore
than this one system has been affected and the
organism thereby stre s s e d , te s ts of other
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functions also should show som e decrem ent.
G eneral system ic fatigue induced by lo ss of
sleep is m ore likely to be a s tr e s s o r than spe
cific fatigue induced by physical work involving
som e of the som atic m u sculature. Even exp eri
m ents on specific fatigue a re of in terest, how
e v e r, because the information they can give on
the differential sen sitivity of different te s ts or
functions to this condition may be generalizable
to s tr e s s experim ents.
Also there is the p ra c tic a l question of de
term ining adaptive resp on ses to potential s t r e s s 
o rs.
The training of individuals in the use of
th ese reaction s to prevent s tr e s s o r s from im 
pairin g function would be analogous to hormone
injections to com bat physiological s tr e s s o r s .
Finally, th ere is the larg e problem of in
dividual differences in resp on se to potential
s tr e s s o r s .
What a re the appropriate te sts for
m easuring personality tra its which would p re 
d ict these d ifferen ces? Again th ere is the ques
tion of sp ecificity for these tr a its , do they
m easu re differences in responsivity to specific
s tr e s s o r s or to d iv erse kinds of s tr e s s o r s ? And
do they offer predictability of differences in
im pairm ent of a sp ecific function o r to all func
tio n s? The development of adaptive reactio n s is
certa in ly pertinent to this question of individual
d ifferences.
Do such experim ents as those on
“ gentling” indicate that the amount of environ
mental change to which an organism can adapt
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is dependent on his having been subjected to
controlled, gradually increasing specific and
non-specific stim ulation as it m atu res? Perhaps
a psychotic individual has either been exposed
to larg e environmental changes before he could
handle them o r he is physiologically handicapped
by the malfunctioning of his nervous system in
his ability to adapt to changes. And finally can
the fa cto rs of sensitivity (lowered threshold) be
separated from responsivity (o v er-reactio n or
prolonged reaction) to s tr e s s o r s ?
These and sim ilar questions may be an
sw ered by well-planned investigations of psy
chological s tr e s s . Experim ents which seem to
this review er to propose som e answ ers to these
questions will be review ed in the succeeding
section. However, at this stage in re s e a rc h on
s tr e s s the three problem s of m ajor in terest
seem to this review er to be: the sensitivity of
testing instrum ents to the response m anifesta
tions of s tr e s s , the sensitivity of m easu res of
individual differences to responsivity to s t r e s s 
o r s , and the s tr e s s o r potential of stimulus con
ditions.
Possible solutions to these problems
will receiv e p rim ary em phasis.
Finally, it
should be kept in mind that the p rim ary crite rio n
for the selection and evaluation of experim ents in
this review is their su cce ss in showing a d e c re 
ment in perform ance attributable to psycholog
ical s tr e s s .

EXPERIM EN TA L RESEARCH ON PSYCHOLOGICAL STRESS

ORGANIZATION B Y FUNCTIONS

STRESS SENSITIVE FACTORS

T ests which m easu re the effects of psycho
logical s tr e s s all involve to som e extent p e r
ceptual, m otor resp o n se , and cognitive o r de
cisio n making functions. However, perform ance
on a given te s t also may be differentially at
tributed to ju st one of these broad functional
ca te g o rie s, by the degree to which perform ance
depends mainly on that function. This review
was organized to begin with a te s t ra th e r equally
loaded on all th re e functions, i .e ., reactio n tim e,
and then move on to te s ts m ore heavily loaded
with perceptual, then m otor resp on se, and finally
cognitive fa c to rs .
D ecisions concerning the
m ajo r factor loading of som e tasks had to be
made quite a rb itra rily at tim es. This is espe
cially evident in the m ore com plex task s, such
as pursuit tracking, which a re loaded with a
multitude of fa cto rs but finally had to be placed
a rb itra rily under one of the m ajor functional
c a te g o rie s .

Under each of these broad headings an a t
tem pt was made to point up the facto rs which
may play a p a rt in making a given te st s t r e s s sensitive.
In general, it seem s that a task is
b etter able to re fle ct the effects of psychological
s tr e s s if it successfully extends the functions
contributing to perform ance to their lim its. Such
a task may thus preclude the subject’s masking
the disrupting effects of s tr e s s by some com 
pensatory m echanism .
Some of these stre ss-se n sitiv e facto rs a re :
(1) com plexity of presented stim uli; (2) com 
plexity of cognitive manipulations required; (3)
degree of response coordination required; (4)
ra te of presentation of stim uli; (5) ra te at which
resp on ses m ust be m ade; (6) re v e rs a l of habitual
stim ulus-response association s.
T ests which
tend to m easure the lim its of one or m ore of
these fa cto rs for an individual would n ecessitate
a high level of attention as well as broad, flex
ible attentive p ro ce sse s.
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REACTION TIME
This te s t em phasizes the requirem ent for
making a fast but simple response to easily d iscrim inable stim uli.
Simple reaction tim e
This involves only one response and one
stim ulus.
The general finding concerning this
te st is that it is insensitive to conditions which
have evoked a s tre s s -lik e decrem ent in p e r
form ance on other te s ts . General system ic fati
gue induced by deprivation of sleep for periods
even up to 100 hours has had no effect on simple
reaction tim e in two experim ents (Cooperman,
Mullin & Kleitman, 1934; Edwards, 1941). An
early experim ent of P a trick & Gilbert (1896) did
rep o rt a m arked slowing and in creased v a ria 
bility of sim ple reactio n tim e after 90 hours loss
of sleep, but only three subjects w ere tested and
these resu lts have not been rep licated .
Potential physiological s tr e s s o r s have also
had little effect on simple reactio n tim e. F o r lano, B erm ack & Conkley (1948) reviewed the
effects of ambient and body tem perature on r e 
action time and concluded that tem p eratu res be
tween 5 0 °F and 117QF do not change reaction
tim e.
Short duration anoxic conditions also
w ere found to be ineffective as s tr e s s o r s as
m easured by this task (Waldfogel, Finesinger &
Verzeano, 1950). Carbon monoxide further points
up the relativ e insensitivity of simple reaction
tim e since blood saturation of CO reached 45%
before
even
a slight im pairm ent resulted
(Forb es, Dill, DeSilva & VanDeventer, 1937).
In a s e rie s of experim ents subjects were
tested on a v ariety of tasks under m oderate and
heavier doses of LSD -25, a psychom im etic drug
(Abramson, Ja rv ik , H irsch & Ewald, 1955a;
Jarv ik , Abramson & H irsch, 1955a, 1955b; L e
vine, Abramson, Kaufman & Markham, 1955;
Jarv ik , Abram son, H irsch Ewald, 1955c; and
Abramson, Ja rv ik & H irsch, 1955b). This s e rie s
of experim ents can be criticiz e d on several
counts; for instance, te s ts w ere always given in
the sam e ord er with no control for either an
ord er effect o r for change in drug reaction
a cro s s tim e. In addition, no non-drugged con
tro l group was included to p erm it a good sta tis
tical evaluation of possible drug effects. N ever
th eless, within these lim itations, these exp eri
ments do give som e rough indications of the
relative sensitivity of a variety of te sts to the
sam e potential s tr e s s o r . Abramson, Jarv ik and
H irsch’s experim ent (1955b) indicated that while
the m oderate dose of LSD-25 did not change r e 
action tim e, there did seem to be a tendency for
the la rg e r dose to slow both audio and visual
com plex reaction tim es while slowing only sim 
ple audio reactio n tim e. This differential affect
on simple audio v ersu s visual reaction may be

due m erely to difference in intensity o r attention
arousing c h a ra c te ris tic s of the stim uli used,
but it may indicate a differential sensitivity of
those two perceptual system s to the sam e
s tr e s s o r . At le a st this experim ent gives some
support to the conclusion that m ore com plex
functions are b etter indicators of psychological
s tre s s
Individual d ifferen ces. The Taylor M anifest
Anxiety Scale (TMAS) has been used to m easure
individual differences in reaction time under
various conditions.
When e le c tric shock was
the stimulus to which responses w ere given,
high anxieties on the TMAS had fa ste r reaction
tim es and squeezed a hand dynamometer h ard er
than low anxieties (Wenar 1954). Increasing the
intensity of the shock speeded up reactio n tim es
for both groups, but it failed to produce a dif
ferential effect on these groups.
Castaneda
(1956) used an auditory stimulus of varying in
tensity and he did find at least a tendency for
high anxieties to be faster to the stron ger stim u
lus and slow er to the weaker stimulus than low
anxieties. A tentative conclusion might be that
speed of response to different intensity stim uli
is d irectly related to level of TMAS anxiety.
However, when the meaning of the shocks was
changed by giving them at different intensities
after a slow response, F a rb e r & Spence (1956)
could find no relationship between changes in
reactio n tim e and level of TMAS anxiety.
One final experim ent on individual d iffer
ences with this technique m easured the changes
in reaction tim e of psychoneurotic patients and
norm als under short duration anoxic conditions
(Waldfogel et a l., 1950). No differential changes
w ere discovered for these two groups.
Randomized v s. reg u lar p ro ced u re.
By
using a slightly different technique, Rodnick &
Shakow (1940) w ere able to dem onstrate a d iffer
ence between the reaction time of schizophrenic
patients and norm al con trols, a difference which
has p ersisted through succeeding experim ents
(Huston & Singer, 1945; Huston & Senf, 1952;
T izard & Venables, 1956).
They found that
schizophrenics w ere slow er in th eir reactio n
tim e than norm als, which isn’t too surprising and
could be attributed to such facto rs as lack of
motivation or poor contact with the environ
ment. However, Rodnick & Shakow also varied
the length and regularity of the interval between
a p rep aratory signal and the stimulus for r e 
sponse. When this interval is long (10-25 s e c .),
schizophrenics respond fa ste r if the p rep arato ry
interval is randomly varied than if the interval
is held constant over a s e rie s of tria ls , while
norm als respond slow er in the randomized p ro 
cedure than in a regu lar p rocedure. Only Knehr
(1954) has failed to rep licate these findings and
he found neither a difference in reactio n time
between his schizophrenics and norm als, nor a
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fa s te r reactio n tim e of the schizophrenics to the
longer interval in a random p roced u re.
His
f ir s t finding m ay indicate his schizophrenic
sam ple differs fro m the o th e rs, since Huston &
S erf (1952) have shown that chronic schizo
ph ren ics have slow er reactio n tim es and show
the random ized effect m ore than e arly sch izo
p h ren ics. M oreover, his experim ental conditions
w ere a lso different in that he used no intervals
over 10 seconds, while the other exp erim en ters
used in tervals up to 25 seconds. While they did
find an effect at the 10 second in terval, it may
have been the in tersp ersio n of the longer in ter
vals in a random proced u re which accounts for
th ese differences in re a ctio n tim e in the random
and re g u la r p ro ce d u re s.
S everal other variab les which may play a
p a r t in this effect have been experim entally in
v estigated . B esid es finding that the re su lts are
m o re pronounced in chronic schizophrenics than
in e a rly sch izop h ren ics, Huston & Senf (1952)
found the effect was en tirely lacking in neurotic
and m an ic-d ep ressiv e patients. Apparently the
cognitive defects sim ila r to those of mental de
fectiv e s a re not responsible, sin ce a sam ple of
this group w ere sim ila r to norm als in th eir r e 
action tim e under th ese p roced u res (T izard &
Venables, 1956). W hatever function is involved,
the combination of amphetamine sulfate and
sodium am ytal w ere effective in altering the r e 
action tim e of schizophrenics to the extent that
they also responded fa s te r to all p rep arato ry
in terv als when reg u larly presented (Huston &
Singer, 1945; Huston & Senf, 1952).
These experim ental findings have been at
tributed to failu res in m ental se t of sch izo
p h ren ics (Rodnick & Shakow, 1940; T izard &
Venable, 1956) o r to th eir difficulty in maintain
ing attention (Huston & Senf, 1952). While fail
u re s in se t o r attention may explain why the
schizophrenics respond slow er than norm als in a
re g u la r p roced u re, th ese do not seem to be
adequate explanations of why they respond faster
at long in tervals in the irre g u la r than in the
re g u la r p roced u re. The tendency for th eir at
tention to drift during a long wait should be the
sam e whether the previous tr ia l was of a differ
ent interval (random proced u re) o r a sim ilar
in terval (regu lar p ro ced u re). This finding seem s
to be worth fu rth er investigation to determ ine
what disturbance in a norm al p ro ce ss accounts
fo r the re su lts.
Choice reactio n tim e
The stim uli a re still qualitatively simple
and easily discrim in ab le, but they a re increased
in number as com pared to sim ple reactio n tim e.
The resp on ses also rem ain sim ple in that they
do not req u ire a high d egree of m u scular co 
ordination.
N aturally, the additional stimuli
introduce the problem of deciding how to respond
as well as when to respond.

Broadbent has investigated the s tre s s o r po
tential of noise intensity and frequency during a
choice visual reactio n te s t of som e 25 minutes
duration (1957).
He found that random noise
should be at least 100 dbs in intensity and above
2000 cps to be an effective disrupter of choice
reactio n tim e.
Since this type of noise when
used as a stimulus for responding also evoked a
fa ste r reactio n tim e than low frequency and low
intensity noise, Broadbent concluded that its su c
c e s s as a d istra cto r depends on its ability to
com pete with other stim uli to control responses
in a lim ited capacity re ce p to r system . Or in the
phraseology which is popular among physiolog
ical psychologists, this depends on the stim uli’s
attention-arousing
ability.
This experim ent
seem s noteworthy for both its description of the
physical p rop erties of what constitutes an audi
tory s tr e s s o r and for the attem pt to determine
why it is a distracting s tr e s s o r .
One of the variab les which may be important
in reflectin g the s tr e s s o r potential of sleep de
privation is duration of the m easuring task. L oss
of sleep up to 90 hours had no effect on a brief
task (T yler, 1947; P atrick & Gilbert, 1 8 9 6 ),while
there was a decrem ent in a 10-m inute te st (Tyl
e r , 1947).
Pepler (1958) found that after just
one night’s lo ss of sleep th ere was a decrem ent
in choice visual reactio n te s t of 20 minutes if
the subject f irs t perform ed on a 30 minute tra c k 
ing task . He also found a drop in choice r e a c 
tion tim e perform ance under high tem peratures
which was different from the change produced by
fatigue.
Under the therm al s tr e s s o r , subjects
responded with in creased e r r o r s , while under
the fatigue s tr e s s o r they tended to omit r e 
sponses altogether. The f ir s t seem s to reduce
a ccu ra cy , the second to reduce activity.
T hreats of shock for slow responses had no
effect on choice visual reaction tim e (F a rb e r &
Spence, 1956). Moderate anoxic conditions had
no effect on choice visual reaction time (Waldfogel et a l., 1950). Experim ents with the p sy chom im etic drug LSD-25 indicate this te st may
be m ore sensitive to a potential s tre s s o r than
sim ple reaction tim e.
Both choice visual and
audio reaction tim es seem ed to be affected by
heavy doses of LSD -25, while only simple audio
was affected (Abramson, Ja rv ik & H irsch, 1955b).
However, even this te s t may not be as sensitive
as other te sts which w ere disruped by lighter
doses of LSD -25.
R e-pairing stim uli and resp o n ses.
One
variab le which may be of in terest in s tr e s s r e 
se a rch with this te s t is the re-p airin g of stimuli
and resp on ses after initial training on the o rig i
nal pairings. One of the c h a ra c te ris tic s of s tre s s
is sim ilar to the effects of high motivation; an
interference with the flexibility needed to r e 
v e rse learned responses while facilitating the
perform ance of established habits.
Several
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experim ents have indicated that under fa st e x 
p erim en ter-p aced conditions th ere is a tendency
for subjects to make m ore e r r o r s on the r e 
paired item s and fewer e r r o r s on the original
pairings (Castaneda & P alerm o, 1955; C asta
neda, 1956; P alerm o , 1957). This experim ental
procedure might be worthwhile for testing v a ri
ous s tr e s s o r s of in terest and as a condition for
showing individual differences in s tr e s s resp onsivity.
Individual d ifferen ces.
F a rb e r & Spence
(1956) found no differential effect of th reat of
shock for slow resp on ses on the choice visual
reactio n tim e of high and low anxieties on the
TMAS. Also, under m oderate anoxic conditions,
changes in choice reactio n time of psychoneur
otic patients w ere sim ilar to those of normal
controls (Waldfogel et al, 1959).
P ER C EPT U A L TESTS
T ests which m easu re various aspects of
perceptual functions (discrim ination, g en eraliza
tion, thresholds, acuity, flicker fusion, p e r
ceptual span, e tc .) a re all defined as perceptual
te sts.
Discrim ination reactio n tim e
This task differs from choice reactio n time
in that discrim ination of the stimulus o r d is
crim ination between stim uli is made m ore diffi
cult, with perceptual facto rs playing a la rg er
role in p erform an ce. Quick discrim inations may
be encouraged by the instructions, by shocks
for slow resp on ses, o r a fa st ra te of s e ria l
presentation of the stim uli, but the important
dependent variable is a ccu racy of discrim ination.
Vigilance.
Mackworth (1950) has emphasized the factor of vigilant attention in this type
of task. Vigilance may be sensitive to s tr e s s o rs
external to the task, but it is also susceptible to
fatigue, making task duration an im portant v a ri
able.
F o r exam ple, Mackworth (1950) has r e 
ported an in crease in m issed signals on the
clock te s t (responding to each double jump of a
clock which usually m oves in single jumps) after
the f ir s t hour of a two-hour te s t, and Bakan
(1955) found an in crease in discrim ination th re s
hold in a one and one-half hour te st.
Flexibility of attention. Je ris o n has pointed
up another facto r of in terest to s tr e s s re s e a rch
on this te st, that of flexibility of attention (1957).
He co n trasts the vigilance needed to watch for
one changing stim ulus with the flexibility r e 
quired to scan a broad field in which sev eral
stimuli may change at one tim e o r during su c
cessiv e periods. His resu lts indicate that high
intensity noise was not a s tr e s s o r in a vigilance
task (1957), while it did disrupt perform ance in
a scanning task (Jeriso n & Wing, 1957).

W arren subjected a group to a ride on a
rad ial a cce le ra to r and reported that this novel,
anxiety-arousing experience caused a d e c re 
ment in discrim ination reactio n tim e, a re su lt
which he doesn’t feel is due to the physiological
effects of such a ride (1950).
Eriksen & W echsler (1955) used random
shocks in an attem pt to induce anxiety in th eir
subjects but w ere unable to show any effect of
this condition on discrim ination a ccu ra cy . They
did find an in crease in stereotyped responses
and concluded from this that response th re s 
holds w ere affected rath er than a sensory p ro 
cess.
Individual d ifferen ces. Stimulus g en eraliza
tion of p sych iatric patients was com pared to
norm als under strong shocks, weak shocks, o r
a buzzer for slow resp on ses (Rosenbaum, 1953;
Malmo, Shagass, Belanger & Smith, 1951). Only
the strong shock was effective in increasing
stimulus generalization but not even this con
dition differentiated between the generalization
of p sychiatric patients and normal co n tro ls. In
a replication of this experim ent, Rosenbaum
(1956) did find a differential effect on gen eraliza
tion. He rated the patients and norm als for th eir
level of anxiety and found that the strong shock
evoked more, generalization in high anxieties
than in the low.
Using the MMPI to s e le c t psychasthenic and
h y steric subjects, Eriksen (1954) found m ore
generalization in the h y sterics than the p sy 
chasthenics under th reat of shock for slow r e 
sponses o r random shocks. This finding is con 
tr a r y to the usual prediction by the supporters
of the theory that high TMAS anxiety in cre a se s
generalization since it has been found that sub
je c ts scoring high on the h ysteric sca le s c o re
low in TMAS anxiety.
G rice (1955) has offered som e data which
further question this expected relationship be
tween high TMAS s c o re s and increased g en eral
ization. Using a te s t which added the variable
of m axim izing conflict among the required r e 
sponses, he did find that high anxieties g en eral
ized m ore than low anxieties. However, he also
reported a high co rrelatio n between the intelli
gence level of his subjects and degree of d is
crim ination. This led him to conclude that his
findings, and perhaps other findings, a re p r i
m arily attributable to intelligence differences
and not anxiety level.
Kamin introduced one further variable in
this se a rch for personality c o rre la te s of p e r 
form ance on this task when he reported a c o r 
relation between changes in discrim ination r e 
action tim e under th reat of shock and m echanical
aptitude s c o re s (1955). He found no relationship
between TMAS s c o re s and changes in p erfo rm 
ance so he postulates his te s t as a b etter m e a s
ure of susceptibility to experim ental apparatus
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s t r e s s since it m easu res fam iliarity with m e
ch an ical apparatus.
P ercep tu al a ccu racy and acuity
These tests differ from discrim ination r e 
action tim e in that th ere is no em phasis on
speed of responding, only on accu ra cy .
F ocu s of attention.
The th reat of an o c
casion al shock improved visual discrim ination,
a re s u lt which m ay be due to an in cre a se in level
of attention and a concom itant narrowing of at
tention under this condition. Some support for
this possibility is indicated by the further find
ing that learning of irre le v a n t auditory stimuli
was d ecreased by this th re a t. Finally, the com 
bination of sh ock -th reat plus irre le v a n t stimuli
did im pair d iscrim ination, as if although atten
tion is narrowed by the th re a t, the subject also
has difficulty keeping his attention focused in
the p resen ce of d istractin g stim uli (Silverman,
1954).
If subjects studied detailed p ictu res
while under th re a t of shock, a la te r te s t showed
a d ecrem ental effect of this th reat on r e c a ll of
the details (Kohn, 1954). Unfortunately, this te st
involved other fa cto rs beside perception, such
as the ab straction of d etails, retention, and later
r e c a ll of these details so it is im possible to
attribute the re su lts m erely to disturbance of
perception.
Callaway & Band (1958) have attempted to
exam ine the variab le of focus of attention by
m easuring the effects of atropine on two general
types of te s ts : (1) those requiring narrow a t
tention (Hidden F ig u res T est and the Stroop
C olor Naming T est); and (2) those requiring
broad attention (Luchin’s W ater J a r T est and
Raven’s P ro g re ssiv e M atrice s). Hypothesizing
that atropine broadens attention, they predicted
that it would a c t differentially on these te s ts ,
im pairing perform ance on the f ir s t type of te st
and facilitating p erform ance on the second type.
They w ere able to show the postulated im pair
m ent of perform ance on these two perceptual
ta s k s , but w ere less su ccessfu l in finding a fa
cilitation of p erform an ce on the broad attention,
cognition task s.
While one m ay d isagree with
the authors, both on the extent to which their
te s ts fit their hypothesis and on the support their
r e s u lts give to the hypothesis, this experim ent
does attempt to investigate a facto r of in terest
in s tr e s s re s e a r c h . It is possible that s tr e s s o r s
differentially affect attention p ro c e s s e s , n ar
rowing or broadening them and thus impairing
p erform ance on only those tasks requiring a
sim ila r type of attention. F u rth erm o re this ef
fe ct may be m ediated by hormonal discharges
acting on the brain stem re tic u la r form ation and
on, o r through, the autonomic sy stem , as Calla
way & Band have suggested.
Reports to subjects that their projective
te s ts indicated neurotic tendencies had no effect

on a te s t of brightness co n trast, although sev eral
te sts reflected in creased perceptual rigidity un
der this condition (Moffitt & Stagner, 1956).
Davis tested infantrymen under different com bat
conditions without finding any change in sev eral
te sts of perceptual functions (1956).
Visual acuity was insensitive to the fatigue
induced by strenuous visual inspection (Brozek,
Simonson & Keys, 1950), to general fatigue in
duced by as much as 100 hours sleep deprivation
(Edwards, 1941; P atrick & G ilbert, 1896; Cooperm an et a l., 1934), and to prolonged se m istarvation (Franklin, 1946).
Sleep deprivation
also did not change m easu res of depth p ercep 
tion (Edwards, 1941).
Individual d ifferen ces.
In the a re a of in
dividual differences, Stevenson & Iscoe reported
that high anxieties on the TMAS required m ore
tria ls and w ere m ore variable on a d iscrim in a
tion task than low anxieties (1956). However,
th ere was no difference between these two groups
in a te s t of brightness co n tra st after it was
suggested to the subjects that they had neurotic
tendencies (Moffitt & Stagner, 1956), nor in a
transposition te st following training on a d is
crim ination task (Bendig & Vaughan, 1957). Fin
ally, Callaway & Band could find no co rrelatio n
between changes in perform ance on the Hidden
Figu res T est under atropine and s c o re s on the
MMPI or the R orschach (1958).
F lick er fusion frequency
This indicator of a perceptual sy stem ’s
c h a ra c te ris tic
responsiveness to a rapidly
changing stimulus is believed to indicate an
individual’s level of articulation (Saucer & Sweetbaum, 1958), o r the lability of his perceptual
system . This te st may re fle c t the p resen ce of
psychological s tre s s b etter than a v ariety of
other perceptual tasks because the functional
lim its of the underlying fa cto rs may be m ore
nearly approximated, leaving le ss room for
com pensatory fa cto rs to cloud the issue.
Surprisingly enough, F F F has been shown
to be relatively insensitive to a variety of po
tential physiological s tr e s s o r s .
Heavy doses
of LSD -25 and m escaline (Landis & Clausen,
1954), a light dose of epinephrine (Basowitz,
Korchin, Oken, Goldstein & Gussack, 1956) or
deprivation of sleep for 114 hours (T yler, 1947)
did not change visual F F F . Prolonged visual
inspection did d ecrease F F F , but this occu rred
only after four hours and not after two hours of
inspection (Brozek et a l., 1950). Rather extrem e
conditions of physical work, physical work plus
high tem perature o r plus a ca lo ric deficient diet
did not a lte r visual F F F . Only physical work
plus three days of total starvation produced a
consistent drop in visual F F F (Brozek & Keys,
1944). This decrem ental effect of food depriva
tion was supported by the finding of Franklin
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that prolonged sem i-starv atio n also d ecreased
visual F F F (1946).
Induced anxiety s t r e s s o r s . Several studies
indicate that F F F may be m ore sensitive to
conditions arousing emotional reactio n s than it
is to these m ore physiological conditions. F o r
exam ple, while physical e x e rc is e had no effect
on F F F , the anticipation of participating in a
com petitive boxing m atch d ecreased visual F F F
(R oss, Hussman & Andrews, 1954).
Davis (1955) found that among the many
te sts adm inistered to com bat troop s, only visual
and auditory F F F showed a decrem en tal effect
under these com bat conditions. Krugman (1947)
re p o rts that among returning v ete ra n s, those
suffering from anxiety reaction s had low er v is
ual F F F , although the anxiety and non-anxiety
groups overlapped a g re a t deal.
A sim ila r effect of anxiety on F F F was
dem onstrated by Goldstone (1955). He found that
the visual F F F of his high anxiety psych iatric
patients and high anxiety norm als, as m easured
by L o r r ’s Scale and anxiety sym ptom s, was
low er, m ore v ariab le, and d ecreased m ore under
repeated testing than that of the com parable low
anxiety groups.
Auditory v s. visual F F F . Several exp eri
ments have pointed out other variab les which
should be considered when using F F F . Davis
(1955) dem onstrated that after only one hour of
solving m athem atical problem s auditory F F F
was d ecreased , while after two hours visual F F F
still showed just a tendency towards lower fu
sion. These resu lts may be attributable to in
tensity, duration or sim ilar differences in the
auditory versu s visual conditions, but at the
moment it is tempting to re la te these findings
to others com paring visual to audio functions
(Abramson e t a l., 1955b) and postulate that the
audio system is m ore sensitive to psychological
s tr e s s o r s
P roced u ral variation s. Suzuki (1950a) has
reported a technique in which he holds the f r e 
quency of his flashing pulse constant at about
20 cp s.
He m easu res F F F by increasing and
then decreasin g voltage to determ ine where
flick er fir s t appears and then disappears. He
has found that the difference between these two
voltages is a m easu re which v a rie s with s e 
verity of physical work perform ed by the sub
ject. His conclusion that this is a valid m eas
ure of physical fatigue was supported further by
a la te r experim ent which dem onstrated that it
varied with the oxygen requirem ents of subjects
doing physical work (1950b).
Saucer & Sweetbaum (1958) used a still different approach.
They held the length of the
stimulus pulse constant and shortened the dark
intervals between flashes until subjects reported
fusion.
With this technique, schizophrenic pa
tients reported fusion at longer dark intervals

than norm al co n tro ls, indicating, for these auth
o r s , p o o rer articulation for schizophrenics.
Perceptual span
The digit symbol subtest of the W ech slerBellevue is a m easure of an individual’s p e r
ceptual span, with an emphasis on the fa cto rs of
narrow attention and immediate m em ory.
Tnrinofid failure s t r e s s o r s . The m ost f r e 
quent potential s tre s s o r investigated by m eans
of this te s t has been induced failu re, either on
a different task or on the digit symbol te s t it
self.
Close observation through a one-way
scre e n and shocks for failures on false norm s
produced a d ecrease in auditory span in two e x 
perim ents (W illiam s, 1947; C arlson & L azaru s,
1947).
Reports of failure on an e a rlie r task
d ecreased auditory span, while a te s t involving
o v er-learn ed responses (a vocabulary test) was
unaffected (Moldawski & Moldawski, 1952). A
sim ilar condition increased e r r o r s , increased
variability, but also increased speed at which
the experim ental group worked to com pensate
p artially in their total sco re s for th eir e r r o r s
(L azaru s & Eriksen, 1952).
Auditory span was not susceptible to d is
ruption by doses of LSD -25 which seem ed to
im pair perform ance on such task s as choice
reaction tim e (Abramson e t al., 1955b), com plex
cancellation te sts (Jarvik et a l., 1955b), or
learning tasks (Jarvik e t a l., 1955a), and a low
dose of epinephrine, though inducing anxiety
like feelings, did not change auditory sp an (B aso witz et a l., 1956).
Individual d ifferen ces. Possible m easu res
of individual differences in changes of auditory
span under s tre s s have been studied with in ter
e s t ever since W illiams (1947) reported a r e 
lationship between R orschach responses and de
c r e a s e s in auditory span under clo se observation
and shocks for failures on false norm s. W estrope (1955) and C arlson & Lazarus (1953) have
unsuccessfully attempted to rep licate these find
ings. W estrope (1953) also failed to find a c o r 
relation between high and low anxiety of the
TMAS and ch arges in auditory span under these
conditions.
Stopol (1954) tried to induce s tr e s s by two
different experim ental situations, by either fail
ure rep o rts on an e a rlie r te st o r by distracting
stim uli.
He, too, found no relation between
R orschach s c o re s and changes in digit span.
Stopol was also interested in the consistency in
a subject’s changes in digit span a c ro s s these
two situations as a m easure of his toleran ce to
these potential s tr e s s o r s . Stopol assum ed both
conditions w ere s tr e s s o r s and since he found no
consistency In digit span changes for his sub
je c ts , he concluded there was no consistency in
s tre s s toleran ce. Unfortunately the basic data
w ere not published so the extent to which these
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situations differentially s tre s s e d his subjects
(as defined in this review ) cannot be determined.
His hypothesis that individuals a re differentially
sensitive to s tr e s s o r s should re ce iv e much m ore
experim ental attention, but, as published, his
experim ent doesn’t aid in confirm ing o r r e je c t
ing it.
Mandler & Sarason (1952) rep orted no c o r 
relatio n between anxiety s c o re s on th eir ques
tionnaire and changes in digit span following a
re p o rt of e a r lie r failu re. However, they do r e 
p ort a g re a te r variability in the perform ance of
th eir high anxieties as opposed to low anxieties.
Heilbrun (1958) gave this te s t under neutral
conditions to b rain damaged, schizophrenic, psy
ch otic, neurotic, and physically ill patients as
well as to norm al co n tro ls. He found a tendency
fo r the brain damaged patients to have the short
e s t span, the rem aining patients a longer span,
and norm al con trols a still longer span, but with
so much overlap between groups that he ques
tions the sensitivity of this te s t for diagnostic
p u rp o se s.
Percep tu al rigidity
Rigidity of p ercep ts is pertinent to psycho
logical s tr e s s since one of the postulated c h a r
a c te r is tic s of s tr e s s is that it in terferes with
the flexibility needed to acquire new percepts
while at the sam e tim e facilitating entrenched,
habitual p ercep ts. Experim entally, a perceptual
s e t is built up by instructions or training, or
e lse established, cultural percep ts are used.
Then a test stim ulus, differing from this set, is
presented to m easu re the degree to which the
subject sticks to his perceptual set in the face
of incompatible cu es.
C losures of open c i r c le s . This te s t attempts
to m easure rigidity by the subject’s failure to
p erceiv e open c ir c le s when they are periodically
given, in tersp ersed with closed c ir c le s .
Parachute training, which should induce
anxiety in the tra in e e s, in creased the number of
clo su re s consistently over those of a control
group (Korchin & Basow itz, 1954). Also during
the f ir s t week of training th ere was an in crease
in number of clo su re s in the morning before the
day’s jump com pared to th eir evening s c o re s .
Moffitt & Stagner (1956) found an in crease in
c lo su re s following a suggestion of a neurotic
tendency in th eir subjects. This condition also
led to in creased rigidity in other te s ts : a r e 
duced tolerance of ambiguous figures and an
in creased accep tan ce of the distorted Ames
room as rectan g u lar. However, another m eas
u re of perceptual rigidity, perception of in
com plete figu res, was re sista n t to change by
this situation.
Airmen train ees w ere given an ego-involv
ing se t but this had no effect on the closure
te s t (French, 1955). Since this condition failed

to produce an in crease in rigidity on sev eral
other te s ts , it did not seem to be an effective
s tr e s s o r . This experim ent questioned the r e la 
tionship between these sev eral tests of rigidity
(closure te st, changing figures, design p re fe r
ence, Luchin’s w a te r-ja r te s t, California F test)
and failed to find any general co rrelatio n under
either neutral o r ego-involving conditions. If
there is a common facto r of rigidity underlying
these exam ples of te s ts of rigidity, this e x p eri
m enter could not find it.
In the a re a of individual differences, neither
ego-involving instructions (French, 1955) nor
suggestion of a neurotic tendency (Moffitt &
Stagner, 1956) led to any co rrelatio n between
clo su re te st perform ance and TMAS s c o re s .
Ambiguous figures te s t. This te s t is felt to
m easure tolerance of ambiguity; with low to le r
ance individuals resolving the ambiguity by
means of prem ature hypothese which in terfere
with c o r r e c t perception. Perceptual rigidity is
indicated by the re sista n ce of these prem ature
hypotheses to change as c o r r e c t ones become
m ore apparent.
Reports to subjects that their projective
te sts indicated neurotic tendencies decreased
th eir tolerance of ambiguity, just as it increased
clo su res and acceptability of the Ames room as
rectangular (Moffitt & Stagner, 1956). Reports
of failure on this task resulted in only a tendency
for subjects not to p erceiv e incongruous figures
(Smock, 1955a) and the sam e condition also only
tended
to d ecrease tolerance of ambiguity
(Smock, 1955b).
There was no co rrelatio n between anxiety as
m easured by the TMAS and perform ance on this
te st following the suggestion that the subjects
had neurotic tendencies (Moffitt & Stagner, 1956).
Changing F ig u res.
This te st m easu res
rigidity by establishing a perceptual set and then
changing the stimulus gradually to determ ine the
subject’s ability to p erceive the changed figure.
Ego-involving instructions had no effect on
this m easure of rigidity (Fren ch , 1955). This
te st was not co rre la te d with the California F
te s t, Luchin’s w a te r-ja r te st, clo su res te s t, de
sign p referen ce, and TMAS.
Distorted Ames ro o m . The non-rectangular
Ames Room situation is a m easure of another
aspect of rigidity, the degree to which an indi
vidual p erceives either the broader environ
ment as distorted o r the figures as distorted,
when the two are in conflict.
When subjects w ere informed that they
showed neurotic tendencies, this increased their
acceptance of the distorted Ames room as r e c 
tangular and this effect was related to sco re s on
the TMAS, with high anxieties showing this
g re a te r environmental constancy (Moffitt & Stag
ner, 1956).
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Reversible figures
This is a te s t of perceptual re v e rs a ls in
duced by fixating such figures as the Necker
Cube.
This m easu re may also be related to
perceptual rigidity.
Prolonged sem i-sta rv a tio n had no effect on
perceptual r e v e r s a ls (Franklin, 1946).
Bills
(1931) attempted to induce perceptual fatigue by
prolonged p erform ance on this te s t.
As the
te s t continued he hoped to show that these fatigue
effects w ere reflected in in cre a se s in “ block
ing” resp o n ses, which he defined as pauses
equivalent to the average tim e of two o r m ore
control resp o n ses. He found only a tendency for
blocks to in crea se in frequency and duration
when subjects w ere tested for som e seven min
utes.
MOTORIC TESTS
Included under this general heading are
those te s ts requiring a m ore co-ordinated or
skilled m otor response than those previously
considered, o r those te s ts designed to m easure
som e asp ect of a m otor resp on se such as
strength, p e rsiste n ce , stead in ess.
Matching tasks
These task s differ from com plex reaction
tim e in that a m ore co-ordinated m otor response
is requred.
A facto r of in te re st on the stim ulus side is
the com plexity of the display, with those of a
lim ited display requiring narrow vigilance and
those with many independent signals requiring
flexible attention (Jeriso n , 1957), thus m ore
likely to re fle ct s tr e s s effects.
The rate at
which stim uli a re presented o r changed may be
determ ined by the subject o r by the experim ent
e r.
If exp erim en ter paced, higher ra te s may
be m ore s tr e s s sensitive as the subject will not
be able to com pensate for tem p orary blocks in
his resp o n ses, as he can if he works at his own
p ace.
On the response side, the degree of response
co-ord in ation may be an im portant factor of
s tr e s s sensitivity together with the r a te at which
resp on ses m ust be made.
Discontinuous matching task s.
Tasks in
which the response is made interm ittently rath er
than continuously.
Broadbent found that steady noise increased
e r r o r s on a prolonged vigilance task only in the
exp erim en ter-p aced condition.
In the subject
paced condition th ere was an in crease in in ter
m ittent p au ses, but this was compensated for
by periods of rapid responding to m ask any ef
fe ct on total sc o re (1953).
Broadbent com pared the effect of noise on
two broad attention task s, one of which required

an adjustment response to dials and the other an
on-off response to lights. He found a decrem ent
in perform ance on the adjustment response task
but not in the on-off resp on se. P a r t of this ef
fe ct may be attributed to the e a s ie r d iscrim in ability and b etter attention arousing p rop erties of
lights versus dials, but som e is probably due to
differences in response co-ordination (1951).
Prolonged perform ance on a dial matching
task reflected no s tr e s s effects even after four
hours (Hoffman & Mead, 1946). General s y s 
tem ic fatigue induced by 30 hours of sleep de
privation resulted in perform ance decrem ents
on a vigilance task after ten minutes (Wilkin
son, 1958). S in c e task s of le ss than ten minutes
duration w ere not affected, one im portant v a ri
able again seem s to be task length. However,
this is not the com plete story since an addition
task showed no effect after 25 minutes.
Low body concentration of alcohol resulted
in a consistent decline in perform ance in a Link
A ircra ft T rain er, which req u ires broad attention
and alm ost continuous highly co-ordinated r e 
sponses (Aksnes, 1954).
Continuous matching task s. An exam ple of
this type of task is the pursuit m eter task r e 
quiring an adjusting response to a continuously
changing stim ulus. •
P ursuit tracking seem s to be sensitive to
therm al s tr e s s o r s with tem p eratu res above and
below norm al d ecreasing perform ance over a
five-day period (Teichner & Wehrkamp, 1954).
The control subjects exhibited learning im
provem ents in this experim ent, but a second
experim ent in which the subjects w ere tested
under 5 5 ° F conditions after long pretraining
indicated that the re su lts w ere due to a red u c
tion in perform ance level and not to a red u c
tion in learning ra te (Teichner & Kobrick, 1955).
P epler com pared the effects of high tem p
e ra tu re s and loss of sleep on pursuit tracking
perform ance. Both conditions resulted in p e r
form ance decrem ents but with the qualitative
difference that high tem p eratu res tended to de
c r e a s e accu racy of response while loss of sleep
reduced activity level, increasing failu res to
c o r r e c t e r r o r s (1958). Specific fatigue induced
by two hours of tracking tended to in crease
e r r o r s and the duration of e r r o r s , a response
change analogous to B ill’ s blocking, as defined
previously on page 44 (Siddal & Anderson, 1955).
A decline in p erform ance has been shown by
other exp erim en ters in a prolonged tracking
task (Pincus & Hoagland, 1944; Hauty & Payne,
1953, 1955). Adams experim entally isolated the
visual discrim ination component of this task and
found that prolonged perform ance on this com 
ponent did produce a la te r decrem ent on the
com plete task (1955).
Even a relatively heavy dose of LSD-25 had
no effect on a short te s t of pursuit tracking,
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while this dosage seem ed to im pair hand stead i
ness (Abramson et a l., 1955c).
V ery little work has been done on testing
the individual differences in s tr e s s responsivity
with this task . Under neutral conditions, M ata ra z z o & M atarazzo (1956) found no correlation
between TMAS s c o r e s and pursuit tracking p e r
form ance .
M otoric dexterity task s
These task s req u ire finer and m ore d e xter
ous m ovem ents than in the matching task s, e.g .,
le tte r can cellation s.
Subjects tested for 30 minutes under noise
attem pted m ore item s but had a lower p ercen t
age of a ccu ra cy because of an in cre a se in e r r o r s
(Smith, 1951; C orso, 1952). Prolonged ex p e ri
m ental se m i-sta rv a tio n resu lted in a slight d ec
rem en t in a sh ort duration B a ll-P ip e T est (B ro zek, Franklin, Guetzkow & Keys, 1946). Mild
anoxic conditions led to only a tem porary d ec
rem en t in finger d exterity and arm -hand c o 
ordination followed by rapid adjustment and
continued learning (R ussell, 1948).
During a
subm arine p atro l, with its confinement, boredom,
and in cre a se s in CO , the crew made increased
e r r o r s in le tte r-ca n ce lla tio n te s ts (Schaeffer,
1951).
A m oderate and a heavy dose of LSD-25
seem ed to have little effect on le tte r, figure,
and number cancellation task s while perform ance
on cancellation task s involving cognitive manip
ulations was apparently disrupted, e .g ., can cel
lation of consecutive numbers whose sum is
nine (Jarv ik , Abramson & H irsch, 1955b).
Auble & B ritton tested th eir subjects on a
can cellation task under noise to determ ine if
TMAS s c o re s could account for individual dif
fe re n ce s in p erform ance (1958). They found an
in verse relationship between th ese two m eas
u r e s , with high anxieties doing b etter under
noise and low anxieties tending to do b etter under
quiet.
P a tte rn tracin g
This task em phasizes a p articu lar kind of
p ercep tu al-m o to r co-ordination ra th e r than dex
te rity .
McKenzie (1957) attempted to determine
what asp ects of auditory noise play a p a rt in
the im pairm ent of p erform an ce on this task. He
found that a difference of 8 cps in two signals
given independently to each e a r d ecreased p e r
form ance while an extern ally produced beat of
8 cps or the sam e frequency to each e a r had no
effect.
Surprisingly, this internal beating hin
dered m easu res of manual co-ordination but did
not affect perform ance on Thurstone’s PMA
te s ts .
Prolonged se m i-sta rv a tio n plus fatigue in
duced by physical work resu lted in increased

e r r o r s and length of contact tim e (Brozek et a l.,
1946).
M irro r tra cin g .
This novel te st req u ires
a re v e rs a l of the habitual p erceptual-response
co-ordination.
B e ie r attempted to induce anxiety in his
subjects by interpreting their R orschachs as
showing maladjustment and this produced an in
c r e a s e in time to complete this te s t (1951).
Using a sim ilar situation Wiener could show no
effects on this task (1955).
In a la ter experim ent B eier replicated these
conditions to investigate the relationship between
R orschach m easu res and changes in m irro r
tracin g s c o re s (1953). No co rrelatio n was found
between these two s c o re s and unfortunately B eier
did not publish any data concerning changes in
m irro r tracin g under this condition.
Under
neutral conditions no co rrelatio n was demon
strated between anxiety as m easured by R or
schachs or the Illinois Personality Inventory
and m irro r tracin g (Ausubel, Schiff & Goldman,
1953).
Blindfold Stylus M aze. This is also a novel
task in which the subject is denied accustom ed
visual information.
Perhaps due to the novelty of this task, m ost
of the experim ental work has been done on
m easu res of individual differences in p erform 
ance under neutral conditions. F a rb e r & Spence
found that while in eyelid conditioning high
anxieties on the TMAS w ere superior to the
lows, the lows w ere superior to the highs in the
stylus m aze, with the m ore difficult choice
points differentiating b est between these groups
(1953). Axelrod, Cowen & H eilizer attempted to
rep licate these findings but could discover no
co rrelatio n between TMAS s c o re s and stylus
m aze m easu res (1956). M atarazzo used the en
tire range of TMAS s c o re s ra th e r than just the
usual extrem es and found only a tendency for
middle anxieties to do b etter than both highs o r
lows (1955).
When anxiety level was determ ined by either
R orschachs or Illinois Personality Inventory,
there was no differential effect of anxiety level
on perform ance except that the lows w ere su
p e rio r to highs on the firs t tria l (Ausubel et a l.,
1953).
Vocal control
Speaking under delayed feedback conditions
has been shown to be an extrem ely effective
m eans of disrupting speech control. A s e rie s of
experim ents have examined som e of the p e rti
nent variab les and a general conclusion seem s
to be that a delay of som e 0.2 seconds is m ost
effective at intensities of about 80 db.
Dis
turbances w ere indicated by an in crease in dura
tion and intensity (Black, 1951; Spilka, 1954);
by e r r o r s in reading digits (Butler & Galloway,
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1957); and by increasing loudness, increasing
fra c tu re s , and decreasing intrusions (Korobow,
1955). Random delays had no effect on speaking
while fixed delays did (Butler & Galloway, 1957).
If delay and undelayed feeback w ere mixed, a r 
ticulation and duration in creased (Fairbanks,
1955).
Individual differences in responsivity to this
stressfu l condition have been m easured with a
variety of personality te sts by Spilka (1954) with
changes in vocal intensity variation being c o r 
related to s c o re s on se v eral of these personality
tra its .
Korobow was also able to re la te p e r
sonality c h a ra c te ris tic s as determ ined by intro
spective Rating Scale A and B and the Jenkin’s
Personality Questionnaire to different m easures
of speech disruption under delayed feedback
(1955).
Tapping speed.
This task m easu res the speed of doing a r e petitious response.
Again McKenzie (1957) found that an intern
ally produced beat of 8 cps resu lted in a drop in
perform ance on a tapping te s t, while neither an
extern al beat of 8 cps nor a signal of 8 cps had
any effect. General system ic fatigue induced by
65 hours of sleep deprivation only tended to de
c re a s e number of taps. There was no indication
of response blocking on this task while math
problem s and a co lo r naming te s t did show this
effect (W arren & C lark, 1937). P a trick & Gil
b ert (1896) failed to dem onstrate any change in
tapping after 90 hours without sleep.
Ross et a l., attempted to investigate the ef
fects of m uscular e x e rc is e and induced anxiety
on this te s t but w ere unable to do so because
they found the te st too unreliable (1954).
Prolonged sem i-sta rv a tio n tended to de
c re a s e tapping (Brozek et a l., 1946). Malmo &
Finan found a significant decrem ent in ra te on
this task under anoxic conditions (1944), while
Waldfogel e t al. (1950), only found a tendency for
sim ilar anoxic conditions to slow tapping. They
also failed to show any differential effect of
anoxia on the p erform ance of psychoneurotic
patients as com pared to norm als.

M otoric stead in ess.
Body sway and especially hand steadiness
have been of in terest in s tr e s s r e s e a rc h perhaps
because of the analogy to failu res in m uscular
control in individuals under em otional tension.
Hand steadiness has been found to be sen si
tive to the Cold P r e s s o r T est o r shocks for
failure on a task (Lewinsohn, 1956), as well as
to a v ariety of disturbing and d istractin g stim uli,
such as a ir b lasts, flashing lights, horns, bells
(Lofchie, 1955).
Hand steadiness was not affected by the
anxiety aroused before a com petitive boxing

m atch, while body sway did in crease (Ross,
Hussman & Andres, 1954). The possibility that
this m easu re of g ro ss body steadiness may be
m ore easily disturbed than hand steadiness is
supported by Edward’s findings that 100 hours
of sleep deprivation had no effect on hand stead i
ness while body sway in creased (1941). C ooperman et a l. (1934) did find that with th eir sm aller
sam ple of subjects both m easu res showed effects
of 60 hours loss of sleep. M uscular fatigue in
duced by boxing e x e rc is e s or a boxing m atch
also led to decrem ents in both of these te s ts
(Ross et a l., 1954).
Hand steadiness was responseive to m ilder
anoxic conditions than the tapping te s t or sev e ra l
learning tasks (Malmo & Finan, 1944). On the
other hand Waldfoget e t al. (1950) used a m ore
sev ere anoxic situation and found only a tendency
for hand steadiness to d e cre a se . Finally, epi
nephrine at doses which induce anxiety-like
feelings d ecreased hand steadiness (Basowitz et
a l., 1955).
Individual d ifferen ces.
Rodnick, Rubin &
F reem an (1943) m easured hand steadiness while
d istracting-type stim uli (air b lasts, gongs, lights)
w ere presented whenever subjects touched the
side of the hole. Under these conditions hand
steadiness d ecreased only for those subjects
rated low in social adjustment, while it in
cre a se d for those rated high.
Lofchie (1955)
tested his subjects while sim ilar stim uli w ere
presented randomly and he found that those
scoring low on the R orschach Index of P e rce p 
tual Maturity w ere m ore disrupted than those
scorin g high on this index.
Anoxic conditions did not re su lt in d iffer
ential changes in the hand steadiness of- psy
choneurotic patients and norm al controls (Wald
fogel e t a l., 1950). Shocks for failure on a task
evoked m ore hand tre m o r in high TMAS anxie
tie s and in high s c o r e r s on the MMPI sub scales
for hypochondriasis and depression than in low
s c o r e r s on these te s t s . In this sam e experim ent
both shocks for failures and the Cold P re s s o r
T est resu lted in m ore hand tre m o r for patients
with u lce rs and p sych iatric patiens with anxiety
symptoms than for a control group. However,
neither TMAS nor MMPI s c o re s w ere co rre la te d
with hand steadiness following the Cold P r e s s o r
T est (Lewinsohn, 1956).
P a rso n s, Phillips, & Lane (1954) attempted
to c o rre la te changes in blood eosinophil level
with changes in hand steadiness under d is tra c t
ing type stimuli and induced-failure conditions.
They found a drop in eosinophil level under both
conditions, but these drops w ere not co rre la te d
to changes in hand steadiness. Thus th ere was
no consistency in an individual’s reactio n to a
potential s tre s s o r as m easured by a physio
logical and a psychological type of resp on se.
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Persistence
Persistence is measured by the time a re 
sponse which requires muscular effort is main
tained, such as an elevated leg, and probably
measures motivation as well as energy expenditure.
Anxiety-arousing doses of epinephrine de
creased time of leg elevation (Basowitz et al.,
1950). Psychoneurotic patients were less p er
sistent than normal controls in holding an arm
or leg extended (Jones, 1948), which may be
attributed to motivational variables. However,
a correlation has been found between persist
ence in leg elevation and history of past crimes
among medical patients. Those patients who
had committed violent, homosexual crim es and
thus, the author hypothesized, should be anxious
in a hospital setting were less persistent than
those who had committed heterosexual crimes
and should be less anxious in a hospital setting
(Tong, 1957).
COGNITIVE TESTS
These tests emphasize cognitive factors by
requiring that the subject solve problems by
means of logical rules, form concepts, or make
cognitive associations to stimuli.
Problem solving
The usual problems given are rather simple
mathematical problems.
Osier (1954) found that reports of failure
lowered performance on long division problems,
while attempts to arouse the student’s anxiety
by a complaint about his conduct had no effect
on his performance on this task.
Broadbent (1958) reported that random noise
interfered with solutions of subtraction prob
lems. Angelino & Mech (1955) used a lower
intensity noise than Broadbent and got only an
initial decrement on rapid, simple addition prob
lems.
General fatigue induced by deprivation of
sleep for 30 hours had no effect on an addition
task although performance on a vigilance task
of shorter duration suffered a decline (Wilkin
son, 1958). Bills had his subjects perform on a
variety of mental tasks in order to fatigue his
subjects. This condition led to an increase in
the length and the frequency of blocking of re 
sponses in the solutions of addition and sub
traction problems (1931).
Warren & Clark
(1937) also used addition and subtraction prob
lems and found a sim ilar increase in blocking of
responses after 65 hours without sleep.
Short duration, mild anoxic conditions had
only an initial decremental effect on the solution
of simple addition problems, followed by a
rapid recovery and continued improvement
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(Russell, 1948). Medium and heavier doses of
LSD-25 seemed to impair performance on addi
tion and subtraction problems (Jarvik et al.,
1955c).
Anxiety, as measured by the TMAS, had no
differential effect on solution of long division
problems under neutral, failure, or anxietyarousing conditions (Osier, 1954).
Problem solving rigidity. This rigidity is
inferred from the subject’s adherence to a given
set for solving problems when a shorter, more
efficient solution is available, as in the Luchin’s
water jar problems. Psychological stress is
postulated to increase this rigidity.
Pally (1955) found that reports of failure in
creased measures of rigidity on the Luchin’s
problems. Cowen found that failure on an in
soluble problem or reports to subjects that their
projective tests had maladaptive features led to
increased rigidity (1952a). Cowen (1952b) also
showed that a group which was informed that
their projective tests had questionable features
were more rigid than a group whose tests were
interpreted as being favorable.
Maltzman, Fox, & M orrisett (1953) hypoth
esized that high anxiety, as measured by the
TMAS, would interfere with the shift to a more
appropriate solution in the water jar test, while
facilitating performance in an anagram test in
which the given set was appropriate for the test
trial. Their results supported this hypothesis,
with high anxieties being more rigid on the
water jar problems but making fewer erro rs on
the anagrams than did the low anxieties. How
ever, French (1955) found no correlation be
tween scores on the TMAS and rigidity on the
water jar test, when given under either neutral
or ego-involving conditions.
Concept formation
Included under this heading are tests which
generally require that the subject form concepts
by abstracting out a common element or princi
ple from a complex situation or series of situa
tions. In addition, in the Wisconsin Card Sorting
Test the subject must shift his concepts on suc
ceeding trials.
Random electric shocks had a detrimental
effect on performance on the Wisconsin Card
Sorting Test, while auditory distractors and
heckling had no effect (Ross, Rupel, & Grand,
1952). Reports to subjects of maladjustment
features in their Rorschachs had no effect on the
Wisconsin Card Sorting Test (Wiener, 1955) but
this same type of situation did have a detrimental
effect on the Holsopple Sorting Test, as well as
on another concept formation task (Beier, 1951).
Corso (1952) investigated the effects of
random noise on performance in the Minnesota
Paper Form Board Test. This test is perhaps
the reverse of the Wisconsin Test, since it
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requires the combination of isolated figures to
form a concept of the whole rather than the ab
straction of elements from a complex stimulus.
Corso found that noise led to more items at
tempted, more erro rs made, and, surprisingly,
less variability of performance. Smith (1951)
used the same task and the same potential
stressor but added monetary incentive to do
well. His results show that under these condi
tions the changes in performance reported by
Corso do not occur.
Moderate and heavier doses of the psychomimetic drug LSD-25 seemed to impair per
formance on this Form Board Test (Abramson
et al., 1955a).
Individual differences. In the area of indi
vidual differences on this type of test, Wesley
(1953) scored his subjects on anxiety and rigid
ity by means of special questionnaires before
testing them on a task similar to the Wisconsin
Card Sorting Test. Those scoring high in rig 
idity and low in anxiety were faster in shifting
conceptual sets than the medium scorers on his
questionnaires. On the other hand, those scor
ing high in anxiety plus low in rigidity did not
differ from this medium group in their p er
formance on the sorting task. Thus his test of
high rigidity seemed to be a better predictor of
performance than his measure of high anxiety.
Mandler & Sarason (1952) investigated the
relationship between anxiety as measured by an
other questionnaire and performance on the Kohs
Block Test. They found that under neutral con
ditions the high anxieties only showed more
variability than the low anxieties. However, a
failure report led to improved performance for
the low anxieties while the high anxieties did
worse.
Coding tests
Under this rather vague classification are
tests of color naming and verbal associational
learning, both of which require that the subject
make a cognitive association to a stimulus.
f!olm- naming. Electric shocks for failures,
criticism s for failure, or time pressure in
creased erro rs of omission on a high speed
color naming test (Davidson, Andres, & Ross,
1956). Sleep deprivation for 65 hours increased
blocking of responses on a color naming test
(Warren & Clark, 1937). On the other hand,
Cooperman et al., (1934) reported there was no
decrement in performance on such a task after
60 hours without sleep unless the duration of the
task was prolonged.
As for measures of Individual differences,
Davidson et al., (1956) failed to find any differ
ential effect on a high speed color naming task of
high and low anxiety as determined by the TMAS.
However, they did find some interaction between
anxiety and performance under electric shocks

for failure, criticism s for failure, or time
pressure, leading them to conclude anxiety may
have a “ priming” function.
Conflictual color naming. The Stroop Test
has one section which presents each color word
in the wrong color for that word. This intro
duces the added factor of interference between
responses, and the subject must ignore the con
flictual word and name the color. Stressors
should decrease the subject’s ability to handle
this interference, thus depressing his level of
performance.
Callaway & Band (1958) postulated that if
atropine broadens attention processes it would
have a detrimental effect on tests which require
narrow attention—in this case the Stroop Test.
Their results give some support to this hypothe
sis, since atropine did impair performance. On
the other hand, they have also postulated that
ephinephrine should narrow attention, but Basowitz et al., (1956) found that this drug had little
or no effect on this task although the dosage
level was sufficient to arouse anxiety-like feel
ings.
Callaway & Band (1958) were unable to dis
cover a correlation between MMPI factors and
changes in performance on this test under atro
pine.
Verbal association learning. Experiments
on verbal learning which are of interest in the
area of stress research have been the attempts
to define the characteristics of this task which
contribute to poorer performance for individuals
under neutral or potentially stressful conditions.
Investigation has prim arily centered on objec
tive measures of the difficulty an individual ex
periences in associating a list of stimulus words
with the correct responses. There are two kinds
of measures of this difficulty: the association
value of each stimulus to its response, and the
degree of intralist similarity as a measure of
competitive response tendencies. Individual dif
ferences in performance are usually predicted
on the basis of TMAS scores, with high anxiety
facilitating performance if the test has many
correct and few competitive response tendencies
but interfering with performance if there are
many competitive, incorrect tendencies. Natur
ally stress would more likely be reflected in
performance on tests which have a high degree
of competitive response tendencies.
Montague (1953) used lists in which he con
trolled for both association value and similarity.
In accordance with the general hypothesis, he
found that high anxieties on the TMAS performed
worse than low anxieties on the list with many
incorrect response tendencies, but performed
better on a list with many correct response
tendencies. Nicholson (1958) used lists of high
vs. low association value and compared high and
low TMAS anxieties under task-orienting vs.
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ego-orienting instructions. The high anxieties
were sim ilar to the low anxieties on both types
of lists in the task-oriented situation. However,
his results do indicate that the high anxieties
suffered a large decrement in performance on
the low association value list under ego-orient
ing instructions.
High anxieties on the TMAS were no differ
ent from low or medium anxieties in their learn
ing of highly associated items under neutral
conditions, although the usual prediction is that
their performance should be facilitated (Sarason,
1956). Nor did reports of failure have a differ
ential effect on the performance of these differ
ent groups. However, under ego-orienting in
structions, the low and medium anxieties
improved while the high anxieties did worse.
This is compatible with Nicholson’s findings,
although his effect was noted on the low associa
tion list, while Sarason’s effect was on a high
association list. Sarason (1957a) again used a
list of high association value to investigate fur
ther the differential effects of failure reports on
TMAS anxiety. Again he found no differences
between his high and low anxieties under neutral
conditions but under failure the performance of
the high anxieties declined. In addition, the low
anxieties even showed a significant improvement
when they were given failure reports on a dif
ferent task rather than on a preliminary list of
nonsense syllables.
Korchin & Levine (1957) compared the per
formance of high and low anxieties on a list of
high association value and on false math equali
ties . While the two groups did not differ on the
verbal learning task, the high anxieties did
worse on the false equations than did the low
anxieties.
Finally, Spence, Farber, & McFann (1956)
corroborated Montague’s results by controlling
both association value and similarity. On lists
of low competitive response tendencies, the high
anxieties did better than low anxieties, and on
lists of high competitive response tendencies,
the low anxieties were superior.
Moving on to experiments in which lists of
low association value were used, Taylor (1958)
found that high anxieties learned this type of list
better than low anxieties under neutral condi
tions. However, in a failure situation she failed
to find the predicted greater drop in performance
for the high anxieties as compared to the low
anxieties. Both groups did worse but they were
not differentially affected.
Heilizer, Axelrod, & Cowen (1956) used a
slightly different technique in selecting the stim
ulus items. They chose conflict and neutral
words for each individual and paired these words
with nonsense syllables of low association value.
Their results do not indicate any differences in
performance between high, medium, or low
TMAS anxiety groups on these items.
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Silverman & Blitz (1956) compared the ef
fects of threat of possible shock and threat of a
definite shock during learning on performance
in a later test. They found these threats had no
effect on the performance of the high anxiety
group but that under the threat of possible shock
the low anxieties did better and under threat of
a definite shock they did worse. Silverman and
Blitz also included a measure of learning inci
dental numbers and their results indicate that
high anxieties showed little incidental learning,
perhaps due to their high level of fixed attention
under threatening conditions. Another variable
of interest pointed up by this experiment is that
of the possible differential effect of a threaten
ing condition on learning vs. performance—p er
haps after the removal of the threat during the
test performance high anxieties react differently
from low anxieties.
Sarason (1957b) supported Taylor’s results
by also showing that high anxieties do better than
low anxieties on a low association list, under
neutral conditions. He also included a group of
medium anxieties, who did worse than even the
low anxieties. Under ego-orienting instructions
low anxieties did better than under task orient
ing instructions—a finding which fits in with
Nicholson’s (1958) and Sarason’s (1957a) re 
sults. Sarason tested his subjects for retention
after 24 hours and found that the high anxieties
were able to perform better than all other
groups, regardless of the previous experimental
conditions. This result Sarason attributes to a
dissipation of anxiety over time, permitting the
high anxieties to do well as they gain control of
the situation.
Another group of experiments have been
concerned mainly with the degree of competition
between response tendencies as measured by the
level of similarity or duplication among the
items used. Lucas (1952) varied the level of
duplication in his lists and found only a tendency
for high anxieties on the TMAS to drop in p e r
formance as the duplications increased. Lucas
also used a varying number of failure reports
and as the reports of failures increased the low
anxieties improved while the high anxieties suf
fered a decrement in performance.
Spence, Taylor, & Ketchel (1956) found that
on low competition lists high anxieties did better
than low, while on high competition lists low
anxieties tended to do better than the high anxie
ties. Taylor & Spence (1952) had reported p re
viously that on a list using only two words as
responses and thus highly competitive, high
anxieties made more erro rs and took more
trials than low anxieties.
However, Lazarus, Deese, & Hamilton (1954)
also used high duplication lists and they were
unable to find any difference between the high
and low anxieties on their learning of these lists.
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Random shocks or shocks for failures to respond
had no differential effect on these two groups.
Finally they scored these subjects on hysteria
and psychosthenia in the MMPI, but these meas
ures also were unrelated to performance on the
learning task.
Finally, on lists of low similarity and thus
low competition between response tendencies,
Taylor & Chapman (1955) found high anxieties
did better than low anxieties. Deese, Lazarus,
& Keenan (1953) used a list of low duplication
and their results indicate little difference be
tween the performance of those scoring high
and low in neuroticism on the Winne Scale. Ran
dom shocks had little differential effect on these
two groups but under shocks for failures the
high neurotics improved in performance while
the low neurotics suffered a decline. Since
neuroticism scores are correlated with TMAS
scores, these results are not compatible with
the usual prediction for high and low TMAS
anxiety groups.
DISCUSSION AND SUMMARY
It is obviously difficult to draw specific con
clusions about psychological stress from ex
periments which differ widely from each other
on their experimental subjects, experimental
conditions, and experimental tests. Since few
of these experiments can be equated on a satis
factory number of these variables, it would
seem premature at this time to suggest more
than a few general conclusions to serve as tenta
tive hypotheses for further experimentation.
This review was organized on the basis of
the psychological functions, i.e., vision, cogni
tion, which were postulated as underlying an
individual’s performance on the experimental
task. One hope was that this organization might
point out differences in the sensitivity of these
functions to stress. The first general conclusion
reached by this reviewer is that this hope was
not realized. All of the promising results can
be more easily attributed to the effects of other
variables rather than to differential effects on
these postulated functions. Some possible func
tional differences were suggested by the data to
this reviewer, e.g., audition may be more sensi
tive than vision to disruption by stress. How
ever, it is felt that even these differences are
better accounted by a group of other variables;
variables which run like a recurring theme
through many of the reported experiments.
What are these promising variables? It is
rather difficult to label some of them, probably
because they are not neat, unitary variables.
Instead they are more often characteristics of
what are usually accepted as more specific vari
ables. It might be mentioned also that these
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variables are related to the concept that psycho
logical stress is a state which disrupts or dis
organizes behavior. Therefore tests which are
designed on the basis of these variables are
more likely to provide adequate measures of
these disruptive effects. The variables are as
follows:
1)
Functional limits: This term , more than
any of the others which follow, is descriptive of
a general aspect of many different variables.
Regardless of which variables or functions con
tribute to performance, the disruptive effects of
stress can be demonstrated best if the task used
successfully measures the limits of these func
tions under neutral conditions. The closer a
task comes to fulfilling these optimal conditions,
the more likely it is that even states of mild
stress will be reflected in decrements in a sub
ject’s later performance under stress or of a
stressed comparison group.
Examples of tests which are somewhat suc
cessful in measuring functional limits are the
perceptual tests of flicker fusion frequency and
perceptual span. However, tests of most func
tions can be varied in a sim ilar method of limits
procedure, altering variables which will extend
the individual to his functional limits, e.g., by
increasing the number or complexity of the
stimuli presented, of the motoric responses to
be made, or of the cognitive manipulations to be
carried out.
A few words might be said about situations
in which the subject is tested beyond his capac
ity to perform, rather than at or just below his
limits. A simple example of this is the pres-:
entation of stimuli at a rate faster than the sub
ject can possibly respond. In these “ overload”
conditions the experimental task itself becomes
the primary source of stress, on condition that
the subject is motivated to accomplish every
thing demanded of him. A percentage decre
ment in performance at the overload rate as
compared to performance at a rate within his
limits is not a good indication of stress, it would
merely show that more is being asked of the
subject than he can handle. If it is to be in
ferred that the subject is trying to meet these
excessive demands and is stressed by his failure
to do so, other behavioral indicators would be
preferable. One measure of this would be to
show that his absolute level of performance has
decreased; in other words, he is missing stimuli
he could respond to when operating within his
limits. Other behavioral reflections of stress
would be bursts of sporadic responding and emo
tional responses under these conditions.
Task duration is another overload condition
which is often used as a stressor. This type of
situation is also especially sensitive to decreas
es of motivation, but if motivation can be main
tained, the differential sensitivity of various
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functions to fatigue-stress can be determined.
As might be expected, fatigue induced by sleep
deprivation interacts with this task stressor, so
that most of the effects of sleep deprivation have
been demonstrated on long duration tasks.
2) Level of attention: or level of vigilance
(Mackworth, 1950).
Since an individual may
mask the disruptive effects of stress by increas
ing his motivation to perform better, motivation
is a crucial factor in stress research. Attention
level is important in this respect because one
effect of motivation may be to increase attention
to stimuli, especially those relevant to that spe
cific motivational state. Therefore, if a subject
has been performing in a task which already re 
quired a high level of attention, he is less able
when stressed to compensate for the resulting
disruption by increasing his level of attention.
Examples of this kind of test are predomi
nately perceptual tasks in which the subject
attends to discrete stimuli appearing for brief
intervals of time: reaction time, perceptual
span, and flicker fusion frequency.
3) Focus of attention: In addition to atten
tion level, focus of attention is another aspect of
attention processes which is important in re 
search on stress.
As the individual becomes
stressed, an early reaction may be a narrowing
of the focus of attention, both across time and
space. Then, a later reaction or a reaction to
greater stress may be the loss of ability to con
trol even this limited range of attention, as the
individual becomes overly responsive to all
stimuli. A facile conceptualization of stress is
that the internal stimuli produced, act as ir 
relevant, distracting stimuli, preventing effective
control of attention. Thus tests which demand
flexibility of attention (Jerison, 1957) or broad
attention (Callaway & Band, 1958) will reflect an
earlier effect of stress than will tests requiring
a limited focus of attention. Examples of this
type of test are: complex reaction time; dis
continuous matching tasks with a broad display;
complex, integrative problem solving tasks.
4) Strength of habit or level of learning:
This variable is related to psychological stress
by the notion that stronger habits or overlearned
responses are less easily disrupted by stress
than are corresponding responses which are
weaker or underlearned. Performance on an
overlearned verbal association test will not
demonstrate a disruptive effect as easily as
performance on a novel task, such as the blind
fold stylus maze. Using the term “ novel” task
naturally brings up the factor of the flexibility
needed to learn a new response, which intro
duces the next stress-sensitive variable.
5) Reversal of habit or set: This variable
is descriptive of a variety of tests whose one
common characteristic is the factor of flexibility
needed to reverse a set or habit acquired in
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some fashion, e.g., by instructions, experimental
pre-training, or environmental pre-training. If
stress is conceptualized as facilitating over
learned responses, it will also interfere with
the flexibility needed to inhibit these responses
and acquire new responses. This flexibility can
be made the prim ary experimental variable by
measuring the amount of interference introduced
by learning a new response following pre-train
ing on another response. The more the test
response conflicts with the earlier response, the
greater will be the interference and the more
this interference will be enhanced by stressors.
Examples of tests in which the habitual set or
habit conflicts with the new one are: changing
figures, Ames distorted room, m irror tracing,
choice reaction time with re-pairing of trained
associations. The Luchin’s water ja r test meas
ures flexibility in a slightly different way in
that the original set is still adequate for solving
the test problem, but it is not as efficient as a
new approach would be; while in the other ex
amples the original set is incorrect for solving
the test problem.
These, then, are the variables which seem
to play an important part in making a test
stress-sensitive. In addition to task-stressors,
many different experimental situations have been
used as potential stresso rs. These stressors
can be grouped under three broad headings:
1) motivational arousing, i.e., anxiety, frustra
tion, failure, or fear arousing; 2) distracting,
irrelevant, or novel stimuli; 3) disrupters of
physiological homeostasis, i.e., epinephrine,
LSD, anoxia, fatigue. Of course, most stressful
situations can be shown under analysis to in
clude elements of two, if not all three of these
categories.
The question of whether there are general
stresso rs which disrupt performance on diverse
functional tasks has not been adequately an
swered since the tasks are not usually equated
on their stress sensitivity. Broadbent (1957)
has pointed up a type of characteristic which
may contribute to making a situation a general
stressor. After finding that noise at a specific
intensity and frequency was an effective stressor
on a test of reaction time, Broadbent went on to
show that this type of noise as a stimulus evoked
a faster reaction time than noise at a lower
frequency and intensity. He concluded that its
success as a stresso r was a function of its abil
ity to compete with other stimuli to control re 
sponses, or, in other term s, to compete for at
tention.
In the area of individual differences in sen
sitivity or responsivity to stresso rs, the findings
in experiments using measures of individual
differences have been very inconclusive. The
TMAS has received the greatest amount of at
tention in stress research and most of the
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were negative although this may have been due
to the use of non-stressful situations rather than
to inconsistency in response. Perhaps a satis
factory measure of individual differences can be
derived by finding first those individuals who are
stressed by different situations and then devis
ing a test which will measure characteristics
differentiating them from those who are con
sistently resistant to s tre s s .

promising results in these experiments have
been counterbalanced by negative or even con
trary findings. Other measures of individual
differences have been used, but they have not
been tried in a sufficient number of experiments
to assess their validity.
A few experiments have been concerned with
consistency in an individual’s responsivity to
different stressors (Stopol, 1954). The results
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CURRENT ISSUES IN GENERAL SYSTEMS THEORY AND PSYCHIATRY
William Gray
somehow to the larger systems that surround us and the
smaller systems that construct us, is not easy. It is here
that the mechanistic flow of much systems theory leaves a
bitter taste or is simply indigestible. However, there is such
a thing as humanistic systems theory, and we have an
opportunity to begin to work on it to further free our own
humanity and that of our fellows.
The objection that might be raised, that it will
introduce us to the notion of constraints, is not valid, as it
has become quite clear that freedom and growth issue
from constraint, not from its absence. This is the result of
the well known theorem of W. Ross Ashby who has shown
that any complex system under constraint, when faced
with an insoluble problem, can only solve this problem by
increasing its complexity. This is in accord with what Roy
R. Grinker, Sr. says in his plea that we must become
unitary thinkers, when he comments that the pathway to
conflict resolution is to rise above conflicts, although, of
course, we must be clearly aware of what they are (“The
Continuing Search for Meaning,” in W. Gray and N. D.
Rizzo, eds. Unity Through Diversity. New York: Gordon
and Breach, 1973).
Ludwig von Bertalanffy, a humanist from his earliest
years, was not blind to the contributions that mechanistic
systems theory made to humanity and to systems theory.
He insisted only that the machine model was a defective
case, in the mathematical sense, of a more humanistic
general systems theory. He was gracious enough to give me
credit for the formulation of at least four humanistic
general systems principles. These are to be found in his
paper, “The Unified Theory for Psychiatry and the
Behavioral Sciences,” published in Adolescent Psychiatry
(April 1973), and in a paper of mine, “Bertalanffian
Principles as a Basis for Humanistic Psychiatry,” in E.
Laszlo, ed., The Relevance o f General Systems Theory
(N.Y.: Braziller, 1972).
The four Bertalanffian or humanistic principles
include the organismic system or non-reductionistic
approach; the conception of the organism and personality
as an active system, rather than reactive or robotic; the
need to deal with what is specifically human, that is, man’s
capacity to engage in symbolic activities as well as moral,
ethical, and creative pursuits; and the principle that
anamorphosis or morphogenesis be recognized as a natural
law, and that it be coupled with a realization that new
organizational laws can be expected to be found at new
organizational levels. Perhaps the latter should be divided
into two principles. The first half contains the principle
that there are three types of equilibrium: (l)entropic, in
which equilibrium is maintained ut the expense of
structure, (2) homeostatic, in which structure is main
tained in the face of disturbance, (3) morphogenetic, in
which disturbance is dealt with through internal restruc
turing and new growth, and it is the morphogenetic that is

We in the mental health professions live in
very exciting times—times of great abundance and great
problems. We have a richness of approaches and we-have
gotten over our feelings of hopelessness about mental
illness and emotional disturbance and even over the
hopelessness that each of us had about the possibilities for
further growth and development. We have transactional
analysis, psychoanalysis in many forms, group therapy,
encounter therapy, existential therapy, assertive therapy,
and many others.
Our interest in general systems theory lies in the help
that this rather profound theory can give us in under
standing the relationships between the many forms of
psychotherapy presently in practice. We are also interested
in what help general systems theory can give to the
practicing psychotherapist. This interest has arisen as a
result of progress in group and family therapy, which has
thrust into the center of our attention the effect of
memberships in superordinate groups on our function as
individuals, and, what is of vital importance to the mental
health profession, the indication of the origin of psycho
pathology in the needs of the supersystem.
The brand new question is, “Does Johnny’s
psychosis, or psychosomatic illness, or depression, serve a
homeostatic function in the family system, the group
system, or the network system?” Should we now go about
our task from a systems perspective, that is, should we
focus our intervention on changing the family, group, or
marital system, and if we do this, will the individual’s
symptoms disappear? The answer is a booming “yes,” as
the family therapists, group therapists, and transactional
therapists will tell you. So we must learn new terms, like
homestasis, boundary function, positive feedback of run
away type, subsystem formation, information codes, game
theory, and leadership function, ■and we must learn to
observe sequences of behavior and to intervene at appro
priate times.
But all of this is somewhat mechanistic, a matter of
shiftings and pushings of superstructures, and we are in
danger of becoming master puppeteers who maneuver our
patients into health by changing the rules of the systems in
which they exist. This, however, would not work, since
passivity corrupts, and total passivity totally corrupts.
Thus all of our good group and family therapists add to
their approach elements aimed at fostering individual
growth and development, at undoing neuroses; and, in
order to do this, they apply elements derived from
psychoanalysis, transactional analysis, gestalt therapy, and
many others.
Our challenge now is lo see whether we can extend
the general systems framework, so very congenial to the
study of supersystems, to the study and treatment of
intrapsychic phenomena. This is a beginning task and a
difficult one, for, to see ourselves as systems, akin

519

WILLIAM GRAY
characteristic of man and his institutions and, incidentally,
of life itself. The second half is the fairly simple principle
that one must expect different organizational forms at
different levels; that is, the family or group system will
have somewhat different laws than the individual, while, at
the intrapsychic level, organizational laws will be different
at the Oedipal level than at the anal.
I am not satisfied with my original listings, for,
although true, they do not go far enough. I have been
more interested in detailed exploration of morphogemc
systems in personality and therapy and how these balance
out against a homeostatic background. What appears to be
helpful in therapy occurs along these lines, that is, the
occurrence of growth in a setting of safety. It is the
psychotherapeutic situation that offers the setting o
safety in our work, and, if we are mindful, offers the
opportunity for morphogenic growth. 1 think we need to
be aware that defensiveness and dependency gobble up the
structure of our interpretations, and this is the way that
homeostatic systems operate. Moreover, depending upon
where we are at in a particular therapy, we should either
be happy about it or take steps to undo the homeostating
mechanisms. This, in general, can be accomplished by a
mismatch between the codes of the patient and his
neurosis and those of the therapist, introducing a phase of
adaptive self-organization in the patient in which he gains a
new state of equilibrium by changing his codes. This is
Laszlo’s term and complements his second form o
regaining of equilibrium, that is, through manipulative
self-stabilization which, if done by the patient, is home
ostatic in type. These are complementary terms; in general,
the therapist is engaged in manipulative self-stabilization
while the patient is engaged in adaptive self-organization or
reorganization. Of course, it cannot always be this way, tor
the patient would be reduced to a manipulated robot, and,
as therapists, we all realize that there are times when
adaptive reorganization of our own codes and ideas is
necessary. There are some beautiful examples of this m
Lmanuel Peterfreund’s book. Information, Systems, and
Psychoanalysis (N.Y.: International Universities Press,
1971) in which he traces in a very sensitive and intuitive
way the changes in his own internal codings as the therapy
proceeds and he attempts to be in tune with the patienL
These are lovely examples, 1 believe, of my own theory o
emotional cognitive structuring, which states that our own
cognitive understandings of a situation are organized by
the feelings that we have and our ability to process these
feelings into delicate and yet persisting emotional nuances.
But I want to stick to the main theme of a
morphogenetic-homeostatic analysis of personality and
therapy My basic view is that man is a morphogenetic
system encapsulated in a homeostatic capsule, and the
implications of this are that we must know something
about both types of systems -what it is that increases their
strength and what it is that permits them to change. We
have covered the homeostatic elements to some degree, so
let us now proceed to morphogenic systems. 1lie problem
of morphogenesis is the problem of the origin ol dillerentness from sameness and is. in theory, explainable either
throui’h the concepts of Maruyama and his notion ol
positive feedback or through the concepts ot Rosens

two-factor theory. (M. Maruyama, “Mutual Causality in
General Systems” in J. H. Milsum, ed., Positive Feedback.
NY - Pergamon 1968; R. Rosen, Dynamical System
Theory in Biology. N.Y.: Wiley, 1970, and “A Survey of
Dynamical Descriptions of System Activity” in Gray and
Rizzo, op. cit.). The principles are simple enough,
Maruyama believing that if you have a deviation amplify
ing feedback system, then differentness will be produced
as long as it is in operation. Thus, if identical twins decide
they want to be different, or if their environment demands
it from them, we do not have' to look for innate
differences to explain their differences. Rosen’s two-factor
theory really concerns itself with situations in which the
operation of different forces results in unstable equilibria
which respond to a sufficient degree of perturbation, with
the system then taking off in pursuit of a new position of
metastability, with the cycle being repeated as many times
as one wishes. This is typical of group therapies, where an
equilibrium position (for example, a defensive posture ot
seductiveness to cover jealousy) becomes unstable and
then, with a perturbation (for example, being rejected by
the group) proceeds on to a new metastable equilibrium
of, for example, hostility covering love or pain. It is my
opinion that keeping these humanistic systems principles
in mind will help us in doing better psychotherapy and in
studying what it is that is occurring in the psychotherapy
we carry out.
I do not want to neglect the process by which
overweening morphogenesis can be limited, for this is just
as important, since the world is composed of those willing
to change too rapidly as well as those unwilling to change
at all. In general, this is carried out in two ways; by
bounding or focusing discussion and interaction, and by
cognitive interpretations that let people know where they
are at and thus provide a metastable point for temporary
closure. J. L. Durkin has a theory complementary to my
theory of emotional cognitive structuring ( Hncountering.
What Low Machs Do" in R. Christie and F. Geis, eds..
Studies in Machiavellianism. N.Y.: Academic Press, 1970).
His theory holds that change always takes place in the
emotional field, while stability occurs from the simple
process of thinking about it. In the example just given, il
you interpret the patient’s seductiveness as always occur
ring when he appears anxious or, even better, when the
ordinary person might be jealous, you will tend to stop the
morphogenic process and allow the homeostatic fields to
take over, although such interpretation will also lead to a
later burst of morphogenic activity. Stabilizing activity on
the part of the therapist is well described by Durkin and
Glatzer who state that the neutrality of the therapist alone
is not enough to maintain therapeutic movement, but that
it is essential to bring about insight into the transference
behavior. Otherwise, what is referred to in the growing
general systems parlance of psychotherapy as a runaway,
or a continually escalating scries of positive feedbacks,
would occur. (“Transference Neurosis in Group Psycho
therapy: flic Concept and the Reality" by II. 1.1. Durkin
and 11. T. Glat/.cr in Wolbcrg and Schwartz, eds., (>mup
Tlierapv: D>7.i. N.Y.: Intercontinental Medical Book
Corp.. 1973.)
Before leaving what to me is the most important part
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transport boundary principle. In heavily defended bound
aries, the system function of the therapist as an active
transport mechanism becomes crucial. To hold a patient
on a line—in, for example, dealing with sadness—requires
active therapeutic work by the therapist and lays to rest, if
it was ever believed, the concept that the role of the
therapist can be a passive one. It is, of course, important to
be aware of the type of active transport that maintains a
rigid boundary and to conceptualize how such a selfperpetuating system can be interfered with, as we do when
we investigate the active work a patient takes on to
maintain an image of supermasculinity. So, the general
systems principle here is that boundaries are to be
recognized, their function understood, and ways of
changing them conceptualized, with the rather glorious
understanding that boundary changes mean system
changes, thus giving a sort of short cut to our under
standing o f how patients change. This corresponds to the
Bertalanffian principle devoted to the organismic function
of the human being and to the second Bertalanffian
principle of primary activity.
The third aspect of the general systems view of
personality that has recently intrigued me is consideration
of whether a particular human being has “systemness”
qualities of sufficient degree. The equivalent sociological
problem is whether a particular institution has sufficient
qualities of “psychicness,” a term that probably means the
particular system qualities of the individual, for, if
supersystems and systems have not the qualities of
reaching out and meeting each other, then, by and large,
the world and its future are in trouble. It is helpful to
think of psychopathology in terms of systemness, because
it serves us as a guide to what changes and developments
are necessary for our patient to become a person among
people or an individual in an institution. It is an
amplification of the psychoanalytic view of object rela
tions, which deals with the openness of system attach
ments of one person to another, but it suggests that more
direct approaches can be made to its solution by encour
aging people to say “hello,” through group therapy and
other measures by which the systemness qualities can be
measured. It is a simple but profound insight of the
systems view of personality that says that a system is the
first necessity for functioning in a system world.
A natural follow-up to this point is the study of
information theory as a model for what human function
ing is all about. As J. G. Miller points out, what systems
process is matter, energy, and information ( Living
Systems: Basic Concepts” in W. Gray, F. J. Duhl, and N.
D. Rizzo, eds., General Systems Theory and Psychiatry.
Boston: Little, Brown, 1969.) And it is information that
leads to patterning, and patterning is what systems are all
about. A prepublication paper by G. Swogger, Jr. (1973)
deals brilliantly with the application of information theory
concepts to group process. The function of a group can be
understood in terms of the competing information
programs being processed, in terms of the ability of the
group to come to a more unified information processing
system, with the development of codes in the form of
group norms, and in terms of the way in which the
interplay between the group norm and the residual

of the general systems view of personality, I would like to
comment that morphogenetic-homeostatic balances within
the personality are, of course, in a system relation with a
similar aspect of their surrounding system. I think a study
of this would be intriguing and is an urgent necessity for
such matters as the design of health care systems whose
design often ignores such factors. For example,
untrammeled homeostasis in the surrounding system may
well lead to morphogenetic outbursts in individuals, with
various types of characteristic time delays. The opposite
may be true, while patterns of fluctuation may turn out to
be most conducive to patterns of health in individuals.
I would like to make it more evident than I have, that
the sine qua non of morphogenesis is primary spontaneous
activity, and it is this that we watch and treasure in our
patients; that is, when they say something or behave in a
way that is spontaneous and new, although, of course, it
must be relevant. To hear a burst of assertive comments
from a previously passive person is always pleasureful and
can be built on.
The second area that I have been intrigued with is
that of boundary functions and how these become more
stable or more permeable, and the even more important
issue of the type of transport that takes place across
boundaries in living systems. This is an issue taken up by
H. Durkin in her paper on, “Catalyzing Self Regulatory
Processes in Group Therapy”, presented recently at a
meeting of the International Society for Group Therapy in
Zurich. Durkin stresses the role of the group therapist in
serving a regulatory function for the group as a whole. O.
Kernberg writes about the boundary function of the
therapist in having to serve not only the patient but also
the surrounding systems, in “A Systems Approach to
Priority Setting of Interventions in Groups”, presented at
the 30th Annual Conference of the American Group
Psychotherapy Association, Detroit, Michigan, February,
1973. H. P. Laqueur, the father and developer of multiple
family therapy, deals in particular with the different
boundaries involved in individuals, dyadic, couple, peer
group, multiple family, and network therapy, and how an
awareness of the relationship of each system to its
supersystem and subsystem can be incorporated into the
operating codes of the therapist, no matter which type of
therapy he is carrying out, leading to improvement in his
effectiveness (personal communication, 1973). A child
therapist doing his work with family therapy principles in
mind will do better work, and the opposite is true.
My own view of the importance of boundary func
tions in a general systems view of personality is the
realization that, without them, life is impossible; that
without an ability to shift permeability, life is also
impossible, and that rate changes, upon which rests the
whole concept of how change occurs, take place at
boundaries. Thus a formation of a dyad in a group, a
pulling away of a patient in a therapy session, or the
occurrence of manifestations of positive or negative
transference are all very important because they signify
boundary changes. These are usually the spontaneous
boundary shifts and correspond to spontaneous morpho
genetic movements. It can be assumed that active work has
gone on preceding this development, because of the active
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individual norms sets up a two-factor morphogenic
process, as described earlier. The concepts of input,
throughput, and output are congenial to an information
processing view, and these are, of course, basic observables
about human function. The processes of positive and
negative feedback are also congenial to such a view. Less
well known, but crucial to a systems view of man, are the
concepts derived from information theory, that it is the
internal coding of a system that determines its stability
and determines its potential for existing in the world, the
latter depending on there being a considerable isomor
phism between the internal codes and the codes of the
environment. Here is the lovely insight that meaning, or
understanding, or ability to coexist depends upon the
ability to establish isomorphism between the two codes.
This is what occurs when we say to another person, Ah, I
see what you mean,” or when a person says to his world,
“We arc alike enough so that I am able to exist. It also
provides the insight that newness and sameness arc both
essential qualities in our relationship to our environment
and that there are optimal levels of each. Meaning can also
be understood as the digestion of newness into sameness,
and it is well described in the adaptive self-organization
diagram of E. Laszlo. (System. Structure and Experience.
N.Y.: Gordon and Breach, 1969). It is easy to sec that, if
sameness is total, stagnation results, while total variety or
newness would simply be not understandable. Again, we
are back to the fundamental nature of stability and
change, or homeostasis and morphogenesis. It is intriguing
indeed to view life itself as a variety processing system in
which growth, development, and evolution are part of the
natural laws of our universe. This brings us around to the
fourth Bortalunffian principle.
The next topic in my more recent views of how to
establish a general systems theory of personality deals willi
the topic of transformation. I’art of the problem is not
difficult, for we have already been talking about slowly
occurring changes that take place as the result ol the
operation or sameness to difference principles. The
intriguing part, however, is those phenomena included in
the more formal theory of transformation; that is, those
situations in which sudden and often dramatic shifts in
system functioning occur, often without input. The
classical example is that suddenly you learn to ride a
bicycle, or suddenly you understand democracy, or sud
denly you undergo a process of conversion, in this case
with the transforming process continuing over a period ot
time, apparently without further input.
I have approached this topic from a different point of
view. What I am really intrigued with is the problem of
what is the nature of the relationship between emotions
and cognitions; for, without such knowledge, our dreams
of a general systems theory of personality will fade in the

dust. One could, of course, include action and conation, or
the problem ol will power, as elements that need to be
included and integrated in a system view but, since I
consider that emotions organize cognitions into thought
and that thought governs conation and action, 1 am
satisfied with my own views. In brief, my views are that
emotions were the original orienting system; that is, that
one behaved or concluded as the result of a feeling
assessment, and that what has happened is that in
evolutionary development our feelings, which used to
organize our conception of our environment, now organize
our cognitive fragments into wholes or parts. This model
of thinking would postulate what is ordinarily thought of
as creative thinking as the paradign, for here it is most
clear that the thinking process originates with an emo
tional process. A real thought, then, would have an
emotional precursor, with the general paradigm being that
an emotion is felt deeply and intensely, is then encoun
tered and recognized, following which it undergoes
processes of modulation, diflerentiation, and precising,
reaching a stabilized nuance form during a mcditational
phase, and, in this state, the organization of cognitive
fragments into a thought or gestalt takes place. Further
references to this can be found in W. Gray, “EmotionalCognitive Structuring: A New Theory of Mind” in
FORUM for Correspondence and Contact. Vol. V, No. 2,
Oct., 1973. published by International Center for Inte
grative Studies, N.Y.; in W. Gray, “ Emotional-Cognitive
Structuring” in General Systems, Vol. XVIll, 1973, and in
a paper presented at the American Group Psychotherapy
Association meeting in New York in February 1974.
In summary, what I have to say amounts to a plea
that we desperately need a general systems view ol
personality an intrapsychic general systems theory, as it
were, so that the individual has an opportunity to survive
and to grow in our increasingly system-oriented world.
This is epistemologically correct, lor the evidence is
incontrovertible that nature and the universe operate
according to systems principles, anil it is inconceivable that
we as individuals should be denied this natural and shared
mode. It is here that going beyond mechanistic systems
into humanistic systems, morphogenic systems, and
systems that have an evolutionary future is so important,
and it is this that I have tried to outline here. The fact that
we operate under constraints is not the issue, for, without
constraints, patterns could not endure. The crucial issue is,
rather, that constraints are necessary for morphogenesis,
and the crucial issue for us as human beings and
psychotherapists is to see to it that we develop a theory
and ability to deal with the issue of constraint in such a
morphogenic fashion. The beginning of this will be our
willingness to develop a general systems theory of person
ality.
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THE CONCEPT OF STRESS
IN RELATION TO THE DISORGANIZATION OF HUMAN BEHAVIOR*
Sir Geoffrey Vickers
It seems clear that at present thephenomena
which the psychiatrist studies are more readily
comparable with those which concern the student
of animal behavior than those which concern the
physiologist. The animal experimenter, like the
psychiatrist, starts from an observed correla
tion between a “ situation” and a “ disorganiza
tion of behavior.” The disorganization may take
many forms. The unbearably frustrated man
may break down into rage or tears or lethargy;
he may begin to act at random or he may begin
some apparently irrelevant behavior or he may
cease to act at all. And so, within its compass,
may the unbearably frustrated rat. Differences
in the form of breakdown are interesting as
pointers to differences in temperament but they
are irrelevant as indices of disorganization.
How then are we to recognize this charac
teristic disorganization? Shall we take as our
index the fact that the behavior under review has
become “ non-adaptive’’—inept to the situation
which has evoked it? The judgment may be only
superficially true. Neurosis may be protective
in man, perhaps also in other animals. In any
case, is it really “ adaptive” for the man in the
bewitched cockpit or the ra t in the bewitched
maze to go on for ever ringing the changes on a
repertory of responses which have clearly be
come irrelevant? I recall the comment of a
psychiatrist when a colleague had described
some particularly devilish design of animal
frustration. He asked—“ What would be a nonneurotic response to a situation like that?” and
I do not recall that he received any convincing
reply.
It would seem that what appears as disor
ganization may in fact be defensive reorganiza
tion. Some kinds of psychological stress re 
sponse appear to have a protective value. Yet
this protection is bought at a cost. Field Mar
shall Lord Wavell, in some famous lectures in
the last war, pointed out that stupidity in gen
erals should never excite surprise, since they
are chosen from the exceedingly small class of
human beings who are tough enough to be gen
erals at all. Their essential qualification is
that they should continue to function, even if not
very well, in conditions of stress which would

cause less stable organisms to break down. His
point seems equally well made whether by
“ breakdown” he meant “ disorganization” or
“ protective reorganization.”
I remain in doubt about the criteria for de
termining disorganization. They seem to imply
the passing of some threshold beyond which ex
ternal relations can no longer be handled at the
previous level, either because internal coher
ence has been lost or because it has only been
preserved at the price of some withdrawal. For
the purposes of this discussion, however, it is
sufficient to raise the question of their definition
and significance.
If pressed next to define the situations which
provoke such disorganization, both the psychia
trist and the student of animal behavior would
be driven to some tentative formulations. The
animal experimentalists in particular could not
refuse to formulate the assumptions which
govern the design of their experiments. Pavlov,
I understand, used four main types: one, a pro
gressive increase in the intensity of the signal
to which the animal was conditioned; a second,
a progressive increase in the delay between the
giving of the signal and the arrival of the satis
faction to which it was attached; a third, con
fusion, by the introduction of anomalies in the
signals themselves; and a fourth, interference
with the animal’s physical condition. Leaving
the fourth aside for the moment, it seems useful
to subdivide the third, in the light of other ex
perim ental work, into at least^hree_subciasses
I doubt, where me signals are ambiguous; con
flict, where they are mutually inconsistent; and
frustration, where response to a clear signal,
does not produce its accustomed re sult.J Pro
cessor Liddell’s paper names several otner situ
ations, including loneliness, monotony and selfimposed restraint, which may need categories
of their own.
It is interesting that the factors common to
these animal experiments can be most readily
described by words drawn from the subjective
vocabulary of humankind—apprehension, suspence, doubt, conflict, frustration. Psychia
trists, I think, would agree that these categories
also cover the situations which they recognize

♦Reprinted, with minor deletions, from Stress and Psychiatric Disorder, J. M. Tanner, Ed. Oxford: Blackwell Scientific Pub
lications, Ltd., in press 1959.
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as provocative of disorganization in man. This
suggests that these states, which we know by
introspection, reflect conditions of neural ex
citement which are not confined to conscious
states or to nervous systems so complex as our
own.
.
Furthermore, many of these states involve
the concept of expectation, whether it be the
hateful expectation which can be neither accepted
nor escaped, the pleasurable expectation which
is intolerably deferred, the conflict of expecta
tion which evokes conflicting responses or the
sheer confusion of expectation which destroys
the basis for action. The frequent presence in
experimental situations .of something which we
can only describe in term s of expectation sug
gests that this also is something we need to be
able to describe in term s of neural activity not
necessarily related to conscious human states.
At this point the psychiatrist and the stu
dent of animal behavior may legitimately seek
the help of the physiologist. The organism is
not functioning as it was. What is this change
in its manner of functioning? How and why has
the change occurred? Proper questions, surely,
to put to a specialist in organic function.
Until recently the physiologist would have
had little to say. He could supply an impressive
model of the internal relations of the organism.
He could describe the homeostatic mechanisms
which neutralize the impact of external variables, such as heat and cold and the course of
their defensive activity, as they are overcome
by forces too strong for them—forces which, fol
lowing Dr. Selye’s classic formulation, he knows
as stresso rs. He could describe the adaptive
changes which enable the organism to hold its
own for a while against such forces-the changes
by which, for example, a man chased by a bull
mobilizes for a few minutes an abnormal amount
of energy. But why should the approaching bull
function as a stressor, no less than a fall in
tem perature? Why, stranger still, should the
hope of winning an Olympic mile function as a
stre sso r, no less than an approaching bull?
These were questions physiology was not p re
pared to answer. Nor is it clear that the col
lapse of the runner after he has leapt the gate
or burst the tape has anything in common with
the breakdowns studied by the psychiatrist and
the student of animal behavior.
Clearly the stressful situation which con
cerns the psychiatrist is given not by events but
by the organism’s interpretation of events in r e 
lation to itself. This in turn is a function of the
way in which the individual personality is or
ganized; and any model of this must include the
organization of experience.
We have several conceptual models of o r
ganization. We have the physiological model;
but this until recently had little to say about the

organization of experience. We have the body of
psychological concepts dealing with perception
and learning theory. We have the multi-dimen
sional models implicit in psychodynamic theory.
All these models deal with systems constructed
by abstracting different sets of variables from
the bewildering, observable entity, man. Their
better integration is an urgent need.
Some recent developments already make for
better integration. The anatomist finds in the
nervous system paths by which past experience
may modify the sensory input even before it
reaches the associative areas. Observations
with the electroencephalograph may provide a
physiological measure of some aspects of per
sonality and personal integration, and have sug
gested to Dr. Grey Walter a physiological theory
of learning. Both psychiatrists and animal ex
perimentalists are adding to the correlations,
hitherto curiously rare, which relate physio
logical and biochemical to psychological changes
at the threshold of breakdown: and pharmacolo
gists are placing at their disposal an increasing
repertory of drugs of known composition which
have predictable effects on mental state. A
genetic difference has been shown by animal
breeding to underlie variations in vulnerability
to stress. And animal ethologists like Mr. Tin
bergen have provided us with language and con
cepts which everyone from the physiologists to
the psychoanalysts seems to find acceptable.
A further important factor making for inte
gration is the current development of language
and concepts apt for describing .open systems
generally. The concept of stability, for instance,
which Dr. Ross Ashby has done so much to gen
eralize seems equally applicable to the systems
studied by the physiologist, the psychiatrist and
the sociologist. The same concept is applicable
to the much more numerous cases in which the
governing controls of the system are not fixed
but change with time, such as the pattern of
growth and maturation, or a changing cultural
norm. Homeostasis is a special case of the
much wider process which Professor Waddington
has called homeorhesis.
One idea, which recurs in all these fields,
may be of central importance in the study of
stress. It is the idea of matching with a pattern.
It seems clear that the raw material of ex
perience is not the whole of the blooming,
buzzing confusion” which beats on us but a se
lection of the regularities which we can. detect;
and that these in turn provide the categories for
the classification of further experience. Condi
tioning—and perhaps more beside—depends on
recognizing regular relations between recurrent
events in the categories thus distinguished.
Judgments of value-m ost refined of tropisms—
are linked to situations recognized by their cor
respondence to some pattern, however complex.
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future. Divergence of the two is a signal for
action to bring the actual into line with the
standard; or, if this proves impossible, to re 
vise the plan, so as to provide a realistic and
hence an effective control.
This homely illustration has features which
are equally relevant to individual organization.
The controls used in business are rep re
sentations of relationships which we seek to
maintain, to alter or to escape. Some are r e 
lationships between the organization and its en
vironment, such as the rate of intake and toe
outflow of money, materials and men; we might
call these metabolic relationships. So™® a e
relationships within toe organization itself. In
eitoer case toe control may be nega ive or posi
tive- it may be directed to bringing toe relation
ship continually back to some optimal position or
to preventing it from straying beyond some
critical threshold. And it must represent in toe
same code both the actual and the standard, it
becomes meaningless if eitoer term is absent
Thus what I have called toe actual is a hig
ly artificial construct. It is hypothetical; for our
information about what is happening is never
complete or exact or direct. It is selec^ ve’ f.°^
we can attend only to a few aspects of i t at a
time. It is represented in a code, be it in wrii
ing or figures or graphically, which limits and
distorts what can be represented; and this is
necessarily toe same code in which we represent
toe standard-how else could we compare toe two?
Sam Meaning derives from relationship to the
Finally it has an inescapable time base. In all
familiar. When experience does not provide us
tois. I suggest, it closely parallels the working
with a templet, we have to invent one. This is
of toe individual mind.
f
exemplified at the conscious level by another
The controls used in business, like those of
model, with which I happen to be familiar; and
toe individual mind, do not always give d e a r or
I will venture to describe it briefly, because it
correct or adequate guidance. First, they apply
presents a clear and simplified picture of con
only to those aspects of experience to which we
trol bv expectation.
have chosen to attend. We may have chosen toe
In the practical affairs of life we assume
wrong variables for attention. Again, toe s^n ai
that conduct is controlled to an important degree
may be ambiguous; or, being clear experience
by structures of expectation; and the implica
may supply no apt response; or, responses
tions of this have been worked out both in theory
proven apt in toe past may let us down. But their
and practice with a high degree of refinement in
most inescapable embarrassment is^ toeir con
the field of administration. No one today would
flict. It is a feature of practical life that any
try to run a business without maintaining and
projected action is relevant not merely to the
continually comparing two running representa
purposive sequence in which it arises but to
tions, both projected into the future. Oiie of
mlny others also; and it cannot be equally con
these is a representation of what is happening
genial to all. If apt for some, it w l U inept tor
and what is likely to happen next. The other is
others Whatever doors it opens, others it w
a representation of the course of events which
s ta t I n k i n e s s , short term profit, l o ^ t e ™
we want to bring about or prevent I will refer
stability, internal coherence, public relations
to these as the “ actual” and the “ standard” or,
each of these disparate standards, wh®^
sometimes, as the “ is” and the “ ought to be.
pared with an appropriate selection froni to
The comparison of the two representations yields
actual, maintains its own stream of warning and
a stream of mis-match signals on which we act
advice; and these are no more consistent
Thus the building contractor plots on charts
business than in private life.
against time the planned course of many inter
Moreover, their inconsistency is inescap
dependent operations; and, as work proceeds.he
able. The highly organized business, like* the
plots against these what is actually being
highly
organized personality, necessarily
achieved and projects these trends also into the

Thus if I say that A has given me a fair deal, I
must first have selected for attention a particular group of features of my relations ™lth
:
musf have judged these to be a d®al' ra^ eJ'f^ ;
say a fight; and applying the standards of fair
deal, rather than fair fight, I find them to match
The evaluative judgment “ fair” no less toan toe
cognitive judgment “ deal” is an act of classifi
cation, of matching with a pattern. ^ us Patte^
governs throughout. The mind may boggle at the
fhought of a black box no bigger than our heads
which can group, regroup and handle*
configurations of symbols so complex, so plastic
and yet so enduring; but we boggle rather at the
complexity than at the principle.
It is not surprising that expectation should
figure so largely in the organization and the dis
organization of personality; for what we know
consciously as expectation is only the exP°sed
part of an iceberg that floats very owi n the
water. In pursuing, maintaining and eluding the
external relations by which we live and die, we
are guided by symbolic representations of what
is happening and what ought to be happening. We
need a model of this process to understand the
nature and noxious operation of stress; and con
trariw ise, in seeking to understand the worki g
of stress, we may well contribute to our under
standing of controlled behavior
Organization
and disorganization are opposite sides of th
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generates more inconsistency in its governing
expectations than one less highly organized.
This curious fact, which deserves closer analy
sis than I can give it now, may account for the
fact that stress of war produces relatively so
little civilian neurosis. Life in wartime may be
harder but it is also simpler.
Apart from the inadequacies already de
scribed, the controls of business are thempelves
partial and intermittent; for either the actual or
the intended may be inaccessible. Like the fog
bound navigator, we may know where we ought to
be but not know where we are; or, like the
climber following an unfamiliar route, we may
know where we are but have no assurance that it
is where we ought to be. And experience cannot
be guaranteed to remedy either case; for the re 
sults of our actions may return for judgment
after so long an interval and with so large an
admixture of other variables, that they provide
neither validation for the past nor guidance for
the future.
In the board room, then, stress is associ
ated with doubt and conflict of clearly definable
kinds. We may have to live for years with deaf
ening stream s of mis-match signals, either be
cause we can devise no suitable response or be
cause the action they invite, if taken, would elicit
even more violent protests in another context.
Alternatively, we may have to live in an eerie
silence, because either the actual or the stand
ard is not registering in the appropriate code.
And either of these states may lead to disorgan
ization (or protective reorganization) suggestive
of the forms familiar to the psychiatrist and the
animal experimentalist.
Far flung analogies deserve to be con
sidered with suspicion; yet this one seems to
me to be useful in three ways.
First, controls of the sort which I have been
describing seem to be closely related to con
trols at simpler levels. The pecking response of
the herring gull chick is pre-set to be released
by information sent in a particular code. The
chick responds to the red patch on the feeding
beak—which is itself an abstraction—because it
corresponds to the pre-set signal, a correspond
ence not absolute but falling witljin limits of
tolerance which are themselves built in. Learned
responses can, of course, become attached to
much more elaborate cues, controlled by pat
terns distilled from past experience. It would
seem then that the process of matching with a
pattern is inherent in the control of behavior
from the simplest cue-governed response to the
most sophisticated act of cognition, for all cog
nition is recognition. Moreover, the patterns
which our brain can record are patterns in time
as well as in space. An instrument which can
symbolize change with time can presumably rep
resent the future as easily as the past.
Then, secondly, the model seems useful to

me in- its representation of conflict as endemic
and necessarily increasing with more complex
organization. By more complex organization I
mean not increase in size or increase in the
power and variety of responses available or even
increase in sub-division of function. I mean in
crease in the number and diversity of objectives
to be sought and thresholds to be avoided, of
those' positive and negative standards by which
behavior is regulated; in other words, in the
norms which the system is set simultaneously
to seek and the limits which it is set simultane
ously to avoid. This is the dimension in which,
as I see-it, organisms and organizations tend to
develop and in which they tend to fall back when
ever they set themselves a task of reconciliation
which proves in face of events to be too much for
their powers.
.
Thus, thirdly, the example is useful in
stressing a new dimension in which the higher
organisms, no less than organizations, are
adaptable. Most biological work treats as given
the acceptable and unacceptable states which act
as governors, positive and negative, of a sys
tem ’s behavior; and in so far as this is so, the
only scope for adaptation within the individual
life span is the development of responses and
skills to serve these needs. But at higher levels
and conspicuously at the level of human life, the
individual’s wants and needs, no less than his
responses and skills grow and multiply within
his life span. Many different but mutually ex
clusive possibilities compete for realization
within the framework of the biologically given.
We win increasing—and embarrassing scope in
the setting of our own systems.
So the psychologist needs a model of organ
ization more complex than would meet the needs
of the physiologist. The biologist, at grips with
the code built in to the structure of the gene, is
seeking the key to a program. But the psycholo
gist needs a model not only of the organism s
program from birth to death but also of its self
programming capacity and its self-programming
propensity; a model which will represent our
goal-setting as well as our goal-seeking. For
though these- two activities are so closely r e 
lated that they cannot be considered separately,
they are also, as I believe, so distinct that they
cannot usefully be simplified by resolving one
into the other.
Finally, I remind myself that a model of
conflict does not necessarily tell us anything
about pathologic stress; for we cannot assume
that conflict in itself is noxious. Conflict-solv
ing is the normal activity of our brains. And if
the threshold is quantitative, it is also relative.
We need to understand both the noxious nature of
a given stress in relation to the organization of
a particular individual and the vulnerability of a
given individual to a particular situation.
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mental powers has endowed us with so alarming
a capacity for organization—and disorganization.

You may feel that a model of conflict in such
conscious and cognitive term s as I have used
has little bearing on our subject matter. In
fact, of the governors of corporate behavior,
some of the most powerful of them seldom reg
ister in the board room and it is a major task of
administration to bring them to the central con
sciousness—often despite the censorship of
powerful repressing mechanisms. But I will not
pursue the analogy any further. If it seems an
unduly cognitive approach, to a problem essen
tially dynamic, it is at least in tune with the
times. When men’s basic conceptual models
were mechanical, people seeking the explanation
of some happening looked first for the force
which made it happen. In these servo-mechani
cal days we seek first not the force but the pro
gram, not the source of energy but the source
of information. The world is full of energy,
waiting to be borrowed; the weakest signal may
release force to move a mountain. So naturally
interest centers on the signalling system. And
it is here, it seems, that the development of our
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AWARENESS WITHOUT REVELATION*
Robert A. Smith, in
Worries come only if you believe in a future. Believ
ing in ghosts, you are freed from burden, all the w orries
enter the ghost's head. Yet the ghost has no head, so it
does not suffer from headaches either, not for anybody's
sake.
Those who out of sheer wrong habit still attempt to
think for them selves, get their ears boxed by the ghost.
From this ghostly boxing you can neither free yourself
nor can you escape it; against it is neither appeal nor any
judgment at all.
The entire population, ghost ridden, now walks with
eyes shut. "The most ancient form of movement this, with
eyes shut," the philosophers assure them.-Rabindranath
Tagore

I believe in a future and agree with the phi
losophers also. I am willing, however, to get my
ears boxed by bureaucratic ghosts and to attempt
to remove the conceptual organization cadavers we
find stacked against the doors leading to the future.
I suspect my outlook is closest to Nishida, that
wise old Japanese philosopher, who had a movable
synthesis of life where the lived past and the ex
pected future constantly form the present. My
topic will address itself to this forming present.
The state of flux in which we find ourselves
today—no matter how isolated from it we some
times hope we are-affects us both in the individ
ual and social sense. Integration/disintegration,
operationalism/intuitionism, capitalistic individual ism/mass society, separation of power/centraliza
tion of power, youth/elderly, media/message, and
so on. These are forces we must reckon with and
more especially as they are distributed between
different groups in our society and in such a way
as to focus anxiety and aggression along singular
structured lines of tension. We are not so much
concerned now with flotsam and anomie as we are
with the processes of individuation and socializa
tion and upon polarizations which correspond rather
closely to structured differentiations in society and
which feed more fuel to the flame of collective
narcissism. Our responses will depend very much
on the world view we cultivate.1 It depends strong
ly on whether we view the world mechanistically
as so many individual micro-units in competition
and senseless conflict or whether we view the
world organically as a giant micro of large sub

systems with a natural interdependence we prevent
from functioning. Without this type of focus, I do
not believe that we can understand behavior in or
ganization and, because of that, I am purposefully
taking a holistic perspective. This perspective, I
believe, will help in treating more effectively the
dysfunctional and dissenual aspects of organiza
tions and will show how conflict can become pur
poseful rather than divisive, that competition using
democratic sportsmanship is healthy and without
it unhealthy, and that meaningful integration is es
sential for required differentiation in modern com
plex organizations.
I am going to discuss two significant forces
which have affected behavior, structure, power
equalization, participation, leadership styles, and
so on. My time span will be the last two dec
ades—the actors, the audience, the chorus, and the
orchestration which have taken place. These past
two decades have been the time womb for the birth
and dynamic growth of twin forces which have pro
foundly dealt with the character of man and the
character of his organizations. Until very recent
ly these forces have operated as if they were born
of separate parents. I intend to demonstrate how
they must synthesize in the organizational setting
be it university, federal, or industrial.
What are these forces ? Group dynamics and
project management. A brief historical synthesis of
their genesis, growth, lack of interaction, and final
ly, a growing interaction can set our perspective.
Of course, as Reinhold Neibuhr maintained,
"no new fact or event in history is an arbitrary

♦This paper was first presented to the meeting of the Academy of Management, and appeared in The Academy
of Management Proceedings. Dec. 1968,pp. 11-23. It is reprinted here by perm ission of the publishers
1. See Byron Fox, "The Emerging International Sociology," The New Sociology, Horowitz, ed. (Oxford University
P ress, 1965).

529

ROBERT A. SMITH, III
novelty. It is always related to a previous event.
But it is a great error to imagine that the rela
tionship completely accounts for the new emer
gence . . . each new thing is only one of an infi
nite number of possibilities which might have
emerged.''2 So forgive me if I begin as though
the forces emerge as if they are brand new with
out antecedents to the past.
Group dynamics was the outgrowth of col
laborative efforts of Lewin, Lippitt, Benne, and
Bradford. After its beginning in 1947, it was in
stitutionalized in the National Training Laborato
ries and subsequently in other organizations such
as the Western Behavioral Science Institute, Blake's
Scientific Methods, Inc., the Esalen Institute, and
others. Initially, it involved sensitivity training
for small groups (12 to 15) in off-institutional set
tings for periods of one to three weeks.
With apologies to Cleland, Baumgartner,
Ryan, and Steiner, since they cover the subject in
depth, project management began in the 1950's
with the Navy Polaris Program which was a com
plex program consisting of the development and
production of the warhead, the missile launcher,
and the submarine carrier through prime and sub
contractor structure. I selected Polaris as the
project management genesis because of the intro
duction and use of the Program Evaluation and
Review Technique (PERT), the beginning of sys
tems analysis and cybernetic information technol
ogy as tools in project management. Basically,
PERT is the design of the man-machine interfaces
from the design to operational use schedule of a
weapons system. From this beginning, PERT and
Project Management emerged as an integral man
agement force throughout DOD, NASA, and the
Aerospace industry.3
I think we can perceive immediately why the
forces of group dynamics and the forces of project
management tended to go their separate ways.
Group dynamics tended to have an organismic ori
entation, and project management, a mechanistic
orientation. While both involved interdisciplinary
approaches, each was comprised of opposing inter
disciplinary clusters as it were. Group dynamics
clustered around the behavioral sciences-sociology, psychology, economics, and political science.
Project management clustered around the physical
sciences—mathematics, physics, and industrial,
mechanical, and electrical engineering. So you
see, from the beginning, there was a somewhat
natural polarization.
From where would the catalytic force come
to bring group dynamics and project management
together? I think the impact of scientific democ
racy, my own term for describing the scientific
as opposed to the engineering environment, pro

vided the answer. Science must operate under
rules which provide for meaningful dissent so that
new innovations can replace worn-out truths and
axioms. Science operates even better when there
is democratic sportsmanship prevailing. This per
mits the best in human resources to draw together
in mutually satisfactory efforts. Why?
In its early stages project management tend
ed toward complete autonomy as if a project were
a permanent fixture. This proved to be self-de
feating to the institution housing it. For, in reality,
projects are mortal and have a definitized closed
system life span. An institution which "puts all
its eggs in one basket," the project, dies when the
project is completed. Unlike the project, the in
stitution tends toward immortality, and to maintain
its viability and the image of immortality, it must
operate as an open system with the larger society
and environment from which it gets its input and
gives its changing project outputs. Consequently,
institutions became wary, gave less autonomy to
project structures, and revitalized their functional
departments. Project Management, however, re
mained the focal point of adaptability for the insti
tution and continued to assure that project goals
were accomplished on time, within the budget, and
met performance requirements. Functional depart
ments, in the meanwhile, began incorporating new
er disciplines to support the changing project ob
jectives and to extend and maintain the institutional
vitality. What was coming into being is best de
scribed as a matrix organization with its loose
structural arrangements which permitted the insti
tution great leeway in adaptability. The matrix
organizational arrangement is best depicted through
linear responsibility charting or tableau design.
Matrix could be simply described as a network a r
rangement for bringing together the man-to-man,
man-to-machine interfaces throughout all the sub
systems of an organization with those of the larger
society. It is a network of the subsystems and, in
complex organizations, is a series of matrices
coupled to the hierarchy of work efforts.
At this point, I think it well to discuss the
catalytic or, better put, synergistic forces which
are drawing the systems sciences of project man
agement and behavioral sciences of group dynamics
into a total approach to organization. Bertalanffy,
Boulding, Gerard, and Rapoport may be consideied
the founding fathers of general systems theory.
General systems theory involves itself with holis
tic perception and holistic integration. The grow
ing effect of specialization, division of labor, com
petitive autonomous functional areas—even though
it was recognized that specialization was essential
in modern complex institutions-led to an insistence
by the general systems theorists that integration

2. Reinhold Neibuhr, Beyond Tragedy (New York: Charles Scribner, 1937).
3. Quaser and Boucher maintain that "The very essen ce of system s analysis is constructed to operate within a
model " Quaser and Boucher, Systems Analysis and Policy Planning (New York: Elsevier, 1908), p. 11.
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and organizational conceptualization were indis
pensable. In other words, they were seeking to
overcome a general view of the world as organ
ized fragmented chaos by presenting it as one of
a natural organized interdependence. Although
general systems theory was seized as a panacea
by cyberneticians) information systems theorists,
decision and game theorists, and operations re 
search analysts, it was not until the second gen
eration came forth that more practical orientations
of general systems theory were made. Chief
among this "new breed" are Walter Buckley, Al
bert Biderman, Richard Ericson, Yehezkel Dror,
Kenneth Berrien, Keith Caldwell, Robert Boguslaw,
Aaron Wildavsky, Raymond Bauer, Bertram Gross,
and Stanley Young.4 They seem to insist that al
though ah organization is comprised of interrelated
variables, it is an error to presuppose that these
variables are of equal weight. Ericson points out
in a recent paper that the systems sciences, through
their capability of providing models for heuristic
analogy, may help close the gap between the social
responsibilities as perceived by an institution and
the social values of the larger society.5 The point
Ericson is making is that social change is so rapid
and so dramatic that institutions don't have time
to "institutionalize their peculiar hypocrisies" but
must remain closer to the true social reality.
With this brief discussion of general systems, we
can begin seeing the institution in its organic set
ting of individual participants.
The micro individuation processes of the
founding psychiatrists—Freud, Jung, Adler, Rank
finally found focus for macro individuation proc
esses in Harry Stack Sullivan. R. D. Laing, Bion,
and other members of the Tavistock Institute ap
peared to have made fruitful uses of Sullivan's
holistic approach to interpersonal psychiatry be
fore their American counterparts, although Goffman and Bales have done some excellent research.
More recently Arieti has forged some links be
tween general systems theory and intrapsychic
forces. This is now culminating in transcultural
developmental psychiatry and psychology being in
creasingly influenced by social psychology as represertted in the efforts of Reza Arasteh, Byron Fox,
Merton, Hozowitz, Homans, Sanford, Inkeles, Clau
sen, Brim, and Eleanor Maccoby.
In short, the processes of individuation apd
socialization, through the holistic processes of
general systems theory, have, while expanding the
boundaries, found realistic limits. It would appear
4

that continuing research and application of general
systems theory would be fruitful for the univer
sity, federal, and industrial institutions.
Nevitt Sanford states the case quite well:
"Since we deal with a dynamic interaction between
personality and social systems, it may be neces
sary to change certain personalities in order to
change the social system. Individuals use their
social roles for the expression of their personality
needs; hence a change in organizational structure
may be resisted by individuals in the same way
they resist change in internal adaptive devices that
have been found more or less satisfying. The
practicing social scientist needs to be familiar
with personality dynamics"; I would add social or
ganizational dynamics.6
Because we are all too prone to limit our
thinking to the line/staff dichotomy, I would like to
discuss briefly the trichotomy present in all com
plex organizations—the institutional, functional, and
programmatic trichotomy. The diagram is a sim
ple illustration of the power struggle inherent in
any complex organization. By treating the trichometric power struggle, the matrix organizational
arrangement attacks the heart of entrenched power
clusters with their concommitant structural and
stratification impasses. It goes beyond the autono
mous project management organization, which did
indeed overcome the impasse of lateral authority
invested in functional departments, by treating the
organization in an organic rather than organismic
or mechanistic sense. Matrix organization may
well be the first step toward industrial humanism.
While project management was tending toward
less autonomy, group dynamics began emerging
from its micro cocoon and entered the macro
world. Complex organizations could not be changed
by the micro changes. Macrosociology, general
and open systems theory, and more informed knowl
edge of the character of complex organizations
strongly influenced group dynamics practitioners
to extend their boundaries. Second generation be
havioral scientists were learning that, despite the
dramatic changes in individual personalities per
ceived in the small group sensitivity sessions in
the "castles" away from home, these changes were
minimal in influencing organizational behavior back
home. Participants who had developed higher lev
els of awareness, greater self-esteem, and new
role expectations found the same climate, the same
structure and stratification, and role expectations
and role distance remained. In other words,

Amitai Ftzioni has presented a new "Parsonian" model of society which relates structural[ dimensions of so-

ructural, Psychological and Religious Evolution in Groups (Wiley, 1966).
ovatoms" e lse 5. Richard F. Ericson, ''The Impact of Cybernetic Information Technology on Management Value Systems else
here6!nN S t t 1SSSi d , Self and Society: Social Change and Individual Development (Atherton P ress,
f e
m
"The Amr"hj°* Movement, and the T-Group.” J. Applied Behavioral Science (Apr.-Jun., 19° 7)? See WUbam G Scott ''O r g ^ 2ation Government: The Prospects for a T ruly Participative System," Public
dministration Review, Jan.-Feb., 1969.
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closer together.8 As a result, both personality
and institutional variables were considered and the
climate . and character of institutions were more
easily changed. Both the personality and the in
stitutional structure benefited from a new aware
ness of what was involved. The ping-pong effect
on observers and the polarization of participants
could now be resolved.
Now I would like to turn my attention to an
other, force factor which will bring group dynam
ics and project management processes into part
ners hip-the force of rapid change. Until recently,
organizational theorists and behavioral scientists
concerned themselves with organizational dialectics
and adjustment psychology or the processes of
equilibrium rather than change. In other words,
concern was directed toward adjustment and adap
tation to environmental conditions, when in reality
the constant socio-cultural evolution to higher
forms of. organizations begs a more dynamic ap
proach. Many of you will recall Lewin's famous

individual norms were changed while organization
al norms were status quo. Subsequently, the. in
dividual restructures his role to conform with
prevailing norms or becomes an outsider whose
talents are lost to the organization. How was the
individual/organizational conflict overcome?
Some institutional change agents working
with outside consultants designed laboratory ses
sions to provide meaningful ways of influencing
organizational change. These included diagonal
slices (persons of different levels In different
parts of the institution), instrumented labs, family
labs, and corporate hideaway meetings. As exam
ples, the Blake Managerial Grid, incorporating
McGregor's Theory X/Theory Y, was implemented
throughout institutions; Davis, of TRW, using a
combination of inside change agents and outside
consultants, designed family and instrumented labs
and a matrix organization; and others used vari
ous combinations of approaches. The operational
and intuitive approaches to group dynamics drew

8. See John R. Platt, "The Two Faces of Perception,” Main Currents in Modern Thought, 25, 1.
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unfreezing-change-refreezing or equilibrium model
for changing individuals. Many of you will also
recall Blau's masterful portrayal of the equilibri
um processes involved in organizational dialectics.
But neither Lewin nor Blau developed mobile steps
for change to take care of emerging paradoxes.
Alvin Gouldner's brilliant discussion of the norm
of reciprocity in effect was another equilibrium
process. I am not trying to infer that equilibrium
or maintenance is not essential. What I am infer
ring is that existing organizational arrangement is
temporary and must be adaptable to rapid and con
tinuous change.
The rapidity of change introduced by tech
nology makes it imperative that the management
and behavioral scientists develop a technical liter
acy so as to understand the growing interdepend
ence between social and technical systems. It also
means to me that the universities should begin de
signing real-life research using interdisciplinary
team efforts of both the technical and social sci
ence graduate students. (NASA has taken some
steps in this direction with faculty, graduate stu
dents, and co-ops.) Not only would this tend to
minimize the technical/nontechnical dichotomy on

the job but serve as well to bring the best re
sources together for job accomplishment during
temporary partnership in institutional environ
ments. It seems to me that this is the best way
to recognize and use human potentialities beyond
the robot and the ape so much in vogue today if
the nonfiction "top ten" book lists are accurate.
It also seems to support a truth: experience is
not an experience unless you experience it. The
universities are being challenged to provide this
experience.
I know that by now you detect Warren Bennis' influence. He observes that "because of the
turbulent and uncertain environment and the chang
ing markets and goals of organization, the social
structure of the future will have some unique char
acteristics. The key word will be 'temporary';
there will be adaptive, rapidly changing temporary
systems.” Bennis believes that, "They will be
organized around problems to be solved . . . by
groups of relative strangers who represent a set
of diverse professional skills . . . [operating] in
essentially professional organizations . . . developed
along organic rather mechanical lines, meaning
that [groups] will evolve in response to a problem
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tends to support Bennis and Shull's conceptualiza
tions and Burns and Stalker's field observations
that organizations with a low degree of formal
structure could more profitably cope with chang
ing environments than those which have a higher
degree of formal structure. I conclude that what
has happened in mechanistic differentiation/inte
gration is that increased specialization has caused
a subsystems breakdown where subsystems are in
competition with each other, and in the extreme,
in competition with the institution itself. Subsys
tems tend toward autonomy or become faceless
replicas of the larger body in mechanistic, overly
formal organizations. I think this also explains
that when the formal and informal structure are
close, the organization is generally healthy and
functional; where they are far apart, generally un
healthy and dysfunctional.13 Perhaps it explains
the ecological patterns of development in older in
stitutions with a low turnover in their upper hier
archy for here, indeed, one can see the strong
sense of ingroup membership who base their defi
nitions of members on the differences rather than
the similarities between themselves and other
groups.
Cleland, in his papers on Project Manage
ment, discusses the effect of pre-existing struc
tural arrangement on newly formed structures. He
maintains that there is a de jure (legal) and de
facto (reality) authority structure. De jure au
thority is based on organizational charters, ornizational position, position description, executive
rank, policy documents, delegated power, and the
hierarchical flow. De facto authority is based on
technical knowledge, maintenance of rapport, nego
tiation, focal position, informal organization, de
liberate conflict, and ability to resolve conflict.
While I agree that Cleland has correctly assessed
the reality of project authority in a bureaucratic
organization, I support the positions of Bennis,
Mee, and Shull primarily because a matrix struc
ture provides a natural arena for conflict resolu
tion and consensual feedback and is more adaptive
to changing institutional needs. The de jure and
de facto authority merge as they should through
consensual resolution. The prime reason for this
is that a matrix structure is more adaptable to the
open system by which an institution must operate
than the closed loop process of project management
where there is a definitized input and a predicted

rather than be programmed without reference to
specific tasks.11 Bennis states that People will
be differentiated not vertically according to rank
but flexibly according to skill and professional
training. . . . Social structures will no longer be
instruments of repression."® In this respect,
Bennis supports Fremont Shull's premise that
matrix organization is indeed an evolution beyond
bureaucracy, for Shull's matrix organization is
responsive to the requirements set forth by Bennis
for organic-adaptive structures.
Since I have made several references to dif
ferentiation, I assume that I should dwell briefly
on differentiation/integration as an ongoing essen
tial process within an institution and how it re
lates to individuation/socialization of the individ
ual. I am convinced that the differentiation/inte
gration process resulting from division of labor,
specialization, and functionalization initially as
sumed a mechanistic posture in the bureaucratic
setting.10 It was a differentiation/integration which
tended to be instinctively fixed as in insect socie
ties where, in many respects, the smoothness of
social arrangements, lack of conflict, social prob
lems, and almost a dearth of ambiguity far sur
pass human societies. For man, whose symbolism
is ever evolving, this created real dilemmas upon
his individuation/socialization process.
Man is
not a creature suited to perfection—he always seeks
completion and establishes new boundaries in his
visible evolution. He is something that Robert
Frost said "that doesn't love a wall." Yet be
tween his delirium for freedom and his desire for
order, he creates his organizations and then be
comes a neurotic victim of machines he forgets
he made.11
In describing differentiation/integration, I as
sume Lawrence and Lorsch's definition of organi
zation "as a system of interrelated behaviors of
people who are performing a task that has been
differentiated into several distinct subsystems, each
subsystem performing a portion of the task, and
the efforts of each being integrated to achieve ef
fective performance of the system.” They treat
structure as referring to "those' aspects of be
havior in organizations subject to pre-existing pro
grams and controls."12 Pre-existing structural
arrangements tend to create differences in per
ceiving informal operational and formal authority
boundaries when new programs are initiated. This

9 Warren C. Bennis, "Future of the Social Sciences,” Antioch Review, 28, 2 (1968). Sec also Alexander Winn,
Social Change in Industry," J. Applied Behavioral Science (Apr.-Jun., 196(3).
10 See Daniel Roll, "The Disjunction of Culture and Social Structure, Daedalus (Winter, 196°)I I See S m S .v Theory «,r CoUcctfvc_Bchnvtor (Free Press, 1962), pp. 280 & 281 regarding extinction between
JITri cnlJiillon In an open' nmUdoSod'HyHtem. See lllnu, KjeehiinKo.
(Wiley, 1904) fo. d stlnc

l°" i ^ T a u l ' t r L ^ r n l . r J a y w".

" nihoronllMtlon and Complex OrgmilzuUimH,"

Juarterlv (June 1967)
Maurice Duverger presents u sim ilar view in his _lhg ldeu_o/.JLontlc.ii (Bolus M tn ,
’)•
^ ^ G a ^ R i e h e t t o ; who has spent one year at a NASA Center, has found evidence of this m research tor his dlslertation (unpublished doctoral dissertation, Purdue University), p. 28.
. ...
v , . Mr,r r ,JW Hil,
14. David I. Cleland and William R. King, Systems Analysis and Project Management (New York. McGraw Hill,
.968).
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output. The norms of exception are as important
to the institution as predictable norms are to
project management.
Since I am pursuing the uncommon, albeit
critical, social psychology of organizations by cap
turing the gestalt of data through synthesizing my
selection of critical variables to behavior in or
ganization, let me concentrate briefly on the inter
personal dynamics, the group or subsystems norms.
Mills suggests the following subsystems:15
1. On the level of behavior, the subsystem
is the interaction, which is the organization of
overt actions among persons over time.
2. On the level of emotion, the subsystem is
group emotion, which is the configuration of feel
ings among members and of their emotional re 
sponses to events that occur.
3. On the level of norms, the subsystem is
the normative system, composed of the organized
and largely shared ideas about what members
should do and feel, and how these should be regu
lated, and about what sanctions should be applied
when behavior does not coincide with norms.
4. On the level of goals, the subsystem is
the technical system, which is the set of ideas
about what the group should accomplish and the
plans about how it is to be accomplished.
5. On the level of values, the subsystem is
the executive system, which consists of the inter
pretations of what the group is, the ideas about
what would be desirable for it to become, and the
ideas about how it might so become.
Mills maintains that a clear understanding
of the complex interdependence of these levels is
highly desirable so that the interaction gestalt is
recognized. I think Mills has brought social psy
chology closer to management science and the
physical sciences by providing a subsystem ap
proach to understanding behavior. As he points
out, some people, like some organizations, operate
at all five levels; but many people, like many o r
ganizations, operate at less than five. It is not
essential that all people operate at each level, but
it is essential for the organization to do so to en
able its members to feel and perceive the process
of completion. I stress this point because the
modern tragedy is the overpotency attached to
technical agencies and the sin of hubris committed
by many of their leaders. They understand and
appreciate the "engineering of musical notes" but
not the orchestration to bring together the agent
(actor) and the acted upon (audience) into a cho
ru s.16 Without such orchestration, a society or
institution becomes biologically dysfunctional either
through alienation of its members or through the
formation of fragmented collective narcissism. An
15.
16.
17.
18.
19.

orchestra blends a harmony, not by excluding dis
cordant notes but by including them in the proper
places. Too rigid orchestration would be shallow
just as the exclusion of all deviant behavior would
make an organization faceless.
Blau's pregnant statement, "To administer a
social organization according to purely technical
criteria of rationality is irrational, because it ig
nores the non-rational aspects of social conduct,
captures this tragedy of modern technical hubris.
The doer must consider the "done to." Unity with
in an institution is not determined by its constitu
tional breakdown but rather by its sets of rela
tions—its processes and not its products. Therefore
our attention should be directed not so much to
structure but to the forces which produce the struc
ture and maintain it. Ralph Turner, as interpreted
by Walter Buckley, supports this premise. Turner
maintains that the key to role-taking is the morphogenic propensity "to shape the phenomenal world
into roles." Buckley points out that, "Formal or
ganizational regulations that restrict this process
are not to be taken as the prototype but rather 'a
distorted instance' of the wider class of role-tak
ing phenomena. To the extent that the bureaucratic
setting blocks the role-making process, to that ex
tent is organization maximal 'variety' or alterna
tives of action minimal, actors cogs in a rigid
machine, and the morphogenic process'frustrated."18
The rapidity of technical, social, economic, and
political change makes organizational behavior a
morphogenic and not merely a homeostatic or
equilibrium process.
t
Although I have not satisfied Warren Benms
requirement for changing institutions-that one must
develop a theory of social change for use of prac
ticing social scientists-hopefully, I have developed
from research and my own observation and experi
ence, a theory of change for practitioners to de
velop practices of changing.19 Hopefully, I have
outlined a gestalt of holistic orientation which
treats living systems functions as integral units
without regard for size or complexity so that
larger areas of the person and of society may be
examined through theoretical models using modern
systems techniques which make this possible.
Being in full agreement with Maslow's hier
archy of individual needs (the micro needs), J be
lieve that the organization or institution should, in
the macro context, fulfill these needs individually
and collectively. The path from the valley of basic
needs to the summit of self-actualizing individuals
and institutions doesn't call for adjustment—it calls
for growth and growth dynamics. It is morpho
genic and holistic in its processes.
This supports Katz and Kahn's theorization

T. M. M ills, The Sociology of Small Groups (Englewood Cliffs, N.J.: Prentice-Hall, 1967).
Kenneth D. Benne, Education for Tragedy (University of Kentucky P ress, 19b/).
Blau. Bureaucracy in Modern Society (Random House, 1956).
...............T „ ____K___1Q(57\
w aiter Tbicklev. Sociology and Modern Systems Theory ( E n g le w o o d Cliffs, N .J.. Prentice Hall, 1
Warren G. Bennis, Changing Organizations (New York: McGraw-Hill, 19bb).
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that "organizational properties are by definition
systematic and their change calls for system
change."20
Kibbutz management offers some
fruitful results in its treatment of organizational
properties. The vested interests inherent in func
tional compartmentalization, the impasses of lat
eral authority conflicts over boundary proprietor
ship, and the stagnation caused by immobility
have been overcome, to a large degree, through
Kibbutzim methods.
In fact, Kibbutz manage
ment attacks what Parsons would describe as un
healthy institutionalization of property rights in
nonproperty activities through a constitutional a r
rangement of rotating its managers. In a recent
article, Golomb provides an overview of Kibbutz
management.
He maintains that "The Kibbutz
system tries to solve built-in dilemmas by means
of system adjustment and social mechanisms that
work."21
Of course, modification of Kibbutz
ideals, developed in an internally open but singu
lar and of necessity an externally closed society,
is essential before they can be made applicable
to our pluralistic society. Too, they perhaps have
more significance for governmental organizations
than for industrial organizations.
In conclusion, I feel that social systems
analysis with its emphasis upon morphogenic proc

esses, its consideration of the gestalt of data, and
its scientific technique using human variables will
move us closer to industrial humanism. It (will
help to develop a living communion rather than
empty intellectual dialogue. We will then be able
to develop our awareness and enjoy our revelation
in the process. It may even help us to futfill
Arasteh’s plea to design fully integrated institu
tions in which fully integrated people can operate.
The humanist, the scientist, the engineer, the ecolo
gist, the professor, the urban planner, the rural
relocater, the poet, the philosopher, the cyber
netician, and the politician all share in helping
this to come about.
I would like to leave you with the words of
McLuhan22 who, in referring to accepted cultural
approaches to problems, maintains:
The entire approach to these problems in terms of
uniformity and social homogenization is a final
pressure of the mechanical and industrial technol
ogy. Without moralizing, it can be said that the
electric age, by involving all men deeply in one an
other, will come to reject such mechanical solu
tions. It is more difficult to provide uniqueness
and diversity than it is to impose the uniform pat
terns of mass education; but it is such uniqueness
and diversity that can be fostered under electric
(cybernetics) conditions as never before.
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TOWARDS A "TRULY" SCIENTIFIC MANAGEMENT:
THE CONCEPT OF ORGANIZATION HEALTH
Warren G. Bennis
"Muggeridge: Now, Charles, you, because you're a
scientist. . . you have this Idea, as I understand from
your writings, that one of the fallings of our sort
of society, is that the people who exercise authority,
we'll say Parliament and so on, are singularly un
versed In scientific matters.
Snow: Yes, I think this Is a terrible weakness of
the whole of Western society, and one that we're
not going to get out of without immense trouble and
pain.
Muggerldge: Do you mean by that that, for instance,
an M. P. would be a better M. P. If he knew a bit
about science?
Snow: I think some M. P.'s ought to know a bit
about science. They'd be better M. P .'s In the area
where scientific insight becomes Important. And
there are quite a number of such areas." (52)

Extolling Science has become something of a
national and international past-time which typically
stops short of the truly radical reforms in social
organization the scientific revolution implies. Know
ing "a bit about science" is a familiar and increas
ingly popular exemplar of this which C. P. Snow
treats in his Two Cultures. (69) But if culture is
anything it is a way of life, the way real people
live and grow, the way ideals and moral impera
tives are transmitted and infused. Culture is more
value than knowledge ("a bit of science.") Dr.
Bronowski, who shares with Snow the view that
"humanists" tend to be ignorant of and removed
from science (they cannot discuss the Second Law
of Thermodynamics) understands more than Snow
seems to that a fundamental unification of cultural
outlook is what is required. (18) The connective
tissue required, than, is cultural, social, institu
tional - not grafted - on evening courses on Science.
In this connection, and closer to some of the
general aims of this paper, Nevitt Sanford has said:
The ethical system s of other professions, such
as business or the military, have become models
for whole societies. Why should not the practice of
science become such a model? After we have shown,
as we can, that joy and beauty have their places in
this system ? At any rate, anyone who takes it upon
himself to be a scientist, and succeeds in living up
to its requirements, may be willing for his be
havior to beoome a universal norm. (81).

This foreshadows the general theme of this
essay: the recognition that the institution of science
can and should provide a viable model for other
institutions not solely concerned with developing
knowledge. To demonstrate this proposition, this
paper first discusses the criterion problem in re 
lation to organizations.11 An attempt is made to
show that the usual),criteria for evaluating organiza
tional effectiveness, "enhancement of satisfaction
on the part of industry's participants and improve
ment of effectiveness of performance" (36, p. 238),
are inadequate, incorrect, or both as valid indicators
of organizational "health." (For the moment let
us use the term "health" in the same vague way
as "effectiveness." Organizational health is defined
later in this paper.) Next it is suggested that an
alternative set of criteria, extracted from the
normative and value processes of science, provides
a more realistic basis for evaluating organizational
performance. These criteria are related to those
of positive mental health, for it will be argued that
there is a profound kinship between the mores of
science and the criteria of health for an individual.
From this confluence is fashioned a set of psy
chologically-based criteria for examining organiza
tional health. Finally a discussion is presented of
some of the consequences of these effectiveness
criteria for organizational theory and practice.
THE SEARCH FOR EFFECTIVENESS CRITERIA
There is hardly a term in current psychological
thought as vague, elusive, and ambiguous as the term
'mental health.' That it means many things to many
people is bad enough. That many people use it with
out even attemptingto specify the idiosyncratic mean
ing the term has for them makes the situation worse,
. . . for those who wish to introduce concern with
mental health into system atic psychological theory and
research.—M. Jahoda (34, p. 3)
. . . no one can say with any degree of cer
tainty by what standards an executive ought to ap
praise the performance of his organization. And it
is questionable whether the time will ever arrive
when there w ill be any pattern answers to such a
question—so much does the setting of an organiza
tion and its own goal orientation affect the whole
prooess of appraisal.—J. M. Pfiffner and F. P.
Sherwood (56, p. 422).

Raising the problem of orlteria, the standards
for Judging the "goodness" of an organization seldom

1.
For the purposes of this discussion, "organization” is defined as any institution from which one receives cas
for services rendered. This paper deals with all such supra-individual entitles, although reference is made mostly to
industrial organizations.
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marize most of the research literature in the or
ganizational area by locating the major independent
variables (technological or human) on one axis and
the dependent variables (efficiency or health) on the
other.
This classification is necessarily crude and
perhaps a little puzzling, principally for the reason
that research on organizations lacks sufficient in
formation concerning the empirical correlation
between the two dependent variables, organizational
efficiency and health factors. For a time it seemed
(or was hoped) that personnel satisfaction and ef
ficiency were positively related, that as satisfac
tion increased so did performance. This alleged
correlation allowed the "human relations" school
and the industrial engineers (Taylorism being one
examplar2) to proceed coterminously without neces
sarily recognizing the tension between "happy
workers" and "high performance." As Likert put
it:

fails to generate controversy and despair. Establish
ing criteria for an organization (or, for that matter,
education, m arriage, psychotherapy, etc.) accentuates
questions of value, choice, and normality and all the
hidden assumptions that are used to form judgments
of operation. Often, as Jahoda has said in relation
to mental health criteria, the problem "seem s so dif
ficult that one is almost tempted to claim the privilege
of ignorance" (34, p. 77),

However, as tempting as ignorance can be,
research.on organizations--particularly industrial
organization--has heroically struggled to identify and
measure a number of dimensions associated with
organizational effectiveness (74). Generally, these
dimensions have been of two kinds: those dealing
with some index of organizational performance, such
as profit, cost, rates of productivity, individual
output, etc. and those associated with the human
resources, such as morals, motivation, mental
health, job committment, cohesiveness, attitudes
toward employer or company, etc. In short, as
Katzell pointed out in his 1957 review of industrial
psychology, investigations in this area typically
employ measures of satisfaction and performance
(36). In fact, it is possible to construct a simple
twofold table that adequately accounts for most of
the research on organizations that has been under
taken to date, as shown in Table 1. On one axis

It is not sufficient m erely to measure morale
and the attitudes of employees toward the organiza
tion, their supervision, and their work. Favorable
attitudes and excellent morale do not necessarily as
sure high motivation, high performance, and an ef, fective human organization. A good deal of research
indicates that this relationship is much too simple.
(41, p. 49).

Table 1
Major Variables Employed in the Study of Organizational Behavior
Criteria Variables
Organizational
Efficiency

Technology
(Rationalized
Procedures)

Management Science:
Systems Research,
Operations Research,
Decision Processes,
etc.

Human Engineering

Human
Factors

Personnel Psychology,
Training, and other
personnel functions

Industrial Social
Psychology and
Sociology

Independent
Variables

Indeed today we are not clear about the re 
lation of performance to satisfaction, or even
whether there iS any interdependence between them.
Likert and his associates have found organizations
with all the logical possibilities--high morale with
low productivity, low productivity with low morale,

is located the criteria variables: organizational
efficiency (the ethic of work performance) and
member satisfaction (the ethic of "health"). On
the other axis is located the two main independent
variables employed, human and rationalized pro
cedures. In other words, it is possible to sum2.

Satisfaction
or Health

For a recent historial review, see Aitken (1).
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tends to overlook the human and motivational vari
ables and the relatively new developments in social
science that only now permit measurements of this
type. Likert goes on to enumerate twelve criteria,
covering such dimensions as loyalty and identifica
tion with the institution and its objectives, degree
of confidence and trust, adequacy and efficiency of
communication, amount and quality of teamwork,
etc. (41). By and large, Likert’s criteria are
psychologically based and substantially enrich the
impoverished state of effectiveness criteria.^

etc. Argyris' work (2, 4), with a popular assist
from William H. Whyte, Jr. (76), clouds the picture
even further by postulating the inevitability of con
flict between human need-satisfaction and organiza
tional performance (as formal organizations are
presently conceived). This creates, as Mason Haire
has recognized (31), a calculus of values: how much
satisfaction or health is to be yielded for how many
units of performance?
Generally speaking, then, this is the state of
affairs: two criteria, crudely measured, ambiguous
in meaning, questionable in utility, and fraught with
value connotations (35). In view of these difficulties,
a number of other, more promising, approaches
have been suggested. The most notable of these
are the criterion of multiple goals, the criterion of
the situation, and the criterion of system character
istics.

The Criterion of the Situation
This approach is based on the reasoning that
organizations differ with respect to goals and that
they can be analytically distinguished in terms of
goal orientation. As Parsons 'pointed out: "As a
formal analytical point of reference, primacy of
orientation to the attainment of a specific goal is
used as the defining characteristic of an organiza
tion which distinguishes it from other types of social
systems." (55, p. 64).
In an earlier paper by Bennis (9) a framework
was presented for characterizing four different types
of organizations based on a specific (Criterion vari
able. These "pure" types are rarely observed
empirically, but they serve to sharpen the difference
among formally organized activities. Table 2repre
sents an example of developing effectiveness vari
ables on the basis of organizational parameters.

The Criterion of Multiple Goals
— This approach rests on the assumption that
". . . organizations have more than a single goal
and that the interaction of goals will produce a
different value framework in different organizations"
(57, p. 42). Likert, who is a proponent of the
multiple criterion approach, claims that very few
organizations, if any, obtain measurements that
clearly reflect the quality and capacity of the organ
ization's human resources. This situation is due
primarily to the shadow of traditional theory, which

Table 2
Typology of Organization*
Effectiveness

Type of
organization

Major function

Examples

Habit

Replicating standard

Highly mechanized

and uniform products

factories, etc.

Creating new Ideas

Research organizations;

Problem-solving

criterion
No. of products

No. of Ideas
%

design and engineering
divisions; consulting
organizations, etc.
Indoctrination

Changing people's habits,

U niversities, prisons,

No. of "clients"

attitudes, Intellect, be

hospitals, etc.

leaving

Distributing services either

Military, government,

Extent of services

directly to consumer or to

advertising, taxi

services performed

above types

companies, etc.

havior (physical and mental)
Service

♦From W. G. Bennis, Leadership Theory and Administrative Behavior:
Quart., vol. 4, no. 3, p. 299, December, 1959.
3.

The Problem of Authority, Admln._Sol

See also Kahn, Mann, and Seashore (35), Introduction, for other suggestions for criteria.
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so that the world alters as we walk in it, so that
the years of man's life m easure not some small
growth or rearrangement or moderation of what he
learned in childhood, but a great upheaval. . . To as
sail the changes that have unmoored us from the
past is futile, and in a deep sense, I think lt is wicked.
We need to recognize the change and learn what re
sources we have.—Robert Oppenheimer (53, pp. 10-11)The history of other animal species shows that
the m ost successful in the struggle for survival have
been those which were most
*° chanSes

The Criterion of System Characteristics
------- This approach, most cogently advanced by
sociologists, is based on a "structural-functional"
analysis. Selznick, one of its chief proponents,
characterizes the approach in the following way:
Structural-functional analysis relates contem
porary and variable behavior to a presumptively stable
system of needs and mechanisms. This means that a
given empirical system is deemed to have basic
needs, essentially related to self-maintenance; the
system develops repetitive means of self-defense;
and day-to-day activity is interpreted in term s of
the function served by that activity for the main
tenance and defense of the system . (62, p. 28).

Derivable from this system model are basic
needs or institutional imperatives that have to be
met if the organism is to survive and "grow."
Selznick, for example, lists five:
(1) The security of the organization as a whole in
relations to social forces in its environment. (2) The
stability of the lines of authority and communication.
(3) The stability of informal relations within the organization. (4) The continuity of policy and ot uhs
sources of its determination. (5) A homogeneity of
outlook with respect to the meaning and role of the
organization. (62, pp. 29-30).

Caplow, starting from the fundamental postu
late that organizations tend to maintain themselves
in continuous operation, identifies three criteria of
organizational success: the performance of objec
tive functions, the minimization of spontaneous con
flict, and the maximization of satisfaction for in
dividuals (22). Obviously, with the exception of the
second criterion, these resemble the old favorites,
performance and satisfaction.
The preceding summaries do not do full justice
to the nuances in these three approaches or the
enormous creative effort that went into their develop
ment. Nor do they include the ideas of many thought
ful practitioners . 4 Despite these limitations, the
discussion of multiple criteria, situational para
meters, and system characteristics represents the
main attempts'to solve the criterion problem.
INADEQUACY OF CRITERION VARIABLES
FOR THE MODERN ORGANIZATION
One thing that is new is the prevalence of new
n ess, the changing scale and scope of change itself.

The present ways of thinking about and measur
ing organizational effectiveness are seriously in
adequate and often misleading. These criteria 4re
insensitive to the important needs of the organiza
tion and out of joint with the emerging view of
contemporary organization that is held by many
organizational theorists and practitioners. The
present techniques of evaluation provide static
indicators of certain output characteristics (i.e.
performance and satisfaction) without illuminating
the processes by which the organization searches
for, adapts to, and solves its changing goals. (56).
However,it is these dynamic processes of problem
solving that provide the critical dimensions of
organizational health, and without knowledge of them
output measurements are woefully inadequate.
This rather severe charge is based upon the
belief that the main challenge confronting the modern
organization (and society) is that of coping with
external stress and change. This point hardly needs
elaboration or defense. Ecclesiastes glumly pointed
out that men persist in disordering their settled
ways and beliefs by seeking out many inventions.
The recent work in the field of organizational be
havior reflects this need and interest; it is virtually
a catalogue of the problems in organizational
change.7 In a 1961 monograph on managing major
change in organizations, Mann and Neff stated the
issue this way: "Among the most conspicuous
values in American culture of the twentieth century
are progress, efficiency, science and rationality,
achievement and success. These values have helped
to produce a highly dynamic sotiety—a society in
which the predominant characteristic is change."
(45, p. 1). Kahn, Mann, and Seashore, when dis
cussing a criterion variable, "the ability of the
organization to change appropriately in response
to some objective requirement for change," re 
marked: "Although we are convinced of the theo
retical importance of this criterion, which we have
called organizational flexibility, we have thus far
been unable to solve the operational problems in-

5. Another approach, advocated by A. L. Comrey, is the deliberate (and often wise) avoidance of a definition of
effectiveness or health by obtaining judgments of knowledgeable observers. "This method of defining effectiveness
seem s to be the only feasible course of action in view of the tremendous number of meanings involved in a conceptual
definition of this term and the obvious impossibility of providing a criterion which would reflect all or most of these
meanings." (23, p. 362).
6 See Rldffwav (59) for other criticism s of the use of performance measurements.
1. See, forexam ple: March and Simon (46), chap. 7; Argyris (3); Shepard (65); Gibb and Lippitt (29); Lippitt,
Watson, and Westley (42); Bennis, Benne, and Chin (10); Walker (73).
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yolved in its use." (35, p. 4).
The basic flaw in the present effectiveness
criteria is their inattention to the problem of adapt
ing to change. To illuminate some of the conse
quences of this omission, let us turn to one rather
simple example. The example is drawn from an
area of research that started at the Massachusetts
Institute of Technology about 1949 on the effects
of certain organizational patterns (communication
networks) on problem-solving by groups (38). Two
of these networks, the Wheel and the Circle, are
shown in Figure 1.

CIRCLE

Figure 1
Two types of communication networks for
problem-solving by a group of five persons.

The results of these experiments showed that an
organization with a structure like the Wheel can
solve simple tasks (e.g. identification of the color
of a marble that is common to all five group mem
bers) more rapidly, more clearly, and more ef
ficiently than an organization like the Circle. Thus
the Wheel arrangement is plainly superior in terms
of the usual criteria employed to evaluate effective
ness. However, if we consider two other criteria
of organizational effectiveness that are relevant to
the concern with change-flexibility and creativity,
we discover two interesting phenomena. First, the
rapid acceptance of a new idea is more likely in
the Circle than in the Wheel. The man in the
middle of the Wheel is apt to discard an idea on
the grounds that he is too busy or the idea is im
practical. Second, when the task is changed, for
example by going from "pure" color marbles to
unusual color marbles (such as ginger-ale color
or Blue-green), the Circle organization is better
able to adapt to this change by developing a new
code (6 8 ). As Leavitt pointed out:
. . . by certain I n d u s t r i a l engineering-type
criteria (speed, clarity of organization and Job des
criptions, parsimonious use of paper, etc.), the high
ly structured, highly routlnlzed.non-lnvolvlngcentrallzed net seem s to work best. But If our criteria of
effectiveness are more ephemeral, more general
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(like acceptance of creativity, flexibility in dealing
with novel problems, generally high m orale and
loyalty), then the more egalitarian or decentralized
type net seem s to work better. (39, p. 22).

If we view organizations as adaptive, problem
solving, organic structures, then inferences about
effectiveness have to be made, not from static
measures of output, though these may be helpful,
but on the basis of the processes through which
the organization approaches problems. In other
words, no single measurement of organizational
efficiency or satisfaction—no single time-slice of
organizational performance--can provide valid
indicators of organizational health. An organiza
tion may be essentially healthy despite measure
ments that reveal that its performance and satis
faction measurements are lower than last month's;
it can be unhealthy even if its performance and
efficiency figures are higher than last month's.
Unhealthy and healthy, that is, in relation to the
ability to cope with change, with the future. Dis
cussing the neurotic processes. Kubie makes the
same point:
There Is not a single thing which a human
being can do or feel, or think, whether It Is eating
or sleeping or drinking or fighting or killing or hat
ing or loving or grieving or exulting or working or
playing or painting or Inventing, which cannot be
either sick or well. . . The m easure of health is
flexibility, the freedom to learn through experience,
the freedom to change with changing internal and
external circum stances, to be Influenced by reason
able argument, admonitions, exhortations, and the
appeal to emotions; the freedom to respond appro
priately to the stimulus of reward and punishment,
and especially the freedom to cea se when sated. The
essence of normality Is flexibility In all of these
vital ways. (37, p. 20).

Any moment of behavior is unhealthy if the proces
ses that set it in motion predetermine its automatic
repetition, regardless of the environmental stimuli
or consequences of the act. For example, it is
plausible that lowering efficiency in order to adjust
to some product change may be quite appropriate
when market demands are considered. It is equally
plausible that morale, or whatever measure is used
to gauge the human factor, may similarly plummet
during this period. In fact, maintaining the same
level of efficiency and morale in new circumstances
may be dysfunctional for the health of the organiza
tion.
Let us review the argument thus far. The
main challenge confronting today's organization,
whether it is a hospital or a business enterprise,
is that of responding to changing conditions and
adapting to external stress. The salience of change
is forced on organizations because of the growing
interdependence between their changing boundary
conditions and society (a point that will be elaborated
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later) and the increasing reliance on scientific
knowledge. The traditional ways that are employed
to measure organizational effectiveness do not ade
quately reflect t.he true determinants of organiza
tional health and success. Rather, these criteria
yield static time-slices of performance and satis
faction, which may be irrelevant or misleading.
These static, discrete measurements do not provide
viable measures of health, for they tell us nothing
about the processes by which the organization copes
with its problems. Therefore, different effective
ness criteria have to be identified, criteria that
reveal the processes of problem-solving. This
point is corroborated by some recent works on
organizational theory. Consider, for example, these
remarks by Wilfred Brown, Chairman and Managing
Director of the Glacier Metal Company:

One general point of high relevance can be
seen in these discussions of the firm as an institu
tion. The tasks of the higher level managers center
on problems in which there is a continuously high
level of uncertainty; complex value decisions are
inevitably involved; and this has a direct bearing on
the requirements of personality for top level man
agement . . . (77, p. 13).

And H. J. Leavitt said on the same subject:
Management development programs need, I sub
mit, to be oriented much more toward the future,
toward change, toward differences from current forms
of practice and behavior . . . We ought to allocate more
of the effort of our programs to making our student
a more competent analyst. We ought, in other words,
to try to teach them to think a little more like scien
tists, and indeed to know a good deal more about the
culture and methods of scientists. (39, pp. 32-33).

Effective organization is a function of the work
to be done and the resources and techniques avail
able to do it. Thus changes in methods of pro
duction bring about changes in the number of work
ro les, in the distribution of work between roles and
in their relationship to one another. Failure to make
explicit acknowledgement of this relationship between
work and organization gives rise to non-valid as
sumptions, e.g. that optimum organization is a func
tion of the personalities involved, that it is a matter
connected with the personal style iind arbitrary de
cision of the chief executive, that there are choices
between centralized and decentralized types of organ
ization, etc. Our observations lead us to accept that
optimum organization must be derived from an analysis
of the work to be done ant! the techniques and re
sources available, (lb, pp. 18-19).

What relevance have these quotations to the
main theme of this essay? Note, first of all, that
these theorists all view the organization (or insti
tution) as an adaptive structure actively encounter
ing many different environments, both internal and
external, in their productive efforts. Note also the
key terms: change, uncertainty, future, task, mis
sion, work to be done, available resources, exchanges
between the enterprise and environment. There is
no dialogue here on the relation between "produc
tivity" and "satisfaction,” no fruitless arguments
between the human rclationists and scientific man
agement advocates. Indeed, it seems that it is no
longer adequate to perceive organization as an ana
logue to the machine as Max Weber indicated:
". . . (bureaucracy is like) a modern judge who is
a vending machine into which the pleadings are
inserted together with the fee and which then dis
gorges the judgment together with its reasons
mechanically derived from the code.” (8 , p. 421).
Nor is it reasonable to view the organization solely
in terms of the sociopsychological characteristics
of the persons involved at work, a viewpoint that
has been so fashionable of late .9 Rather, the ap
proach that should be taken is that of these quoted
writers: organizations are to be viewed as "open
systems" defined by their primary task or mission
and encountering boundary conditions that are rapidly
changing their characteristics .1 0 Given this rough
definition, we must locate some effectiveness criteria
and the institutional prerequisites that provide the
conditions for the attainment of this criteria.

The work of Emery and Trist, which has in
fluenced the thinking of Brown, stressed the "sociotechnical system," based on Bertalanffy's "open
system" theorizing. (13). They conclude that.
. . . the primary task of managing an enterprise as
a whole is to relate the total system to its environ
ment, and not internal regulation pas se. (24, p. 10).
If management is to control internal growth
and development it must in the first instance con
trol the"boundary conditions"— the forms of exchange
between the enterprise and the environment. . . The
strategic objective should be to place the enterprise
in a position in its environment where it has some
assured conditions for growth—unlike war the best
position is not necessarily that of unchallenged monop
oly. Achieving this position would be the primary
task or overriding m ission ofthe enterprise. (24, p. 1$.

In reference to management development, A.
T. M. Wilson, Former Director of Tavistock Insti
tute, pointed out:
8.
q

Although not cjiioU'd boro, n. book by Sol/.nick in also cllreo.tly rolovmit.
Sec Bonnis (9) for elaboration of this point.

boo ((>•!) ■

Jo' Wilson lists six "ureas of social activity; each of which contain a number of significant social institutions
and social groups. These areas may be rather summarily labelled as: (t) Government, (it) Consumers, (lii) Share
holders, (iv) Competitors, (v) Haw material and power suppliers, and (vi) Groups within the firm." (77, p. 3). These
represent some of the boundary conditions for the manager.
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THE SPIRIT OF INQUIRY AS
A MODEL FOR ORGANIZATION
Findings are science's short-range benefits,
but the method of Inquiry is its long-range value. I
have said that the Invention of organization was Man s
first most Important achievement; I now add that the
development of Inquiry w ill ’be his second. Both of
these Inventions change the species and are neces
sary for Its survival. But both must become a part
of the nature of Man him self, not just given house
room In certain groups. Organization Is by now a
part of every man, but Inquiry Is not. The signifi
cant product of science and education will be the In
corporation within the human animal of the capability
and habit of Inquiry.—H. Thelen (70, p. 217).
Whether our work Is art or science or the dally
work of society, It Is only the form In which we ex
plore our experience which Is different; the need to
explore remains the same. This Is why, at bottom,
the society of scientists Is more important than their
discoveries. What science has to teach us here Is
not Its techniques but Its spirit: the Irresistible
need to explore.—J. Bronowskl (18, p. 93).

It has been asserted throughout this paper
that organizations must be viewed as adaptive,
problem-solving structures operating and embedded
in complicated and rapidly changing environments.
If this view is valid, then it is fair to postulate
that the methodological rules by which the organiza
tion approaches its task and "exchanges with its
environments" are the critical determinants of
organizational effectiveness. These methodological
rules or operating procedures bear a close re 
semblance to the rules of inquiry, or scientific in
vestigation. Therefore, the rules and norms of
science may provide a valuable, possible necessary
model for organizational behavior.
First, it should be stated what is meant and
what is not meant by "science" in this context. It
is not the findings of science, the vast array of
data that scientists produce. Nor is it a barren
operationalism --what some people refer to as
"scientism"—or the gadgetry utilized for routine
laboratory work. Rather it is what may be called
the scientific "temper" or "spirit." It is this
"spirit of inquiry," which stems from the value
position of science, that such authors as Dewey,
Bronowski, Geiger, and Sandford have emphasized
must be considered if our world is.to survive. This
position says essentially that the roles of scientist
and citizen cannot be sharply separated. As Waddington put it:
The true influence of science is an attitude of
mind, a general method of thinking about and investi
gating problems. It can, and I think it will, spread
gradually throughout the social consciousness without
any very sharp break with the attitudes of the past.
But the problems for whioh it is wanted face us al
ready; and the sooner the scientific method of hand
ling them beoomes more generally understood and
adopted, the better it will be. (72, p. xlil).
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Now it is necessary to look a bit more close
ly at what is meant by this "scientific attitude.
Relevant here are two important aspects of the
scientific attitude one having to do with the metho
dology of science and one related to the social or
ganization of science. The former is a complex
of human behavior and adjustment that has been
summed up as the "spirit of inquiry." This com
plex includes many elements, only two of which
are considered here. The first may be called the
hypothetical spirit, the feeling for tentativeness and
caution, the respect for probable error. As Geiger
says: ". . . the hypothetical spirit is the unique
contribution scientific method can offer to human
culture; it certainly is the only prophylactic against the authoritarian mystique so symptomatic
of modern nerve failure." (28, p. 1 1 ).
The second ingredient is experimentalism,
the willingness to expose ideas to empirical test
ing, to procedures, to action. The hypothetical
stance without experimentalism would soon develop
into a rather arid scholasticism. Experimentalism
without the corrective of the hypothetical imagin
ation would bring about a radical, "dustbowl
empiricism lacking significant insight and under
lying structures capable of generalization. These
two features, plus the corrective of criticism, is
whatis meant by the methodological rules of science;
it is the spirit of inquiry, a love of truth relent
lessly pursued, that ultimately creates the objec tivity and intelligent action associated with science.
The second important aspect of the scientific
attitude is that concerning the social organization
of science, the institutional imperatives of the
scientific enterprise. A number of social scientists,
inspired by the work of Parsons (54) and Merton
(4 9 ), (50), have examined the society of scientific
enterprise (5), (21), (47), (60). What they have said
is important for the argument presented here. Only
when the social conditions of science are realized
can the scientific attitude exist. As Sanford pointed
out:
Science flourishes under that type of,democracy
that accents freedom of opinion and dissent, and
respect for the Individual, ft Is against all forms
of totalitarianism, of mechanization and regimenta
tion. . . In the historical development of the ends that
are treasured In Western societies there Is reason
to believe that science has had a determining role.
Bronowskl again: Menhave askedfor freedom, Justice
and respect precisely as science has spread among
Ik a tn

fftl

or Parsons:
Science Is Intimately integrated with the whole
social structure and cultural tradition. They mutually
support one another—only In certain types of soolety
can scienoe flourish and conversely without a contin
uous and healthy development and application of so lence such a society cannot function properly. (5, p. 83).
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What are the conditions that comprise the
ethos of science? Barber identifies five that are
appropriate to this discussion: Rationality, universalism, individualism, communality, and disin
terestedness. (6 ). A brief word about each of these
is in order. The goal of science is understanding,
understanding in as abstract and general a fashion
as possible. Universalism, as used here, means
that all men have morally equal claims to discover
and to understand. Individualism, according to
Barber, expresses itself in science as anti-author
itarianism; no authority but the authority of science
need be accepted or trusted. Communality is close
to the utopian communist slogan: "From each ac
cording to his abilities, to each according to his
needs." This simply means that all scientific peers
have the right to share in existing knowledge; with
holding knowledge and secrecy are cardinal sins.
The last element, disinterestedness, is to be con
trasted with the self-interest usually associated
with organizational and economic life. Disinterest
edness in science requires that role incumbents
serve others and gain gratification from the pursuit
of truth itself. These five conditions comprise the
moral imperatives of the social organization of
science. They are, of course, derived from an
"ideal type” of system, an empirically imaginable
possibility but a rare phenomenon. Nevertheless,
insofar as they are imperatives, they do in fact
determine significantly the behavior of scientific
organization.
There are two points to be made in connec
tion with this model of organization. The first was
made earlier but may require reiteration: the spirit
of inquiry can flourish only in an environment where
there is a commitment toward the five institutional
imperatives. The second point is that what is now
called the "human relations school" 1 1 has been
preoccupied primarily with the study of those fac
tors that this paper has identified as the prerequi
sites of the science organization. In fact, only if
we look at the human-relations approach with this
perspective do we obtain a valid view of their work.
For example, a great deal of work in human rela
tions has focused on "communication" ( 1 1 ), "partici
pation" (43), and "decision-making." Over general
izing a bit, we can say that most of the studies
have been (from a moral point of view) predicated
on and lean toward the social organization of science
as has been outlined here. Note, for instance, that
many studies have shown that increased participation,
better communication (keeping worker "informed"),
more "self-control," and decreased authoritarianism
are desirable ends. Because of their emphasis on
these factors, the researchers and theoreticians
associated w ith human-relations research have some
times been perceived as "soft-headed,” unrealistic,
11.

12 .

13.
classical,

too academic, and even utopian. In some cases,
the social scientists themselves have invited these
criticisms by being mainly interested in demonstrat
ing that these participative beliefs would lead to
heightened morale and, on occasion, to increased
efficiency. So they have been accused by many
writers as advocates of "happiness" or a moo-cow
psychology. 1 2
These are invalid criticisms, mainly because
the issue is being fought on the wrong grounds.
The root of the trouble is that the social scientists
have not been entirely aware or prescient enough
to see the implications of their studies. Rather
than debating the viability of socio-psychological
variables in terms of the traditional effectiveness
variables, which at this point is highly proble matical,
they should be saying that the only way in which
organizations can develop a scientific attitude is by
providing conditions where it can flourish. In short,
the norms of science are both compatible and re 
markably homogeneous with those of a liberal de
mocracy. We argue, then, that the way in which
organizations can master their dilemmas and solve
their problems is by developing a spirit of inquiry.
This can flourish only under the social conditions
associated with the scientific enterprise, i.e. demo
cratic ideals. Thus it is necessary to emphasize
the "human side of enterprise," that is, institutional
conditions of science, if organizations are expected
to maintain mastery over their environment.
Now, assuming that the social conditions of
science have been met, let us return to the desig
nated task of identifying those organizational criteria
that are associated with the scientific attitude.
THE CRITERIA OF SCIENCE AND MENTAL
HEALTH APPLIED TO ORGANIZATIONS
Perhaps no other area of human functioning
has more frequently been selected as a criterion for
mental health than the individual's reality orientation
and his efforts at mastering the environment.—M.
Jahoda (34, p. 53).
I now propose that we gather the various kinds
of behavior just mentioned, all of which have to do
with effective interaction with the environment, under
the general heading of competence.—Robert White
(75, p. 317).
. . . all aspects of the enterprise must be sub
ordinated to . . . its primary task. It is not only
Industrial enterprises, however, which must remain
loyal to their primary tasks. This is so of all human
groups, for these are all compelled, in order to
maintain them selves in existence, to undertake some
form of appropriate action in relation to their en
vironment . . . An organism, whether individual or
social, must do work in order to keep Itself related
to its external environment, that is, to meet reality.
— Eric Trist (19, p. xvi).

;e Bennis (9).
n
“e Baritz (6), bibliographies for chap. 6, 9, and 10.
operations they become more like the
leoard notes the irony that as research organizations expand their
cteal -typebureaucracy” See (64) for another approach to the social conditions of science.
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These quotations provide the framework for
the following analysis. They express what has been
the major concern throughout this paper: that,
when organizations are considered as "open sys
tems," adaptive structures coping with various en
vironments, the most significant characteristic for
understanding effectiveness is competence, mastery,
or as the term has been used in this essay, problem
solving. It has been shown that competence can
be gained only through certain adaptations of
science: its attitude and social conditions. It is
now possible to go a step further by underlining
what the above quotations reveal, that the criteria
of science bear a close kinship to the character
istics of what mental-health specialists and psy
chiatrists call "health."
There is an interesting historical parallel
between the development of criteria for the evalu
ation of mental health and the evolution of standards
for evaluating organizational health. Mastery,
competence, and adaptive, problem-solving abilities
are words - relatively new to both fields. In the
area of organizational behavior these words are
replacing the old terms "satisfaction" and "work
competence." Similarly, an important change has
taken place in the mental-health field, which has
had some of the same problems in determining
adequate criteria. Rather than viewing health ex
clusively in terms of some highly inferential intra
psychic reconstitutions, these specialists are stress
ing "adaptive mechanisms" and "conflict-free,
relatively autonomous ego-functioning, independent
of id energies. The studies of White (75), Rapoport
(58), Erikson (25), Hartmann (33), and other socalled ego-psychologists all point in this direction.
The main reason for the confluence of organ
izational behavior and mental health is at bottom
quite simple. Both the norms of science and the
methodology of psycho-therapeutic work have the
same goal and methodology: to perceive reality,
both internal and external; to examine unflinchingly
the positions of these realities in order to act in
telligently. It is the belief here that what a patient
takes away and can employ after treatment is the
methodology of science, the ability to look facts
in the face, to use the hypothetical and experi
mental methods-the spirit of inquiry-in under
standing experience. Sanford has said in this con
nection:

and in Freud's words:
Finally, we must not forget that the relation
ship between analyst and patient Is based c® a ove
of truth, that is, on the acknowledgement ° f reality,
and that it precludes any kind of sham or deceptio .
(26, pp. 351-352).

It is now possible to postulate ^ criteria
for organizational health. These are based on a
definition by Marie Jahoda, according to which a
healthy personality
. . actively masters his en
vironment, shows a certain unit of personality, and
is able to perceive the world and himself cor
rectly." (25, p. 51). Let us take each of these
elements and extrapolate it into organizational
criteria.
1. "Actively masters his environment .
Adaptability. In the terms of this paper, this char
acteristic coincides with problem-solving ability,
which in turn depends upon the organization's flexibility. Earlier it was pointed out that flexibility
is the freedom to learn through experience, to
change with changing internal and external circum
stances. Another way of putting it, in terms of
organizational functioning, is to say that it is "learn
ing now to learn." This is equivalent to Bateson s
notion of "deutero-learning,"the progressive change
in rate of simple learning (7).
2. "Certainunit of personality": The Problem
of Identity. In order for an\organization to develop
adaptability, it needs to know who it is and what
it is to do; that is, it has to have some clearly
defined identity! 1 4 The problem of identity, which
is central to much of the contemporary literature
in the mental-health field, can in organizations be
examined in at least two ways: (a) determining to
what extent the organizational goals are understood
and accepted by the personnel, and (b) ascertaining
to what extent the organization is perceived veridically by the personnel.
As to the problem of goals, Selznick pointed
The aims of large organizations are often very
broad. A certain vagueness must be accepted be
cause it is difficult to foresee whether more specific
goals will be realistic or w ise. This situation pre
sents the leader with one of his m ost difficult but
indispensable tasks. He must specify and recast the
p-QT'crni alms of his organization so as to adapt them,
without- serious corruption, to the requirements of
institutional survival. This is what we mean by the
definition of institutional m ission and role. (63,p.66).

. . . most notably in Freud's psychoanalytic
method of investigation and treatment. (This method
is in my view, Freud's greatest, and it w ill be his
The same point is made by Simon, Smithburg,
m ost lasting contribution.) By the method I mean
the whole contractual arrangement according to which
and Thompson: "No knowledge of administrative
both the therapist and patient become Investigators,
techniques,—then, can relieve the administrator from
and both object# of careful observation and study; in
the task of moral choice ^-choice as to organizational
which the therapist can ask the patient to face the
goals, and methods and choice as to his treatment
truth because he, the therapist, is willing to try
of the other human beings in his organization."
to face it in himself; in which investigation and treat
ment are inseparable aspeots of the same humanistic
(07. D. 24).
enterprise. (61, p. 12).
14. See Selznick (63), chap. 3, for sim ilar emphasis.
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exists." The field contains two main boundaries,
In addition to the clear definition of mission,
the internal organization and the boundaries rele
which is the responsibility of the leader to com
vant to the organization. March and Simon, in their
municate, there also has to be a working cosensus
cognitive view of organization, place great emphasis
on the organization of work. Wilfred Brown’s work
on adequate "search behavior." Ineffective search
is extremely useful in this connection. He enumer
behavior—cycling and stereotypy--are regarded as
ates four concepts of organization: the manifest
"neurotic" (46, p. 50).
organization, the one that is seen on the "organiza
However, it is preferable here to think about
tion chart" and is formally displayed; the assumed
inadequate search behavior in terms of perception
organization, the one that individuals perceive as
that is free from need-distortion (36) . Abraham
the organization (were they asked to draw their
Maslow places this jn perspective:
phenomenonological view of the way that things
work); the extant organization, the situation as re 
Recently Money-Kyrle, an English psycho
vealed through systematic investigation, say by a
analyst, has indicated that he believes it possible to
student of organizations; andthe requisite organiza
call a neurotic person not only relatively inefficient,
simply because he does not perceive the real world
tion, or the situation as it would have to be if it
as accurately or as efficiently as does the healthy
were "in accord with the real properties of the
person. The neurotic is not only emotionally sick—
field in which it exists."
he is cognitively wrong! (34, p. 50).
"The ideal situation," Brown goes on to say,
"is that in which the manifest, the assumed, the
The requisite organization requires reality-testing,
extant, and the requisite are as closely as possible
within the limits of rationality, for successful
in line with each other.” (19, p. 24). Wherever
mastery over the relevant environments.
these four organizational concepts are in contra
In summary, then, I am saying that the basic
diction, we finda case ofwhatErikson calls "identity
features of organization rely on adequate methods
diffusion" (25). Certainly this phenomenon is a
for solving problems. These methods stem from
familiar one to students and executives of organiza
the elements of what has been called the scientific
tions. Indeed, the great attention paid to the "in
attitude. From these ingredients have beenfashioned
formal group” and its discrepancy with the formal
three criteria or organizational mechanisms, which
(difference between the manifest and the assumed
fulfill the' prerequisites of health. These criteria
organizations or between the manifest and the extant)
are in accord with what mental-health specialists
testifies to this.
call health in the individual.
Another useful analogy to the mental-health
Undeniably, some qualifications , have to be
field shows up in this discussion. Many psycho
made. The mensuration problem has not been
therapeutic schools base their notions of health on
faced, nor have the concrete details for organiza
the degree to which the individual brings into har
tional practice been fully developed. Nonetheless,
mony the various "selves" that make up his person
it has been asserted that the processes of problemality. According to Fromm-Reichmann, ". . . the
solving--of adaptability--stand out as the single
successfully treated mental patient, as he then knows
most important determinant of organizational health
himself, will be much the same person as he is
and that this adaptability depends on a valid identity
known to others." (27, p. 188). Virtually the same
and valid reality-testing . 1 6
criterion is used here for organizational health,
i.e. the degree to which the organization maintains
harmony--and knowledge--about and among the
SOME IMPLICATIONS OF THE SCIENCE
manifest, assumed, extant, and requisite situations.
MODEL FOR ORGANIZATIONAL BEHAVIOR
This point should be clarified. It is not necessary
to organizational health that all four concepts of
There is one human characteristic which to-day
organization be identical. Rather, all four types
can find a mode of expression in nationalism and
war, and which, it may seem would have to be com
should be recognized and allowance made for all
pletely denied in a scientific society. That is the
the tensions attendant upon their imbalance. It is
tendency to find some dogma to which can be attached
doubtful that there will always be total congruence
complete belief, forthright and unquestioning. That
in organizations. The important factor is recogni
men do experience a need for certainty of such a
tion; the executive function is to strive toward con
kind can scarcely be doubted. . . Is science, for all
its logical consistency, in a position to satisfy this
gruence insofar as it is possible.
primary need of man?—C. H. Waddington (72, pp.
3.
"Is able to perceive the world and him
163-164).
self correctly": Reality-Testing. If the conditions
We are not yet emotionally an adaptive society,
for requisite organizations are to be met, the organ
though we try system atically to develop forces that
ization must develop adequate techniques for detertend to make us one. We encourage the search for
lining the "real properties" of the field in which it

15. See March and Simon (46) for a formal model of search behavior (p. 50) and an excellent discussion of organizaonal reality-testing (chap. 6).
16. Dr. M. B. Miles has suggested that an Important omission in this approach is organization "memory” or storye of information. Organizations modelled along the lines suggester here require a theory" based on an accumulated
torage of information. This is implied, I believe, in the criterion of adaptability.
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his rewards from manipulating power within the
hierarchy. The former are considered to be better
organization men than the latter. Loyalty within
the scientific organizational conditions specified
here, would be directed not to particular ends or
products or to work groups but to identification
with the adaptive process of the organization.
2.
Recruitment and training for the spirit
of inquiry. There are some indications that the
problems of recruitment and training for the social
organization of science are not as difficult as has
been expected. For one thing, as Bruner has shown
(2 0 ), today's school children are getting more and
better science teaching. It is to be hoped that they
will learn as much about the attitude of science as
they will about its glamour and techniques. In ad
The use of the model of science as a form
dition, more and more research-trained individuals
for the modern organization implies some profound
are entering organizations.1 7 As McGregor points
reforms in current practice, reforms that may ap
out; "Creative intellectual effort by a wide range
pear to some as too adventurous or utopian. This
of professional specialists will be as essential to
criticism is difficult to deny, particularly since not
tomorrow's manager as instruments and an elaborate
all the consequences can be clearly seen at this
air traffic control system are to today's jet pilot."
time. However, before necessity diminishes the
(44, p. 27). Individuals trained in scientific method
desirability of using the science model, let us
ology can easily adapt to, in fact will probably de
examine a few consequences that stand out rather
mand, more and more freedom for intellectual in
sharply.
1.
The problem of commitment and loyalty.quiry. If McGregor's and Leavitt and Whisler's
(40) prognostications are correct, as they presently
Although the viewpoint does have its critics, such
seem to be, then there is practically no choice but
as William H. Whyte, Jr., most administrators
to prepare a social milieu in which the adaptive,
desire to develop high commitment and loyalty to
problem-solving processes can flourish.
the organization. Can the scientific attitude, with
As to training, only a brief word needs to be
its ascetic simplicity and acceptance of risk and
said. The training program of the National Train
uncertainty, substitute for loyalty to the organiza
ing Laboratories (16) and the work of Blake (13),
tions and its purpose? Can science, as WaddingBlansfield (15), and Shepard (65) are based rather
ton wonders, provide the belief in an illusion that
specifically on developing better diagnosticians of
organizational loyalty is thought to provide? The
human behavior. It is apparent from such training
answer to this is a tentative "yes and no." Sub
studies that the organization of tomorrow, heavily
stituting the scientific attitude for loyalty would be
influenced by the growth of science and technology
difficult for those people to whom the commitment
and manned by an increasing number of profes
to truth, to the pursuit of knowledge, is both far
sionals, appears to have the necessary require
too abstract and far too threatening. For some,
ments for constructing organizations based on in
the "escape from freedom" is a necessity, and the
quiry.
uncertain nature of the scientific attitude would be
3.
Intergroup Competition. Blake and Mouton,
difficult to accept. However, it is likely that even
guided partly by the work of the Sherifs (6 6 ), have
these individuals would be influenced by the adop
disclosed for examination one of organization's most
tion of the science model by the organization. Loy
troublesome problems, intergroup conflict and col
alty to the organization per se would be trans
laboration. These perseverating conflicts, usually
formed into loyalty and commitment directed to the
based on a corrupt practice of vested interests,
spirit of inquiry. Hence, a higher rate of mobility
probably dissipate more energy and money than any
is envisaged for organizations based on movement
other single malady caused by humans. Inter
towards those environments in which the social
group conflict, with its "win-lose" orientation, its
conditions of science exist. Gouldner, in another
dysfimctional loyalty (to the group or product, not
context, has discussed this difference between indi
to the truth), its cognitive distortions of the out
viduals in terms of the split of organizational roles
sider, and its inability to reach what has been called
into "locals and cosmopolitans" (30), The cos
creative compromise, effectively disrupts the com
mopolitan dorlvoB his rewards from inward stand
mitment to truth. By means of a laboratory ap
ards of excellence, internalized and reinforced
proach
Blake and Mouton have managed to break
through professional (usually scientific) identifica
tion. On the other hand, the local (what Marvick
. . . the mental assumptions underlying w ln-lose con
calls the "bureaucratic orientation" (48) derives
new Inventions; we keep the mind stimulated, bright,
and free to seek out fresh means of transport, com
munication, and energy; yet we remain, in part, ap
palled by the consequences of our ingenuity and, too
frequently, try to find security through the shoring
up of ancient and irrelevant conventions, the extension
of purely physical safeguards, or the delivery of de
cisions we ourselves should make into the keeping
of superior authority like the state. These solutions
are not necessarily unnatural or wrong, but histor
ically they have not been enough, and I suspect they
w ill never be enough to give us the serenity and
competence we seek. . . we may find at least part of
our salvation in identifying ourselves with the adap
tive process and thus share . . . some of the joy,
exuberance, satisfaction and security . . . to meet
the changing tim e.—E. Morison (51, p. 11).

flict.

17.

See Harbison (32; on this point.
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fluidity In Initial stages of solution-proposing rather
than fixed position taking, free and frequent Inter
change between representatives and their constituent
groups and focusing on communalltles as w ell as
differences as the basis for achieving agreement and
so on, are but a few of the ways which have been
experimentally demonstrated to Increase the likeli
hood of arriving at mutually acceptable solutions
under conditions of collaboration between groups (14).

What the authors do not explicitly say but
only imply is that the structure of their experi
mental laboratory approach is based on the methods
of inquiry that have been advocated in this paper.
Theirs is an action-research model, in which the
subjects are the inquirers who learn to collect,
use and generalize from data in order to under
stand organizational conflict. Rational problem
solving is the only prophylaxis presently known
to rid organizations of perseverating intergroup
conflict.
Loyalty, recruitment and training, and intergroup hostility are by no means all the organization
al consequences that this paper suggests. The dis
tribution of power, the problems of group cohesive

ness ,1 8 the required organizational fluidity for a r
ranging task groups on a rational basis, and the
change in organizational roles and status all have
to be considered. More time and energy than are
now available are needed before these problems
can be met squarely. However, one thing is cer
tain: whatever energy, competence, and time are
required, it will be necessary to think generally
along the directions outlined here. Truth is a cruel
master, and the reforms that have been mentioned
or implied may not be altogether pleasant to be
hold. The light of truth has a corrosive effect on
vested interests, outmoded technologies, and rigid,
stereotypic patterns of behavior. Moreover, if this
scientific ethos is ever realized, the remnants of
what is now known as morale and efficiency may
be buried. For the spirit of inquiry implies a
confrontation of truth that may not be "satisfying"
and a deferral of gratification that may not, in
the short run, be "efficient." However, this is the
challenge that must be met if organizations are to
cope better within their increasingly complicated
environments.
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V
Examples of Application of
Systems Theory to
Complex Social Systems
s
A.

IN TR O D U C TIO N

Section I dealt with the General Systems approach as a means o f analysis, a way of
looking at complex interrelationships in the real world. Section II dealt w ith the nature of systems
and positive and negative feedback. Section III focused on social organizations stressing their
dynamics of adaptation, while Section IV concentrated on the complexities o f social organizations
and factors to be considered in the design and analysis of such systems. This final section is con
cerned w ith the application of General System techniques to specific systems along w ith ideas on
management of these new systems.
Organization or system is a fundamental characteristic of all forms of life. Human life in
modern society is organized around a large variety of complex social systems with behavioural,
technical, and economic elements and which vary in size from small groups of persons to those
that are international in scope. Intensive study is required to achieve an understanding of the
nature, functioning, and management of complex social systems. This section presents selected
studies dedicated to broadening such understanding and providing descriptions, models, analyses,
and/or prescriptions concerning a wide variety o f social systems.
The papers included in this section present discussions o f topics ranging from component
behaviour in large systems to applications of general system concepts at the world level. The
papers may be grouped into six parts. In part (B) the two papers deal with human behaviour in
large organizations and factors affecting the growth o f systems. The three papers of part (C) con
cern applications of system theory to institutions. In part (D) three selected papers enlarge the
scale of applications to the metropolitan and regional levels, while in part (E) the scale of appli
cations is increased to the national political scene and total society levels by a group of five
papers. The single paper of part (F) focuses upon a study at the level of empires, while in part
(G) three papers deal w ith arms control, which may be construed as applications at the world
level. The following paragraphs present more detailed comments on each of the papers.
In the first paper, in part (B) Argyris presents a portion of a long-range effo rt designed to
eventually develop a systematic theory of human behaviour in organizations. General concepts of
systems are used in the development of a series of hypotheses. Two industrial plants were selected
to test the hypotheses empirically and to investigate stability, self-maintenance, and change in or
ganizations. A model adapted from the physical sciences that includes input, output, and feedback
mechanisms is applied to the examination of the functioning of social systems of the plants. The
focus is on the response of employees to management pressure. It is concluded that, as pressure
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from management is increased, employees w ill not tend to combat such pressure by forming co
hesive groups and interpersonal rivalry among employees w ill increase.
Concepts of general systems theory are used by Goldsmith in a study to ascertain inherent
factors that lim it the growth of systems. System growth tends to cause a reduction o f the degree
of closeness in linkages between components and o f order that set a natural lim it to growth. En
vironmental selection is critical if an optimal horizontal organizational structure is to be main
tained, otherwise growth is by m ultiplication rather than differentiation, structure w ill degrade,
and growth will be limited. Relaxation of cultural constraints and increased permissiveness seem
to accompany social and economic growth and to signal increased disorder. System growth is also
constrained by breakdowns in control mechanisms, the loss of integrity of components, reduction
o f guaranteed resource availability, excessive production o f wastes, and reduced variety due to
sim plification. Technological development is seen as producing positive feedback that can result
in increased global instability.
The first paper in part (C) views corporations as elements of a larger social system, and cor
porate decisions affect the ecosystems in which corporations operate. In a study o f future direc
tions of the impacts o f corporate decisions on the encompassing social system, Ericson proposes
that the relationship between corporate values and general social system values can be clarified by
means o f computer-based feedback and dynamic process models. A review o f research on value
systems indicates that corporate decisions are typically made in view of m ultiple criteria or values,
managers face value dilemmas and role conflicts, and little insight is provided into how multiple
values are reconciled in the decision process. A summary o f three examples of cybernetic system
models provides the background fo r a discussion o f the effects of cybernetic organization model
ing and inform ation technology on the values of managers and the relationship of organizations
w ith the external environment. The study concludes that redefinitions of traditional values can •
be enhanced by more extensive use o f inform ation technology by organizations.
In an operations research study o f the hospital as a system, Howland emphasizes the need
fo r determining quantitative criteria fo r measuring the effectiveness o f patient care. A fter attempt
ing w ith o u t success to establish a basis fo r interdisciplinary research through the identification of
dependent variables common to the disciplines involved, the multidisciplinary team found that
such a basis could be obtained by the application of cybernetic concepts, principally regulation
and control. In order to apply the concepts, it was necessary to determine explicit measures of
performance. The output of the hospital consists o f the fu lfillm e n t of a hierarchy o f tasks, catego
rized as selection, service, supply, and maintenance. The performance of the hospital system is a
function of. its intrinsic characteristics and its policies fo r utilizing primary resources consisting of
staff, patients, plant, and equipment. A conceptual model presented in the paper includes relation
ships w ithin and between hospital subsystems, interaction o f the system w ith its external environ
ment, and performance and resource measures.
Patient care is defined as the maintenance of a homeostatic balance fo r individuals by
Howland and McDowell in a second paper on hospital systems. The measure o f patient care is an
indicator of overall system performance. A need fo r medical care is viewed as a deviation from
the homeostatic balance o f an individual, and patient care consists of therapy as regulation to
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achieve well being, the desired balance. In a cybernetic model of the assessment and regulation of
patient states, patient condition is measured as the difference between actual and desired states,
the decision fo r treatment is based on the results o f such measurement, and the regulatory func
tion responds to variations in patient states, where patterns of deviations compared to specified
limits indicate the level of treatment required. A model developed in the study reveals the critical
need for obtaining accurate inform ation about patient conditions. Recent developments in data
processing and instrumentation offer great potential fo r the design o f patient-centered systems
that can help hospitals to be more effective in the regulation o f patient states and the delivery of
appropriate medical services.
In the first paper o f part (D) the indiscriminate usage of prime land w ithout adequate consi
deration of alternative future uses is the principal concern o f a study by Hollingshead. A model is
proposed that seeks to provide a holistic decision making form at fo r the rational use of land and
the reduction of urban sprawl. The paper identifies and discusses pertinent subsystems, system
flows, feedback loops, relationships, and an extensive list of primary variables for the study of land
allocation. The focus of the man/land study is on institutionalism rather than on organism because
of the circularity in the behavioural dimension of and extensive feedback in the system. The study
proposes that land use decisions be made by persons w ith appropriate authority and in view of
specified goals, higher level governmental interests should have p rio rity over those of local levels,
innovations in land use be encouraged, and it is wise to conserve prime bioticalIy productive land.
Metropolitan areas can provide residents with choices in greater variety and at lower costs
than can more dispersed areas. Deutsch characterizes these choices as face-to-face transactions,
where a selection is made between m utually exclusive alternatives, and each choice involves some
kind of commitment. The useful size of a metropolis is a function of the capability of communi
cation and transport facilities to provide alternatives to which residents can respond. The range of
choices is a partial determinant of urban attractiveness. The attraction to the metropolis can be
deminished by communication overloads that can be physical or behavioural in nature. To avoid
the frustration that results from such overloads, residents tend to withdraw to suburbs at the ex
pense of a reduction in the range of available choices. Several approaches for solving communica
tion problems suggested for study include the analysis of the ratio o f transport to shelter costs,
communication to shelter costs, proportions of land use fo r various purposes, allocation of re
sources to communication and transport to city size, and several others. The study concludes that
substantial investment in communication and transport facilities w ill be necessary to make the de
centralization of metropolitan areas feasible, and the restoration of beauty in the metropolitan
areas requires public control o f land use.
Long term strategic planning and short term operational planning fo r regional development
are given special emphasis in a study by Maitra that features the form ulation and application of a
planning model to an area in northwest India. Social, cultural, political, and economic factors con
sidered in the form ulation of the model and the dynamics of decision making are analyzed in
terms of a feedback network that relates the inner and outer environments o f the total system.
The framework of the model integrates selected concepts from engineering control theory, a
Forrester-type social system model, and the mathematical notation fo r complex inform ation trans
fer adapted from the work of Hurwicz. The study presents a form at for incorporating the institu-
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tional characteristics and objectives of a regional development organization into a formalized mul
tilevel framework as the basis fo r further empirical investigation.
Part (E) begins w ith a discussion of political activities that are intended to regulate systems
in terms of internal relationships of components and external relationships w ith other systems.
Regulation of political systems is seen by Vickers as being threatened by two principal factors.
The first is an ecological trap produced by social and cultural processes that lim it the transfer of
skills institutions, and ideas from one generation to another. The second factor is inadequate
communication fo r defining problems, evaluating programs, and obtaining necessary cooperation
and consensus. Changes in political systems necessitate continual restructuring of problems, modi
fications in the allocation o f scarce resources among conflicting alternatives, and greater under
standing of the role of communication in securing agreement on and compliance w ith system
policies. The development o f effective political communication is basically an art, and the critical
question is whether such skill levels can be raised sufficiently to permit regulation and the devel
opment o f ideologies. The criticism of ideologies, the principal function of communication in
political systems, is an awesome but essential undertaking that can be facilitated through greater
understanding o f the nature and control o f political systems.
The planning-programming-budgeting-system is viewed as a subset of general systems models
by Hartley and the presentation includes discussions o f the principal characteristics, selected ap
plications, and lim itations of the system. PPBS is designed to, provide a holistic framework for
designing and translating. Objectives and resources into a comprehensive and coherent plan. Twenty
principal characteristics that comprise the structural aspects, analytical procedures, and informa
tio n system that can be provided by PPBS are described in the paper. The application of PPBS
has been extensive in recent years, and some applications at federal, state, and local levels in the
early years of the use of the system are illustrated. Ten limitations of the systems approach are
presented to suggest areas for m odification and improvement to enhance the effective application
o f PPBS to public policy.
In a study of.social dynamics, Griesinger and McClintock consider conceptual and method
ological approaches fo r analyzing the dimensions o f poverty, means o f setting objectives for social
change, and anticipated social and psychological effects o f anti-poverty programs. Poverty has
m ultiple dimensions, and the quality o f life, motivation o f people, and social ills are not solely
functions of economic factors. Cultural change is essential fo r solving problems of poverty. The
decision process fo r effective poverty programs requires data on the status o f physical aspects of
neighborhoods, economic conditions of areas, and the social organization of communities; the
definition of goals and priorities; measures of effectiveness; and the means fo r achieving optimum
decisions through compromise. A model based on an analog from quantum physics is developed
to relate social and ecological forces to human behavior, effort, and discontent. The energy re
quired of persons to counteract social forces that tend to constrain them to norms that perpetuate
poverty levels is related to income distributions in a model. An application of the model to the
1965 Detroit rio t reveals that the tendency to riot is a function of a degree of nonventable dis
content that is related to income and human energy expenditure levels. Other applications to
housing and education described in the paper provide additional validation of the model.
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The conceptual view of society as a complex system of interacting institutions is utilized by
Rastogi in the development of a model with which to predict and measure total society systems.
Inputs for the model are derived from primary societal institutions labeled economic, government,
religious-ideological, educational, health, military, and fam ily. Examples o f the many performance
or state variables of the throughput process of the model include population and economic growth
rates, unemployment, ethnic tension, social expectations, and politico-m ilitary pressure. The via
bility or survival capacity of a performance variable is measured or scaled on the basis of an inter
pretation o f available data. The weighted sum of these scalings provides an indicator fo r the via
b ility of the total system. The information links between institutions are presented in a flow graph
that depicts the dynamics of society. Model simulations of five societies produced generally close
correspondence between calculated values of viability and governmental stability and between
simulated and actual values of economic growth, price-rise, and unemployment.
In a note on a technique for the definition and tests of completeness o f relationships o f vari
ables, Katzner suggests that an approach to modeling equilibrium conditions in economic analysis
can provide a strategy fo r organizing research in political science. Considerations involving exist
ence, uniqueness, stability, and optim ality of political systems can be expressed in a structural
manner to aid in ascertaining the logical completeness and usefulness of the equilibrium model to
research in political science. The note concludes by posing a series o f basic equations developed in
the approach and suggesting that the direction of political change can be anticipated if it is pos
sible to specify which parameters in a given model determine a particular political system.
Part (F) consists of a single paper in which a systems analysis of mercantile imperialism based
on the British version in the mid-17th century is utilized by M erritt to characterize imperial sys
tems as being comprised of dominate (metropolitan country) and dependent (colonial) subsystems.
The relationships between subsystems are controlled by the direction of flows of policy decisions
and communication transactions and the direction of loyalties and identification of individuals.
The self-interest of the dominant country is fundamental and served by imposing restrictive trade,
migration, production, and isolationist policies on colonies to insure their dependence. Dysfunc
tions in the imperial system arise from actions by dependent colonies to end their isolation, insuf
ficiently rigid controls on colonial activities, emphasis on local affairs by colonies, migration of
disaffected persons from dominant to dependent subsystems, and indigeneous populations. Various
actions to maintain dominance-dependency relationships and preserve stability of imperial systems
are outlined, but colonies w ill remain in the system only so long as the benefits from such asso
ciation are greater than those from independence. The case o f the Anglo-American empire is pre
sented in some detail to illustrate the general characteristics and disintegration o f an imperialistic
system. It is suggested that the value of the paradigm presented in the paper lies in its usefulness
for understanding the structure and operation of imperial systems, explaining specific cases, and
predicting system behaviour. To be effective, however, it is necessary to operationalize the model
through quantitative measures of communication and identification w ithin the system.
Part (G) begins w ith a presentation in which the adaptation of an economic model coupled
w ith the incorporation of operational considerations are the basis fo r the extension o f classical
models of arms races by Intriligator. The ratio goal and Richardson models reflect the classical
approach to depicting arms races in which a single variable, levels of weapons held, is the basis fo r
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policy determination. Reaction curves, borrowed from duopoly theory, and the addition o f strate-.
gic alternatives and lim its on weapons stocks as added considerations provide the basis for a more
comprehensive model o f arms races. Deterring and depriving arms are strategies fo r imposing limits
on weapons holdings that can lead to stable conditions or equilibrium points not forecast by clas
sical models. Although the extended model is more comprehensive than the classical approach
and it extends the analysis of arms races, there are limitations to the model. Additional research
w ill be required to incorporate variety o f weapons and; policy dimensions fo r a more complete
analysis.
An application o f computer-based gaming to simulate arms control, described in a paper by
Davis, Carpenter, and Missler, provides a laboratory setting fo r the study of a proposed disarma
ment agreement between tw o nations. Economic and m ilitary resources available fo r manipulation .
by high-level decision makers are defined in a computerized data base. The economic and m ilitary
sections of the model are interdependent, and the outcomes o f a series of decisions fo r the allo
cation o f resources are reflected in terms o f overall m ilitary capability and an index o f aggregate
economic production. Other factors considered by participants in the simulation include changes
in the data base between simulated m onthly periods, intelligence requests and reports, progress
reports, and other data base summaries. Although the gaming model does not include all of the
aspects of an actual conflict situation, the simulation of principal variables effectively portrays the
dynamics o f the interaction process and provides insights not available from other analytical
methods.
Research on the causes and control o f international conflict is the focus of an excellent con
trib u tio n by Singer, the final paper o f this section. Other studies o f international conflict have
generally not been sufficiently explicit longitudinally and have been limited to a single level of
analysis. In contrast, a more comprehensive model presented in the paper was developed to fu lfill
a considerable range o f epistemological, methodological, and substantive requirement. For example,
five levels o f analysis are outlined and considered in the design of the model. In addition, the
study examines conflicting incentives, temptations, and constraints generated by national and
international systems; the effects o f lim ited capability of mechanisms on the control and escalation
o f conflict; and some feasible approaches fo r achieving short-term reductions in conflict levels.
The proposed model features homeostatic mechanisms to control positive feedback arising from
interactions between regime and opposition, mobilization, use of mass media, and redistribution of
domestic power, all o f which tend to escalate international conflict. The suggested control mech
anisms include m odifications to media output, constraining mobilization rates, and diplomatic
negotiation by proxy. While the adverse cost-benefit ratio of war, declining colonialism, and de
creasing nationalistic views tend to damp positive feedback, there remains a pressing need to
m odify political processes by utilizing self-reinforcing feedback mechanisms to avert and control
escalation in international conflict.
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B.
HUMAN B E H A V IO R IN L A R G E O R G A N IZ A T IO N S

UNDERSTANDING ORGANIZATIONAL CHANGE*
Chris Argyris
The objective of this paper is to describe a
study of organizational change. The research is a
part of a long range study designed to develop ulti
mately a systematic theory of human behavior in
organizations.
The first step in the series was a systematic
review of the empirical literature from which ten
interrelated propositions were derived. 1 As a sec
ond step, several of these propositions were tested
in a field study of high- and low-skill employees. 2
In the third step we were especially interested in
studying the underlying mechanisms of organiza
tional stability and self maintenance. By what me
chanisms does an organization maintain itself? 3
Equally as important as organizational stability
is the property of organizational change. A sys
tematic theory must eventually be able to shed light
on the mechanisms of organizational change. It
would be especially helpful if one could begin to
make explicit the organizational mechanisms in
volved in the transition from organizational stability
to organizational change. This is a central objective
of the present (and fourth) step of the research pro
gram.
In order to make explicit the organizational
mechanisms involved in the study of change, it was
necessary to conduct the study of change in an o r
ganization whose mechanisms for stability were
known. Having knowledge of how the organization
maintains itself, we should then be able to make
specific predictions as to how the organization would
change from its original state to a new one.
An opportunity to achieve these conditions was
offered by a large (for the industry it represents)
corporation composed of a number of relatively
small manufacturing units. A study was first made
of one plant (hereafter called Plant X) to understand
the mechanisms by which its social system main
tained itself (step three above). We expected the
next step to be a study of Plant X as it underwent
changes designed by management (after the above
research was completed) to increase pressure for
more managerial controls in order to “ tighten up”
on costs. It soon became clear, however, that it
would take at least six months to a year before the
impact of these changes could be measured by our
relatively crude research instruments.
Fortunately, another plant (hereafter known as
Plant Y) with comparable technology, structure,
leadership, and controls had been subjected to a
similar change about a year earlier. It was our
hope that on the basis of the model of Plant X it
should be possible to derive a priori hypotheses and

make specific predictions as to what the researcher
would find in Plant Y. If, for example, we know that
a “ tightening up” process is going on in a particular
plant (Y), and if the social system of Y is similar to
X, then we should be able to predict the direction
and, hopefully, the amount of change that will occur
within the social system of Plant Y. More specific
ally we should predict, on the basis of the Plant X
model, the content of the responses to our questions
and the probable percentages that we would find in
Plant Y for each variable or set of variables.
As soon as permission was received to study
Plant Y, some refinements were introduced in the
research design. It was felt that in addition to the
objective of predicting a priori how Plant Y would
differ from Plant X, it would be interesting if the
research group could make a priori predictions
about the differences that should be found to exist
among specific departments within PlantY. For ex
ample, it would be interesting if the researcher
could state a priori predictions about which depart
ments within Plant Y would tend to have a higher
and which would tend to have a lower morale; higher
absenteeism, lower absenteeism; higher interest in
the quality of their work, lower interest in quality,
etc. Such predictions were derived by the research
group from the model of Plant X.
Two high-skill departments (sub-system A) and
two low-skill departments (sub-system B) were se
lected to be studied. The management of Plant Y
felt that the high-skill departments had “ high mo
rale” and the low-skill departments had “ low mo
rale” . All the managerial personnel (N=15 for
each sub-system were interviewed, and in addition
some of these were observed by the use of non
participant observations. Fifty per cent of the em
ployees in each department (N=15 for each sub
system) were interviewed. The total employees
interviewed therefore was 60 and the total number
of managers was 25.
In order to help make the empirical data more
meaningful a few words are in order about the model
to be used below. These comments are presented in
order to make the writer’s assumptions and ideas
more explicit. They are not meant to imply that
this exhausts the types of models that may be useful.
The fundamental assumption is that the way
organization has been and continues to be described
in the traditional literature of scientific manage
ment, public administration, industrial engineering,
and industrial economics, is not complete. The as
sumption is inferred from the nownumerous studies
and from the countless everyday observations that
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Stability is

CHRIS ARGYRIS
an organization is something more than what is pub
lished on the formal organizational charts repre
senting policies and practices . 4
If the existing literature is not complete, where
may one turn for new insights? In the writer s
opinion the literature that exists on the basic nature
of organization as seen by biologists, physicists,
chemists, medical researchers, anthropologists,
some economists and general system theorists is
avery fruitful source that requires careful explora
tion. There is an increasing awareness that organi
zation (or system) is a basic property of life, if not
life itself. If one takes this literature seriously (and
the writer does), then one arrives naturally at the
assumption that the basic properties of human or
social organizations are fundamentally similar to
those of organizations existing on different levels of
analysis.
If this assumption is valid, then one might ob
tain new clues as to how organizations may be con
ceived conceptually by turning to the literature that
examines the properties of organization. This is
the direction presently being taken by the writer.
As a result of this exploration, several prelim
inary propositions were formulated about the basic
nature of organization, that were found to be helpful.
Some examples are: An organization is character
ized bv an arrangement of parts forming a unified
whole which feeds back to help maintain the parts.»
A “ part” of an organization is actually an “ organic”
part in that it exists by virtue of its position in the
pattern that is the whole. 6 The whole, in turn, may
be differentiated from the parts along two dimen
sions. First, the whole has a boundary different
from that of any given part (or subset of parts ) . 7
Second, the functional unity of the whole displays
properties revealed only in the actual process of
full operation of the whole. 9
These propositions have led the writer to form
his own (very tentative) conceptual definition of or
ganization. An organization is a plurality of parts,
6clCh«

. achieving specific objective(s);
. maintaining itself through interrelatedness
with the other parts;
3 . simultaneously adapting to the external en
vironment; and

1
2

4.
5
I'.

. maintaining thereby the interrelated state oi
the parts.
The reader may wonder how such theoretical
notions can be of help to a researcher in construct
ing his model. Actually a. number of specific sug
gestions are implied in these theoretical ideas.
The first implication is that the model should
strive toward understanding the patterning of all the
relevant parts as well as the nature of each part. If
the properties and the output of the whole are re
vealed in the full operation of the whole, then one
must focus the research to “ capture” the wholeness
of the unity under study. 1 0 It is possible that a re
search strategy which assumes that a series of
“ part” studies eventually added together will pro
vide insight into the whole, may lead to failure. 1 1
For example, the writer learned after a series of
failures that leadership behavior (which is one part
of an organization.) could not be separated by the
subjects from such parts as the managerial con
trols and the organizational structure . 1 2 The part
(leadership) could not be studied separately from the
whole.
The above definition of organization also em
phasizes the organization’s tendency toward stabil
ity or constancy. This implies that research should
focus on the specific mechanisms by which the parts
create the whole, which cannot be understood unless
the “ equilibrium” or “ steady state” of the organ
ization is first understood. 1 2 If this guidepost is
valid then researchers need not enter arguments as
to the importance of the study of change versus
study of the tendency toward constancy. Both are
important but in a specific case the latter precedes
the former.
The “ parts” of an organization exist on many
levels. For example, there are individuals, informal
groups (large and small), departments, divisions,
cultural norms, etc. Since all the parts that are re 
levant need to be studied, the model should cope with
variables on different levels of analyses. It should
be able functionally to relate personality, informal
group and formal organization variables (for ex
ample) without much difficulty. To relate the vari
ables functionally to one another is to arrange them
in a meaningful pattern and to be able to show the
processes (mechanisms) that maintain this pattern.
4
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Fig. 1. The Social System of Plant X.

UNDERSTANDING ORGANIZATIONAL CHANGE
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CHRIS ARGYRIS
A CURSORY VIEW OF PLANT X’S SOCIAL SYSTEMS
We turn to our data. In order to understand the
hypotheses concerned with the mechanisms for or
ganizational change in Y, it is first necessary to
know something about the mechanisms for stability
in X(whose social system can be shown to be basic
ally similar toY's ) . 2 0 The following outlines some
of the major properties of Plant X’s social sys
tems . 2 1

For example, one might have to construct a pattern
in which personality variables are connected to in
formal group variables, which in turn are connected
to formal organization variables, which in turn are
connected to the cultural variables, etc. In short,
the model should take its cue from the nature of the
phenomena under study and not necessarily from
the traditional academic boundaries.

The Input Process
All systems being considered are assumed to
have “ openings” where inputs can be brought into
the system (see Figure 1). In the case of Plant X
the intake activities are conducted in the personnel
department (which is located away from the plant).
Formal Requirements of the High-Skilled Sub-Sys
tem
The individual passes through the intake proc
ess and enters one of two sub-systems; the highskill (A) or the low-skill (B). If the individual enters
the high-skill sub-system (A), he enters a world
which according to the respondents has the follow
ing characteristics:
Challenging work. Eighty-three per cent of the
employees in A report that they gain much personal
satisfaction while working because they have chal
lenging and creative work.
Fair wages, job security, and bonus. Ninetynine per cent of the employees describe their wages
as “ usually excellent, although because of the re
cession, they are now a little slow” and could be
better, but this is not a complaint, just a natural de
sire for more.
Fair incentive system. Almost all the em
ployees studied are on individual piece rate system.
The rates for the jobs are viewed by the employees
as fair. Of all the employees responding to the
question about the fairness of the rates only 6 per
cent say the rates are not fair. The remainder de
scribe them either as “ They’re OK. I wish they
were higher but then who wouldn’t? That’s natural,”
or “ Some are tough, some are easy, the overall
average are OK.”
The “ kitty.” In most cases all the employees.
interviewed are able to build up a “ kitty.” Some
jobs are timed so that one can make quite a lot of
money in one day if he produces to the utmost of his
assumed capabilities. However, as is the case in
many plants, the employees restrict their reported
production. 22 They do this by simply holding back

POSSIBLE MODEL FOR UNDERSTANDING
ORGANIZATIONAL BEHAVIOR
Making the model subservient to the data leads
to the development of a rather simple gross model
which lacks the rigor toward which a scientist as
pires. I admit this but believe that it is more re
spectable for a researcher to let known reality be
his guide. Philip M. Morse makes a similar point
when he notes that to understand certain problems,
one must understand the pattern before the de
tails . 1 4 Slowly, as Kurt Lewin suggests, by suc
cessive approximations, a rigorous model will some
day be evolved. 1 5 Once one has “ arrived” by this
path, one will not have to “ return” to try to do
something about variables left out. 1 6 Holding the
above hypothesis, Karl W. Deutsch’s definitions of a
model seems to be a useful point of departure.
Deutsch defines a model as “ structure of symbols
and operating rules which is supposed to match a
set of relevant points in an existing structure of
process.” 17
The model to be used is borrowed (more in
spirit than in substance)from the physical sciences.
It is the model of a system with an input, an output,
and feedback mechanisms. None of the quantitive
rigor found in the physical science models is emu
lated. Nevertheless, the model is useful as a device
to help organize the complexity, lead to new insights
and make a few predictions. 1 8 As C. W. Churchman,
R. L. Ackoff, and E. L. Arnoff suggest, all useful
models are not necessarily mathematical, nor are
they necessarily used for accurate prediction or
calculation. There are many that in essence are
diagrams enabling the researcher to bring together,
from many different fields, knowledge about organi
zation. They help to separate the trivial from the
relevant. 19 In the field of organizational behavior,
where the researcher is constantly overwhelmed by
the richness, depth, and complexity of the variables,
such aid is not be to taken lightly.

14. Morse, Philip, M., "Statistics & Operations Research," Operations Research, 4 (Feb. 1956), 4.
15. Lewin, Kurt, Dynamic Theory of Personality (New York, 1935).
16. For an Interesting article related to this problem, sec John L. Kennedy, "A 'Transition-Model' Laboratory
for Research on Cultural Change," Human Organization, 14 (Fall 1955), 16-18.
17. Deutsch, Karl W., "On Communication Models in the Social Sciences," Public Opinion Quarterly, 16 (1952)
pp. 356-380.
18. See Deutsch's article cited above for an interesting discussion of the different functions a model may serve.
19. Churchman, C.W., Ackoff, R.L., Introduction to Operations Research, (New York, 1957), p. 71.
20. Because of space llniitations we are omitting the evidence that Plant X and Y have sim ilar social system s.
See Chapter VI of the author's Organizational Behavior.
21. For a detailed discussion see ibid Chapter III.
22. See William F. Whyte's Money and Motivation, Harper and Bros., 1955.
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The emphasis is on skin-surface signs of friendliness.
Wages guaranteeing a fair standard of living,
and a secure job. The level of wages should be
comparable with those for similar work in the com
munity. The degree of security desired is to have a
permanent job during the most difficult depression
periods.
Non-involvement in the formal activities of the
organization. They- need not feel responsible for
anything concerned with the organization excepting
one’s own specific job. Non-involvement does not
include the individual’s attitude toward productivity.
It includes such needs as not to be upwardly mobile,
and not to worry about the “ health” of the organiza
tion, etc.
Control over one’s own immediate work environment. This includes the need to be left alone
by the boss and not to be pressured by the mana
gerial controls or by formal policies and practices.
These predispositions “ fit” the requirements
of both sub-systems well. The management does
not apply pressure on the employees. It does not
require that the employees become highly involved
in the formal controls. In fact, until recently, it .had
few formal controls such as budgets. Also, the
management, through its intake process, empha
sizes that it wants friendly employees who get along
with others and who do not complain. Togetherness
is congruent with this requirement.
The Informal Employee Culture
: if the predispositions are, as we hypothesize,
important to the individuals, then we may hypothe
size that the employees will tend to try to guarantee
their continued expression. 2 4 From research on
the relationship between culture and personality we
may hypothesize that one way individuals can guar
antee the expression of their predispositions is to
create a culture that sanctions and approves them.
This is hypothesized to occur in Plant X. The
employees in both sub-systems create an “ informal
employee culture” which sanctions those predispo
sitions common to their sub-systems, thereby
making them cultural norms.
Outputs of the informal employee culture. In an
industrial organization, management clearly has
power over the employees. The employees there
fore live in a world where their opportunity for ex
pression of their predispositions would be immedi
ately cut off if the management decided to violate or
even throw out the norms of the informal employee
culture. However, the probability that management
would take such an action is small. They realize
that as long as the informal culture is maintained,

“ tickets’' which they must turn in if they are to get
paid for the work performed. The tickets state how
much the man produced of a particular item, the
piece rate, the order number, etc. Thus if a man
produces more than he feels (and in many cases
more than his foreman feels) is wise to turn in, he
banks the tickets in his “ kitty” and holds them until
a day when he may be assigned a tough job or when
he may not be feeling well or when his machine may
break down.
Ninety-seven per cent of the employees report
that the “ kitty” is very important to them. It pro
vides them a measure of control over their wage
fluctuations and helps to guarantee them a steadytake-home pay. The remaining three per cent feel
the same but add they do not make enough.
Minimum pressure from management. The
employees in sub-system A report that there is a
minimum pressure from management. Thus, 74 per
cent report, “ Management in this place is excellent,”
“ They’re wonderful people,” “ They hardly ever
bother us, and we hardly ever see them.” One hun
dred per cent respond that the pressure from the
leadership and the controls is at a minimum. One
hundred per cent report they are their own boss on
the job.
Formal Requirements of the Low-Skilled Sub-System
Non-challenging work. Eighty-five per cent of
the employees report they are performing work that
requires minimal abilities and offers little or no
challenge.
2,
Fair wages, job security and bonus.
Fair incentive system.
The “ kitty.”
Minimum pressure from management.
The Organizational Predispositions
For the sake of consistency and simplicity any
personality aspects upon which we focus are all
categorized as-“ predispositions.” A predisposition
is defined as a tendency to act in a particular situa
tion. The predispositions are inferred from the in
terview data. Every individual is assumed to have a
number of predispositions that he wants to express
while a member of the organization, each of which
may vary in degree of importance (Lewin’s potency).
The potency may also vary within the same individ
ual at different times in his life or different situa
tions. The high-potency predispositions for both
sub-systems are Togetherness, Wages, JobSecurity,
Non-Involvement, and Control. These are defined
as follows:
Togetherness, the need for experience in rela
tions to the other employees. The feeling that the
employees like each other without knowing each
other or experiencing close human relationships.

23. This category and the 3 that follow are the s a i n e as the correepondi^ ones
^ much p ^ .
24. The tnferoneo that man creates oulture and society _to fuliUl
personality. Alfred Knopf, Now York,
allty-culture research. Soo for example Clyde
(od) pnrTScImioirof Social Man in tho World
1949: 12. K. Erlkaon, Childhood and
Comf^ , Now Y o rk ~ T W ^

Witmer and Ruth Kotinsky, Personality in the Making, Harper and Bros., New
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the satisfaction of the employees will tend to be
high.
High self-expression, in turn, leads the em
ployees to behave in ways desired by management.
It is as if the employees say, “ Since management is
respecting our self-actualization, we will respect
theirs.” Consequently, the people in Plant X have a
high production rate (in the eyes of management),
are loyal employees, show low turnover rates, low
grievance rates and low upward mobility.
Satisfied management. Data available show that
most of the top management is highly satisfied with
the outputs of the informal employee culture. For
example, two of the top corporate officers inter
viewed, rate Plant X as “ the best” and three rate it
as “ one of the two best.” Turning to the top offi
cials of the plant, we find that they believe the em
ployees are the best producers in the corporation.
Passive Foreman Leadership
Let us now turn to the foremen, all of whom
have “ come up from the ranks.” If our analysis
above is valid it implies that the foremen’s pre
dispositions must have been influenced by the in
formal employee culture.
When made foremen, they are told by manage
ment that they will be considered successful to the
extent that they maintain high production, low griev
ance rates, and low absenteeism. The foremen re 
alize that the way to get the employees to behave in
this manner is to maintain the informal employee
culture and not to behave in a way that violates the
culture’s norms. Thus, 87 per cent of the foremen
report that in order to be effective, they must strive
hard (1 ) to keep everyone busy with work (2 ) to
guarantee a fair take home pay, (3) to distribute the
easy and tough jobs fairly and (4) to leave the em
ployees alone as much as possible.
Outputs of a successful passive leader. There
are at least two resultants from the passive or
“ understanding” foreman leadership styles. First
is an employee-foreman relationship dominated by
something we shall call the “ psychological work
contract.” Second, a foreman who as a leader be
comes “ simplified.”
a) Psychological Work Contract. Since the
foremen realize the employees will produce best
under passive leadership, and since the employees
agree, a relationship is formalized between the em
ployees and the foremen which might be called the
“ psychological work contract.” The employees will
maintain the high production, low grievances, etc.,
if the foremen guarantee to respect the norms of the
employees’ informal culture (i.e.,let the employees
alone, make certain they make adequate wages, and
have secure jobs). This is precisely what the em
ployees need. Thus, the foremen’s leadership be
havior feeds back to guarantee the perpetuation of
the employees’ predispositions and their informal
employee culture.
b) Simplified Foremen. The impact of the psy
chological contract is to coerce the foremen to mold
their leadership pattern in terms of its require
ments. But the requirements are not particularly
difficult. Certainly, they do not require complex
human relations skills such as self-awareness, sen

sitivity, etc. The psychological contract simplifies
the employee-foreman relationship. It also simpli
fies the foreman’s leadership pattern and may sim
plify him as a human being.
Management Dissatisfaction with Foremen. A
(simplified) leadership pattern whose main characteristics are to interact minimally with, and not to
pressure, subordinates is apparently not appreciated
by the upper management. They wish that the fore
men would manifest more active, striving, pressur
ing, characteristics toward the employees. The
foremen find it difficult to convince management
that their passive leadership is more effective.
Consequently, they tend to become quite passive in
their relationship with top management. If it is
possible, they prefer (unknowingly at times) to get
top management to make any decision that is im
portant. The four top executives in the plant report
that they perceive foremen to be of low caliber.
Resultants of a dissatisfied management.
a) Pressure on the Foremen. Management re 
acts to the passive leadership by applying pressure
on the foremen to make them, as one top leader
said, “ more alive, go-getting, and hard-hitting.”
The foremen feel the pressure.
b) Employee Visits. Because the executives
also do not trust the capabilities of the foremen they
constantly make visits throughout the plant talking
with the employees.
Foremen’s dissatisfaction. Although the man
agement visits act to increase the employee satis
faction, they tend to increase the foremen’s dis
satisfaction. Many feel they are undercut (77 per
cent). They feel they are not truly trusted; that
their job is menial with not much responsibility.
We may infer that the foremen’s dissatisfaction
is caused primarily by four factors. They are
pressure from management, low status of their job,
undercutting and their role as decision carriers
rather than decision makers.
Resultants of the foremen’s dissatisfaction are
a desire for more money, higher status, and greater
control; and reinforcement of the simplified leader
ship pattern.
Reinforcement of management dissatisfaction
with the foremen. The resultants of the foremen’s
dissatisfactions by no means please the manage
ment. They feel that the foremen are not facing
reality if they think that the best way to adapt to
their (management’s) pressure is to become even
more “ simplified,” dependent, and submissive while
at the same time asking for greater control. Thus,
the foremen’s adaptive activities reinforce the man
agement’s feelings of dissatisfaction, which only
serves to increase the management’s pressure, em
ployees visits, etc. The “ management-foremen”
circuit is now closed, and we have a self-enhancing
system. This leaves the management with the em
ployees as their major source of satisfaction, which,
in turn, feed back as another reinforcement of the
particular hiring process now being used (which
management views as highly responsible for the
type of employee now working at Plant X). The
feed-back completes the circuit to the input process,
and we have a self-maintaining system.
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This completes the outline of Plant X’s social
system. Armed with this model, the researcher
turned to the task of stating a priori hypotheses
about what he would find in Plant Y.
FORMATION OF HYPOTHESES AND FINDINGS
Formation of A Priori Hypotheses About Plant Y
The only information the writer had about Plant
Y before conducting the research was that a general
“ tightening up” process had been instituted in the
Plant about one year ago. The aims of the “ tighten
ing up” process were, and still are at the time of
writing, (l)to cut costs, (2 ) to develop accurate cost
standards, and (3) to develop accurate inventory
control. Generally speaking, product costs were to
be cut by reducing the costs of production work,
wherever feasible. Errors, waste, and poor quality
were especially to be reduced. With this knowledge,
the writer set before him the analysis of Plant X
and began to define any hypotheses that came to
mind.
Some of the questions in the writer’s mind
about Plant Y that influenced the direction of his
thinking were as follows. Where will management
apply the pressure for a reduced costs? How will
sub-systems A and B tend to react to the tightening
up processes? What will be the impact of the pres
sure on the low- and high-skill employees, the fore
men, the informal employee culture, the psycholog
ical contract, etc? How will the foremen tend to
react? How will the employees’ and foremen’s
reactions tend to effect the other parts of the social
system?
Fifteen a priori hypotheses were derived from
this exploration. Ten were related to the impact of
change upon the employees and five to the impact of
change upon the foremen. These fifteen hypotheses
were placed in an envelope and were not referred to
until the time came to write the results (about one
year later). The procedure raises a question as to
the degree to which the knowledge of the hypotheses
consciously (or unconsciously) influenced the writ
er’sinterviewing activities and the subsequent anal
yses of the interviews. This is a limitation of the
project. Although it would have been better to have
an independent researcher derive the hypotheses,
other valid procedures can be used to partially cor
rect such a situation, because of space limitations
they cannot be discussed in detail.25 Suffice it to
say that several of the a priori hypotheses that are
confirmed, hypothesize relationships among data that
are obtained independently of the interview situation
and of the analysis made by the writer. For exam
ple, a priori hypotheses about turnover, absentee
ism, quality of work, and errors in work are tested
by data collected by the organization and not by the
researcher.
Of the fifteen hypotheses defined before enter
ing Plant Y and of the two defined after the data
were gathered (but before the analysis began), ten
will be presented below. .
Hypotheses About Impact of Changes Upon Employ,ees; Evidence
Hypotheses I: The major points of initial impact
25.

See Organizational Behavior. Chapter VI.
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of the change upon the employees’ world in Plant Y
will be on (a) the kitty, (b) pressure from manage
ment, and (3) the piece rates. Since the manage
ment’s concept of motivating employees was to pro
vide them with high wages, high benefits, and high
job security, and since top management had a policy
of never changing the rate of a job, we predicted that
the major points of contact for change in sub-sys
tems A and B of Plant Y would be initially (1) the
“ kitty,” (2) pressure from management, and (3) re 
definition of jobs so that piece rates could be alter
ed.
Evidence for Hypothesis I: Since the redefining
of jobs could easily have been predicted from knowl
edge of industry practices, we will simply note that
major changes were made in many jobs.
Turning to the kitty, we find abundant evidence
that it is one of the first variables which manage
ment attempted to change in Plant Y. A policy was
defined in the early stages of the change that no one
could have more than one day’s pay (or about $25)
as a kitty. All kitties above that figure were to be
turned in and the employees would be reimbursed
financially. From that date on, all kitties were to be
held by the foremen and wherever feasible an IBM
system would be installed so that the “ machine”
wouldkeep track of each man’s daily production, in
cluding his kitty.
Hypothesis II: The organizational tightening up
process will be resented by the employees in Plant
Y! Since the kitty is related to the predispositions
of Control, Wages, and Job Security, and since these
are important ones for the Plant Y employees, we
predicted that the reduction of the kitty and the elim
ination of “ job security” by the employees would be
resented by the employees.
Also, since we knew kitties tended to be higher
in sub-system A of Plant X, we predicted for Plant
Y that the resentment would be higher in sub-sys
tem A than in B.
Before these hypotheses could be tested, we
needed to establish that the kitty was as well-liked
in both sub-systems of Plant Y as‘it was in Plant X.
That kitties were equally important in sub-sys
tems A and B (Plant Y) can be established by noting
that 97 per cent in A and B respectively described
the kitty as a “ wonderful thing” for the employee
and the company. (The Plant X figures for the same
questions are 97 per cent for employees in A and 8 8
per cent in B.)
“ Well, that links up with the tension business
that I was talking with you about before. You
know there are jobs where we can make out
well. The level of energy that you really have
to give out to make a day's pay really isn’t too
much. But then there are jobs that you have to
work your ass off just to even up to the day
rate. If it isn’t sometimes for the extra opera
tions that they give me, "I would’t be able to
make a half a day’s pay. You know, nobody can
put a true rate, nobody can figure these things
out right, maybe God can, but we ain’t God around here so the kitty really helps both sides.
It helps the employee and it helps the manage-

CHRIS ARGYRIS
police the new change, management would increase
ment. It helps the management because if it’s
its rate of initiation of action upon the employees,
not too accurate, it knows, what the hell, the
and since the employees could not respond with an
men and women have a kitty, and they can make
increase in their rate of upward initiation of action,
up for it. Technically speaking, the guy should
we predicted that a significant change would occur
turn in his kitty, at the end of every day, but if
in Plant Y in the variable, “ Minimum Pressure from
he doesn’t and he keeps it, then when a bad day
Management.”
comes along, a machine breaks down or some
More'specifically, we predicted the direction of
thing, he still can earn his money.”
the
change
to be a decrease in the number of em
Evidence for Hypothesis II: Fifty per cent of
ployees in sub-systems A and B (Plant Y) who re 
the employees in B and 100 per cent in A resented
ported that (1 ) they were left alone by management,
the reduction of the kitty and the elimination of their
(2) they were their own boss, and (3) the pressure
control (.0001) . 2 6 Some quality examples of reac
was at a minimum.
tions given by the respondents are:
Evidence for Hypotheses IH: Table I below
“ I think it’s a good thing to have. Sometimes
summarizes
the results. Ail the differences are in
you have a good week and you save up a few
Table I
Comparison of Scores Regarding
Minimum Pressure from Management In Plant X and Y (Expressed in Per Cent)
Sub-System A
Stat.
Plant
Plant
X(N=34) Y(N=30) Sig.
1

. Management lets us alone

2

. We are our own boss

3. Pressure is at a minimum

Sub-System B
Plant Stat.
Plant
X(N=90) Y(N=30) Sig.

40

.0028

74

46

.0024

100

50

.0 0 0 1

83

40

.0 0 0 1

100

73

.0006

90

77

.0329

74

the predicted direction and are statistically signifi
tickets and you know you can make a good acant.
mount of money. Now you can’t. Now we’ve got
The corollary prediction was that a significantly
to turn them in right away. You have to keep
greater number of employees in sub-systems A and
track of our own to make sure that they’re not
B Plant Y would report that (1) they were never
cheating us, and you know, that’s not easy to re
their own boss and (2 ) the pressure was high.
member all the jobs you did and the piece rate
Table II below summarizes the results. All the
and so on. I don’t think the fellows like it.
differences are in the predicted direction and all
They're much more worried; of course,
Table II
Comparison of Scores Regarding
Maximum Pressure from Management in Plant X and Y (Expressed in Per Centj
Sub-System A
Plant Stat.
Plant
X(N=34) Y(N=30) Sig.
1

. I am never my own boss

2. The pressure is very high

Sub-System B
Stat.
Plant
Plant
X(N=90) Y(N=30) Sig.

0

50

.0 0 0 1

17

60

0

27

.0006

10

13

.0 0 0 1

but one are statistically significant.
Further supportive evidence was found in the
analysis of the question, “ The thing I like least
about the Plant Y is ...” We found that only 10 per
cent of the employees in sub-system B reported that
they disliked the pressure most. However, 53 per
cent of the employees In sub-system A reported that

they don’t say much. They can’t say anything.
What the hell can you say about it when they’ve
done it—there is nothing you can say about it.”
Hypotheses III: The tightening up process will
be perceived by the" employees as pressure from
npinTi^ment^ J?he jjrosaurcjyiU be greater In Plant
Y t a r i f f Plant X.' Since" iii o'rder loTn»Utu!e and
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they liked the pressure least of all (.0002). The dif
ferences are even more impressive if we compare
the figures above with those of Plant X. None of the
employees reported “ pressure” as the thing they
liked least about the company (.0 0 0 1 ).
Finally, another indication that sub-system A
employees (in Plant Y) felt more pressured than did
those in sub-system B (Plant Y) is obtained when we
note that in B, 43 per cent of the employees felt
there was little or no pressure now (compared with
the day they began to work at Plant Y), and 23 per
cent reported more pressure.
On the other hand no employees in sub-system
A reported less pressure while 77 per cent reported
greater pressure (.0 0 0 1 ).
The next two hypotheses were not defined apriori but followed from the analysis above. Since we
knew that the top management did not tend to apply
pressure personally on the employees (see above),
and since we knew the foremen were not perceived
as pressure givers by the employees, we predicted
that:
1) The middle management would be viewed as
the culprit by the employees even though the em
ployees clearly assigned the responsibility of initi
ating the tightening up process to the top manage
ment.
2) The degree of hostility toward the middle
management would be greatest in sub-system A,
since we had established that the pressure was
greatest there.
The data confirm the hypotheses.
To test Hypothesis 1) above, we note that 92 per
cent of the employees in A and B (Plant Y) reported
that they did not see the top management often and
that the top management was not pressuring the em
ployees. Eight per cent placed the source of pres
sure on top management (.0 0 0 1 ).
On the other hand, 52 per cent of the employees
(in A and B) described the middle management ex
ecutives with such statements as “ too dominating,”
“ not stable enough,” “ too damn easily upset,”
“ confused,” and “ ready to give hell but not praise”
(.0 0 0 1 ). Only 4.9% reported them as being “fair”
and not dominating.
To test Hypothesis 2),- we note that 92 per
cent of the employees in B perceived, the middle
management as pressuring them while 52 per cent
of the employees in A reported the same. (Almost
statistically significant.)
Hypothesis IV: Self-inflicted pressure will be
greatest in sub-systems A and B (Plant Y). Since
wages and job security were important for the em
ployees, and since the kitty was reduced, we pre
dicted that the employees would tend to compensate
by striving to “ make out” (i.e., make a day’s pay)
every day.
If this is valid, then we would expect a signifi
cant Increase in “ self-inflicted pressure” felt by
the employees in sub-systems A and B (Plant Y)
over that reported by the employees in Plant X,
caused by their need to produce enough every day to
make “ a fair day’s pay.”
Evidence for Hypothesis IV: The data confirm
the hypothesis. In Plant X the self-inflicted pres

sure to produce and “ make out” every day was 39
per cent for A and 43 per cent for B. On the other
hand, self-inflicted pressure in Plant Y was report
ed by 73 per cent in A (.0034) and 87 per cent in B
(. 0001 ).

Hypothesis V: Employees in Plant Y will de
crease their emphasis on quality work. Since the
employees in Plant Y placed greater emphasis on
“ making out” than did employees in Plant X, we
predicted that a greater number of Plant Y employ
ees would report that they could not achieve a high
quality job because they felt pressured to produce
quantity in order to make what they felt was a fair
day’s pay. Moreover, we predicted that a greater
proportion of employees in A rather than in'B (Plant
Y) would report they could not achieve high quality.
Evidence for Hypothesis V: The data confirm
the hypothesis. Seventy-one per cent in A (Plant X)
and 90 per cent in A (Plant Y) reported that they
could not achieve the quality they desired because of
the pressure to make money (.0294). Ten per cent
in B (Plant X) and 80 per cent in B (Plant Y) re
ported similar responses (.0 0 0 1 ).
Some illustrative comments on quality are:
“ If rates are good the man will give to the best
of his ability. Now I don’t give good quality all
the time, Mister. I’ll be the first to tell you, I
try to give good quality. But I know past a cer
tain point if I don’t wise up I won’t make a day’s
pay. If a man gets the feeling that he’s a way
behind, he’s got nothing to get fussy about, be
cause if he gets fussy, he may give good quality
but his family will starve.”
Hypothesis VI: Plant Y will not tend to feed
back to management their negative feelings about
the change. Since the employees tended to perceive
the foremen as “ ineffective” and “ second-class cit
izens,” and since they had established no patterned
relationships with top management in which hostility
was sanctioned, we predicted that the employees
would not tend to communicate their negative feel
ings to (1 ) the foremen and (2 ) the members of upper
management.
Evidence for Hypothesis VI:
Seventy-nine per cent of the employees report
ed their foremen’s influence to be “ not very much,”
“ inadequate” and “none” ; “ Therefore, there isn’t
much sense in complaining to those guys because
they’re pushed as it is and they can’t do anything
anyway.”
We have no direct evidence to test the hypoth
esis regarding communication to top management
partially because the data exists on a more covert
level. However, indirect evidence that confirms the
hypothesis is available.
During the research project no employees were
observed or reported stopping top management and
questioning them on the increased pressure when
ever the latter made one of their visits.
The managers were asked to predict which de
partments would have low morale and which would
have highmorale on the basis of their “ visits.” The
results were interesting. The managers selected
the two low-skill departments as having the lower
morale because of “ generally less work and lower
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wages.” When the employees in these departments
were asked to describe their own morale, 37 per
cent reported “ It is high” and 63 per cent reported
“ It is low.” When asked how they judged “ low mo
rale,” 67 per cent reported that low morale exists
because of less work and lower wages. Thus, the
management’s prediction was relatively accurate
(although they misjudged nearly one third of the em
ployees’ view of their morale).

However, in the two high-skill departments they
chose as having high morale (again based on wages)

67 per cent of the employees reported they had low
morale. The employees attributed their low morale
to the increased management pressure and the reduction of the kitty.
The point we are making is that management was
relatively accurate in its prediction of low morale
when this was due to low earnings because both the
employees and management used wages as their cri
terion. They were not aware, however (nor are they
informed by the employees), of the impact of their
pressure. The management prediction that the em
ployees in the “ high morale” departments were
satisfied with their wages is confirmed since 93 per
cent of the employees reported their wages as very
good” or “ satisfactory.” What management was not
aware of was that the criterion for low morale was
beginning to be changed and that the new criterion
would not tend to be communicated to them.
Hypothesis VII: Employees will not tend to
create cohesive informal groups. Since the predispositions Togetherness and Non-involvement were
very important to the employees, we predicted that
they would not tend to develop cohesive groups that
could be used to combat management pressure.

Evidence for Hypothesis VII; Indirect evidence
that confirms the hypothesis is found when one asks
the employees (especially in sub-system A) why
they do not communicate their complaints to top
management. Fifty-seven per cent responded that
no cohesive groups existed within the plant and that
the employees did not trust one another. Forty-two
per cent of the remainder stated that they could not
understand it themselves: “ I wish I knew, funniest
damn thing but employees here have never banded
together.”
“ Kitty I’d say is very very important. Every
body wanted.it. Now when the fellows heard they
weren’t going to have a kitty, they didn t like it
at all. They didn’t like it at all, believe me.”
Question: Could you help me to understand if
the employees have done anything about it?
Answer: Nothing, what can they do about it?
They tell you, and that’s it. Is there anything
else you can do about it? You see most of the
men here they really don’t stick together. It s
a dog eat dog world. Everybody’s trying to get
the best jobs, the easiest jobs that pay the most
money for the least amount of work. So thoy’ro
competing one against the other. Well, when
you get that kind of a situation you don't get
people who’ll stick together and work. Another
27
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fear is that if they stuck together and manage
ment decided they were, you know, looking for a
union, then they might be fired.
It is interesting to point out that the Noninvolve
ment, Apathy, and Togetherness that the employees
sanctioned as major components of their culture
could also act to prevent them from uniting to com
bat the further pressure that they were beginning to
experience. We may hypothesize further that no
hostile employee reaction against management will
tend to appear until cohesive groups are formed. In
order to develop cohesive groups, however, a major
cultural change or changes will have to take place
within the employee social system.
Hypothesis VIH: The more mature employees
in P la n t Y will tend to express a relatively high de
sire for unionization, (2) be absent. Since the theoretical scheme defines the informal behavior as adaptive behavior, and since the necessity of adapta
tion is greatest where the frustration is greatest,
and since pressure will act to make employees more
dependent, submissive, etc., we predicted that the
more mature employees (in terms of our model)
would be the most frustrated. Moreover, on the
basis of the theoretical scheme we hypothesized that
the high-skill employees would be more directed
toward maturity than the low-skill employees.
Evidence for Hypothesis VIII: Let us begin with
the last prediction first. If the prediction is valid,
then the employees in sub-system A should aspire
more toward the mature ends of the continuum than
do the employees in sub-system B (Plant Y). Let us
first examine the dimensions of individual aspira
tion In Table HI more of the employees in A ex
press aspirations that are toward the mature end of
the continuum than do employees from B. Con
versely, more employees in B express aspirations
that are toward the immature end of the continuum^
than do employees in A.
T able III
D im ension of Self-C oncept of E m ployees
in Sub System A and B (P la n t Y) (E x p re sse d In P e r Cent)
Stat Sig.

A(N=30)

B(N=30)

60

33

.0192

20

70

.0001

50

00

.0001

53

00

.0001

1. I feel I have nothing to o ffer.

2. 1 feel I have m uch to o ffer.
I have a high re g a rd for m yself.
3. I p re fe r to be p a ssiv e , to be
the re c ip ie n t of som eone e ls e 's
d ire c tio n s.
4. I p re fe r to d ire c t people to
in itia te action.
5. 1 a s p ir e for high quality p e r 
form ance.

Having established that more employees in sub
system A than B aspired toward the mature ends of
the continuum, we hypothesized on the basis of our

end Organization, Chapter Dt, for a definition of the concept "maturity.1
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data were not as neat as we would have liked.. Be
theoretical propositions that if, as the framework
cause of technical reasons one of the departments
predicts, the employees in sub-system A are more
in B never has quality problems. Their product is
frustrated than the employees in sub-system B,
either acceptable or scrapped. Unfortunately, no
then:
scrap records for each department are kept. Also,
1) The absenteeism in Plant Y will tend to be
in one of the departments in A the technology is such
higher in sub-system A than in B.
that they can correct errors easily without their
2) The turnover will tend to be higher in sub
being
officially recorded.
system A than in B.
Consequently, we had only one department in
3) The quality of production will be relatively
each sub-system that could be compared. But even
lower in sub-system A than in B.
this
comparison raised a problem since A and B
4) The need for unionization will be higher in
have
radically different technologies. It is not quite
sub-system A than B.
fair
to
compare the quality figures of low- and high• 5) The expression of “ pent up tension influ
skill departments.
encing outside activities” will be higher in sub
In order to resolve this problem we compared
system A than B.
6)
All of the predicted changes will be greater each department’s expectation of what it planned to
achieve in terms of quality (during a six month
in Plant Y than in Plant X.
period), with its actual achievement. 2 8 Thus we
Let us see if the data fit the hypotheses.
compared each department against its own perform
1. The personnel records of Plant Y show that
ance, and predicted that the high-skill department
for the period of the research the absenteeism fig
would do worse in achieving its own level of aspira
ures were in the direction predicted for the two de
tion than the low-skill department.
partments. In sub-system A the absenteeism was
The measure available to judge the quality is
3.6 per cent and 3.9 per cent. In B the figures for
called “ back work,” which simply means work that
the two departments were 3 per cent and 3.2 per
had to be returned because of poor quality. The
cent.
figures support the hypothesis.
2. The problem was more complex when we
considered turnover. The turnover figures (for the
T a b le IV
same period) for the two departments, in sub-system
A were 7.3 per cent and 21.7 per cent. The turnover
Budgeted and Actual Back Work oi Two D epartm ents in Plant_X
figures for the two departments in sub-system B
Variance
Actual
Budgeted
were 15.7 per cent and 16.4 per cent. Thus we found
that in one department of A the figures were higher
4 qt
4 qt
i qt
i qt
4 qt
Departm ent
i qt
1959
1958
1959
1958
1959
as predicted. This, was not the case for the other
1958
departments. Why?
35,670 25,183 40,037 27,815 -4367 -2632
A
We can state some hypotheses whose confirma
9,075 11,438 10,961 -1113 -1876
10,325
B
tion would require further research to be tested. If
we may assume that leaving the organization is a
more drastic adaptive mechanism that being absent,
then some possible reasons become evident. In both
4.
Next, we turn to the hypothesis about unioni
departments (sub-system A) the wages are high.
zation. Here we found that the most numerous and
The employee may earn high wages if he “ makes
intense comments on unionization were clearly in
out” in piece work. In order to “ make out” the
sub-system A. Whereas only 10 per cent in B spoke
employee must learn the skills that are necessary.
of
the necessity for a union, 27 per cent in A re
An analysis of the turnover in the department having
ported the need for a union (.0465).
the turnover figure of 21.7 per cent suggests that all
“ Well, I sometimes wonder what would happen
the men who left were men who, after a few months
if there was an organization that would really
of apprenticeship, decided that they would never be
represent the workers and the management
able to “ make out” and asked to be transferred to
where the people could really sit down together
another department or left the factory. Thus the
to talk about many of the problems that are
turnover figure (although in the predicted direction)
bothering both sides. And I think it’s a very
does not really support the hypothesis. In fact,
good thing for the workers to have some sort of
among the regular employees in A, turnover is less
an organization where they can get their point
than in B. It is our hypothesis that since the em
of view up to the top. You can get your point of
ployees in sub-system A are highly skilled and
view
to the foremen, but you know that doesn t
highly paid, they will not find it convenient to leave
mean any difference because of as I told you, he
the plant, but would rather try to adapt to the pres
doesn’t have any authority.”
sure either by greater absenteeism (which is the
“
Yes, I’d say there is a hell of a lot of pres
case) and/or by increased thoughts of unionization
sure, and a lot of men are getting rundown. A
and/or an decrease in quality of the work. In other
lot of them go home, they’re tired, dead tired.
words, we hypothesize that since wages are per
You know it’s only the guy who really worries
ceived by the employees as high, they will tend to
about quality that feels the pressure. The other
explore other adaptive behavior than leaving the
guys, they don’t give a damn so they don’t care
plant. Let us see if our hypothesis are confirmed.
what they give out. I’d say if they’re not care3. Looking at quality, we again found that the
basis
of
past
experience and discussion with the men.
28. The expectations are set by the foreman on the
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ful, they’re going to have a union on their hands
f Asdtoythe degree to which employees mention
that the tension J y experience within the plant in
fluences their outside activities, we again found that
the^ypothesis was confirmed. Only °ne employee

they experienced (.0006).
,
t
“ I’m dead tired when I go home and I sleep. I
don’t have any desire to do anything My wife
complains about that once in a while, but boy,
after a day here with the pressure you have,

time a piece-rate employee comes to work he is
S o u s about being able to make a “ day ■ pay
during that day. We recall that 52 Per c^ S ’ or
employees reported that their rates were low or
“ some low, some high” . This gives us some idea
of the degree of uncertainty that the employee ex
periences6 With the kitty his anxiety about uncer
tainty is greatly diminished. Without the kitty, it is
increased
there should be increased com
petition among the employees for the “ easy” jobs
fwhich increase the probability of “ making out ),
and that this competition should lead to interpers ° nal r iv ^ r y a n d hostUtty^ ^

^

in c re a se in

terpersonai rivalry and hostility should be greater
S sub-sySem A than in B (Plant Y) because in A
r F ” C w e Ct » “ " d«he hypothesis that ab
wittips have been almost completely eliminated
and the IBM system has taken control of whatever
senteeism, turnover, quality and
™
small kitty is permitted. Another reason why the
he ereater problems in Plant Y than in X.
hostility was expected to be greater, in sub-system
reader will recall that because Plant X s
and absenteeism are so low no figures are kept. We
A than B is that the kitty (as has ^ ^ l e i o r e
m ay o n i r S e c t u r e that since the need exists in
minted out) was lower in sub-system B. Therefore,
employees in sub-system B had lew to lose from
S t Y to keep the figures, the absenteeism and
the elimination of the kitty.
turnover M^e g quality in each plant are clearly
Evidence for Hypothesis IX: The data confirm
in lin e with the hypothesis, since all of the appropr
,he C h e s ts . S.v„ty-=»e per cent of employees
iate fib re s for pTant X are in the plus category,
\
Table V

People a re friendly
People a re unfriendly

whereas none are in the plus category for Plant Y.
Perhaps the best indication is that the upper mmdem ent agree that PlantY has greater qual.ty proh-

• _llh SvStem B reported that people were friendly
w he^asT hl, twenty pen cent
"

.« £
twenty per cent of the employees in B reported u
S S u , ” employees, seventy pen cent of the em

lem 5 Ar .o unionization^in the two plants, the tigures
again support the hypothesis. Less than 1 per cent
^f the employees in Plant X reported the need for a
i & T o e ’ l . per cent <N.»0> in Plant Y reported
that they desired a union (.0 0 0 1 ;.
H vciothesis IX: The com p etition and rivalry wi l l
hP r f n t ° r ^ the frien d sh ip l e s s in su b -sy ste m
be
grea ^ ----n /plant 'Ti We have shown
that
them m s u b -s v s te m 13 U^iaiu x /•
A
j^

we r u w tiS ^ h . employees
S

^

i S

/ e

d

*

”thene hunisCtmuchdmonee
Now the p rice s a re getting higher^and the fe l
lows are squabbling among each other. Also in
the old plant there w ere m ore ways of skinning
a cat mid making a buck. Things a re tightening
ud now and you can’t make a buck as easily.
They are kind of putting the squeeze onT guess
-so m e th in g maybe they have to do to keep the
company going.”

7 c, the p r e s su r e - i s in c r e a s e T b y m anagem ent to d eo l« P posts
work, andthe
as the
opporcrease
costs '1 errors,
errors back
^ decreased)
employees

umHtyto Dlace g re a te r em phasis on “ making a fair
S s pay’* every day. This follows because without
the kitty they do not have anything to fall back on in
t h L a re eiven “ tough” jobs to produce (i.e.
mbs whose piece ra te s , in the eyes of the employees,
w low) U is im portant to em phasize that every
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Hypothesis X: Plant X will have less employee
rivalry than Plant Y. Since we have shown that
Plant Y reported more pressure than Plant X, and
since we have demonstrated (Hypothesis IX) that the
degree of friendship is related to the pressure, we
predicted that the reported friendship should be
higher in sub-systems A and B in Plant X than in
than in sub-systems A and B in Plant Y.
Moreover, we predicted that the differences in
reported friendship should be greater between the
sub-systems A in Plant X and Y. Since the degree
of friendship is related to the degree of pressure, it
follows that the reported friendship should be higher
in sub-systems A and B in Plant X than in sub
systems A and B in Plant Y, and that the differences
should be greater between the sub-systems A in
Plant X and Y.
Evidence for Hypothesis X: The data are
presented in Table V. They confirm the hy
potheses. Sub-systems A and B in Plant X reported
a greater degree of friendliness than did sub

systems A and B in Plant Y. Moreover, the differ
ences are greater between sub-systems A in Plant
X and Y.
SUMMARY
To summarize, we predict that as the pressure
from management increases, the employees will not
tend to combat the pressure as a cohesive group,
because their culture rewards apathy, noninvolve
ment, and togetherness, none of which are norms
upon which cohesive groups can be based. More
over, we predict further that one reaction of the
employees will be to place greater emphasis on
“ making a fair day’s pay” every day. This new
emphasis will increase competition for the easy
jobs and consequently increase the interpersonal
rivalry among the employees. This, in turn, will act
to further weaken the probability that cohesive
groups will arise to combat management pressure.
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THE LIMITS OF GROWTH IN NATURAL SYSTEMS*
Edward Goldsmith
A System as a Negentropy Machine
The second law of thermodynamics states
that our world is running down or moving towards
disorder or "entropy." In spite of this tendency,
order, or negentropy (negative entropy), has been
increasing over the last few thousand million years,
during which time complex and highly ordered sys
tems have developed, which we call living things.
It is convenient to regard a system as an organ
ization specifically designed to increase order, or
negentropy. A system receives an input of low or
der resources and transforms them into a high or
der output. During this transformation, waste is
generated. However, so long as the reduction of
order of that amount of input that has been trans
formed into waste is less than the increase of order
of that amount of input that has been transformed
into output, then the system's order, or negentropy,
will have increased. Let us consider the conditions
in which this process can occur.

The first stage in the study of any aspect of
the world we live in is to amass all the relevant
material. During this stage, researchers are in
variably struck by the amazing diversity of nature.
During the second stage, this material is organized;
again, researchers are equally struck by the sur
prising similarities underlying much of this diver
sity. It is during this latter stage that science
really begins. Though the process is at present
well advanced within specific disciplines, there
has been little attempt until recently to discover
what there is really in common between things
which at present fall within the domain of different
disciplines, such as molecules, cells, biological
organisms, societies, and business enterprises.
Many scientists reared on Empiricist philosophy
would in fact refuse to admit that anything more
than a vague analogy could possibly obtain between
things that appear so very different. This is not
the view, however, of those involved in the new
field of "general systems" who prefer to regard
these things as different specialized instances of
a basic organization which they call a system. A
system is defined as something made up of parts
in dynamic inter-relationship with each other. I
prefer to regard it as an autonomous unit of be
haviour—which, by its very nature, must be made
up of such parts. Systems, however different they
may appear, have a basic structure in common.
All are bound by the same set of laws, which they
must obey as rigorously as the law of gravity and
the laws of thermodynamics. The great value of
general systems theory is that, by determining what
it is that systems have in common, it becomes
possible to develop a general theory of behaviour
or a unified science which enables one to examine
our biosphere as a whole and determine, in this
way, the total effect on it of any local change. It
is only when this is possible that science can serve
the true interests of mankind. In this article, I
shall make use of general systems theory to de
termine what are the principles governing growth
in systems. I shall attempt to show that growth,
like all other aspects of systems, is bound by rig
orous laws from which there is no escape, and that
these laws must apply equally well to the growth
of complex systems, such as human societies and
business enterprises, as to that of the much sim
pler systems studied by chemists and biologists.

Vertical Structure
One of the basic conditions of order is that
the parts of a system should be closely linked to
gether. In every different type of system a dif
ferent set of bonds assures this linkage. Thus,
while the bonds holding together an atom are very
different from those holding together a cell or a
human family, they also have much in common;
their function is the same, and also they have lim
ited extendability. This means that they cannot
stretch to include things that are too distant from
each other. This sets a limit to the size of a sys
tem, and when this limit is reached, it can only
grow by associating with others to form a new type
of system held together by a new set of bonds.
When this occurs, a new 'level of organization’ is
said to have been attained. It is at this point that
atoms join to form a molecule, that molecules join
to form a cell and that cells join to form a bio
logical organism. There is every reason to sup
pose that the same principle applies to more com
plex systems such as human societies. Individuals
can be joined together to form a family and fam
ilies can be linked together to form a small com
munity. However, it is as impossible to create a
society out of a whole lot of individuals who are
not organized into families and communities as it
is to form a biological organism out of atoms that

♦This article will appear in a volume being edited by the author, entitled Can Britain Survive?, published by Tom
Stacey Ltd., and is reprinted here by permission.
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are not organized into molecules and cells; i.e., a
system must display its correct structure
Cancer is an example of the growth of tis
which no longer displays its correct structure. A
modern city is an example of the same principle
at the level of a society. Demographic and eco
nomic growth tends to destroy the essential struc
ture of a society, by tending towards ever increas
ing urbanization and the development of ever larger
social and economic units. The fact that, wit
growing economic units, people tend to live ever
further from their work also means that the bonds
linking them with their neighbours become minimal:
housing estates can never make sound and stable
communities. As we advance to more complex sys
tems so the bonds become more sophisticated and
appear to take longer to develop. Those holding
together a family are an obvious example, a fortiori
those that hold together a community.
Economic growth invariably means increased
mobility. People are no longer treated as members
of a community, or of a specific culture, but sim
ply as units of labour that can be shifted around
in accordance with the demands of industry. There
by people are prevented from living together long
enough for the necessary bonds to develop. The
social disorder-and its various manifestations
measured in terms of crime, delinquency, alcohol
ism, drug addiction, mental disease, etc.—resulting
from the erosion of these bonds must set a limit
to the desirability and feasability of growth.
H orizontal S tructures

.

A system must also have an optimum hori
zontal structure, i.e., a correct ratio must be
maintained between the differentiated parts of a
biological organism as between the different skills
required in a business enterprise. Assuming that
all the parts of the system can be quantified we
can then formulate the essential principle of all
systems, which we can refer to as the law of op
timum value: there must be for every part of the
system an optimum value which is determined y
that of the other parts. To allow one of these
values to increase without reference to the others
is to destroy the essential structure of the system
and bring about its breakdown. So, if we regard
the U. K. as a system, there is an optimum pop
ulation at any given moment. There is also an
optimum number of houses, an optimum number of
cars, an optimum standard of living, an optimum
differential between the wages paid to differen
people; there is an optimum longevity and even an
optimum amount of social deviation. It must fol
low that there is no conceivable variable whose
value can be increased or decreased indefinitely
without bringing about the breakdown of the system.
Economic growth is no exception to this rule.
It cannot possibly be regarded as desirable per se,
but only in accordance with its effect on the other
variables in terms of which we describe our

social and ecological system.
Selection: How the S tructure is Maintained

The growth of each part of a system, in other
words, must satisfy the requirements of the system
as a whole. This is ensured by the circumstance
that all parts of a system are closely connected
by feed-back loops, and that it is the system as a
whole that must trigger off the sub-system's be
havioural responses. In fact, the environment can
be regarded as selecting the required response
from among all responses which the system is ca
pable of providing. Thus, within a biological or
ganism, a cell comes into being with a full com
plement of hereditary material rendering it capa
ble of performing any function within the organism.
Gradually, however, it will become specialized in
fulfilling a specific function, as a part of the liver
or the intestine, for instance. It is in response
to the requirements of its environment that a par
ticular cell has developed to fulfill a very small
range of the functions it was initially capable of.
Its development, in fact, can be regarded as being
selected by the environment from among all po
tentialities it originally possessed. The behaviour
of populations obeys the same principle. The en
vironment selects those genetic features of the
population that are adaptive to it, to the exclusion
of those that are not. In fact, natural selection,
rather than being a unique principle, is but a spe
cialized instance of a very general one. In a
polymorphous ant colony the same is also true^
Only two types of egg are produced; male and
female. The female is capable of giving rise to
different types of ants, and the actual distribution
of those types is determined by environmental se
lection. In a human society, it is clear how, in
ideal conditions, environmental requirements will
determine the number of people that should be
trained in the different trades and professions.
Environmental selection is clearly essential
in a system whose correct horizontal structure is
to be respected. It is only in this way that its
output remains differentiated so as to correspond
qualitively and quantitively to the requirements of
the larger system of which it is part. When growth
develops too quickly, however, the parts are no
longer selected by the environment. They no longer
develop to fulfill specific environmental require
ments. They are therefore no longer differentiated.
Growth proceeds by multiplication rather than by
differentiation, and the system's essential horizon
tal structure must break down.
An ex am p le is to be found in the field of e d 
u cation. If s e le c tio n w ere allow ed to occur n o r
m a lly , the c o r r e c t ra tio would be m aintained b e 
tw een the d ifferen t - s p e c ia lis t s m ade ava ila b le by
the ed u cational sy s te m , co rresp o n d in g to the e c o 
nom ic, s o c ia l, and e c o lo g ic a l dem and for them .
A s it i s , w e a re producing a v a st quantity of young
people with s p e c ia liz e d know ledge in ob scu re
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"cybernism" in terms of which it interprets envi
ronmental data and mediates responses to them.
We can best understand a culture as a. controlmechanism that applies the constraints which will
ensure that each member of the society behaves
as a differentiated part of it. Once these con
straints are no longer operative, the society will
disintegrate.
One implication of this principle which we
might not be too happy to accept is that permis
siveness can only be regarded as another word for
disorder—as the inevitable sign of social disinte
gration. Permissiveness appears to be a natural
concomitant of social and economic growth. It is
the result of the breakdown of those ethical codes
associated with the culture of small, relatively
isolated communities, and it is inextricably linked
with the other symptoms of social disorder.

branches of learning for whom there is unlikely to
be any demand. In this way we are methodically
creating unintegrated parts that must of necessity
rebel against a system in which they have no place.
As economic growth proceeds, so the educative
process; i.e., the process whereby members of our
society are differentiated culturally, to fulfill spe
cific functions within it, is becoming ever more
chaotic. Information is ever less transmitted by
the family and the small community and ever more
by the State. In this way, it becomes ever less
designed to enable people to fulfill their essential
differentiated functions as members of their family
and of their small community and ever more to
fulfill functions as members of a technologically
based economy—functions for which there may, in
fact, be no real demand. Thus education is foisted
on people in a totally indiscriminate way without
regard for their intellectual capacity, nor for the
sort of society that they are to inhabit. For in
stance, people living in agricultural or pastoral
tribal societies are being provided with an edu
cation designed to enable them to fulfill functions
within an economy totally alien to their own, and
one which, simply on the basis of the approaching
world shortage of raw materials, they cannot con
ceivably aspire to achieve. The basic mechanism
of environmental selection is breaking down more
and more, and the ever growing chaos associated
with the uncontrolled proliferation of culturally
undifferentiated people must set a further limit to
economic growth.

Conservation of the Environment
Social disintegration can be looked at from
yet another angle. It is essential to realize that
a system must provide the ideal environment for
its parts, since the only reason the parts were
developed was to fulfill specific differentiated func
tions within it. People are part of a family sys
tem, which is, in turn, part of a social system,
which in its turn is part of a vaster ecological one.
One must therefore regard people as having been
developed (phylogenetically and culturally) to fulfill
specific functions within their family, society, and
ecosystem, and one must assume that it is in ful
filling these functions that people obtain maximum
satisfaction. To do this, they must be provided
with the appropriate information, and also with the
correct environment, or rather, one whose char
acteristics are maintained within the requiredparameters. When these conditions obtain, people
will behave in that way which favours their survi
val or the increased homeostasis of the system
they belong to. However, if the system does not
provide the optimum environment, or if the infor
mation is not appropriate, then they will behave in
a way which will tend to lead to the system's dis
integration. It is for this reason that a stable
society requires little or no government, while the
more unstable it becomes, the greater the need for
autocracy in all its forms.
Unfortunately, what constitutes a satisfactory
environment for human beings has never been pro
perly determined. One would have thought that
this would be one of the principle goals of soci
ologists. However, they have not yet got around to
thinking in these terms. Clearly, the external
environment must have certain basic features, such
as the availability of food, water and air, but the
presence of the physical necessities of life alone
does not suffice to create a satisfactory human
environment. Man also needs a satisfactory social
environment, which involves the maintenance of the
correct social structure. He needs a family, a

The Destruction of Cultural Constraint
Social disintegration can be looked at from
another angle: the destruction of cultural con
straints. Order can be defined as the influence of
the whole over the parts. It is also defined as
limitation of choice, for the greater the influence
of the whole over the parts, the greater must be
the constraints imposed on them to ensure that
they behave in a way that will further the interests
of the whole.
Every system owes its existence to the oper
ation of a specific set of constraints. As it in
creases order so as to increase its ability to face
a given challenge, there is an increase in the con
straints applied, and hence a reduction in the range
of choices open to the parts of the system. As
the system develops and achieves new levels of
organization (e.g., as molecules join together to
form cells, or as families join together to form
small communities, and small communities to form
larger ones), new constraints are imposed.
Each system possesses an organization of
information, which we have referred to as a "cybernism," which constitutes a model of the envi
ronment and at the same time provides the system
with a goalrstructure and its corresponding
constraints. A culture, i.e., that set of beliefs
cherished by an ordered society, constitutes its
575

EDWARD GOLDSMITH
small community, probably a larger one, and he
certainly needs enemies. If he is not provided
with them he tends to invent them. In this way,
when the Comanche Indians were put on reserva
tions, they simply invented a host of evil spirits
to replace the enemies of which they had been
deprived.
Man has other requirements which his envi
ronment must also cater to. He has a sense of
aesthetics. He cannot adapt readily to living in the
grey, monotonous surroundings of our urban con
glomerations. He cannot work up any enthusiasm
for conserving an environment made up of chaotic
complexes of concrete blocks, or bleak fields mu
tilated by pylons, factories, and housing estates.
These, however, are the inevitable concomitants of
economic growth. It must be true that to create
such an environment specifically for the purpose
of increasing society’s "standard of living" is to
sacrifice its long-term stability in the interest of
acquiring dubious short-term benefits.

system is also that required to e sure the sta
bility of the system—in this case the family. The
system is thus totally self-regulating.
There are many ways in which the family can
break down, as we have already seen. When this
occurs, its members automatically seek substitute
satisfactions. The husband may take a mistress,
for instance. This may provide him with satisfac
tion, but it will not contribute toward the stability
of his family unit. The self-regulating mechanism
will have been impaired. He may also take to
drink and to drugs, undoubtedly also as substitute
satisfactions. These, however, will tend to reduce
his capacity for fulfilling his essential functions
within the family unit, and the self-regulatory
mechanisms will be further impaired. It is only
when these mechanisms have broken down and the
family ceases to be capable of self-regulation that
outside forces, or asystemic controls, are required
to look after its members. In such a situation only
help from the community can permit the family,
or what is left of it, to survive at all, for it has
ceased to be self-regulating. This help, though it
may appear to alleviate the suffering of the mem
bers of the disintegrating family, will in fact favour
its further disintegration by reducing the need for
responsible behaviour on the part of the father.
This must be true of all asystemic or external con
trols, including those introduced by modern tech
nology, for by destroying natural self-regulating
mechanics, they must further contribute to the sys
tem's disintegration, thereby increasing the need
for further asystemic controls.

Self-Regulation
We have noted how the environment selects
the response that it requires. This selection pro
cess will establish an equilibrium situation be
tween the sub-system and the system. However,
this equilibrium can be established with varying
degrees of homeostasis. The mechanism that en
sures that response satisfies the requirements of
the sub-system as well as the system, through
tending towards their maximum homeostasis, is re 
ferred to as a control mechanism. It is basically
the same in all systems. It involves detecting data
from the system, transducing them into the correct
informational medium made use of by the sub-sys
tem's cybernism (brain, gene-pool, etc.), and in
terpreting them within the model of the system that
this cybernism constitutes. The corresponding
response must be the only one reconcilable with
the particular interpretation of the situation. This
mechanism of self-regulation must be a feature of
all stable systems. It is the only way to ensure
that a system's response to its environment, i.e.,
to the larger system of which it is a part, corre
sponds to the requirements of both the former and
the latter—requirements which it learns to satisfy
ever better as its control-mechanism becomes
more perfected. It is in fact the only way to en
sure that a system conserves its environment.
The relationships between the individuals
making up a human family, and the family itself,
provide an excellent illustration of how this mech
anism of self-regulation achieves the requisite sta
bility of the .systems involved. A woman satisfies
her basic biological and psychological requirements
best by fulfilling her functions as a. wife and a
mother within her family unit. A man satisfies his
basic requirements best by fulfilling his functions
as a husband and a father. In other words, be
haviour that satisfies the requirements of the sub

Integrity
A system, as we have seen, has an optimum
structure, no surplus capacity, and the parts are
all differential. It is an integral whole, and the
destruction of any of its parts can lead to total
breakdown. This is a point which has rarely been
taken into account at a cultural level. Colonialist
powers have constantly interfered in the most ir 
responsible way with the cultures of the societies
they controlled. Missionaries and colonial admin
istrators have tampered with the delicately adjusted
cultural systems of highly stable and ecologically
sound societies, which they regarded as "primitive"
or "barbarous," and often brought about their
breakdown. The consequences for the inhabitants
of these societies has been disastrous. They usu
ally become rootless members of a depressed pro
letariat in the shanty-towns we are thereby meth
odically creating. The consequences for the eco
system as a whole have been equally disastrous.
By reducing order as well as cultural variety or
complexity, wo have seriously reduced the stability
or homeostasis of the world's human population.
Multi-Ethnic Societies
It is not surprising that systems which are
sufficiently differentiated, such as biological
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organisms and societies, will tend to develop mech
anisms enabling them to exclude foreign bodies
likely to menace their integrity. At the biological
level such devices are known as rejection mech
anisms. Experience with organ transplants has re 
vealed that to suppress these mechanisms is to in
crease one hundredfold the patient's susceptibility to
cancer, i.e., to the proliferation of cells. Mecha
nisms of this kind are essential at all levels of or
ganization. Of the 3,000 simple societies so far ex
amined by anthropologists, all appear to have laws of
exogamy and endogamy. Marriage is forbidden with
in a restricted family circle but also outside the cul
tural group, the object being to avoid cultural hy
bridization and hence the production of sub-systems
that are differentiated parts neither of one system
nor of another. What is today regarded as pre
judice against people of different ethnic groups is
a normal and necessary feature of human cultural
behaviour, and is absent only among members of a
cultural system already far along the road to dis
integration. The notion of the universal brother
hood of man is therefore totally incompatible with
the systemic approach to human cultural systems.
It is as absurd as the notion that the cells making
up a vast number of different biological organisms
can be shuffled and still give rise to viable bio
logical systems. Economic growth is leading to
increased mobility. Industrial countries tend to
develop labour shortages and to import labour from
elsewhere. In this way quite large ethnic minor
ities are being built up in many countries. In ad
dition, economic development is tending towards
the development of ever larger political units,
which often embrace ethnic groups with little in
common with each other. All this is creating a
very unstable situation, one which can only lead
to civil wars and to the massacre of minorities
singled out as scapegoats when inevitable econo
mic and social crises occur.

greater the economic growth and our corresponding
dependence on these resources, the more dramatic
this eventual collapse must be. Conservation is
made possible by a philosophy that holds man to
be part of nature rather than above it. Primitive
people do not regard the possession of a soul, for
instance, as a prerogative of man distinguishing
him from all other creatures. All have a soul,
and often the primitive hunter will pray to the soul
of the animal he is about to kill, explaining the
necessity for the crime he is about to commit.
Seldom, too, will he kill more than he strictly
requires. Indeed, it is said in Southern Africa
that the bees do not sting the bushman because they
know he will take only the amount of honey he re
quires, never more.
Disposal of Waste
A system can only remain stable if the larger
system of which it is but a differentiated part is
capable of absorbing its waste products at the rate
at which they are being produced. If it grows too
quickly and becomes too big, then it will produce
more than the larger system is capable of ab
sorbing. It will then be steadily reducing the order
of the larger system by replacing its highly dif
ferentiated parts with waste or random parts. By
destroying the environment in this way, a system
is simply spelling its own doom as it cannot sur
vive in an environment made up of random parts,
i.e., displaying total entropy. Needless to say,
our society is moving in just this direction. Con
trary to what many people think, technology does
not provide any means of getting rid of waste, only
of shifting it from one place to another, and it
cannot be long before the global problem of waste
disposal presents an insuperable barrier to further
economic growth.
Pollution
Toxic substances can be generated during the
development of any system, mainly but not entirely
in the form of waste products. These must not be
produced faster than they can be absorbed by the
environment, otherwise the latter will be modified
in such a way that the system can no longer adapt
to it. Let us not forget that a system is developed
phylogenetically (and culturally in the case of soci
ety) as an adaptive response to a specific environ
ment. If the latter is changed sufficiently radically,
i.e., if those qualitative parameters within which
a system is designed to function are no longer
respected, then it can no longer survive. Indus
trialization is bringing about a radical transforma
tion of our environment at an ever increasing rate.
It Is but a question of time before the accumulation
of insecticides, detergents, radioactive wastes, and
carbon-dioxide and heat from the burning of fossil
fuels, so transforms our world that it ceases to
provide a suitable environment for complex forms
of life.

Resources
A system cannot be regarded as stable unless
there is a guarantee that the resources on which
it depends will always be available. The only way
it can ensure this is to live off the interest and
not the capital of available resources. In the
highly stable societies of our hunter-gatherer an
cestors, this was undoubtedly the case. The Plains
Indians provide an excellent example. They lived
off the vast herds, of buffalo and pronghorns with
out causing any reduction in their numbers. Their
consumption of non-renewable resources such as
metals was minimal, and timber provided them with
all the fuel they required. To satisfy this essential
requirement, it is clear that populations must be
kept low as must their standard of living measured
in terms of their consumption of non-renewable re
sources. Oncfe we start living off our capital, it
is but a matter of time before it is exhausted and
our economic system grinds to a halt. The
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because every time we "solve" one problem, we
are, by the same token, creating others. Take
the following example.
Due to a faulty diet, people in Britain have
developed a new pattern of diseases.! Among
these is tooth decay, which has got so bad in Bri
tain that there are now some 17 million people
with no teeth at all. The correct remedy is
clearly to return to a healthier diet. This, how
ever, would mean closing down a large number of
food factories and returning to a sounder, non
industrial agriculture. It would mean putting a
lot of people out of their jobs, cutting down pro
fits, increasing the price of food, reducing the GNP
and the standard of living. Nevertheless, it is
clearly what should be done. However, since we
are not willing to do it, we must find some gim
mick for getting rid of some of the more obvious
symptoms of the diseases we have created. This
gimmick is fluoridation of drinking water. This
may reduce tooth decay, but it does not prevent
other side-effects of a faulty diet, such as diabetes,
heart and kidney diseases, etc. In fact, all that
has happened is that our diet has been rendered
that much more tolerable, which means that we
are less likely than ever to do anything about
changing it. This is true of most technological
devices: By helping to render more tolerable the
symptoms of the pathological situation we have
brought about, modern technology serves but to
perpetuate it.
The technological devices developed to con
trol pollution are no exception to this rule. If we
succeed in developing filters that prevent all air
pollution from the exhaust of motor cars, we will
simply have eradicated one of the many sumptoms
of the pathological situation created by the prepos
terous proliferation of these machines. By ren
dering them that much more tolerable, we would
then be better capable of supporting the noise they
make, the destruction of our towns and country
side with the roads required to accommodate them,
and the highly undesirable level of economic cen
tralization that they render possible, etc. Technol
ogy is in fact introducing positive feed-back into the
ever more unstable system that our world is be
coming. It thereby renders it that much more un
stable and increases in this way the severity of the
final catastrophes that must inevitably restore so
cial and ecological equilibrium.
Asystemic controls have the further disadvan
tage of rendering the functioning of our environment
dependent on human efforts and ingenuity. A socalled controlled environment, the technologist's
dream, is one in which all the self-regulating mech
anisms of our biosphere have been replaced by the
externally regulated asystemic mechanisms of our
technosphere. In such conditions, we would have
to depend for our drinking water on desalination

Complexity
If there is a tendency for systems to become
more and more complex, it is because complexity
renders them more stable. Another way of looking
at complexity is in terms of variety, assuming that
the variants do not occur at random but together
constitute an integrated system—though, in the case
of a population or gene-pool, the degree of integra
tion is not very high. The greater the variety,
the greater the system's ability to deal with im
probable changes. Serious disruption of its basic
structure also becomes less likely. A reduction
of variety, or a simplification of a system, will
thus lead to a reduction in stability.
It is worth noting that the destruction of the
numerous cultures of primitive people throughout
the world, and the absorption of their cultures,
has produced a radical and dangerous simplification
at the cultural level of organization, reducing our
stability and rendering our species vulnerable to
changes or accidents that would normally affect
only a small section of it. In agriculture, mono
culture is a drastic simplification of plant life.
The use of antibiotics and insecticides causes
drastic simplifications in that it involves replacing
complex controls that normally keep insects in
check by crude and indiscriminate killers. Tech
nological processes, when used to replace natural
ones, are further simplifications. In all these
cases, stability is being reduced and vulnerability
increased.
We are forced to accept the unpleasant fact
that practically all man's efforts today are tending
towards the simplification of the total ecosystem
and leading to our ever greater vulnerability to
environmental changes. As this drastic simplifica
tion of our biosphere proceeds, so there must be
a corresponding probability of the occurrence of
plagues and epidemics of all sorts. This sets a
further limit to economic growth, for a time must
eventually come when they become ecologically and
socially intolerable. To understand what is wrong
with asystemic control, one must understand that,
during the normal process of feed-back develop
ment, each individual response is selected not to
satisfy a single environmental requirement but a
whole set of environmental requirements—to main
tain, in fact, the balanced structure of the larger
system of which the system concerned is but a
differentiated part. Vis-a-vis each individual re
quirement, the response must therefore be a com
promise. For instance, nature does not aim at
breeding strains of wheat with maximum yields,
as we do. A high yield is only one of the system's
countless requirements. As a result, the strains
of wheat devised by nature are adaptive while those
designed by us are not. Whereas self-regulating
systems tend towards increased stability, ours on
the contrary tends towards increased instability,

X. See Robert Waller, "The Diseases of Civilization," The Ecologist, 1, 2 (August 1970).
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Conclusion
By using general systems theory, it is pos
sible to point to a large number of limits to the
desirability and feasability of growth in all sys
tems. Such limits must apply equally well to
growth in technologically based human social sys
tems. To suppose that technology can permit per
manent growth is to refuse to face basic scientific
facts. It can indeed enable it to proceed tempo
rarily beyond these limits, but only at the cost of
increasing the instability of the social and ecolog
ical system of which we are part, and of increasing
thereby the likelihood and the severity of the catacyclism that must eventually restore a stable sit
uation.

plants and sewage works; for our food supply on
factory farms and processing factories, and for
the very air we breathe, on vast plants to filter
noxious gases out of the atmosphere. Have our
technocrats ever bothered to think of the almost
unbelievable vulnerability of such a society? An
industrial dispute, an act of sabotage, a technical
failure, a shortage of some key resource, or any
one out of countless such incidents would deprive
us of the basic necessities of life. The recent
sewage strike in Britain revealed the extreme vul
nerability of a society depending too heavily on
technology for its survival. Clearly, there must
be a limit to the extent to which external controls
can be allowed to replace self-regulating ones,
hence to the extent to which the technosphere can
be allowed to replace the biosphere.

t
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INTRODUCTION

Still it seems a clear trend since World
War n that concern with the "social responsibili
ties" of management has been the dominant theme.
The triumph of Keynesianism is reflected in the
so-called "New Economics." Whether because of,
despite, or merely coincident with this fact, our
affluent society has doubtless been an important
factor in providing a basis for managers to attend
to the longer-run economic and the social impacts
of their decision making.
The past two decades are themselves divisi
ble in two rather distinct developmental phases.
During the period following World War II and into
the fifties, managerial concerns in this regard were
primarily directed inward. The "human relations"
approach to management process was ascendant.
But in recent years greater attention has focused
on managerial evaluation of the impact of corpo
rate policies upon the wider world within which
the corporation pursues its goals. The infamous
reputation achieved by Defense Secretary-designate
Charles Wilson's professedly innocent epigram re 
flects this shift in focus.
Thus, our concern in this paper is with the
emerging value milieu in which corporate policy
formulation occurs. This emergent concern was
characterized in 1963 at the 13th International Con
gress of Management as follows:

This analysis is essentially a further devel
opment and an updating of one aspect of a previous
paperl where it was indicated that, as I saw it,
a "universally viable philosophy of management"
must be built with reference to at least five major
constructs: (1) a basic attitude of tentativeness
and contingency; (2) an ultimate reliance on rea
son; (3) an emphasis upon holism; (4) a transcultural identification; and (5) a transcendent concern
for human values. It is this last philosophic di
mension with which the present paper is concerned.
I. THE HISTORICAL BACKGROUND: SOCIO
ECONOMIC VALUE POLARIZATION AND THE
MANAGER'S ROLE DILEMMA
From the days of the "Robber Barons" to
those of the recent judgment that General Motors'
welfare and the country's are correspondent, there
has been more or less explicit struggle to harmo
nize managerial with social values. Indeed, some
have argued that there is a basic socioeconomic
ethical dilemma deeply rooted in American cul
ture.2 On the one hand, the Calvinistic tradition
extols acquisitiveness and competition. On the
other, the Judeo-Christian tradition, philosophical
ly crystallized in the Golden Rule, highly values
sharing and cooperation. In political-economic
terms, the contrast is between the Conservative
and the Liberal. The 1930's debates between Pigou
and Keynes are paralleled to a degree in those
between, say, Milton Friedman and Walter Heller
or John Kenneth Galbraith.
To put it more generally aqd more bluntly,
there seems to be a "Gospel Mission"/"Madison
Avenue" schizophrenic dimension in our national
character. And this, of course, manifests itself
in the ideologies of corporate management. In
Selekman's justly noted epigram, corporate manage
ments are constantly confronted by the "technical
must versus the ethical ought." Out of such stuff
are managerial ulcers made.

But as the congress drew to its end, another
mood became apparent. Unspoken but real, it lay
behind the words of many of the speakers, it was
present in conversations in corridors and hotel
rooms. It was common search for philosophical
bearings in an era that is putting businessmen
more and more on the defensive, even as it places
greater demands on their managerial skills.
"Technique, efficiency, management, results
. . .But what's the whole blooming thing for?" asked
Lebanon's Dr. Charles H. Malik, former president
of the United Nations General Assembly. His ques
tion struck to the heart of a question fam iliar to
many U.S. executives—but newer to their counter
parts from abroad. ^

Recent social history of the United States has
brought the dilemma into clearer view. Slowly the

*Based on a paper presented at the 15th International Meeting of the Institute of Management Sciences, Cleve
land, Ohio, September 12, 1968. This version is printed by perm ission of the Institute. The complete paper ap
peared in Management Science Application, October 1969.
1. "Toward a Univcrsully Viable Philosophy of Management," Management Technology. May 1962, p. 33.
2. Sec Richard N. Farmer, "The Ethical Dilemma of American Capitalism," Calif. Management Review, Summer
1964, p. 47.
3. "All Over the World, a Dilemma of Purpose," Business Week, September 28, 1963, p. 102.
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socioeconomic policy microscope has swung to put
an examination of corporate decision behavior into
sharper focus. Two examples: The effluent of an
affluent society is being traced back to its pollu
tant origins, and corporations are often found at
the source. (Incidentally, so also are govern
ments.) And now that deeply infected complex of
social wounds referred to as the "urban problem"
is being scrutinized, in part at least, to assess
the contributions to the crisis made by typical
corporate policy. The question is: to what degree
has corporate behavior increased our "social pol
lution"? '
Yet even as corporate managers acknowledge
the role enterprise institutions must play in social
renovation, they are confronted with the Calvinistic/Judeo-Christian dilemma again. The rationale
of the primacy of the stockholders' claims still
permeates. More than two years ago one observ
er found that "In practice, fear of controversy and
the brand of the 'do-gooder' are probably the big
gest obstacles to the spread of the new philoso
phy. . . . Indeed, some businessmen go out of
their way to find economic reasons for their good
works." We shall return to'this question later
in this paper; however, it might be well even at
this point to note that as "business wrestles with
its corporate conscience”—to use a phrase titling
a contemporary review of these problems—it is
possible even to identify that "lunatic fringe" of
corporate managers who believe that the "rationale
for committing corporate resources to the cities
is basically uneconomic . . . business owes an ob
ligation to society in these critical years.”5 Here
sy indeed.
H. MANAGEMENT VALUES, CYBERNETIC
TECHNOLOGY, AND ORGANIZATIONAL
ECOSYSTEMS
The central concern of this paper is with the
future direction of the impacts of corporate deci
sions upon the larger social system of which they
are a part. Over the past two decades manage
ment and organization literature abounds with
specifications of the nature of the "social respon
sibilities of management,” and with concern for
"corporate accountability."
But even among those managements that have
honestly made an effort to relate more effectively
to the social system and its needs, there have
been at least two kinds of difficulties: (I) they
have been hard put to find really satisfying philo
sophic rationale for such "extra-curricular" be
havior, in view of the traditional rationalizations
of the corporate enterprise; and (2) management
experience has almost inevitably generated an

uncomfortable feeling that the corporate/societal
interface is such a "no man's land" that there was
great difficulty in evaluating the impacts of such
effort, much less demonstrating its worth. Only
in such legitimized cases as philanthropy to col
leges and universities has some measure of satis
faction and response been generated. And even
here there was a history of shareholders' suits to
be experienced.
The argument this paper explores is that we
seem suddenly to have entered a "new era." The
recent advent of institutions such as the World Fu
ture Society and the Institute for the Future emphav size the possibility that man has entered a time
when he can do more than react and adjust to "ex
ternal" events. Now we hypothesize that man has
the ability to design his future, on the basis of
application of rational criteria for selecting and.
implementing an optimal model. In this spirit we
observe that corporate managers are increasingly
striving to translate pious words, uttered over the
past two decades, into action—in the context of the
"urban crisis" at least.
We conjecture that the interface between
corporate subsystem values and general social
system values is now more readily comprehensi
ble in terms of computerized feedback and dynam
ic process models. Thus cybernetic information
technology has created new potentials for the more
effective articulation of management values and
social needs. It has made possible the construc
tion of operationally viable holistic systems mod
els of ever-widening scope and complexity.
This prelude to our analysis must also take
notice of the fact that the corporate system itself
has been evolving in such a way as to give real
urgency to our concerns here. The advent of the
"conglomerate" is once again raising the question
of whether the size of our major "private enter
prise" institutions violates optimal relation to the
whole. While in years past the "social responsi
bilities of business" theme was argued primarily
on moral and obligational grounds (corporations
should be "good citizens"), now holistic systems
analysis is demonstrating that organizational suc
cess—at the level of the large-scale corporation
at least—is as much a product of effective man
agement of the organization societal interface as
anything else.
Evidence supporting the hypotheses that man
agements are ecosystem oriented is available. To
quote the essence of three articles which have ap
peared during the past two years, from reputable
non-academic sources:
(1) Whenever an organization isolates itself from
the objective values of the outside environment,
whether it be stable or changing, it has taken
the first step toward its deterioration. A large

4. "A Conscience in the Boardroom," reprinted in Management Review. May 1966, p. 55.
5. Robert C. Albrook in Fortune, August 1968, p. 89.
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organization should not be reluctant to change
its methods, goals, or viewpoints.
For only
when a system is responsive to outside influ
ences does it prevent a conflict of goals lead
ing to decay.6
(2) Each management system has a rationale in
separable from other system s and inseparable
from the context of business activity. This need
for congruency extends down to the least sub
system of management. . . .
A management system provides a tie between
internal company activity and the external en
vironment. . . . Promoting congruency between
the company and the economic world is the
rationale underlying management system s. The
circle of company activity has to match in every
possible phase the alignment of the world out
side.
The closer this correspondence, the
greater the purchase the company has on sur
vival and, possibly, on growth. Where congru
ency exists between the substantive demands
of the external world and the response of the
individual business enterprise, competitive ex
cellence is normally assured.7
(3) Just as a living organism survives by adapting
to stim uli—both from within and without its en
vironment—a corporate organization survives
by adapting its purpose, content and structure
to changes taking place within itself and its
ecosystem . . . .
As the selective agent of change, the manager
is the catalyst, the mutation selector. . . .
He
can become the "Maxwell Demon" of adaptive
mutations and increase the probability that
adaptive response will succeed.

tance of communications among specialists, plus
knowledge of the needs, limitations and purpose
of the whole. . . .8

III. VALUE THEORY AND CONTEMPORARY
VALUE SYSTEMS
A. Value Theory
Review of the ethics and values literature
suggests that about the only commonly-held defini
tional proposition is that somehow the concern is
with normative rather than existential descriptions
of behavior. One of the most lucid modern schol
ars in this field, Samuel Pepper, initially identifies
ethics as "the study of the criteria of good and
bad conduct,” later modified to read "the study of
the structure and operation of selective systems
bearing on human activity and the lines of legis
lation running through them.”
This is in contrast, for example, with the
viewpoint of another modern value theorist, Robert
Hartman, who follows G. E. Moore's classical dic
tum "Good is good, and this is the end of the
matter." Building upon this a priori premise,
Hartman's "axiological science" rests on the prop
osition that "a thing is good when it fulfills the
definition of its concept."10
We shall not allow ourselves to become
mired in the ethics and values theory controversy
epitomized by Pepper versus Hartman. Rather, in
the spirit of pragmatism so typical of managerial
behavior, definitions of value such as the follow
ing seem most appropriate for our purposes:

This means that the manager is like the ecolo
gist, that specialist in the relatively new inter
disciplinary science devoted to understanding
the interrelationships between living organisms
and their environment. . . .
For the species
or community” to exist symbiotically in its eco
system , it must be able to respond creatively
and adapt to the forces generated by itself, by
all other species, and by the physical environ
ment of its ecosystem . (Underscoring added.)

Values are normative standards by which human
beings are influenced in their choice among the
alternative courses of action which they per
ceive.11
A value is a conception, explicit or im plicit,
distinctive of an individual or characteristic of a
group, of the desirable which influences the se lec
tion of available modes, means, and ends of ac
tion . . . value may be defined as that aspect of
motivation which is referable to standards, per
sonal and cultural, that do not arise solely ^ ut of
immediate tensions or immediate situations.

The manager's role . . . requires understanding
of the source of creative ideas and the impor

6. Louis Fried, "Will Success Spoil Your Organization?" Data P rocessing Magazine, August 1967, p. 34
7 '. Arthur L. Svenson, "Congruency: Driving Force of Management Systems," Systems & Procedures J ou m _,
May/ J8 "^ack6 A. N orton , "The Manager's Changing Role in Technological Innovation," Bell Telephone Magazine, Jan./
Feb. 1969’ P' r3reaches this modified definition on the basis of his examination of the greater ethical schools: the
five Empirical types (comprising Cultural Relativity, hedonism, the social situation theory the self-realization theory,
and the theory of evolutionary ethics); the Intuitive and Formal theories; and the Linguistic Theories. After dism iss
ing the latter two, Pepper develops a "Social Adjustment" theory, which is based upon deriving lines of legislation
among the various "natural norms" developed by each of the empirical theories. On this basis, he contrasts the dy
namics of "purposive drives" which characterize the "Functional Authoritarian" society, with the dynamics of evolu
tionary process," which he argues characterize the "Individualistic Democratic" society. Thus, decreases in social
pressure in the five selective system s associated with the five empirical theory schools-cultu ral pattern, S0<T ^ S1"1
ation, personality structure, personal situation, and purposive stru cture-in crease the tendency to realize Individualist
Democratic values: open society; freedom; initiative; enjoyment; and pleasure. Correspondingly, inc:reases J" 'o cl“
pressure with respoet'to the selective system s loads to Functional Authoritarianism's values: functional society, se 
curity; discipline; achievement, and su ccess.
,
mreo
10. "The Science of Value," in Abraham H. Maslow, New Knowledge of Human Values, New York: Ilurper, 19.)9,
P 2°11. Philip E. Jacob and James J. Flink, "Values and Their Function in Decision-Making," American Behavioral
Scientist (supplement), May 1962, p. 10.
12. Clyde Kluckhohn, quoted idem., p. 10.
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. . . values (are) conceptions of desirable
states of affairs that are utilized in selective con
duct as criteria for preference or choice or as
justifications for proposed or actual behavior. . . .
Values are closely related, conceptually and em
pirically, to social norms. ^

More precisely, as we approach the application of
value analysis to managerial behavior, we will be
drawn toward the ethical problem orientation of
the modern operational philosopher, which Anatol
Rapoport argues is characterized by "(1) the prin
ciple of parsimony [Occam's Razor: "concepts are
not to be multiplied beyond necessity”]; (2) freedom
of choice among means in the pursuit of ends;
(3) a knowledge of consequences of one's choices;
and (4) a knowledge of one's motivations in mak
ing the choices one makes."14 Our approach here
will utilize a "pragmatic logical positivism" or
"operational philosophy," defined as:
. . . the philosophy of action-directed goals.
It
starts with logical analysis. But logical analysis
. is not conducted in a social vacuum by electronic
computers.
It is conducted by men and women
with beliefs, prejudices, and convictions. The re
sults of logical analysis must inevitably produce
an impact on these beliefs and convictions and in
duce to further action. . . , 15

B. Evidence of Contemporary General Value Orien
tations
A recent insight into the value milieu in the
United States is provided by the election-year re
search conducted a few months ago by Milton
Rokeach.16 He compared eighteen "terminal val
ues" aspired to by each of the seven groups of
respondents (one group for each of the then candi
dates: Kennedy, McCarthy, Johnson, Rockefeller,
Nixon, Reagan, and Wallace), as well as for a like
number of "instrumental values” favored by each
group. The most significant general finding re
ported was that
The seven American groups compared here
are on the whole remarkably alike in their sy s
tem s of values. Sharper differences would have
been obtained, for example, had we compared the
more diverse French political groupings.

Since Mr. Humphrey was not explicitly included
among the seven candidates listed by Rokeach, we
use Mr. Nixon's devotees as a more or less rep
resentative indication of present ranking of general
social values:
l.t.
S c ie n c e ,
14.
15.
10.
17.

T e r m in a l
(1) F a m ily s e c u r i t y
(2) A w o rld a t p e a c e
(3) F re e d o m
(4) W isdom
(5) S a lv atio n
(6) H a p p in e ss
(7) S e l f - r e s p e c t
(8) S e n se of a c c o m p lis h m e n t
O) N a tio n a l s e c u r ity
(10) A c o m fo rta b le life
(11) E q u a lity
(12) In n e r h a rm o n y
(13) T r u e frie n d s h ip
(14) M a tu re lo v e
(15) A w o rld of b e au ty
(10) S o c ial re c o g n itio n
(17) P l e a s u r e
(18) An e x c itin g life )

In s tru m e n ta l
(1) H onest
(2) R e sp o n sib le
(3) A m b itio u s
(4) F o rg iv in g
(5) C o u ra g e o u s
(6) B ro a d m in d e d
(U H elpful
(8) L oving
(9) C ap ab le
(10) C lean
(ID S e lf-c o n tro lle d
(12) C h e e rfu l
(13) In d ep en d en t
(14) P o lite
(15) In te lle c tu a l
(10) L o g ic al
(17) O b ed ien t
(18) Im a g in a tiv e

In commenting on the comparative outcomes
as between the seven candidates' groups of sup
porters, Rokeach said in that article
The major differences observed among the seven
American groups are prim arily differences in the
judged importance of relatively few values, par
ticularly equality and salvation among the terminal
values and broadminded and clean among the in
strumental values. (Underscoring supplied.)

Thus, while for Nixon's followers "salvation" was
the fifth most important terminal value, it was
twelfth on the list generated by McCarthy follow
ers, placed thirteenth by Rockefeller's, and was
fourth on the list of Wallace's.
As we turn to managerial values per se,
Rokeach's conclusion from this research into basic
values of the electorate may have some meaning
for the increasing attention given to management
values and the social impacts of the historical
profit-oriented policies of our corporate sector:
The appeals that various presidential candi
dates have for the American public arise primarily
from the different im ages projected, involving a
relatively sm all number of values.

C. Management Value Systems
Managerial value systems are, of course,
essentially subsets of the general value system
within which the manager has been acculturated
and/or operates. Empirical evidence for this gen
eral assumption has recently been provided by the
comprehensive cross-cultural analysis of manage
ment in the work of Haire, Ghiselli, and Porter.17
They used the following four vectors in their "at
tempt to cover four distinct areas of disagreement

R obin M. W illia m s , J r . , " In d iv id u a l and G ro u p V a lu e s ," A n n a ls o f the A m o r. A c ad e m v of P o litic a l and S ocial
M ay 1907, p. 211.
------------------------------------------------—
Op e r a tio n a l P h ilo s o p h y, Now Y ork: H a r p e r , 1904, p. 118 (p a p e r r e p rin t, W iley, 1900).
Ib id ., p. 222.
T h e W ashington P o s t . A u g u st 11, 1908, p. 112.
M a n a g e ria l T h in k in g : An In te rn a tio n a l S tu d y . New Y o rk : W iley, 1900.
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between the traditional-distinctive and the demo
cratic-participative approaches": (1) capacity for
leadership and initiative; (2) sharing information
and objectives; (3) participation; and (4) internal
control. An indication of the tensions generally
inherent in managerial value systems in contem
porary cultures is found in their major conclusion
that
Despite the wide variety of cultures repre
sented by the fourteen countries in our sample,
there was considerable sim ilarity among the man
agers from these various countries on the major
finding from this part of our questionnaire: The
tendency to agree with the belief that the average
individual has a capacity for initiative and leader
ship, and, at the same time, a tendency to agree
that the best methods of leadership are the demo
cratic-participative methods (p. 21).
. . . Indeed, in the United States, though it is vir
tually "un-American" to declare oneself in favor of
centralization, and though a public declaration in
favor of unilaterality is anathema to m ost manag
ers, the fact remains that the tremendous majority
of American businesses are still run on a tight
rein—highly centralized and closely supervised
(p. 172).

zation.19 There Argyris decried the "fundamental
lack of congruency between the needs of healthy
individuals and the demands of the formal organi
zation." Argyris has recently tried to provide
firmer underpinnings for his thesis by utilizing
Hartman's axiological approach to value prescrip
tion. We shall consider this later in the paper.
But our immediate need is for an indication of
contemporary management value sets, rather than
for prescriptive admonitions. Let us therefore
consider first an analysis growing out of the ex
perience of a thoughtful executive, and then turn to
a recently reported study of the personal value
systems of American managers.
Abram Collier has sought to illuminate the
value conflicts with which modern executives are
confronted by skillfully devising a series of sce
narios in which the dilemmas are confronted by
corporate managers. He concludes his book by
indicating five value clusters "which are above,
beyond, or before profits":99
(1) the "A-values": self-teaching; hard work; selfrealization; personal responsibility, i.e ., "voli
tion." Looking at things from our own internal
subjective point of view, we develop certain
goals; how we go about resolving them, the de
gree of resolution we display, all contribute to
this cluster of values.
(2) the "B-values": organizational skills; adminis
trative genius; communicative powers; and in
tegration of mental and physical health. . . . If
the "A-values" deal with ends, the "B-values
deal with means . . . bodies, both individual and
corporate, are but means to other ends.

This leads Haire, Ghiselli, and Porter to conclude
that "there is ample evidence here that manage
ment everywhere needs to examine implicit as
sumptions underlying policies and practices es
poused" (p. 173).
The authors of Managerial Thinking conjec
ture (p. 21) that this managerial value ambivalence
may reflect a "sort of partial digestion of the ex
hortations of group-oriented consultants and pro
fessors of management during the past decade. ^
Certainly much of the "human relations approach
to management referred to above has been horta
tory. For example, Robert Golembiewski has ex
horted that "behavioral conditions associated with
high output consistent with Judeo-Christian values
which should guide man-to-man relations in o r
ganizations," are that:18

(3) the "C-values": facts of the market; profes
sional training: legal realism; historical objec
tivity; looking at things impersonally and ob
jectively . . . metaphor of the ivory tower as
the place from which we can see what is going
on in order to get the "true" picture.
(4) the "D-values": pupil-centered teaching; cus
tomer-centered selling; participative manage
ment; self-transcendence . . . these values rep
resent the viewpoint that looks at others imper
sonally but from their subjective situation; and

(1) work must be psychologically acceptable, gen
erally non-threatening;
(2) work must allow man to develop his faculties;

(5) the "Omega-values": ultimate values. . . . The
capacity to adapt to changed circum stances; the
ability to integrate different and opposing points
of view; the power to rise above the lim its of
any one of the four value structures (above).

(3) the task must allow the individual room for
self- determination;
(4) the worker must influence the environment with
in which he works; and
(5) the formal organization must not be the sole
and final arbiter of behavior.

The question is, how does this exposition,
based upon managerial experience, square with
value orientations found in actual management re
search?
George England has studied the value sys
tems of over a thousand American managers, and
has developed a theoretical model for analyzing

Golembiewski's exposition clearly derives
from the analysis of Chris Argyris, as developed
in his mid-1950's volume Personality and Organi-
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the impact of values on behavior.21 He views a
personal value system as "a relatively permanent
perceptual framework which shapes and influences
the general nature of an individual's behavior."
Using five clusters of value concepts—(1) goals of
business organization; (2) personal goals of individ
uals; and ideas associated (3) with people, (4) with
groups of people, and (5) with general topics—Eng
land uses four scales to represent four modes of
valuation. The power mode ("important-unimpor
tant" scale) is primary, with the other three
modes—pragmatic ("successful" scale); ethicalmoral ("right" scale); and affect or feeling mode
("pleasant” scale)—employed to ascertain why
managers thought certain value laden concepts were
important or unimportant.
England's work serves to justify the general
value position taken at the outset of this paper,
for he found that "as a total group, managers'
primary orientations are pragmatic; that is, when
managers view some concept as important they
also tend to view it as successful.
Generally
speaking, managers’ secondary value orientations
are moralistic and ethical. Specifically, England's
analysis produces the following categories of value
clusters: 23
(1) Operative Values: those rated as "highly im
portant and viewed as successful";
(2) Adopted Values (Situationally Induced Values):
those that have been observed as being su ccessfull in the manager's organizational experience
but which he finds difficult to internalize and
view as being of high importance;
(3) Intended Values (Socio-culturally Induced Val
ues): those that have been considered as highly
important by the manager throughout most of
his life but do not fit his organizational experi
ence; and
(4) Low Behavioral Relevance Values: those that
would not be expected to influence a manager's
behavior to any large extent since they are not
considered important and do not fit the prag
matic orientation of managers.

On the basis of his findings, we may associate
each of these value concepts with their relevance
to managerial behavior as in Matrix I.
The array of values found in the matrix
cells confirm many of our intuitive understandings
of the value orientations of American managers,
e.g., that managers are "action oriented" and
"pragmatic" in their behavior. But the analysis
also highlights some rather disturbing data, e.g.,
rhany of those value concepts in the "Intended"
and "Low Relevance” columns. They emphasize
the value dilemma and role conflict experienced
by American managers. Note that such concepts
as employee welfare, government, trust, loyalty,

honor, dignity, and individuality are included as
values which "have been considered as highly im
portant by the manager throughout most of his life
but do not fit his organizational experience.” Here
is independent research support for Argyris' dis
mal description of the personality/organization
conflict.
Since this paper is primarily concerned with
management values relating specific systems —
namely, corporate systems—to their ecosystems,
we refer finally to Bernhal's Value Hierarchy de
cision model.
He recognizes four levels of
values, in terms of which decision criteria should
be applied. In ascending order—i.e., from the im
mediate to the remote environment, from the
decision maker's standpoint—they are (1) the busi
ness firm, seeking ownership welfare (profits, sur
vival, growth); (2) the economic system, seeking
consumer welfare (allocation of resources; produc
tion and distribution of goods and services); (3) so
ciety, seeking social welfare ("the good life"; cul
ture; civilization; order; justice), and (4) the indi
vidual, seeking individual welfare (freedom, oppor
tunity, self-realization and human dignity).25
But the tough question is, operationally speak
ing: Just how are these various levels of values
to be reconciled in specific decision processes?
To that query, this literature provides precious
little guidance.
IV. CYBERNETIC SYSTEM MODELS,
MANAGEMENT ECOSYSTEMS, AND
INFORMATION TECHNOLOGY
Having reviewed major recent contributions
to our understanding of social value systems, and
the managerial subclass, it remains to consider
the other prong of our concerns—cybernetic infor
mation system theory and technology—before evalu
ating their actual and latent impacts upon man
agerial value systems.
We shall consider three examples of cyber
netic system models. We first turn to Jay For
rester's quasi-closed-system Industrial Dynamics*
not because his model is necessarily the most
promising from a management ecosystem stand
point, but rather because (1) it is an operationally
oriented, computerized (quantified) model; (2) it is
now into its second decade of development; (3) it
is widely emulated as a management instructional
tool; and (4) it enjoys considerable success "in
the field."
To most readers the essence of the indus
trial dynamics model is clear. It has been ade
quately expounded in the literature over the past
decade, and was the subject of a major portion of

21. "Personal Value Systems of American Manager," J . A cad em y o f M a n a g e m e n t, M a rch 19(57, p. 93; 22. Ib id .,
p. 158; 23. pp. (50-02, passim.
24. W ilm a r F. B c rn th a l, " V a lu e P e r s p e c t i v e s in M a n a g em en t D e c is io n s ,” J . A c ad e m y o f M a n a g em en t.
19(52, pp. 190 f f .; 25. Ib id ., p. 19(5.
--------------- ------------
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MATRIX

I

(Adapted from GeorEe EAgUnd. " P e r s c a l Value S y ste m et American Manapms," op. elt., p. 62.

(1) Goals of
Business
Organizations

(2) Groups

of

People

High productivity
Industrial leadership
Organizational stability
Profit maximization
Organizational efficiency
Organizational growth
Employees
Customers
My Co-workers
Craftsmen
My Boss
Managers
Owners
My Subordinates
My Company
Stockholders
Technical Employees
Me
White Collar Employees

Labor Unions

Government

Social Workers
Laborers
Blue Collar Workers

(3) Ideas
Associated
with
People

Ambition
Ability
Skill
Cooperation

A ggressiveness
Prejudice

Trust
Loyalty
Honor

Obedience
Compassion
Tolerance
Conformity

(4) Personal Goals
of
Individuals

Achievement
Job Satisfaction
Creativity
Success

Influence
Power

Dignity
Individuality

Leisure
Autonomy
Money
Security
P restige

Change
Competition

Conflict
Risk
Force

Property

Authority
Caution
Conservatism
Equality
Liberalism
Emotions

(5) Ideas AboutGeneral
Topics

Religion

tem. . . . There are no closed loops of significance
to the particular study going from inside the sys
tem to outside of the boundary and returning. (Un
derscoring supplied.)

the March 1968 issue of Management Science. A
few general comments will focus the model in
te rm s of our in te re st here.
In that above-m entioned publication F o rre s 
te r d escrib es in d ustrial dynamics as having s y s
tem s im plications fa r beyond those im plied by its
name- as "the science of feedback behaviour in
social sy stem s," as the "in terrelatio n and the ex
tension of feedback system concepts to apply in
the m ultiple-loop, nonlinear system s to which the
so cial p ro c esses belong," and, again, as a phi
losophy of stru ctu re in sy stem s."
This sounds
prom ising for our purposes, but th ere is a diffi
culty. In F o rr e s te r 's model, the feedback loop is
considered the "basic system component."
He
w rites (p. 407, Mgmt. Set. M arch 1968)

Rationality

Of course the choice of system boundaries is a
judgm ental decision, and one could be lib e ra l in
his notion of the sy stem ’s range, if he would study
system /environm ent interfaces; for afte r a ll, a
any given level, these interfaces a re but subsystem
boundaries of the la rg e r system of which they are
constituents.
But F o r r e s te r ’s adm onition to the
m odel-builder is to select system boundaries a c 
cording to what might be viewed as the application
of the "law of parsim ony" (cf. Rapoport, page 90
above). F o rre s te r says (p. 408)

For an industrial system model, the boundary
should include those aspects of the company, the
market, the competitors, and the environment which
are just sufficient to produce the behavior being
investigated. . . . The concept of the closed bound
ary seems elementary yet it is apparently hard to

The feedback loop Is fundamentally a closed
process in which a decision, acting through time
delay and. distortion, influences the state of the
system which, after further time delay and distor
tion, is detected as the observed state of the sy s

587

RICHARD F. ERICSON
grasp. It asserts that exogenous variables are not
the key to the character of the system .
4

Yet industrial dynamics does have promise for use
in ecosystem study, for Forrester goes on to re 
mark (p. 410)
. . . We believe that the structure (of industrial dy
namics) will come to be recognized as having sim 
ple elegance, universality, and a fundamental char
acter common to a very broad range of system s
running from physical devices through medicine and
psychology to social and ecological system s.

The Homomorphic Model of Stafford Beer is
a more straightforward general systems formula
tion than is Forrester's Industrial Dynamics. For
example, in describing the nature of a scientific
model, Beer indicates the following: Insight leads
an observer to compare a managerial with a scien
tific situation; a perception leads to analogy of the
conceptual models which can be constructed from
each situation; a homomorphism (a many/one
transform; a reduction in variety) produces a rig
orous formulation of each conceptual model, which
enables the investigator to study the isomorphies
of the two formulations; and from this a common
scientific model is derived, through the process
of generalization. Or, in Beer's words: "A scien
tific model is a homomorphism on to which two
different situations are mapped, and which actually
defines the extent to which they are structurally
identical." 26
Schematic I is Beer's "sketch for a cyber
netic factory." It demonstrates how a company,
interacting with its environment, can be described
by the operations researcher in cybernetic model
ing terms. Clearly, it represents the kind of con
cern with environmental interfaces that preoccupy
us here, as we consider impacts upon management
values.
Finally, we turn to the Living Systems ap
proach to general systems theory, as expounded
by James Miller.27 Of his organismic system
modeling Miller says (p. 234)

SCHEMATIC I. (Taken from Stafford Beer, Cyber
netics and Management, Wiley Science Editions, 1959,
p. 50.)

subsystems which process both matter-energy and
information, and information processing subsys
tems. Two components of the information process
ing subsystems are the Input Transducer and the
Output Transducer, by means of which the system
interacts with its environment, as it seeks homeo
stasis.
So much for cybernetic system models and
their potential for the design of management eco
systems. How about the status of information tech
nology?
A short while ago John Diebold took a look
ahead—mostly into the early 1970s—and concluded
that management should make its plans on the
basis of the following projections:28

My analysis of living system s u ses concepts
of thermodynamics, information theory, cybernetics,
and system s engineering, as well as the classical
concepts appropriate to each level. The purpose
is to produce a description of living structure and
process in term s of input and output, flows through
system s, steady states, and feedbacks, which will
clarify and unify the facts of life.

(1) Future information system s will be more versa
tile and will more nearly parallel the real flow
of information within an organization;

The fact that. Miller's is explicitly an open
systems model clearly increases its relevance for
our analysis. Suffice it to remark that he identi
fies three critical subsystems of living systems
(p. 338): matter-energy processing subsystems,

(2) Information system s will tend increasingly to
be "realtim e"; thut is, they will reflect impor
tant and routine events as they occur;

20. Decision and Control, New York: Wiley, 1900, pp. 113-114.
27. "Living Systems: Basic Concepts," Behavioral Science, July 1905, p. 193; "Living Systems: Structure and
Process," and "Living Systems: C ross-L evel Hypotheses," Behavioral Science, October 196a, p. 337 ff.
28. "What's Ahead for Information Technology," Harvard Business Review, Sept./Oct. 1965, pp. 77-8, passim .
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(3) Systems flexibility for new applications will be
vastly increased, and costs greatly reduced,
through a broad range of new peripheral equip
ment developments;
(4) Significant cost reduction and vastly expanded
use of random -access files arid memory will
permit the drawing together on an integrated
basis of the data needed to manage and operate
the company, and provide instantaneous and flex
ible access to it;
(5) A totally new data storage and processing capa
bility-graphic storage and processing—will be
come economical and commonly available;

Thomas Petit has recently utilized Parsons'
tri-level theory of organization to identify three
types of managers found in any sufficiently com
plex system: technical, organizational, and insti
tutional.30 We are, in this paper, primarily con
cerned with institutional managers, whose major
task is, in Petit's words, to "cope with the uncer
tainty produced by uncontrollable and unpredictable
elements in the firm's environment.” Petit writes
Uncertainty is greatest at the firm 's bounda
ry, where the institutional level com es into contact
with the environment. The closed-system logic em 
phasizing rationality is clearly inappropriate here
because the firm is subject to the influence of ex
ternal elements over which it has little or no con
trol. The open-system logic, which perm its the
intrusion of environmental forces into the operation
of the firm , is called for. Therefore, the institu
tional level specializes in coping with uncertainty.
Its particular function is to avoid as much uncer
tainty as possible and deal with that which cannot
be avoided.

(6) Information storage and retrieval of technical,
management, and general data will become an
increasingly important aspect of information
system s; and
(7) There will be significant improvements in the
means of communicating with the system —the
so-called man-machine interface.

The forecast development of the information
technology, when coupled with the progress that we
have sampled in the evolution of cybernetic sys
tem models, indicates the strong likelihood that
we may be entering a new phase in our ability ef
fectively to interface the organization with its en
vironment. We are now in a position to address
the primary concern of this paper: an assessment
of the potential impacts of cybernetic organization
modeling and the information technology upon man
agement values, particularly as regards external
environmental relations.
V. THE IMPACT OF ORGANIZATIONAL
CYBERNETICS ON MANAGEMENT
VALUE SYSTEMS
A. General Comments
In developing the concept of the organization
as an open system with cybernetic loops, we have
been moving toward the view that information tech
nology and cybernetic system modeling are making
it increasingly possible-therefore necessary-for
managements more effectively to <?eal with the organization/environment interface. Herbert Simon s
concept of "bounded rationality" as an explanation
of management's tendency toward "satisficing be
havior29 remains a useful way of dealing with the
uncertainties with which any decision-maker will
always be plagued. But our argument is that (1) the
rationality boundaries are being rapidly expanded
by cybernetic technology, and (2) the vagaries in
dealing with organizational ecosystems will lessen.
Thus, management values, to the extent that they
are still oriented to closed system -'ceteris pari
bus"—reasoning, are due to undergo substantial
change in the new ethos.

In passing it is relevant to note that Petit indi
cates that the institutional manager's viewpoint is
philosophical; his technique is to use opportunistic
surveillance to assess environmental risks, and
then to develop strategies to decrease them, his
time horizon is the long run; and his decision
making strategy is judgmental. Thus his values
are a vital factor in his performance. Hence our
interest in him here.
B. Some Specific Impacts of O rganizational E co
system Management

1. Increased Responsibility for Outcomes.
Such developments as on-line, real-time data proc
essing, remote retrieval systems, large-scale data
banks, homomorphic modeling, industrial dynamics
simulation, heuristic computer programming, and
stochastic processes for dealing with uncertainty,
create new possibilities for men and organizations
to design their futures. Thus it will increasingly
be possible to identify areas of success or failure
more precisely.
2. Greater Potential for Learning. This will
lead to far greater potential for individual and o r
ganizational learning than we have ever known.
Performance evaluation will be a more certain art;
perhaps even a "science."
3. More Need for Skill of Abstraction. Deal
ing with systems of ever-increasing complexity,
where inter-related probability functions must be
assessed, will increase the use of schematics and
models. Therefore ability to deal with abstrac
tions-in-interaction will increasingly be sought and
valued.
4. More Need to Assess Extra-organizational
Impacts: Environmental Sensitivity. Schematic II

29. Administrative Behavior, New York: Free P ress, 1957.
345-347.
30. "A Behavioral Theory of Management J. Academy of Management, December 19b/, pp.
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depicts an emerging condition in our society. As
policy decisions are made and implemented in
large-scale organizations, there will be increasing
need to assess ecosystem impacts, if organizations
wish to influence the decision options available to
them at a later date. The essential point is that
our super-corporations and conglomerates increas
ingly will find their previous policy implementa
tions boomeranging upon them, to the extent that
today's ecosystem is a product of the organiza
tion's past decisions. Thus the schematic also
suggests the necessity for organizations to create
feedback loops with their ecosystems, so that ad
justments in goal realization paths will take cog
nizance not only of internal change but of autono
mous and induced external change as well.
5. Greater Ability to Plan. Long-range plan
ning will tend increasingly to be, in essence, a
design for the organization's future. Fewer un
certainties will prevail, in the sense of the or
ganization being blown by the "winds of fortune."
Even adventitious events will be more capable of
probability assessment. Serendipity will likely be
less often available to rescue poor managements
from bad competitive decisions.
6. More Opportunity for Holistic Integration.
Rapoport has summarized1'1 the argument of holis
tic philosophy in- these words:

events of one level in terms of the events of an
other.
For example, you cannot explain life in
terms of mechanical concepts, nor society in terms
of individual psychology. Analysis can only take
you down the scale of organization. It cannot re
veal the working of things on a higher level. . . .
The proponents of holistic methods, therefore, ad
vise scientists to try to contemplate wholes rather
than parts.

There are different levels of organization in
the occurrence of events. You cannot explain the
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Not only will the opportunity exist, but, as
is indicated in Matrix n, there seems ample ground
to project that computerized organizational ecosys
tem decision matricies will make possible higher
levels of holistic integration. Algorithms or, more
likely, heuristics of the projected impact of deci
sions upon interacting organizational participant
groups will be possible. But more than this, as
sessment of these ramifications can be integrated
with extra-organizational, inter-institutional, and
even "quality of life" considerations, as the matrix
suggests. (It may be noted in passing that there
are presently before the Congress bills which would
provide for basic data helpful in these respects,
namely, Senator Walter Mondale's proposal for a
President's Council of Social Advisers, and Sena
tor Fred Harris' proposal for a National Founda
tion for the Social Sciences.)
7.
More "Game Theory" Type Decisions
The outlook is for an increase in recognized inter
dependence among large-scale organizational units
of all kinds in our society. Thus conditions for
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MATRIX

II

A SCHEMATIC ORGANIZATIONAL ECOSYSTEM DECISION MATRIX FOR MANAGEMENT
TYPICAL DEPART MENTATION MODES
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I. "QUALITY OF LIFE" AREAS
Material (Economic)
Spiritual (Religious)
Humanities (Arts)
Values (Philosophy)
Education (Schools, etc.)
Physical Environment
Choice-Enlarging
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IL "INTER-INSTITUTIONAL AREAS"
Financial
Eelvmosvnarv
Military
"Invisible colleges"
Schools and Universities
Hospitals
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IIL "ORGANIZATIONAL PARTICIPANTS"

(1) Technical
)
(2) Organizational/ Managers
(3) Institutional J
Employees
Stockholders
Vendors
Customers
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Etc.
IV. "EXTRA ORGANIZATIONAL"
Trade Associations
Lobbies
Regional Associations
Social Service Groups
Etc.

decision strategies on the basis of rivalrous inter
action will be increasingly common.
In a recent article dealing with "The Evolu
tion of Organizational Environments,”31 Shirley
Terreberry has hypothesized that organizational
change is increasingly externally induced; and or
ganizational adaptability is a function of ability to
learn and to perform according to changes in the
environment. Building upon Emery and Trist's
identification of four ideal types of organizational
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environments—the "placid, randomized," the "plac
id, clustered," the "disturbed—reactive," and the
"turbulent field" (where dynamic processes "arise
from the field itself")-Terreberry argues that
(1) organizational environments are increasingly
turbulent; (2) organizations are increasingly less
autonomous; and (3) other formal organizations are
increasingly important components of organization
al environments. She concludes (pp. 606-610):

31. In Administrative Science Quart.. March 1968, p. 590 ff.
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we may expect managers' performances will tend
to be evaluated with service higher on the rating
scales than heretofore.
3. Loyalty (Commitment). Cybernetic infor
mation technology will likely accelerate a trend
toward a shift in the locus of loyalty such as we
have observed in recent times. That is, managers
with increasing expertise and technical knowledge
Obviously, it is the assumption of this paper that
are likely to be far more loyal to their profes
man is indeed moving toward that capability.
sional standards and organizations than to their
8.
Management Will Operate in Increasinglysuperiors, or even to the organizations of which
Demanding Environments. The outlook for man
they are a part. And this "extra-organizational"
agement, insofar as its own "quality of life" is
loyalty is likely to be quite strong indeed. The
concerned, is bright, in terms of challenge, oppor
organizational cement that relates people and pro
tunity for creativity and innovation, and, doubtless,
duces a cooperative system will likely then have
rewards. But as the man/machine interface de
to be of a different sort than the traditional fear
velops and we are able to build more responsive
of superior authority. An important ingredient will
and sensitive organizations, greater levels of man
likely be a creation of challenge. This must have
agerial tension and stress will also doubtless be
been partly what was in Morton's thinking when he
experienced.
expressed the view that "the manager's job is to
innovate innovation."32
C. Some Managerial Value Impacts: Implicit and
4. Tentativeness; Tolerance. There has been
Explicit
considerable speculation in the literature that the
Throughout the foregoing discussion there
corporation of the future will be far more "free
are clearly implicit value ramifications attending
form" than we have known in the past. Intuitively,
the impacts of organizational cybernetics upon
there would seem to be ample grounds for this
management systems. For example, the discus
projection. Organismic, open-system organiza
sion of the increased opportunities for learning
tional models, utilizing cybernetic feedback sto
and the greater need for the intellectual capacity
chastic processes and heuristics, suggest greater
for abstraction clearly suggests that planned edu
fluidity than does the traditional hierarchical,
cational experiences will be highly valued. But
standard-operating-procedure, bureaucratic model.
we want now to deal more explicitly with impacts
Managers will therefore value a quality of tenta
upon moral values and ethical conduct.
tiveness, as the organization pursues a "balance
1. Moral Sensitivity. We can project that
of forces" path to its objectives. Thus more "ad
increasingly the human quality of sensitivity to the
hoc" and "task force" subgroups will appear, and
moral aspects of organizational decision making
there will be more tolerance for "corporate wild
will be sought. There will, for instance, be much
men," i.e., "far out" intellectuals.33
greater awareness of the possible pollution of the
5. Democracy. Warren Bennis has probably
sociosphere, and attention to minimizing the so
gone farthest—in print, at least—in forecasting the
cially dysfunctional consequences of managerial
"coming death of bureaucracy" and the "inevitabil
action. One can anticipate that research and lit
ity of (organizational) democracy."34 Without push
erature, with a focus such as is attempted here,
ing the argument to these extremes, most of the
will find increasing place on managerial book
evidence provided by cybernetic information tech
shelves.
nology does suggest that freedom of thought and
2. Service. A decade ago, when Forrester
action, and participation in decisions that affect
first published his' work in industrial dynamics,
one's concerns—professional or personal, will be
he expressed the belief that here was the path to
increasingly highly regarded values.
real managerial professionalism. Whatever might
Perhaps this is the best point at which to
have been this contribution, the fact is that man
underscore the fallacy of the popular notion that
agement is indeed an increasingly professionallycybernetic arrangements inevitably result in trans
oriented activity. As Forrester predicted, both
forming humans into "cogs in the machine" or
the science and the art of management have moved
robots. Pictures of the restraints imposed by
upward in knowledge and skill requirements.
yesterday's efficiency experts in the era of scien
A significant dimension of professionalism is
tific management are sometimes thought to pale
the concept of service to others, above extrinsic
by comparison as today’s automated factories and
reward to self. As organizations are more close
cybernated offices are contemplated. Nothing could
ly related to their socioeconomic environments,
be farther from the reality which cybernetic control
The random walk which suffices in a placidrandomized environment must be replaced by sto
chastic p rocesses under placid-clustered conditions,
and by cybernetic p rocesses in disturbed-reactive
fields. . . . There is some question, of course, as
to whether man actually has the capacity to cope
with the turbulence that he has introduced into the
environment.

.'!2. " T h e M a n a g e r 's C h a n g in g R o le in T e c h n o lo g ic a l In n o v a tio n ," B e ll T ele p h o n e M a g a z in e . J a n ./ F e b . 1908, p. 15.
33. Cf. Tom A le x a n d e r, " T h e W ild B ir d s F in d a C o r p o r a te R o o s t," F o r tu n e , A u g u s t 1964, p. 130.
34. IBM T h in k , N o v ./D e c . 1966, p. 30.
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may now deliberately seek unsettling but potential
makes possible. Cybernetic control is self-control;
ly very rewarding experiences, with the assurance
that is its essence. Thus the result of automated
that
the new gyroscopic control subsystems pro
decision and control processes is that man is un
vided
by organizational cybernetics will make pos
chained, not chained. Norbert Wiener’s dream of
sible
system control in relatively turbulent en
"the human use of human beings" is at long last
vironments. Thus stability in the old sense is
on the horizon.
6.
Compassion. In a recent article, Williamlikely to be less an organizational value in the fu
ture. Perhaps a new concept of "optimum insta
Scott has painted a bleak picture of the failure of
bility" will really make operational the old notion
Industrial Humanism.55 Even more than failure,
of "creative conflict."
he argues that the techniques it has developed to
8. Rationality. There seems little evidence
further the realization of humanist values in or
to
contradict
the common, opinion that logicoganizations—democracy, freedom, greater individ
deductive
and
empiric-inductive decision modes
ual diversity, social pluralism—have in fact been
will
increasingly
dominate managerial thinking and
perverted to the service of La Technique (a la
behavior. Not that "intuition" and "creative im
Elull).
pulse" will not have their place; but I suspect that
I have deliberately chosen "compassion" as
even these will gradually submit to the rationality
the value to provide a vehicle for discussion of
of operational philosophy and computer simulation.
many of these humanistic values because, it will
Thus human creativity is likely more and more to
be recalled, this was one found by England to
be
in the form of effective interaction with that
have "low behavioral relevance" for the managers
machine
of pure logic, the computer.
he studied. I will support the opposite prognosis.
9. Self-Actualization. Finally, what about that
It is possible that man has unleashed, in cyber
apparently ultimate motivating force in humans,
netic control systems, a Frankenstein's monster
the urge toward full self-realization? Perhaps it
that will enslave and ultimately destroy him. It
will come as no surprise, in the light of the trend
has been persuasively argued that La Technique
of argument above, that I foresee a sanguine cy
has a moral imperative all its own, and is already
bernetic impact here too—potentially at least. To
out of man's control. Perhaps so. But not inevita
be sure, as has been sketched above, organizational
bly so, I think.
life will demand ever-higher levels of intellectual
My case rests on the fact that cybernation
rigor and emotional stability. Accuracy, precision,
is essentially different from older techniques man
real-time reporting, increasing demands for ac
has invented to deal with nature. In the new man/
curacy and precision will often create a taut at
machine interface, the machine provides the man
mosphere. Real-time reporting and error-pinpoint
with increasing capability of understanding his hew
ing
will heighten organizational tensions.
creation and the new inter-relationships generated.
On the other side of the coin is that, with
Besides, there seems to be ample evidence that
more
timely, better interpreted, more relevant,
socio-cultural counter-forces are in fact being
and harder data at hand, managements will be able
generated. Albeit a modest effort yet, the newlyto bring to participants a greater degree of pro
created National Endowment for the Humanities
fessional satisfaction than has ever before been
exemplifies the hypothesis that concern will lead
possible. Besides, cybernation will go a long way
to action in this area. An even more striking
toward creating the "collegial" environment which
example of the melding of management science
we gradually see emerging in our more advanced
technique and humanistic values is provided by
corporate systems. The ability to pursue one s
Stafford Beer in his previously cited work.
We
interests, as he himself relates them to the cor
may expect their increase. Thus I will venture
poration's needs, will increasingly be possible. And
that values such as compassion will increasingly
this surely is of the essence of "self-actualiza
be weighted in management decision processes as
tion."
cybernetic technology comes of age.
7. Organizational Stability. At first thought
it may seem that cybernetic technology, with its
VI CONCLUSION: CORPORATE VALUES AND
emphasis upon homeostasis as the norm, provides
THE ORGANIZATIONAL ECOSPHERE
the answer to a manager's prayer for organiza
tional stability. And so it does; but this is not
It will be recalled that early in this discus
the whole story. Again, reference to Schematic I
sion note was taken of the fact that Chris Argyris
will show what is In mind. The concept of "hetero
had appealed to Hartman's axiological approach
stasis" is introduced to emphasize the notion that
to a science of value. In these terms, Argyris
cybernation makes it possible for a system to
has described the evolution from "axiologically
undertake larger degrees of risk with greater con
not-good" to "axiologically good" organization as
fidence than heretofore. That is, organizations
35. "Technology and Organization Government: a Speculative Inquiry into the Functionality of Management Creeds,'
J , Academy of Management, Sept. 1968, p. 301.
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concerned with "the seriousness of the future."38
After reviewing the extent and the depth of our
social problems, he concluded

movement as follows:
(1) From a state of affairs wherein a part (or a
subset of parts) directs the organizational "core
activities" (achieving the objectives, maintaining
the internal system , and adapting to the environ
ment) to the state of affairs wherein these core
activities are directed through interrelationships
of all the parts;
(2) From a state of awareness of the organization
as a plurality of parts to a state of awareness
of the organization as a pattern of parts;

. . . traditional agencies will not solve our problems.
They have been unable to clear our slums, d isci
pline our enormous corporations or unions, guide
our technology, stimulate our economy, or elevate
or educate our people. Instead they have given us,
and they will continue to give us, what we have
got—a Great Paralysis.
Can this P aralysis be overcom e? To do so
will require more than a mere scolding, more than
a few palliative m easures. What is needed is a
fundamental change, both of institutions and of out
look, a new balance between private prerogative
and public right: in short, a reformation of that
social and economic order we call American capi
talism. (Underscoring supplied.)

(3) From a state in which the organization is un
able to influence its internally oriented core
activities (achieving the objectives, maintaining
the internal system) to a state in which it can
influence these activities as the organization
d esir es;
(4) From a state in which the organization is inef
fective in problem solving to a state in which
it is optimally effective in problem solving;

Very recently another economist—one who just now
is President of the American Economic Associa
tion—suggests that the reformation Heilbronner
urged may now be at hand. He writes:39

(5) From a state in which the organization is un
able to influence its externally oriented activi ties to a state in which it can influence these
activities as the organization desires; and
(6) From a state in which the nature of the core
activities is largely determined by the present
to a state in which the present core activities
are continually influenced by considerations in
cluding the past history, the present, and the
anticipated future of the organization.

Perhaps the m ost critical question of the next
generation will be the relative legitimacy of pri
vate versus governmental organizations. In the last
hundred years, on the whole, private organizations
have been defending them selves against rising tides
of legitimacy of public organizations. . . . It may
be that this long tide is now turning.

My perception is that cybernetic technology
has the potential to increase the possibility that
o ur co rp o rate organizations will move in the d e
s ire d directions. M oreover, if the new technology
proceeds as I have indicated seem s likely, then
the following favorable norm ative value conse
quences positied by A rgyris37 should also tend
tow ard realization:

Certainly the National Alliance for Business
and the Urban Coalition are evidences of this. And
the public words of businessmen have, to me at
least, a greater ring of sincerity than was true with
almost all those pious pronouncements regarding
the "social responsibilities of business" of yester
year. For example:40
. . . looking ahead 25 years . . . this country's major
concern will be to improve the quality of American
life. . . . I believe that the U.S. business and in
dustrial machine is one of man's greatest crea
tions. . . .
But its future—its continued smooth
running—is , in my opinion, no longer dependent on
the factors that have made it what it is today; it
depends, rather, on the resolution of some of the
larger issu es that are eating away at the heart and
soul of American society . . . and I predict that the
American business community will in the decade ahead involve itself deeply with these issues . . .

(1) the axiologically good organization is consonant
with individual mental health;
(2) individual mental health is positively associated
with the capacity or potentiality (not the actual
ity) of the individual to produce, to be commit
ted, creative and flexible; and
(3) the existence of these factors will tend to en
hance the organization's capacity to achieve its
objectives, survive, and perhaps develop.

As we a re p rim arily concerned with c o r
poration ecosystem s, we have examined some of
the m ajor potentials of cybernation to im prove the
c o rp o ra te /so c ie ta l interface, and will conclude by
a s s e ss in g the needs and the prospects.
Some years ago that trenchant social critic
and economic philosopher Robert Heilbronner was

Also a recent Gallup Poll more than suggests that
the corporate community will indeed have its
chance insofar as the public is concerned. In Au
gust 1968 some 46% of the respondents thought that
"big government" was the "biggest threat to the

30. " T h e In te g ra tio n o f th e In d iv id u a l ami th e O rg a n iz a tio n ," in G. li. S tr o th e r , o d ., S o c ia l S c ie n c e A p p ro a c h e s to
B u s in e s s B e h a v io r, H om ew ood, 111.: Irw in - D o rs e y , 1902, pp. (i5-(i!) p a ssim ; .17. Ib id ., p. 79.
8 8 ~ " O n the S e r io u s n e s s o f the F u tu r e ," T h e A m e ric a n S c h o la r , S u m m e r 1904, pp. 550, 001.
39. " T h e D y n a m ic s o f S o c ie ty ," B ell T e le p h o n e M a g a z in e , M a y /Ju n o 1908, p. 7.
40. E d w a rd E . B o o h e r, " T h e D e c a d e s A head fro m a P u b l i s h e r 's V iew ," S c ie n c e , Nov. 17, 1907, pp. 8 8 2-883.
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country in the future." Only 12% thought "big busi
ness" had that dubious distinction.
In his recent book dealing with the Young
Radicals.42 Kenneth Keniston indicates that one
way of explaining the rejection of contemporary
social values by today's activist youth lies in the
fact that, in this time of unprecedented change,
there is an insufficient opportunity for the usual
"institutionalization of hypocrisy.” That is, ordi
narily there is time for value conflict to be ra
tionalized in the social pattern; today there is not.
So the visible gap, between what is said to be be
lieved and what is practiced, is unconscionably
large—for youth at least. There is glaring hypoc
risy.
Thus we close with one last reference. It
provides some evidence that the gap may really be
closing between corporate values and social values.
There may be less need to "institutionalize the
hypocrisy" as was necessary because of the gulf
between what corporations have professed are their

/'social responsibilities," and their actual behavior.
Recently Henry Ford n provided Ford sharehold
ers with the following rationalization43 of Ford's
participation in the National Alliance for Business:
. . . improving the quality of society—investing in
better employees and customers for tomorrow—is
nothing more than another step in the evolutionary
process of taking a more farsighted view of return
on corporate investment. . . .
Prudent and con
structive company efforts to help overcome the ur
ban crisis are demanded not only by your com
pany's obligations as a corporate citizen, but by
your management's duty to safeguard your invest
ment.

The Fortune commentary on his words de
clares this to be almost a redefinition of "profits"
as that term has traditionally been understood in
the modern corporation. What we have been say
ing is that cybernetic information technology cre
ates new possibilities effectively to implement such
redefinitions of traditional values.

4

41. The Washington Post, August 18, 1968, p. 2.
42. Young Radicals: Notes on Committed Youth, New York: Harcourt, Brace & World, iyb».
43. "Business Wrestles with Its Corporate Conscience," Fortune, August 1968, p. 90.
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A HOSPITAL SYSTEM MODEL*
Daniel Howland
In a previous paper, several approaches to
system problems were summarized (1). Since none
of these approaches provided a patient-centered
basis for hospital system planning, our research
objective became one of developing a workable al
ternative.
The observation that the methods engineering
studies had relatively little impact on the hospital
led to the second stage of our thinking. It ap
peared that higher level management problems
would have to be attacked if our efforts were to
affect operations, particularly operating costs.
Accordingly, an operations research study of the
hospital was initiated. The objective of this study
was to develop a procedure which would enable
any hospital to measure the level of patient care
it was providing and suggest areas for corrective
action. As our work progressed, it became in
creasingly evident that a quantitative measure of
patient care was essential for all levels of hospi
tal planning, from bedside to community levels,
wherever resource allocation decisions were made.
Initially, it was assumed that patient care,
like profit in the business enterprise, could be
measured and optimized to some criterion. Given
the requisite measure of patient care, we planned
to identify and measure the social, psychological,
physiological, and physical factors contributing to
it, determine their relative weights by questioning
qualified experts, and develop an instrument which
any hospital could then use to evaluate its own
level of performance. This formulation of the
problem, suggested by Gomberg's analysis of time
standards, is shown below (2).
Patient Care = AjXi + A2X2 + A3X3 + A4X^
where
Xi = Sociological factors
X2 = Psychological factors
X3 = Physiological factors
X4 = Physical factors, and
A1 . . . A4 = Respective factor weight, deter
mined by expert opinion.
Since no single agreed upon measure of pa
tient care could be found, and the concept of value
theory as used in operations research offered little

hope of providing one, two types of activities were
engaged in simultaneously: (1) a series of studies
was initiated by a multidisciplinary group com
prised of engineers, physicians, psychologists, a
nurse, and sociologists, and (2) the research team
focused its attention on ways of organizing the
disciplinary studies into an integrated view of the
hospital.
Within each disciplinary group, research was
conducted in the traditional area of concern to the
discipline. Engineers, for example, applied opera
tions research models to inventory and hospital
location problems, with emphasis on the blood bank
inventory (3,4). Sociologists investigated the rela
tionship between status commitment and selected
medical performance measures (5,6,7,8,9,10 & 11).
The predicate calculus was utilized by a philoso
pher-mathematician team to develop a logical hos
pital model based on the assumptions of the soci
ologists. Psychologists studied the contribution
patients could make to their own care, concentrat
ing on the problems of information-handling be
tween diabetic patients and their physicians (12).
An investigation of the hospital labor market was
initiated by an economist.
All members of the research team recog
nized that the kind of integrated interdisciplinary
approach originally visualized was not developing,
and problems of inter- and multidisciplinary re
search were examined (13). It was decided that,
although the on-going research could be viewed as
multidisciplinary, with each discipline investigating
traditional problems using traditional methods, in
terdisciplinary research would be possible if, and
only if, all disciplines focused on common depend
ent variables (14). An attempt was then made to
select variables which would be of interest to all
disciplines. It became clear that the conventional
variables of interest to the disciplines represented
on the study team would not provide the required
common basis for interdisciplinary research, and
a common dependent variable was sought which
would satisfy our requirement for interdisciplinary
research. Initially, there was some doubt about
the existence of such common dependent variables.
It was found, however, that they were provided by
cybernetics (15).

♦Reprinted by perm ission from Nursing Research, Vol. 12, Fall 1963. This investigation was supported in part
by a Public Health Service Research Grant (GN-7797) from the Division of Nursing Resources, Public Health Service.
It is part of a long range program in system s research conducted by the Systems Research Group, Engineering Ex
periment Station, The Ohio State University, Columbus, Ohio.
The author is indebted to Wanda McDowell, Ph.D., for her substantive contributions to this paper.
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research. That is to say, E cannot be manipulated
experimentally. Decisions at this level must al
ways be based on value judgments. Science can
only assist in making these value judgments by
providing organized information for decisionmakers •
The performance of the primary mission of
a health system, the practice of medicine, depends
on the performance of a number of lower level
hospital support tasks. Therefore, the next step
in our analysis of the hospital system is to con
sider these support tasks which may be grouped
into four major categories: selection, service,
supply, and regulation. The relationship between
tasks and missions may be represented symboli
cally:

The concepts of information and control are
central to cybernetics, defined by Wiener (1948)
as "control and communication in the animal and
the machine" (16).
Cybernetics, according to
Ashby " . . . is a 'theory of machines,’ but it
treats, not things but ways of behaving. It does
not ask ’what is this thing?' but 'what does it do?'
It is thus essentially functional and behavioris
tic" (17). Cybernetic concepts are familiar to the
disciplines traditionally concerned with the varia
bles which must be considered in measuring pa
tient care: psychology and physiology, economics,
engineering, sociology, and medicine (18,19,20,21,
22- 23)
Although an extended treatment of the con
cepts of cybernetics is beyond the scope of this
paper, the terms regulation and control must be
understood in this context. The concept of regu
lation is defined as the ability of a system to
maintain an organism in specific survival states,
and control is defined as the specification of the
survival states (24).
Using these concepts, the hospital may be
viewed as a goal-directed system which provides
patient care by the regulation and control of pa
tient condition defined in terms of patient states.
The first requirement of a hospital system model,
therefore, is to provide a means of measuring the
consequences of planning and management decisions
from community to bedside on the ability of the
system to regulate patient condition, i.e., maintain
patients in specified states. Given such a hospital
system model, hospital planning and operating de
cisions can be based on explicit quantitative pre
dictions of expected hospital system performance
as a consequence of hospital resource utilization
in different socio-economic environments, rather
than on implicit, qualitative estimates.
We assume that societal goals of providing
patient care are met by the performance of medi
cal and supporting tasks. The relationship of med
ical to supporting tasks is indicated symbolically
below. Although the use of symbols may be un
familiar, they provide a convenient shorthand to
express ideas which would be difficult to discuss
otherwise. In terms of this syrtibology,

M, . • . Mm = fx • • • f4(ti,t2,t3,t4) where
M . . . M m = Performance measures of primary
“ hospital system mission, the prac
tice of medicine.
f . . f 4 = Functional relationship between
task and mission performance,
t . . . t 4 = Measures of hospital task perform
ance, where:
t : = Measures of performance of SE
LECTION subsystem.
12 = Measure of performance of SERV
ICE subsystem.
t 3 = Measure of performance of SUP
PLY subsystem.
t 4 = Measure of performance of REGU
LATORY subsystem.
The selection task (t4) is one of categoriz
ing patients and assigning them to medical services
such as medicine, surgery, obstetrics, and pedi-

E ~ F(MX. . . Mm) where
E = Global goal of the hospital system in our so
ciety. The achievement of a general level of
wellness (25).
Mi . . . Mm = Measures of the performance of
the primary hospital system mis
sion: the practice of medicine.
F = Societal decisions about levels of performance
of ML. . . Mm to meet goal E.
The specification of E, the goal of the health
system to provide a requisite level of wellness,
and the decisions regarding Mx . . • Mm represent
ed by F, are value judgments beyond the scope of
598

atncSQnce ^ patient_by definition some one unable
to maintain his own homeostatic state unaided is
selected or admitted to the hospital system, it be
comes necessary to provide supporting services
for the practice of medicine. The service task (t2)
includes housekeeping, administration, and other
functions not directly associated with the mainte
nance of patient homeostasis, but necessary in
support of the directly related functions of the
physician and nurse.
A third major task category is supply (t3).
If the hospital as an organization is to persist in
time, problems of acquisition and replacement of
supplies, equipment, and personnel must be solved.
Supply or logistic problems include acquisition and
replacement of items such as food, drugs, and
personnel. The development and maintenance of
the hospital staff also poses logistics problems in
that physicians, nurses, and paramedical workers
must be employed and replaced if they leave the
system.
. .
Regulation (t4) is defined as the task of mini
mizing the difference between actual and desired

A HOSPITAL SYSTEM MODEL
system performance, measured in terms of the
system's ability to maintain patient states. Regu
lation is characteristic of the functioning of goaldirected systems, and is performed by a sub
system which is an information-processing analog
of the over-all system. The selection, service,
and supply tasks are symbolically represented in
the regulatory subsystem by information about
them. The regulatory subsystem provides man
agement with information for determining how
closely actual system performance approximates
desired system performance and suggests action
to reduce the difference between the two.
To perform the four tasks described above,
several classes of resources are utilized. Re
sources, like tasks, can be broken down into cate
gories for study. The major resource categories
are staff, patient, plant, and equipment. The per
formance of system tasks at all levels depends on
the characteristics of these resources and policies
for using them. These relationships may be sum
marized as follows:
tf . . . t 4 = q1 . . . q4 (R1,R2 >R3 ) where
t j_... . 14 = Measures of subsystem task performmance
qi . . . q 4 = Relation of subtasks to resources
Rx = Physical characteristics of hospital
plant and equipment, such as number
of beds
R 2 = Psychological, physiological, socio
logical, and economic characteristics
of staff, such as their skills, atti
tudes, and specific competencies
R3 = Physiological, psychological, socio
logical, and economic characteristics
of patients, such as their physical
condition, expectations, understanding,
and attitudes toward the hospital sys
tem.

in the desired state—that is, free of blood so that
he can work—depends upon the reliable operation
of this piece of equipment. Thus, we find a hos
pital system mission, the performance of a surgi
cal procedure, depending on a mechanical resource,
the vacuum system, which is performing a service
task. Other examples of equipment which extend
the capabilities of the surgical team might include
measuring devices for determining patient condi
tion such as the electrocardiograph and electro
encephalograph, and equipment such as the heartlung machine used for open heart surgery.
Similar examples could be cited for the
staff. A particular procedure, such as open heart
surgery, for example, requires special skills as
well as equipment. A service may or may not
exist in a given hospital by virtue of the fact that
a staff trained in a medical specialty simply is
not available.
Thus it can be seen that task and mission
performance depend on the availability of resources
and policies for using them. These relationships
are summarized as follows:
Area of Judgment
E~ F

Mx . .
M l. .
ti ..•
f 1

• '

tl

• .
• •

Ri • .

In order to design and operate a hospital
system, it is necessary to relate levels of task
performance, resource characteristics, and re
source utilization policy. We take the provision
of a general level of wellness as the over-all hos
pital system goal (26). The provision of a general
level of wellness may be measured in terms of
the regulation of patient condition. It is then nec
essary to specify tasks and missions which must
be performed to achieve this goal. The next step
in the design and operation of a hospital system
is to relate missions and tasks to resource char
acteristics necessary for their accomplishment.
For example, if we consider the vacuum system
used by the surgeon to drain an operative field,
we find a resource, a piece of equipment made
available by economic resources, which is per
forming a necessary support function for the sur
geon. The ability of the hospital to support the
surgeon by maintaining the patient's operative field

Area of Research
(Mx . . . Mm)

E = Global criterion of system perform
ance; provision of a general level of
wellness
Relation of mission performance to E
F
Mission performance measures
ii . . . f4(t! . . . t4), where
, M m
Task performance measures
• l4
Relation of mission to task perform
' f4
ance
,t4
q x . . . q 4( R . • • • R 3 ), where
Relation of cask performance to re
-q4
source utilization
Man-machine resource measures.
, r3
Then
G(R1 . . . R3), or the general level
E
of wellness, depends ultimately on
the resources allocated to the hospi
tal system to achieve this goai.

The research objective is to replace the
symbols of the model with performance and re
source measures and, subsequently, formal func
tional relationships. This means replacing the task
and mission symbols (tj_ . . . t4) and (Mx . . . Mm)
with quantitative task and mission performance
measures; the functional symbols (fi . ■• f4 ) and
(q^ . . . q^) with explicit functions, and the plant,
staff, and patient symbols, Rj, R3> and R3, with
measures of resource characteristics.
A first approximation of such a model is
shown in Figure 1. This figure summarizes the
mission—task—resource relationships described
above. The multidimensional nature of tasks and
resource is suggested by their profiles. Vertical
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lines in the profiles represent measurable mission,
task and resource dimensions.
The functions
(e . . g,) symbolize relationships between plant,
patient, staff resources, and levels of task and
mission performance.
The first step in replacing the general state
ment of relationships with explicit measures and
functions is to define the system by "listing the
variables that are to be taken into account (27).
The variables selected are then measured and re
lated in a model using procedures of formal and
empirical research (28). Thus, the system model
evolves from a qualitative list of variables to
quantitative statements of relationships between
measured variables.
This description of the hospital system pro
vides a general conceptualization to serve as a
guide to research. In order to plan and conduct
specific studies, a further breakdown is necessary.
The over-all system has therefore been partitioned
into community, hospital, and nurse-patient-physician triad levels as shown in Figure 2. Partition
ing the system in this way provides the basis for
a study of the interactions between the major seg
ments of the system. This is important since the
interaction between segments of the system may
contribute more to over-all system performance
than does within-segment performance.
The community provides the environment for
the hospital and the hospital in turn provides the
environment for the nurse-patient-physician triad.
The environment in each case imposes constraints
on the resources, and consequently, affects the
performance of the subsystem below it. Constraints
may be categorized according to the ultimate ef
fect they have on system performance. Economic

r . , COMMUNITY COAL.
MAINTAIN DESIREO COMMUNITY
"LEVEL OF WELLNESS"*

♦ From CXjnn,H L ' POINTS OF
ATTACK FOR RAISING THE
LEVELS OF WELLNESS
Journ. Not. Med. Assn. A9,

1957, p225-255

. Figure Z. Missions, Tasks, and Resources of the
Hospital System.

constraints, for example, limit the acquisition of
staff and equipment. Limitations of space impose
a physical constraint on the number of beds, op
erating rooms, and laboratories that a hospital
can provide. At the hospital level, staff, patients,
and plants are the general resource categories.
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This conceptualization of a hospital system
provides a focus for research both within and be
tween the principal segments of the system. It
suggests the kinds of information needed for under
standing the over-all hospital system, and provides
a conceptual framework for the integration of our
own research and the work of others at each of
the three levels of a total health system-triad,
hospital, and community.
In a subsequent paper, these concepts will
be expanded, and their application to the measure
ment of patient care will be illustrated.

In contrast, at the triad level, we are concerned
with individual patient performance.
Although our research is presently focused
on the nurse-patient-physician triad, the constraints
imposed on the triad by the larger hospital and
community systems are of concern. As we move
into the hospital and community area, it will be
with the triad as the focus of our attention. As
suggested in Figure 2, our ultimate objective is
to relate community level resource allocation de
cisions to their consequences for patient regulation
at the triad level.
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THE MEASUREMENT OF PATIENT CARE: A CONCEPTUAL FRAMEWORK*
Daniel Howland and Wanda E. McDowell
The growing size, complexity, and cost of
health facilities for a growing population are mat
ters of universal concern. They must be provided
within constraints imposed by limitations of real
and monetary resources. These factors impose
stringent planning requirements, since the conse
quences of hospital system design and operating
decisions should be made with respect to their ef
fects on patient care. Because of the complexity
of this problem, the model approach is indicated (1).
The problem of developing a measure of pa
tient care is not new. Numerous attempts have
been made to solve the problem by focusing on
such activities as "nursing care," "hospital care,”
and "medical care" (2,3,4). Investigation of the
ratio of hours of professional nursing care to
numbers of patients, studies of patient opinion, in
fection and autopsy rates, and audit of medical
records are examples of approaches to the prob
lem. Nevertheless, explicit procedures for pre
dicting the consequences of hospital design and
operating decisions for patients have not resulted.
Since a patient care measure is vital for
present operation and future planning, this research
program has been concerned with the development
of a measure which would be useful for hospital
design and operation. As a result of the research,
a conceptual framework has been developed, and
will be described.
The principle consideration in developing our
measure was that it be useful for the solution of
daily operating and long range hospital planning
problems. Basically, both long range and immedi
ate problems involve trade-offs between resources
as they affect hospital system performance. For
example, decisions must be made regarding the
purchase of new equipment, modification and ex
pansion of the physical plant, and allocation of
resources to the staff. The basic question is:
What is the effect of these decisions on patients?
Given this planning requirement, a patient
care measurement, based on Cannon's concept of
homeostasis, was developed (5). In recent years,
this concept has been extended and incorporated
in a larger body of knowledge defined by Wiener
as "cybernetics" or "Control and communication
in the animal and the machine" (6). Cybernetic
concepts have proved useful as an interdisciplinary
•Reprinted b ,
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language and are familiar in such diverse disci
plines as sociology, economics, and engineering
(7,8,9,10). More recently, attention has been
focused on cybernetics as a way of integrating in
formation, regulation, and control for the develop
ment of models of large, complex systems (11,12).
A consideration of patient care in cyber
netic terms provides us with definitions of patients,
hospitals, and patient care which are useful at
hospital design and operating decisions (13). We
are defining patients as members of our society
who are unable to maintain desired homeostatic
balance unaided with respect to a range of varia
bles. Hospitals are organizations provided by
society to maintain homeostatic states for its
members, patients, who are unable to maintain
required levels for themselves. Patient care,
therefore, is measured in terms of the homeo
static resulatory capacity of the hospital. If homeo
static disequilibrium occurs with respect to a
range of variables, the hospital must provide the
resources, such as staff, equipment, and supplies
to restore it. Patient care then, is a system
performance measure, rather than a measure of
any component.
To expand on these definitions, we think of
people as organisms maintaining dynamic equilib
rium in the face of continual disturbances from
both external and internal sources. Their homeo
static mechanisms allow most people in most
situations to adjust to these disturbances. Multi
dimensional survival states are thus maintained
by the individual organism. Illness represents a
departure from these states and therapy is the
process of regulation and control to reduce the
discrepancy between the actual state (illness) and
what is possible (wellness). Regulation is the ac
tion taken to maintain a system in some specific
survival state following a disturbance which tends
to move the system to a nonsurvival state.
If disequilibrium occurs with respect to cer
tain classes of variables, for example, the patient
may be cared for in a mental hospital. If it occurs
in other classes of variables, regulation may be
achieved in a general hospital or in some other
specialized type of institution. The possibilities
for the control of the patient's condition, i.e., the
level of patient care which can be provided by a
Vol .3^
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individual patient. If the actual systolic blood
pressure is outside these limits, i.e., a disturbance
has threatened or occurred, regulatory activities
to return the patient to the desired state are in
stigated by the regulator. The nurse may take
appropriate action to regulate the blood pressure
by changing the patient's position. In this situa
tion, she is serving as a third level monitor since
she detects actual blood pressure, compares it with
desired, and takes appropriate action on the basis
of difference information. If the blood pressure
should exceed the limits within which the nurse
has authority to act, responsibility for the speci
fication of regulatory action is assumed by the
physician, acting as both controller and regulator.
This situation is shown in Figure 3. The physi
cian has a wider range of regulatory strategies,
and might, for example, prescribe a medication
to regulate the blood pressure.

hospital, depends on the state of the patient and
provisions for regulation provided by the hospital.
These provisions depend, in turn on medical sci
ence, and the willingness of society to allocate its
resources to insure a high "level of wellness (14).
Having arrived at these definitions of pa
tients, hospitals, and patient care, the next problem
is to develop a quantitative set of relationships
which will allow the prediction of the probable
consequences of various resource allocation poli
cies for the provision of patient care. In order
to provide a way of relating the consequences of
hospital decisions to patients, we are defining the
basic subsystem of the hospital which is responsi
ble for maintaining patient states, i.e., for provid
ing direct patient care, as the nurse-patient-physi
cian TRIAD. In this frame of reference, the patient
may be conceptualized as a process generating
signals to a monitor located in an information
feedback loop, as shown in Figure 1. The moni
tor, observing a time-varying series of signals,
may respond in one of three ways. These re
sponses have been identified as three levels of
monitoring where the levels refer to the function
performed by the monitor (15,16). At the first
level, information about patient condition, i.e., pa
tient "output" information, is recorded by the
monitor and/or passed directly to the comparator.
The function of the comparator is to measure the
difference between actual and desired patient states.
The comparator transmits error difference infor
mation to the regulator who makes a decision re
garding the need for corrective action. Dependent
upon the characteristics of the error, the regula
tor specifies the action required to reduce the dif
ference between the actual and desired state of
the patient.
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Figure 2.
tor Action.

figure 1. Man-Machine System for the Control and
Regulation of D isease.

At the second level, the monitor assumes
the comparator function and transmits difference
information to the regulator. At the third level,
the monitor serves as comparator and regulator,
and takes necessary action to maintain patient
condition within specified limits. If, for example,
we consider the postoperative patient in the re
covery room, desired lower and upper limits for
the systolic blood pressure are specified for the
604
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Although this illustration refers to a physio
logical variable which is of primary importance
in the care of patients in the operating and recov
ery rooms, other variables must be considered
here as well as in other settings. If we consider
a patient on a surgical service, for example, we
may find him in a number of settings as shown
in Figure 3. In the nursing unit, physiological,
psychological, sociological, and economic variables
must all be considered. During surgery, variables
of concern are primarily physiological and bio
chemical. The postoperative patient in the recov
ery room must be supported not only physiologi
cally but also psychologically as he emerges from
the anesthesia. The essential variables of concern
to the triad, as well as to the hospital designer
manager, will depend on the setting.
When the patient is returned to the nursing
unit from the recovery room, physiological prob
lems may decrease in importance with time, while
it is likely that sociological, psychological, and
economic problems will increase. In these situa
tions, we hypothesize that good patient care would

THE MEASUREMENT OF PATIENT CARE: A CONCEPTUAL FRAMEWORK
be characterized by the ability of the hospital sys
tem to respond promptly a;nd accurately to changes
in patient condition relative to any of these varia
bles, while poor patient care would be the reverse.
These concepts complement those of progressive
patient care, which are based on the provision of
a series of patient facilities dependent upon the
state of the patient (17).
Hospital Settings

</> ,

Nursing
Unit

Operating
Room

Recovery
Room

Nursing
Unit

Home

5 i-

I T
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Psychological Psychological Psychological
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Sociological
Economic

Psychological
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Sociological
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Psychological
Physiologicol
Sociological
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TIME-

Figure 3. Relationship Between Hospital Setting,
Degree of System Regulation and Variables to Be Regu
lated: A Surgical Example.

If the hospital is to be capable of respond
ing quickly and appropriately to changes in patient
condition, the need for information about the pa
tient with regard to all critical variables becomes
a matter of primary concern. In other words, we
are saying that patient care depends directly on
information about actual and desired patient states.
We would predict that a high information environ
ment would lead to better care than an environ
ment characterized by less information. We would
like to know, for example, if a patient receives
better care in a multi-bed nursing unit under the
observation of a number of people than he receives
in a private room.
The hypothesis that patient care and infor
mation are related also suggests the formulation
of a patient education program. The home-going
diabetic patient, for example, should be taught how
to acquire and use essential information if he is
to understand and follow his prescription for medi
cation, diet, and activity. The newly admitted pa
tient on the surgical service should be given the
information which will enable him to participate
effectively in his postoperative care with respect
to such activities as early ambulation and deepbroathlng exercises.
Patients should be taught
that information-gathering devices and procedures
serve as safeguards to their survival as living or
ganisms, not as annoyances. Not only the patient,
but also the physician and the nurse should be edu
cated as Information processors along with the
development of other competencies.

By formulating a patient care measure in
terms of the ability of the hospital system to regu
late his condition when he is unable to maintain
survival states unaided, we can specify the kind
of information needed by hospital system design
ers and managers to provide the requisite faciliities. This provides a patient-centered basis for
introducing into the hospital many of the recent
developments in electronic equipment such as com
puters and measuring devices.
These devices may prove to be an invalua
ble aid to those responsible for patient care. Much
remains to be learned about their use, however,
before reliance can be placed on them for main
taining patient states. The use of detection and
display devices, computers, and data processing
equipment should be looked upon as ways of ex
tending the sensory motor system of physicians
and nurses and not as an infringement on the per
sonal nature of the nurse-patient-physician rela
tionship. Such electronic devices may assist in
detecting changes in patient condition so that prompt
corrective action is possible. Equipment for de
tecting and telemetering some types of physiologi
cal data has been developed as part of the manin-space program (18). Although this equipment
and the ideas related to its use may prove useful
in hospitals, research is needed to test its feasi
bility. We cannot assume, for example, that be
cause a signal generated by a patient appears on
a display, it will be observed by a human moni
tor and appropriate action taken. In fact, the ex
perimental evidence points to contrary conclusions.
Mackworth and other investigators have found a
characteristic decrement in the ability of observ
ers to detect changes in signals as a function of
time (19). The relevance of these experimental
findings must be determined in the hospital set
ting..
We must be clear, also, on the difference
between instrumentation and automation words
that are being used with increasing frequency in
describing hospital operations. Instrumentation,
as we use the term in a patient care setting, refers
to electronic equipment which detects and transmits
patient information. Such equipment would include
the electrocardiograph, the telethermometer, or
the body function recorder. Such equipment pro
vides information for the physician and nurse just
as the mercury thermometer, the stethoscope, and
the sphygmomanometer do. Automation, on the
other hand, refers to the replacement of a man
by a machine for the performance of a specific
task. An example of the implementation of auto
mation in the hospital may be found in the labo
ratory where the electronic cell counter has, in
part, replaced the human In identifying and count
ing blood cells. While we envision patient instru
mentation as a powerful aid to the regulation of
patient condition by the rapid accurate processing
of patient information, electronic devices cannot
replace the nurse or physician in making the
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for future system development. Although a basic
conceptual framework for measuring patient care
has been developed, much hard work lies ahead
before the concepts can be explicitly stated in
useful terms for hospital design and operation. As
Sheps pointed out:

decisions essential for patient care. It is assumed
that the information which can be acquired, proc
essed, and displayed by these devices will assist
the nurse, patient, and physician in performing
their critical decision-making tasks. Such infor
mation can only supplement, not replace, direct
observation.
In conclusion, we have defined patients as
members of our society who are unable to main
tain some aspect of homeostatic balance unaided,
and hospitals as institutions provided by society to
perform this function for them. Patient care was
defined in terms of the ability of the triad, sup
ported by the hospital organization, to maintain
patients in specified states. If the hospital sys
tem is able to provide a high degree of regulation,
it is providing a high level of patient care.
These definitions and the resulting measure
of patient care provide the basis for experimental
research and the construction of formal hospital
system models. Such models can be used by de
signers and managers of hospital systems to assist
in the operation of existing facilities and planning

The development of practical and valid
methods of measurement will involve the ex
penditure of considerable money and time.
However, in view of efforts and money now
being spent on programs to raise quality, it
would seem essential to direct some of these
sources toward the development of appropri
ate methods with which to judge their ef
fects (20).

A procedure for relating resource allocation
decisions to their consequences for patients is
required and long overdue. The central position
of a patient care measure in hospital design and
operation should provide the impetus, to develop
the requisite procedures.
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A SYSTEMS ANALYSIS MODEL FOR MINIMIZING URBAN SPRAWL*
Anne Huston Hollingshead
The management of the land resource base
in the United States is in a state of need. Not
enough attention has been paid to the fact that out
dated modes for allocation of land uses are no
longer appropriate. There seems to be a lack of
concern for future demands for land, especially in
the private economic sector. Prime land is being
gobbled up indiscriminately, because it is the least
expensive to develop. The consequences of urban
sprawl are a gradual destruction of prime, biotically productive land and the elimination of choices
for uses for that land in the future.
The goal or aim of the model to be described
is to set up a framework for decision making which
will minimize the turning of prime, biotically pro
ductive land into concrete, or into "irreversible
uses." It would be difficult and expensive to turn
houses and highways back into farm land or green
belts if we should need them someday, so why not
minimize irreversible uses of prime land in the
first place by putting a priority on keeping land in a
reversible state. More productive plant varieties
and production techniques have bought us some
time, but we cannot count on these methods to bail
us out indefinitely.
Wasteful methods of allocating land are a
result of the American heritage. For three cen
turies, settlers and land developers have had a
great deal of freedom in modifying the land base for
whatever use they desired. Individual land owner
ship has been fostered, and the right to use one's
land in any way an owner wishes has been accepted
as an important part of the American property sys
tem. Zoning has not been successful. Too many
variances have eroded many planning attempts for
cities, and suburban enclaves have been preserved
for a few individuals at society's expense.
Serious land-use problems have arisen in
those areas of the United States where the most
highly desirable land is located. For it is in these
areas where the greatest number of choices for
land uses exist and where the competition for land
is acute. My special concern is for a rational man
agement of the kind of land found in the Willamette
Valley in Oregon, Washington's valleys, Santa Clara
Valley, and California's Central Valley. These are
examples of areas which are highly desirable for
agriculture but also for housing, highways, and
industry, because they are accessible, level, often
well-drained, and near large, growing, urban areas.

They are our "prime" lands, and they are indeed
being gobbled up fast.
When a resource becomes scarce, it is no
longer possible to treat it in the same way as when
it is ubiquitous or plentiful. It becomes a scarce,
thus precious, factor. The resource can be used for
some things only, not all things; therefore, priori
ties for use need to be established. These will
usually be based upon expected monetary returns
to private enterprise or on future benefits desired
for society as a whole.
. Since the resource of prime, biotically pro
ductive land is becoming scarce in many urbanized
regions, it is now desirable to establish priorities
for land use. Long-range plans which will permit
maximum flexibility for land uses in the future
would favor allocating land to those uses which are
the most reversible, i.e., agriculture, timber
production, fiber production, and recreation;
they should receive priority over irreversible
uses, such as transportation systems, housing, and
industry.
The task of providing a new framework for the
allocation of land is so large and complicated that
no one discipline provides an adequate approach for
its being accomplished. Moreover, the relation
ships ^of man to the land resource base are exam
ples of phenomena that can best be understood when
they are considered holistically rather than in frag
ments. In order to use the talents of many special
ists and to arrive at some consensus among them
as to the best ways to allocate land, general sys
tems analysis offers an appropriate scientific
method to use when trying to solve this problem.
The Man/Land system can be analyzed
through a careful examination of its subsystems,
feedback, flows, and inter-relationships among all
the variables which can be identified. Because the
following systems model has been constructed as an
aid in decision making in regard to the allocation of
the land resource base, the concept of primary
variables is important; these are the ones that have
the greatest influence upon the system.
There are five subsystems or components in
the present study: the economic, the political,
the geometric, the land-capability (sometimes
called the ecological), and the behavioral. The
urban sprawl problem can be approached from the
viewpoint of any one of these subsystems, but that
would be only a small part of the total picture. In

♦This paper was presented at the Institute on "Application of Systems Analysis to Viable Solutions for Land Use
Problems," supported by the National Science Foundation and held at Oregon State University, Corvallis, Oregon, June 26July 22, 1972, Dr. lioillngshend was co-Director of the Institute.
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areas, it is two-dimensional. Heretofore, only
urban space has been considered "allocational"
space, because there is so much competition for it.
Rural space has been considered "locational”; that
is, various enterprises have located there because
of suitability or convenience without having to com
pete for space in a highly competitive market sys
tem. One of the theses of this paper is that prime
land should all be allocated, both rural and urban,
but not through the sole means of the market sys
tem. It is becoming too scarce.
Geometric space is the framework within
which we find other kinds of space: psychological
space, health and sanitation space, empty urban
space, and multiple-use space. All of these kinds
of space are perceived differently by diverse
groups, and this adds to the complexity of the
spatial subsystem.

this study, each variable and each subsystem were
analyzed individually before the entire model was
put together. •
As we discuss the components of the model,
imagine that you are looking at a region on the
earth; for instance, the Santa Clara or Willamette
Valley, with its imaginary boundaries, and envision
all at one time the physical environment, spatial
limitations, the economic allocation of resources,
the political institutions which regulate the alloca
tion of power, and the people and their behavior.
All are inter-related and together comprise one
large system with a capacity for viability or stag
nation. In Appendix I, a list of subsystem variables
begins on page 92, and a plan for locating the sub
systems on the model appears on page 93.
ECONOMIC SUBSYSTEM
The economic subsystem is a two-dimensional
system of supply and demand, a vast network of
buying and selling land. Land in the United States is
regarded mainly as a factor of production. Because
prime land is now scarce, its allocation is neces
sary. Emphasis on regional growth and population
increases contribute to increasing demands for
prime lands, mainly for housing, highways, and
industries, but also for airports, recreation, gravel
pits, waste disposal, reservoirs, etc. In addition to
supply and demand, other economic variables are
short-run policies, the growth syndrome, externali
ties, and the "highest and best use" concept.

LA N D -CAPABILITY

SUBSYSTEM

The land-capability system is the ecosystem,
or the physical environment, for the purposes of
this study. It actually represents the boundaries of
the Man/Land system. It houses all of man's
activities, along with natural phenomena. Because
population is increasing while the earth's land area
is finite, it is becoming imperative that we learn
how to use space more wisely than in the past. It is
my belief that, at our present state of knowledge,
the best approach to land-capability is that of
"intrinsic suitability," as espoused by Ian McHarg
and his associates. It involves planning man's
activities for entire river basins or regions and is
based upon locating the natural processes of those
regions, such as aquifers, marshes, forests, or flat
land. These processes are derived from an area's
natural features. We are learning that flood plains,
steep slopes, and aquifer recharge areas should be
left alone—that man's activities are least destruc
tive on high, flat areas. Alluvial valleys are saved
for biotic production, for they cover a very small
portion of the earth's surface and are among its
most fertile areas.
"Carrying capacity” is another important
concept of the land-capability subsystem and is
concerned with numbers of persons, consumption
patterns, and human values.

POLITICAL SUBSYSTEM
The political system is a set of social inter
actions between individuals or groups. These inter
actions are pointed toward an authoritative alloca
tion of values, or, one might say, the allocation of
power to regulate matters in society. Again, a
scarcity of valued things prevails. Some freedoms
must be curtailed in order to gain others.
The political process is a vast conversion of
demands into outputs. Once the o u t p u t s -appearing
as statutes, directives, or opinions—become appar
ent, then citizens either make new demands, while
supporting existing outputs for the time being, or
they give their unqualified support. This is a con
tinuous conversion process and is carried out
through hearings, legislation, lobbies, public
opinion, law suits, and mass media. There is
constant feedback between the producers of both
inputs and outputs. Citizens of a society must con
sider themselves bound to the outputs, that is, obey
the laws and rules, or the system breaks down.

BEHAVIORAL SUBSYSTEM
The behavioral subsystem deals with atti
tudes, customs, and aesthetics. Peoples' attitudes
are the "shapers" or the basic building blocks of
the subsystems. Man can be a conserver or an
exploiter. His goals are reflected in his attitudes.

GEOMETRIC SUBSYSTEM

THE TOTAL SYSTEM OR MAN/LAND SYSTEM

The geometric subsystem deals with the land
space on the earth's surface, in this case, the prime
lands. In urban areas, this space is three-dimen
sional because of high-rise buildings; in rural

The total system or Man/Land system is
more than a grouping of the subsystems; it is a
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The political system cannot change by itself
or regulate the behavioral system, for it is itself
controlled by the behavioral system. Since both the
political and economic systems are mainly con
trolled by the behavioral system, this latter system
is the one wherein changes must occur before the
conservation of land can replace land exploitation.
Changes in attitudes concerning land can be
brought about through knowledge of the entire man/
land system, but especially of the land-capability
and spatial subsystems, which have been largely
ignored in America until right now. Quantitative
and qualitative space are the environment of man
and his institutions. Man's attitudes must be rele
vant to the physical and spatial constraints which
they impose. Attitudes and customs in keeping with
the view that man is part of nature are necessary.
It can be intuited that there exists a hierarchy
of subsystems within the Man/Land system—a
priority listing—if the goal of man to conserve his
biotically productive land is to be achieved. Finite
space and land-capability impose a set of natural
boundaries upon man and oecupy first place in the
hierarchy. Knowledge of man's physical and spatial
world affects the behavioral subsystem, which occu
pies the second place in the hierarchy. Attitudes
and customs which reflect that man is a part of
nature rather than dominant over nature influence
the political subsystem, third in the hierarchy. It,
in turn, sets the limits within which the economic
system can operate, a structure based upon con
servation rather than exploitation. The entire
system is an ecosystem, for although there is a
hierarchy of priorities for emphasis in decision
making, all of the variables are interrelated. The
new hierarchy is a radical departure from Ameri
can priorities at the present time.

unique system in itself and differs from each of its
components. The Man/Land system is a combina
tion of many types of variables, not all of which are
quantifiable. Quantification of those variables and
flows which can be measured is desirable, espe
cially the spatial, economic, and ecological. The
other flows are measured in a qualitative manner —
intuition and logic are necessary. One could say
that the whole system is linked through informa
tion—the idea, perception, knowledge ' kinds of
information. Things influence each other. This is
a form of energy, most of which is. dissipated at the
urban sprawl box on the Man/Land diagram. This
box signifies an end result in many ways. But, of
course, urban sprawl causes other things, so some
flows go back into the system in the opposite
direction.
The man/land study deals mainly with a sys
tem based upon institutionalism rather than on an
organism. Institutionalism, which occurs in sys
tems dealing with human beings, is an ongoing,
circular, systemic process, not an open-ended chain
of events with clear-cut antecedents and conse
quences. There is much feedback involved because
of human perception; both positive feedback, which
is disorganizing or structure-elaborating, and nega
tive feedback, which is stabilizing.
The model in the large diagram here is not to
be confused with the structure of its components at
a given point in time, for the purpose of studying a
system is not to "describe" it but to show how it
works. The political and land-capacity subsystems
are shown as they should be in order that land
waste be minimized; the behavioral and economic
systems are pictured as they exist right now. The
flows between them are the important thing. Thus,
a change in any variable will cause a series of
changes in the system, for the energy flows will be
affected.
In the list of variables (Appendix I) and on the
model, the primary variables responsible for land
waste appear in the economic and behavioral sub
systems: affluence and wasteful use, a growth syn
drome, a highest-and-best-use approach, short-run
policies, increasing population (natural and inmigration), demands for housing and highways,
automobile takeover, detachment, old customs, a
dislike for cities, and apathy. They are so domi
nant that the system cannot be changed until some
of them change.
The political system has the potential power
to regulate the framework within which the eco
nomic system may operate so that it will no longer
be exploitative. For example, it can set up regional
criteria in governing and planning in order to
implement the goal to reduce urban sprawl and thus
require business to operate within a spatial frame
work which controls land use. At the present time,
however, the political system often favors local
interests and special-interest groups.

RECOMMENDATIONS
The major control for organizing the Man/
Land system is the decision-making structure
composed of those persons with the authority for
deciding upon land uses. Decisions are based upon
the goals desired and upon the information available
to the decision makers. Innovation is being limited
by the inertia and momentum of past allocative
judgements, for the current distribution of resour
ces is the result of an historical process which is
difficult to change.
A decision-making hierarchy should be estab
lished in which the interests of higher levels of
governments have priority over those of the local
levels. Nations and states traditionally favor poli
cies that will bring benefits to the greatest number
of their citizens; these levels of government are
usually more democratic than lower levels, wherein
vested-interest groups and private citizens some
times exploit resources for their own gain at the
expense of society. Knowledge concerning the
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run. Special emphasis is needed to change those
variables which are the primary ones responsible
for urban sprawl.
The underlying intentions of the model and the
recommendations can be summarized as follows:
1. To provide a framework for keeping op
tions open for as many choices as possible,
2. to provide for incremental decision-mak
ing and innovation within a large and long-term
framework;
3. to provide for sound and rational land uses
which are ecologically, economically, and cultur
ally sound and manageable, and
4. to encourage both the individual and the
citizenry to innovate and achieve.
All of the above discussion and the model are
based upon the premise that it is wise to conserve
our prime, biotically productive land. I sincerely
believe that it is a desirable goal and that this
model provides a framework for its achievement.

hierarchy of subsystems involved with land is of
great importance at all levels, especially the
concepts of "intrinsic suitability and carrying
capacity," in order that decision makers can act
wisely.
_
Since human behavior is unpredictable, it
would be impossible to plan a perfect system for
land conservation which is based upon logic alone.
Innovations should be encouraged which are based
both upon logic and intuition. Experiments in new
kinds of cities, transportation, recreation sites, and
industrial communities are necessary in the effort
to conserve land. Diversity is desirable. Some
things will work; some will not work. A great deal
of thought must be given, however, to implementing
some policies which we know will preserve land,
for our system is now so negative that it is not only
stagnant, it is deteriorating rapidly. Many specific
suggestions for conserving land will be found in the
Appendix, both for the long run and for the short

APPENDIX I
MAN/LAND SYSTEM (Model Variables)
+ Primary tools for minimizing urban sprawl
- Primary variables leading to land waste (urban
sprawl
A. Economic Variables (economic subsystem)
1. Demands for land
a. Housing
b. Industrial space
c. Highways
d. Recreation
e. Biotic production
f . Additional demands
-2. "Highest and best use" approach
-3. The growth syndrome
-4. Short-run policies
5. Externalities
B. Political Variables (political subsystem)
1. Demands and support of the land-use power
structure
a. Citizen groups
b. Jealous bureaucracy
c. Large landowners
d. Overlapping governments
1. Municipal
2. Metropolitan or regional
3. State
4. Federal
+2. Political tools for guiding land development.
a. Zoning
b. Tax policies
c. Use rights
d. Land purchases
e. Eminent domain
612

C. Quantitative Spatial Variables (geometric subsystem)
1. Finite space—Euclidian
2. Psychological space
3. Health and sanitation space
4. Empty urban space
5. Multiple-use space
D. Qualitative Spatial Variables (land-capability
system)
1. The ecosystem
a. Functions
b. Damaging factors
2. Ecological Planning
-fa. The ecological approach
+b. An ecological value system
3. Carrying capacity
a. Numbers of persons
b. Consumption patterns
+c. Human values
4. Problems of n o n -compatible land uses
a. Agriculture
b. Air corridors
c . Litigation over land uses
E. Behavioral Variables
1. Attitudes (overt)
-a. A wasteful use syndrome
-b. The concept of f r e e d o m -individualism
versus the group
- c . D etach m en t -" It is fin e fo r o th e r s, but
not for m e."

-d. Reservation—clinging to space by a
select group
-e. Apathy
2. Customs
-a. Customary space, i.e., backyards in
suburbs or front yards in cities

A SYSTEMS ANALYSIS MODEL FOR MINIMIZING URBAN SPRAWL
-b. Customary economic, political, and per
sonal decision-making
-c. Customary educational systems
3. Aesthetics (sensuous perception)
a. Beauty
b. Tranquility
c. Solitude
d. Stimulation

•

; Table 1.
PRIORITIES OF SUBSYSTEMS WITHIN
THE MAN/LAND SYSTEM

T o o l* ( o r m in i m is in g u r b a n s p r a w l

Fig. 1. Plan for Man/Land Model

1. Finite space and land-capability subsystem s.
Impose boundaries for man's activities. Intrinsic
suitability and carrying capacity important aspects. Based
upon data of the natural features and their natural proces
se s, along with spatial measurements.
2. Behavioral subsystem.
A land ethic based upon knowledge of the ecosys
tem. A realization that man is part of nature. Attitudes
and customs leading toward the protection of and im
provement of land rather than exploitation.
3. Political subsystem.
The tools for allocating the power to decide upon,
land uses. Such tools as statutes and zoning on a regional
basis are made possible by the attitudes of persons re
sponsible for inputs and outputs of political system s.
4. Economic subsystem.
A market allocation system that fits into the fram e
work prescribed by above system s.

Fig. 2. Subsystem Priorities needed to minimize
flow of biotlcally productive land.

APPENDIX II
locate in new urban areas, or government contracts
could be awarded to those existing urban areas
which can best tolerate an increasing population.
6. Apartment living should be made more
attractive. There should be many kinds of apart
ment shapes and sizes and also a variety of recre
ational activities. There could be rewards for,
people who live in apartments, i.e., a lower cost of
rent or purchase per room than in houses. Thus
single-family dwellings would be considered a
luxury and people would have to pay more for the
privilege of living in them because they occupy
more land.
7. "Automobile takeover" must be examined
by the American people before we become com
pletely dominated by this machine. Other forms of
transportation should be encouraged to substitute
for the automobile in congested areas, i.e., sub
ways, monorails, jitneys, etc.
8. "Not-for-profit" community development
corporations, such as state land development cor
porations, that can contract with profit-making
businesses to build new communities that meet
certain performance standards.

SOME SPECIFIC RECOMMENDATIONS TO BE
CONSIDERED FOR POSSIBLE CHANGES IN
THE MAN/LAND SYSTEM-LISTED BY
SUBSYSTEMS
Economic Subsystem
1. Land prices cpuld be controlled like those
of utilities. Reasonable prices for land to be set.
Perhaps land is too much in the public interest to
be allowed to remain in private ownership with
uncontrolled prices.
2. Air and water pollution costs should be
incorporated into the price system (external dis
economies internalized) so as to improve the
quality of land.
3. Economic incentives to develop land for
flexible uses. Make it costly to use land for irre 
versible uses.
4. Economic theories must not be so con
cerned with the idea of "scarcity." Quality is also
important.
5. The United States Government could help
to disperse people through economic enticements to
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9.
New construction methods, i.e., "modularroles of committee chairmen and lobbyists, and how
bills are brought to the floor for a vote.
units," may make possible construction of high-rise
16.
Government land ownership. Citizens
buildings at costs more nearly in line with present
to
"lease"
land,
not
own it.
methods used for low buildings.
Political Subsystem

Geometric Subsystem

1. Federal policies on land conservation
must precede state and local policies.
2. Hierarchial planning and decision making—
the higher levels having priority over the lower
ones.
3. Long-term planning and constant reap
praisal of all the variables involved. Information
from data banks will be important.
4. Recognition that suburbs can be "reservationist" rather than conservationist and a bottle
neck to orderly growth.
5. State Agricultural Land Commissions
should work with all other land development agen
cies (highways, dams, etc.) to make a case for
preserving the best farm lands.
6. Principles of law, such as equal rights and
equal responsibilities, applied to regional matters
in preference to local ones.
7. Representatives to watch out for regional
interests in lawsuits involving only local people.
8. State Land Boards to buy land on the urban
fringe and hold it for future development. Land
not to be released until the urban lands are fully
developed.
9. Government purchases of land use rights
for the general welfare, i.e., for recreation,
scenery, historical sites.
10. Buy development rights from farmers for
urban use. Where it is possible for governmental
units at various levels to purchase the rights to
convert farms to urban uses, this can be done to
control the rate and manner in which land passes
from rural to urban uses. Such a scheme for con
trolling land use has been seldom tried.
11. Legislation giving agriculture priority
over other uses in certain areas. Animal densities
not to be limited; large-scale spraying and fertiliz
ing, noisy machinery, etc. allowed. This would
protect the most suitable farm lands for modern
mechanical agriculture from other non-compatible
activities. Long-range planning required at the
state level.
12. Rigid government control over freeway
building and other large public works projects in
order to conserve valuable lands.
13.. A reappraisal of the federal right of
eminent domain.
14. Statutes and policies to emphasize incen
tives for conservation rather than more police
action.
15. School children should be taught about the
practical political matters of hearings, petitions,
letters of protest or support to legislators, the

1. Minimum amounts of land to be used for
public needs-power lines, highways, parking,
schools, municipal buildings.
2. Non-compatible uses separated. Prior
ity-use zoning. Or require industry to be so clean
that it does not need to be separated from other
activities. Mechanized farm lands separate because
of sprays, odors, noise, etc.
3. Multiple-uses for land wherever ecologi
cally and economically feasible.
4. Minimize freeways. They tend to modify
the areas through which they pass and require a
great deal of space for themselves and for the
activities which they generate.
5. New areas to be planned for maximum
carrying capacity but with lots of open spaces
between developed clusters and within them.
6. Open spaces for variety. Man needs
them in urban areas for his psychological well
being.
7. More attractive and stimulating urban
areas in order to limit urban sprawl (the flight to
the suburbs).
a. Small parks and open spaces greatly
increased.
b. Bicycle and walking paths.
c. Balconies on apartment houses.
d. Sidewalk cafes.
e. Few or no automobiles in cities (jit
neys, rapid transit, moving sidewalks,
etc.).
f. Fountains, trees, and flowers in pro
fusion.
g- Underground wires.
h. Small signs for shops—no billboards.
8. Long-range planning and education are
necessary for the promotion of other types of
dwellings than the traditional single-family home on
a small plot of land, which is already so prevalent.
9. A change in suburban zoning laws that dis
criminate against multiple dwellings. If the empty
spaces in many suburbs could be filled with apart
ments or other types of multiple-dwellings, the
developer would not have to range so widely over
the rural landscape..,
10. There should be more experimentation in
city living in an effort to make it more desirable.
Perhaps some houses should be built in rows right
next to a sidewalk and contain inside courts which
would be quiet, because they are away from traffic
noise, such as is done in many Latin countries.
Apartments could provide sports facilities (pools,
saunas, indoor tennis, etc.) on a much larger scale
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Replacing unguided utility districts which are cre
ated after-the-fact with better regulated and
financed ones would apply to the present-day semiplanned or unplanned areas which are growing in a
haphazard way. A better solution is the firstmentioned one-^pre-servicing, but it involves state
wide, long-range planning which takes time to
implement.
6. Data banks with many kinds of informa
tion on the physical environment—continually up
dated.
7. The study of air corridors in regions to be
developed so that externalities from air pollution
will be minimized.
8. "Carrying capacities" to be studied in
regard to human communities. Physical and psy
chological factors to be considered.
9. Forests surrounding cities wherever pos
sible (or farmlands) to temporize summer climates,
counteract polluted city air, and filter noises and
smells of civilization.

to give their residents a feeling of the outdoors and
freedom even though everything is inside.
11. Public buildings, such as high schools,
colleges, athletic stadiums, concert halls, etc.,
should all be located wherever possible near good
public transportation to prevent highway crowding.
12. An alternative to providing miles and
miles of urban freeways is to do nothing at all.
Either the economic activity or the people would
shift positions when the peak loads became unbear
able, i.e., the spatial distribution of activities would
change out of necessity. As it is, we are building
freeways fast enough to handle urban traffic, but in
the process we are building great concrete struc
tures that are completely taking over the landscape
in our urban areas.
13. Rapid transit planning that provides for a
grid system for moving people and goods in an area
rather than radially from a city center to a few
places on the outskirts. It would encourage devel
opment everywhere in the city, not just on main
arteries, and would help to prevent urban sprawl.

Behavioral Subsystem

Land-capability Subsystem

In order that attitudes, customs, and aes
thetic values can be changed, all types of educa
tional institutions should emphasize the following
ideas:
1. Logic rather than empiricism. There is
not always enough time any more for trial and
error based upon feedback.
2. Entire processes and relationships.
3. Man's place in nature and as a link in the
ecosystem.
4. Long-term planning and means to achieve
goals.
5. Creative individualism—a freedom of the
spirit.
6. An emphasis on society's welfare. The
individual will reap the benefits of a more stable
society.
7. Attitudes that will promote values that
promote a healthy, more equable economic system
rather than those which promote economic gain for
privileged interest groups.
8. Teaching youngsters to desire a more
livable environment and to appreciate beauty.
9. That a planner must be an educator as
well as a practitioner. Ideas, thoughts, and con
cepts not heretofore part of the public conscious
ness must be brought to light.
10. That diversity and experimentation are
desirable.

1. Laws which limit the use of septic tanks
except for farmers, and very low density housing,
such as in forests. Developers would not be per
mitted to go out very far from the edge of a city
because they would have to be hooked up to an
existing sewer line.
2. Control of water and air pollution through
the means of placing the responsibility for the costs
of control upon the polluter and getting these costs
into the price system.
3. The recycling of solid wastes. The re 
cycling costs (mainly transportation) would be part
of the original price of a good. Land would not be
necessary for waste disposal to such a degree as it
is now, and it would not have ugliness imposed upon
it by junk automobiles, cans, non-returnable bottles,
etc.
4. Require services before development, i.e.,
electricity, streets, water, and sewer. Approval of
state funds for sewer or water districts, local road
construction, etc. should hinge on how well, local
proposals compare with over-all planning objectives
for the state. Pre-servicing could also be encour
aged through making loans available for these
purposes. The important point is to arrange the
services ahead of demand in order to guide urban
development.
5. Provide more guidance to utility districts.
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Fig. 3. A Dynamic Response Model of the Land-use Political System
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ON SOCIAL COMMUNICATION AND THE METROPOLIS*
Karl W. Deutsch
Any metropolis can be thought of as a huge
engine of communication, a device to enlarge the
range and reduce the cost of individual and social
choices. In the familiar telephone switchboard, the
choices consist of many different lines. Plugging
in the wires to connect any two lines is an act of
commitment, since it implies foregoing the mak
ing of other connections. The concentration of
available outlets on the switchboard permits a
wider range of alternative choices than would pre
vail under any more dispersed arrangement. It
also imposes less stringent conditions of compati
bility. The limits of the potentially useful size
of a switchboard are fixed by the capacity of the
type of switching and control- equipment available.
The facilities of the metropolis for transport
and communication are the equivalent of the switch
board. The units of commitment are not neces
sarily telephone calls but more often face-to-face
meetings and transactions. For any participant to
enter into any one transaction usually will exclude
other transactions. Every transaction thus im
plies a commitment. The facilities available for
making choices and commitments will then limit
the useful size of a metropolis.
Contact Choices: The Product of Cities
From this perspective, the performance of a
metropolis could be measured in terms of the av
erage number of contact choices which it offers
to its inhabitants within, say, one hour of roundtrip commuting time, at the prevailing levels of
effort and equipment.* Efficiency in cities, as in
other organizations, differs from effectiveness.
Effectiveness is the probability of carrying out a
given type of performance, regardless of cost,
while efficiency consists in low cost for a given
performance. The more persons or services
available to a city dweller within a round trip of
one hour, the more effective would be his city or
metropolitan area, and the cheaper the cost of
maintaining a metropolis that places, say 1,000,000
people and 50,000 public and private institutions,
firms or service points within a given commuting
radius, the more efficient the metropolis could be
said to be. The effectiveness of a metropolis
could be measured in contact choices within one

hour of travel time, while the efficiency of the
same city would be measured by the ratio of such
choices to some unit of cost. How many choices
with $100 per capita buy for the residents of city
X? As in many problems of design, one criterion
cannot entirely override another. Some increases
in effectiveness may have to be sought even at the
price of rising costs, and some gains in efficiency
may be worth some concessions in performance.
According to this view, the essential per
formance of the metropolis is in the enhancement
of the range and number of such choices, and the
basic cost is the maintenance of a system of fa
cilities that makes a wide range of choices pos
sible. One might ask: how many choices can an
individual buy at a cost he can afford-and how
many such choices on the average can the com
munity buy for different groups of people, at prices
it can afford? For each type of city and for each
type of communication and transport system, it
might then be possible to sketch demand and cost
curves based either on the best available knowl
edge, or on prevailing practice.
Large cities, of course, serve many other
functions. They offer playgrounds for children,
lanes for lovers, shelter for residents and tran
sients. But houses, playgrounds, and lovers' lanes
are found in villages as well, and so sometimes
are factories, power stations, mills, inns, manor
houses, and castles. Almost any one kind of in
stallation found in a metropolis can also be found
in the countryside. It is the multiplicity of dif
ferent facilities and of persons, and the wide choice
of potential quick contacts among them, that makes
the metropolis what it is. And this essential char
acter applies to large cities in underdeveloped as
well as in advanced countries.
This general function of the metropolis is
facilitated by its geographic location at some nodal
point in a larger transportation network. The more
the arteries that intersect at the site of the city,
the greater the opportunities the city has to facili
tate a wide range of choice. Again, the larger
the city, the more diversified its industries, re
pair shops, and service installations—hospitals,
research institutes, libraries, and labor exchanges—
the wider the range of possible choices among
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The larger, the more diversified, the more highly
skilled and educated the population, the greater
the range of available personal choice either with
respect to organizations or to opportunities in the
world of culture, recreation, and the arts.
In terms of economics, particularly in re
gard to the location of industrial enterprises,
many of these considerations appear as external
economies, actual or expected. Roads, port and
rail connections, municipal services, the supply
of skilled and unskilled labor, and the availability
of high-level professional and scientific talent—all
appear as so many potential factors of production,
and some of them may even appear as free goods,
against which no additional items of cost need to
be budgeted. As will be evident later, the expec
tation may not be an altogether realistic one: the
effective attractions of the area for new indus
tries may lead after a time lag of some years or
decades to substantial problems of congestion and
overload. Yet locating in or near a great city is
not only an exercise in economic rationality. Often
the decision is made in intuitive and human terms;
and most often perhaps the economic reasoning
and the human preferences for location may seem
to reinforce one another. Both tend to seek a
widening range of choice at low, or at least toler
able, costs of choosing; and just this is the spe
cial advantage of the city. The rising proportions
of industrial staff whose jobs are oriented to com
munication, service or professional functions may
reinforce this attraction.
The power of the metropolis as an engine of
communication is thus attested indirectly by its
power of attraction over people. Though this
power has an economic component, in the aggre
gate it is far more than economic. "How ya gon
na keep 'em down on the farm, after they've seen
Paree?" asked an old song; and the sociologists
and anthropologists of the 1940's and 1950's have
been reporting the vast attraction of urban areas
in Asia and Africa to former villagers, far beyond
any immediate economic or social push. They are
held even in the squalor of the shanty towns and
bidonvilles. If freedom is the opportunity to choose,
then the metropolis, in so far as it is an engine
for facilitating choice, is also one of liberation.
This liberation may be physical, in terms of the
visits, the meetings, the sights now possible, or
psychological and vicarious, in terms of the choices
and experiences which can now be made in the
imagination. In either case, it is a liberation
•whose reality and whose social, political, and psy
chological relevance cannot be doubted.
Communication Overload: The Disease of Cities
People come- to large cities because there,
among other reasons, they find a wider range of

choice within their individual limitations than they
are likely to find anywhere else. Inevitably this
means that every metropolis must offer each of its
residents enough freedom for a wide range of
choices to be significant to them; and this also
means enough freedom so that serious problems
of peak loads and of recurrent, possibly growing,
overloads are imposed on the city’s many but lim
ited facilities. Recurrent overloads are thus not
an alien disturbance intruding into the even func
tioning of the metropolis. They are, on the con
trary, an ever possible result of the essential
nature of the metropolis as a device for facilitat
ing a wider range of free choices.
To put it differently, the likelihood of such
overloads is a result of the probability of coinci
dences in human choices and behavior under con
ditions of freedom. These overloads are not only
the occasional loads, for which reserve capacities
must be provided, but also the regular rush-hour
loads, the result of relatively synchronized hours
for work and recreation which in turn permit a
larger range of choices than staggered hours would.
Despite their origin, however, recurrent over
loads will tend to paralyze many functions, and
eventually to blight the very structure of a metrop
olis. It is for good reason that waiting-line theory
has become a fast growing field in operations re
search and social science. Taken together, in
creasing overloads of this kind reduce or destroy
many attractions of the metropolis as well as the
economic value of many of the capital investments
in it.
Even in the absence of such overloads, the
very effectiveness of a metropolis may produce
subtle changes in its culture and in the cast of
mind of its residents. A wider range of relevant
choices implies ordinarily an additional burden on
those who are choosing. Some years ago, Clifton
Fadiman wrote a thoughtful article "The Decline
of Attention" in modem, and especially American
culture.2 Since then Richard Meier has written of
"attention overload" and of the "communicationsaturated” society as characteristic problems of
modern—and thus particularly of urban and metro
politan-culture 3 These, too, are overloads in
communication, but they occur not in streets and
telephone lines but within the minds and nervous
systems of people.
To increase the range of visible and relevant
choices that confront a person usually means to
increase the opportunity cost of whatever course
he may eventually choose. Whatever he does will
necessarily imply foregoing something else that
also has appeared relevant and in a sense attrac
tive. The wider the range of relevant choices we
put before a person of limited physical and psychic
resources and capabilities, the more acute and

lifton Fadimsn, "The Decline of Attention," in The Saturday Review Reader (New York: Bantam Books, 1951),
2.
pp. 25-36.
3. I am indebted for the term to Richard L. Meier; see his "Characteristics of the New Urbanization" (multlgraphed, University of Chicago, 1953), especially pp. 3-5.
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the city. The nodal points, as the term is used
here, were those located at the main intersections
of the city's traffic flow, and hence most often ob
served as the city's landmarks, and they were also
those points most useful for orientation. The ex
perience of visual beauty in a place of visual use
fulness was thus often an inevitable part of a city
dweller's daily coming and going. It is perhaps
not too fanciful to surmise that this combined ex
perience of perception and clarity of orientation
in such cities as London, Paris, Bern, Cologne or
Prague contributed, and still contributes to the
charm of those cities and to the feeling of their
inhabitants that they were members of a deep and
rich culture. Bridges can fulfil a similar orienting
function: the San Francisco Bay Bridge and the
Golden Gate Bridge come readily to mind, together
with the Embarcadero Tower of the old ferry build
ing, visible for a long distance along the major
artery of Market Street.
In many modern metropolitan areas, how
ever, these conditions are no longer fulfilled.
Major intersections in many American cities are
often adorned with gasoline stations or car lots,
with flimsy, low, shop buildings with large neon
signs. At the same time, many of the largest,
most expensive, and sometimes most impressive
constructions are put on side lots, well away from
the main intersections, as for example Rockefeller
Center, the Lever and Seagram buildings, the United
Nations building or the Museum of Modern Art in
New York City. In Boston, the John Hancock build
ing, tallest and most monumental in the city, is
tucked away on a side street.4 Many of our visi
ble landmarks are only of very limited help in
orientation, and are best seen from afar or by
special visit. At the same time, many of the major
intersections passed daily by most of us are either
nondescript or appallingly ugly and give subtle but
depressing impressions of disorientation tiredness,
or tension.
Such crucial traffic points cannot be easily
abandoned. When elegant entertainment and shop
ping shifted from the central intersection of Times
Square to the area of Rockefeller Center, the old
subway system became less convenient to users
of the Center, who have to make their way there
and back by foot, bus, or taxi and who thus have
increased congestion. This contrast between the
changing fashions in regard to neighborhoods and
the unchanging nature of fixed intersections in a
major traffic network helps to make the market
mechanism such an unsatisfactory instrument for
the development of these crucial sites.5
Overloads on some of the public and private

pressing we make his problem of economy in al
locating his o'whi time, attention and resources; and
if he has been raised in a "conscientious” culture,
such as the American or Northwest European, we
are quite likely also to have increased his vague
but nagging sense of self-doubt and misgiving as
to whether he has made the best choice, and thus
the best use, of his opportunities.
Cities therefore may produce a pervasive
condition of communications overload. Whereas
villagers thirst for gossip, city dwellers with more
ample choices may crave privacy. But the internal
communications overload of other people makes
them less receptive to our needs. Their limited
attention or their real need for privacy may tend
to exclude us, and in the midst of crowds of neigh
bors we may experience persistent loneliness.
Such loneliness, inflicted on us by others, is the
obverse of our own need for privacy; and our own
limited capabilities for concentration, attention,
and responsiveness will make both their and our
loneliness less likely to be overcome.
What people cannot overcome, they may try
to gloss over. The poets and the social scientists—
both critics of our culture—have catalogued the
many rituals of self-deception that men practice:
the reading of mass media that purvey illusions of
"inside information" to the millions commonly ex
cluded from it; the fancy dress of conformity
which they don, from ivy league dress to the black
leather jackets of youth gangs, or beatnik beards
and sandals. Even these foibles that convey a
sense of belonging, of identity, should be seen in
perspective. People indulge in them, not neces
sarily because they are more shallow or stupid
than their forebears in a village or small town,
but because the commitments the metropolis im
poses—of greater freedom, wider choices, greater
burdens on their attentions and their powers of
response—have temporarily become too much for
them.
This temporary overburdening may be par
ticularly acute for newcomers from some radically
different cultural background. Then the effects of
psychological uprooting through contact with the
wider opportunities of metropolitan life are super
imposed on the effects of the shock of a new cul
ture and the weakening of the traditional bonds of
family and familiar authority.
Communication overloads may be reduced
through effective cues for orientation. Consider,
for example, the practice of the old city builders,
who placed the most important structures of visual
attraction, such as cathedrals, palaces, or monu
ments, at the nodal points in the street network of

4. There are exceptions In many cities, to be sure. The Prudential Building in Chicago, the Coliseum Exhibition
[all at Columbus Circle in New York, and the Liberty Mutual Building in Boston are all at major intersections. These
eem to have been exceptions, however, so far as major post -1 9 3 0 construction is concerned.
5 Many users of the new facilities have employed a new transport sy stem -th e taxicab-but the cost to the comlunity 'includes not only the cab fare but also the surface traffic jams and perhaps the exclusion of a marginal class
f customers for the new facilities.
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hibitive for many; whereas some men have been
able to afford the financial and physical costs,
their wives have found themselves marooned in a
more or less rural environment, deprived of most
of the choices and opportunities that make city life
attractive.
The schemes for satellite towns are more
far-reaching: each would be near the city, with
separate though limited facilities for employment,
shopping, services, and entertainment. Some towns
of this kind have been built, but in Britain, at least,
they have proved less popular than expected.6 Still
more far-reaching schemes for decentralization
would break up the large cities altogether in favor
of a wide scattering of major factories and admin
istrative offices over much greater regions. Such
a proposal would require a heavy reliance on
medium- and long-distance transport and on tele
communications, as well as the acceptance of rural
(or nearly rural) isolation.
All these schemes are unsatisfactory in the
same fundamental respect. For escape from the
frustrations of the metropolis, they would sacri
fice the primary purpose of the large city-a wider
range of choice with a low cost. The search for
more effective ways of dealing with urban prob
lems cannot ignore this basic function of a metrop
olis, it must rather be the starting point.

services available in an urban area may some
times be reinforced in their effects by a shrink
ing, or even an atrophy, of these services. Serv
ices vulnerable to this kind of process include
service and repair shops, stockrooms, and parts
depots, hospitals and clinics, libraries, and muse
ums. Many of the services of these institutions
might be needed on Saturdays, in some cases, as
is true of the cultural institutions, or on Sundays,
or often for many hours on each work day. Insti
tutions such as supermarkets and suburban shop
ping centers provide such longer hours of service,
but many others do not, and some now curtail the
amount of service previously offered. Much of
this situation seems caused by rising labor costs,
by fixed budgets, by the rising cost of able man
agers for small or middle-sized undertakings, or
by the difficulty of dividing units of managerial
effort so as to obtain management for some extra
hours daily or weekly, and perhaps by some subtle
development in American metropolitan areas that
makes the personnel in service industries prefer
shorter hours to more pay. This may be a ra
tional choice, but it may become less so if too
much of the new leisure is frittered away in wait
ing for delayed services. An increase in staff,
with additional compensation for staggered hours
(already practiced in suburban supermarkets),
might be one approach an affluent society could
well explore. In any case, free-market forces
alone seem unlikely to overcome the persistant
gap between the rising need for services in metro
politan areas and the actual volume of services
rendered.

A Strategy of Search for Solutions
The concept of a metropolis as a device for
facilitating choice in communications can contribute
first of all to answering some general questions,
from which one may proceed to more specific sur
mises and to ways in which both the tentative gen
eral answers and the specific surmises can be
tested. The first questions might be these: what
is the usual ratio of the cost of transport and
communication facilities to the cost of shelter?
how does this ratio change for different types of
cities? how is it influenced by an increase in the
scale of a city, as measured by its total popula
tion?
There are several ways of exploring this
inquiry; they should give us interchangeable indices
of the same underlying fact. 7 The proportion of
communication costs to shelter costs could be
measured in terms of the ratio of total capital in
vestment in communication and transport facilities
to the total capital investment in shelter. Or it
could be measured in terms of the ratio of current
expenditure of communication and transport to cur
rent expenditure on shelter; or in terms of the
ratio of total manpower employed in communica
tion and transport to the manpower employed in
the construction and maintenance of shelter. Doubt
less, a range of further indicators of this kind for

Suburbs: An Escape from Overloads
In the congested metropolis, a major effect
of the cumulative overloads on communications,
transport, and other urban amenities is frustra
tion. Withdrawal to a suburb offers partial sur
cease. Taxes play a role in these frustrations.
The late Justice Holmes once said he did not mind
paying taxes, for this was the way he bought civi
lization; but exasperated city dwellers may flee to
the suburbs from a metropolis where so much tax
money buys so little in civiiized living. The rem
edy is not to lower the urban tax cost as such but
to improve the quality of metropolitan government
and metropolitan living by attacking the whole
range of overloads. Several lines for such an at
tack have been proposed, but most are proposals
for escape. When put into practice they have not
been markedly successful. For example, the shift
in population to dormitory suburbs around the old
cities has produced mounting burdens on commut
ing. A farther shift to some twenty-five or fifty
miles from the city would make commuting pro
6. Lloyd Rodwin, The British New Towns Policy, Cambridge,

Harvard University P ress, 1941.
7. See Paul F. Lazarsfeld's discussion on the interchangeability of indices in his article "Evidence and Inference
in Social Research," Daedalus, 1958, no. 4, pp. 99-130 (On Evidence and Inference).
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related ratios might be developed, but those al
ready given should serve amply to illustrate the
point.
One could also study the ratios of some ap
propriate nonmonetary indicators, such as the
physical proportions of certain relevant facilities.
The known ratio of the area of land that is de
voted to streets in a city to the land area devoted
to dwellings and gardens could perhaps be used
more effectively within the context of the other
ratios noted above.
Other types of large-scale organization could
be studied. As taller skyscrapers are built, what
is the change in the ratio of space devoted to ele
vator shafts to the total volume of the building?
As corporations grow bigger, what is the ratio of
telephone calls and written messages to some
measure of the total volume of company activi
ties? Such questions are aimed not merely at
promoting speculation but also at suggesting a
surmise to be tested: as the size and functions
of a city grow, the proportion of resources de
voted to transport and communications may have
to grow faster, or at least as fast, if increasing
overloads are to be avoided. It may be that some
lag may produce no ill effects. Then the crucial
question would be: what lag in the growth of such
facilities is acceptable? Research may disclose
a range of acceptable or desirable proportions for
investment in such facilities and thus offer a po
tentially useful tool to planners.
What would life be like in an otherwise nor
mal metropolis if its transport and communication
facilities had been deliberately somewhat over
developed by present-day standards? Suppose its
streets and intersections were hardly ever jammed,
its parking spaces rarely unavailable, its public
transport frequent, rapid, clean, and uncrowded,
its telephone lines usually free, with quickly avail
able connections? If this sounds too much like
utopia, it might still be asked: how much im
provement in well-being in a city could be pur
chased by how large an investment in drastically
improved transport and communication?
Some years ago, Sigfried Giedion drew at
tention to the late nineteenth-century shift to the
pavilion system in large exhibitions, away from
the earlier practice of centralizing all major ex
hibits in one giant building of the Crystal Palace
type.8 Giedion suggested that, as the exhibitions
and the crowds of visitors grew larger, they gave
rise to intolerable demands for more corridors to
keep the crowds moving. The solution devised
was to break up the exhibition into scattered pa
vilions, and to let the visitors make their way
from one to another across the network of foot
paths or across the open ground. People pre
ferred to walk hundreds of yards in the open to
the next pavilion rather than push their way for
8. Sigfried Giedion, Space. Time and Architecture

dozens of yards along some crowded corridor or
hall. The principle may be relevant perhaps to
the metropolis and the problems of urban decen
tralization.
Again, the question of cost arises. The shift
to the pavilion system made the visitors them
selves responsible for keeping dry and warm, a
cost previously borne by the management of the
single central hall. When a shift occurs from a
compact city to a spreading network of suburbs,
costs are also shifted from the city government to
suburban families, who must now maintain one or
two cars and pay toll rates for most of their tele
phone calls. In addition, there is now the finan
cial, physical, and nervous cost of commuting. The
decisive factor is the increase in delay in arriving
and in the danger and tension. The ten or twelve
miles between Wellesley and Boston may require
twenty-five to thirty minutes with light traffic and
good weather, in bad weather or dense traffic,
forty-five minutes or more; and there are perhaps
a hundred intersections. Over an adequate express
way the same trip might take fifteen to twenty min
utes, with less tension and fatigue. A radial and
peripheral system of improved expressways, per
mitting safe traveling speeds of seventy miles an
hour—assuming corresponding improvements in the
safety features of cars—would permit a city to
double its effective radius and quadruple its poten
tial area of integration. Our road experts have
told us that "speed kills" if resorted to at the
wrong time and place. But our city planners might
well remind us that delays, too, can kill when their
cumulative burden is added over a long period to
an intensive working day.
Safe speed is not cheap. It cannot be achieved
except by planned investment under public guidance.
But it could do much to humanize life in our cities.
The day may come when a profession of special
ized expediters may watch over the smooth and
quick flow of traffic and communication in our
metropolitan areas, to identify and remove bottle
necks and overloads before their effects become
cumulative and choking.
The same considerations apply even more
strongly to public transportation. Improved and
publicly subsidized rail transport—on the ground
and underground—offers perhaps some of the most
promising opportunities to combine high speed in
mass transportation with safety at tolerable cost.
The old-style commuting trains that take forty
minutes for twenty miles not only exhaust their
passengers but also drive more and more people
to the somewhat faster highways. A drastic im
provement in the speed and caliber of public trans
portation might relieve the pressure on the road
system. Similarly, an extension of local telephone
call rates to the entire suburban area—on the anal
ogy of the successful principle of uniform postal
(Cambridge, Harvard University P ress, 1941), pp. 262, n-11,

725-727, 736-742, 757.
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cities. Ways will have to be found to let plan
ners use the powers of the community to guide
urban growth toward a clear and pleasing pattern
of new and old landmarks where people can once
again feel well-oriented, exhilarated, and at home.
The various lines of research suggested in
these pages have a common origin and a common
goal. Our inquiry has centered on the function of
a metropolis in aiding its residents in their choices
and in their search for responses. The ranges
and costs of such choices and responses are basic
to our analysis. Proportionately accelerated in
vestment in communications, together with an
improved knowledge of the general order of mag
nitude of these proportions, suggests a possible
approach to urban decentralization. It also points
up the need for greater clarity and beauty in our
cities, and perhaps also for more responsive gov
ernment, capable of integrating a wider range of
metropolitan and suburban services, if the ex
panded metropolis is to become a genuine home
for its people.

rates—might reduce some of the need to travel
back and forth and thus further reduce the pres
sure on the transport system. Still another step
might be the partial staggering of service hours,
so that more stores and service facilities would
be available for more hours daily, thus reducing
the peak loads when all stores open or close. Ro
tating assignments and staggered hours might re
quire more employees, but it might pay off in
higher profits for the stores and in greater free
dom for the community.9
None of these improvements would be cheap,
and none easy to achieve. Such improvements,
however, might be a key factor in rehabilitating
our metropolitan areas. What is needed is a realis
tic analysis of the problem of peak loads and of
the rising capital requirements for transport and
communication. Only a substantial investment in
transportation and communications can make met
ropolitan decentralization practicable, and only a
substantial strengthening of public control over
strategic land sites can restore beauty to our

i

9 For a discussion of some limiting factors and o! the forces tending to pull the working hours of the whole
1 Acta
community into a single rhythm, see Vilhelm Aubert and Harrison White, "Sleep: A Sociological Interpretation,
Sociologies, 1960, 4: no 3, 1-16.
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TOWARDS A SCIENCE OF REGIONAL SYSTEMS*
Amit K. Maitra
We are concerned in this paper with decisions
relating to long and medium term regional develop
ment- These decisions are made by the various
levels of administrative structure within an institu
tional framework. The administrative agencies at
the local, regional (state), and national levels are
entrusted with different degrees of authority to
devise and implement proper schemes for bringing
about change in the geographical sub-areas within a
country.
Political leaders and other experts at the
policy making level most often have preconceived
ideas about the developmental process. The deci
sion makers attempt to find rules which when
applied in a given socio-economic situation would
foster greater economic development. Decision
makers normally act as subordinates to elected
leaders and in this capacity have certain discre
tionary authority to devise schemes that would
eventually serve the needs of the general population.
Elected leaders most often do not have the compe
tence to evaluate the outcome of any particular
developmental policy in great details. Furthermore,
because of the relatively short span of time the
leaders have at their disposal to devise and imple
ment any plan, they are mainly interested in
changes that would be immediate as well as impres
sive enough to gain public attention. If, however,
the policy maker evaluates the impact of any deci
sion rule which has technology as a variant, desired
outcomes could indeed be achieved. Unfortunately,
the actual case is often somewhat different. Poli
ticians desire changes that are big, impressive, and
need fantastic sums of money. The short-run
improvements are more visible and more compel
ling. Thus a policy which produces improvement in
about five to ten years is usually one which may
often degrade the situation in the long run, beyond
ten years. Again, programs designed to produce
long-term improvements may initially cause de
pression in the desired behavior of the socio
economic system. This is particularly risky
politically. But, in every case, at the outset very
little attention is paid to examine how new techno
logical change in a given socio-economic situation
would interact with the social, political, and cultural
factors. The reason for this neglect is that politi

cians and other decision makers have the general
notion that man or society would change and adjust
as technological changes'are brought in. Moreover,
in order to guard against any possible technical
failures, the executives direct the engineers and
other technicians involved in the project to work out
every single engineering detail very precisely. Yet
recent studies by different scholars indicate that
the outcomes of these decisions are far less than
satisfactory and may appear to be counter-intuitive
as well as counter-productive in terms of the ulti
mate social gains. This has been noticed in most
situations where new technology interacted with a
wide range of social factors.
We are, therefore, confronted with the neces
sity of an extended knowledge base for policy mak
ing with respect to regional developmental efforts.
This need motivates the current study that has been
undertaken by a group of scholars of the University
of Minnesota and the University of Rajasthan, com
prising a case study of a developing region in the
State of Rajasthan, in northwest India. The study
has been designed to reveal how an irrigation sys
tem, which is thought of as the technological input
in the area, interacts with a variety of other factors
and thus changes the course of entire developmental
activities in rather unexpected manners. The inter
est has mainly been focused to analyze the following
questions:
—how to ensure better understanding of the
process of decision making by which socie
ties would respond to planned technological
changes;
—how to design an analytic tool that could be
used to predict the consequences of specific
policies on overall development;
—how to use the analytic tool for determining
the future policies necessary for maximum
feasible rate of growth of a region.
In the following section a theoretical con
struct is developed relating processes of decision
making to behavior evaluation techniques. The
study introduces a methodological solution, based
on ideas borrowed from cybernetics and engineer
ing control theory, for understanding regional
dynamics.

*Paper delivered at the American Association for the Advancement of Science annual meeting, Section on History
and Philosophy of Science ("The World System"), December 28, 1972, Washington, D.C.
The work of this paper was in part supported by the Ford Foundation, and the Center for Comparative Studies in
Technological Development and Social Change, University of Minnesota. I would like to thank John Brandi, Jam es Jernberg, Darrel Frohrib, Vernon Ruttan (all from the University of Minnesota) for their critical comments and intellectual
contribution. In particular, I am indebted to Richard N. Blue, Assistant Professor of Political Science, and Robert T. Holt,
Professor of Political Science and Director, Center for Comparative Studies, without whose support and stimulating ideas
this paper would not have been possible.
625

A. K. MAITRA
the political process, as indicated in Figure 1. The
Government's plans are directed toward the devel
opment process taking place in the outer environ
ment where two types of information are continu
ously generating—one is purely statistical in nature,
the other is political in nature. In order to carry
out the control processes, the I.E. (controller) must
make use of both these types of information for
transmitting proper decision (control) inputs to the
outer environment in the next phase of action pro
grams. Analysis of this feedback information sys
tem is vitally important for the I.E. (controller).
This analysis will help the I.E. to perceive and
assess possible future improvements that could be
made to some medium and long-term regional
development plan made by the controller. However,

A MODEL OF DECISION MAKING AND
DETERMINATION OF INFORMATION
REQUIREMENTS
A region is an economic and socio-economic
structure reflecting the patterns of human inter
actions. The need of a region is heterogeneous in
character and the various categories of need will
have to be satisfied in the future. The possibility of
satisfying the particular categories of future need
in given proportion will depend on the decisions
taken in the present. The question, therefore,
arises as to who should perform this task of deci
sion making and in what way.
The overall regional dynamics model as has
been established with the help of the control theo
retic framework contains a directing and control
ling sector (i.e., the government or a set of
decision-making agencies that collectively and
individually face the decision problem. In technical
terms this has been regarded by Simon as the Inner
Environment). Consideration has to be given to the
control process in its entirety. Control process
involves preparation of regional development plans
and programs; their implementation through execu
tive actions and review; the feedback mechanism
necessary for adoption and adjustment.
Before elaborating further on this approach, I
think it is desirable to clarify the meaning attached
to the term regional development. For the purpose
of this study the term would be used to mean the
increase in welfare of the people of a region,
expressed by such indicators as income per capita,
its distribution among the population, the availa
bility of social services and institution, the rate of
unemployment and economic growth. It will be
assumed implicitly that these above mentioned
changes will occur as a result of technological
change that might take place because of decisions
made by the "Controlling Sector.” Development is,
therefore, a subset of processes taking place in a
partially controlled environment which is different
from the above mentioned controlling environment.
This "Controlled Environment" represents the
outer environment or the society in general. Thus
far we have been able to trace main component
parts of a regional dynamics model. The component
parts are
(a) a directing or controlling sector (Inner
Environment);
(b) a controlled environment (Outer Environ
ment).
In order to understand the behavior of the
decision-making body of a total system, attention
will have to be drawn on the inter-relationship of
the whole system and its dynamic nature. The
dynamic nature of the system cannot be evaluated
without taking note of the information feedback
mechanism that operates between the Inner Envi
ronment and the Outer Environment. This feedback
mechanism is actually the vital linkage provided by

Fig. 1.

due to the complex and long-term character of the
regional development schemes as well as com
prehensiveness of the developmental objectives,
information generated by the social and political
processes is always very complex and involves
time delays.
From what has been said so far, it should be
clear that regional dynamics has been conceived as
a set of activities that are connected both in time
and space by a set of decision-making and behavior
evaluation criteria. Overall system control and the
availability of information on the environmental
conditions restrict the decisions and decision rules.
Decisions made by the I.E. affect the state of the
system as a whole because of the functional inter
dependencies mentioned above. The dynamics of the
states, x , i = l,2,3,...,n can be represented by a
system of differential equations which specify the
deviations of the actual from the desired states.
These equations can be represented in the general
form
■ = f j

U |< (t),
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i —l,...,n ,
k = l,2,...,r £ n , are the time paths of
the decision variables.
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Due to the dynamics of the regional sys
tem, there would be a large set of outcomes and
feedbacks in a continuous setting. This is yj(t), j *=
< n. Typically, the outcomes would contrib
ute to insight into the process of regional develop
ment and .to a systematic organization of the empir
ical facts referring to previous development and the
actual state of the region concerned. The basic
point of view referred to here could be expressed
by splitting up the concept of outcome into two
chains,
gj(xi(t),...,xn(t))
yj

=

/
\
Gj(x1(0),...,xn(0))d0

Jto
The second form deals with the outcome that is
based on a long-term developmental strategy and is
shown by the entire course of evaluation of the re 
gional system from time t0 to time t of interest;
the first form, on the other hand, deals with the op
erational short-term or year to year level of out
comes. The fundamental assumption is that any
long-term strategy for regional development can
only be implemented through the short term opera
tional control and implementation procedures. The
two chains showing different outcomes are insep
arably linked together at every stage. Furthermore,
the instantaneous outcomes always impose con
straints on the joint and simultaneous variations of
the decision variables, uk(t). Some of these con
straints may assume the form of an explicit limita
tion, such as
- a k <uk(0 )< b k ;
t0 < 0 < T
or they may be implicit in the manner in which con
trol is organized. For instance, long-term strategy
provides guidelines for short-term outcomes de
sired and ensures the efficiency of the planning ob
jectives. The relevant theories here are theories
for regional development control. These serve as
a basis for formulating the operational ideas which
must be quantified on the basis of empirical facts
referring to actual states of the economic, social,
and political situations of the region. The effect of
the decision inputs should be examined against de
cision criteria established by the long-term project
goals. Thus we may say that a subset of s(s < r) of
the decision variable uk's may be dependent on the
m - s of the other uk's. The factual process of re 
gional development shown by these decision vari
ants gives rise to experience about the quality of
plan and the realism of the long-term strategy, the
adequacy of the institutional machinery repre
sented by the I.E., wisdom of objectives and goals,
as well as the efficiency of the model upon which
the decision strategy was based. This feedback
mechanism may give rise to adjustment of the I.E.
and to improvements in the means. Also the imple
mentation procedure might be changed. The con
frontation of the factual developments with the plans

should normally induce a new search resulting in a
continuous variation of the various elements in the
control framework. Thus we can come to the
hypothesis that the regional development control is
a dynamic process where feedbacks built into the
control framework make for a sophisticated model.
A FRAMEWORK FOR FORMULATING REGIONAL
DEVELOPMENT STRATEGIES AND
OPERATIONAL PLANS
The characteristics of the regional system
described above have been explicitly considered in
a simulation model developed by J. W. Forrester.
H. A. Simon has also suggested an appropriate de
cision making apparatus that can conveniently be
designed to show interaction of the I.E. and the O.E.
At this point, I intend to characterize the regional
development strategies by carefully integrating
some of the ideas of Forrester-type social system
model and the more traditional economic analytic
tools. It is my hope that this characterization of
the model would give a detailed description of the
simple idea of regional interactions. Figure 2
shows the structure that has been assumed. It
interconnects the mutual effects of population, capi
tal investment, natural resources, and the fractions
of capital devoted to agriculture and industry.
It is true that the system as suggested in Fig
ure 2 is highly simplified. It draws our attention to
a few major factors and omits most of the sub
structure of the regional social and economic ac
tivity. Nevertheless, the system representation of
Figure 2 is highly complex and comprehensive in
nature. The diagram in fact summarizes numerous
time varying non-linear relationships in a way that
shows the future possibilities. The powerful dy
namic force suggested here, explicitly or implicitly
(whichever way we choose to emphasize), indicates
the eventual shifts that will occur in many compo
nents of the model.
Rectangles in the diagram refer to system
levels which are variables. There is yet another
kind of variable—the rate variable. The dotted
lines in the diagram show the feedback loop struc
tures which control decisions or actions. An inter
mediate concept is given by the circles which sum
marize many influences and affect the rate variable.
These are called the multipliers. The action is ac
cumulated to generate level. Information about the
levels would be partially the basis on which further
controlling rates would be manipulated. The dia
gram shows how each rate of flow is assumed to
depend on the levels of natural resources, popula
tion, and capital investments.
The government or the decision-making body
is implicit everywhere in the structure of the
model, but no attempt has been made to identify the
decision making-body by any kind of explicit notational device. In fact, the idea is to make proper
representation of the decision-making body at a
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the sub-function of the system. We can write the
outcomes as
yj = Yj (ux ... um)
i = l,...,r .
We have already seen that the variations of some of
the u-variables are constrained by the levels of the
remainder. This suggests that the interactions
among objectives may be represented by relation
ships between the outcome increments, dy^.-dyr,
such as
$i(y)dy +.$2(y)dy2 + ... 4 #r(y)dyr = 0
In this pattern of dependence, the set of weights
0(.) are variables. The values of these vari
ables depend on the levels of outcomes achieved.
Our task is to identify the weighting functions
*x(.) ... 0r (.) as the partial derivatives of some
function, so that the construction of a measure of
tradeoffs of objectives can be achieved. The top
decision-making bbdy of the system is constantly
confronted with these tradeoffs in order to find a
basis for an expression of preference. A note of
caution must be inserted here. There are certain
circumstances where this process of building up an
index from a set of individual tradeoffs might be
impossible even in principle; furthermore, in other
situations practical computational difficulties might
arise too.
The problem of finding an index arises be
cause of two factors:
1. the comprehensiveness implied by the
maximization criterion relating to social targets
for the economy as a whole;
2. the multitude of individual decisions which
must be taken in order to reach these targets.
It should be evident from Figure 2 and the
previous discussion that decisions relating to
micro-activities cannot be made simply on the
basis of overall criteria of social rationality. The
dynamic process outlines how the level of resour
ces, capital, etc. constantly play the important roles
in guiding the future decision strategies. The sub
units of the government's administrative structure
are responsible for making micro-decisions. This
shows the involvement of multi-level system of
decision making. So, a distinction could be made
among the following levels of decision making:
—macro-economic decisions related to the
basic economic structure of the region, based on
QLPM (Figure 2);
—intermediate level decisions related to the
intra-sectoral development;
—operational decisions related to specific
sets of activities such as location of investment
project, etc.
In order to derive marginal substitution
ratios or proper tradeoffs between different proj
ects being planned and implemented by the different
levels of government body, the levels must be ade
quately informed of social targets. The levels

later stage when we integrate our findings. The
identification requires an additional step in our
analysis. The controlling agency should learn accu
rately the nature of the dynamics involved in a
regional system. So, for the time being we will turn
our attention to a description of the surface behav
ior of the component parts of the regional dynamics
model suggested in the figure. The purpose is to
explore how the real world operates. Forrester
claims that a model of this type is far more explicit
than the normally used intuitive models or mental
models.
We can begin our investigation from the right
hand corner of the diagram where the circle reads
"Quality of life due to production." The multi
directional information loops determine the dyna
mism involved in raising the average quality of life
for the region as a whole. The QLPM (quality of
life due to production multiplier) serves the purpose
of an index at any particular time. The index deter
mines the rate of optimal utilization of resources
for some specific time horizon. Better quality of
life in a particular region attracts more people into
the region. New migrants influence economic activ
ities of the region. The regional programs, there
fore, introduce new elements which set the criteria
in sectoral programming, as suggested by the two
multipliers, capital investment in agriculture and
capital investment in industry. To meet the regional
political, social, and economic demands, the sector
programs are guided by regional distribution of
demand, and regional population density as indi
cated by the loop structures. All these influences
are exogenous from the point of view of a given
sector and show evidence of the past trends, which,
according to Forrester terminology, may mean time
delays. The above criteria point out how the differ
ent sectors can choose efficient solutions which
result in the desired regional pattern of social ta r
gets. It is quite natural that conflicts would develop
between interest relating to the pattern of social
targets and the criterion of efficiency in terms of
the optimal utilization of resources. Social targets
are determined by competitive political pressures
from various sections of the population. With the
aid of this revealed social preference, different
projects to be undertaken by the government (state)
can be suitably ranked in order of importance
attached to the different projects. However, there
is no guarantee that even with the best intentions
the decision makers in the government will be able
to specify and also maximize the political objective
functions.
In recent times, project ranking formulas are
widely used in government. The objective is always
to maximize the sum of the scores of all the proj
ects in order to derive an index of the QLPM. The
complexity that arises out of the pursuit of the
multiple objectives is due to the fact that there are
interactions among the goals that are defined for
629
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should also be properly motivated to make deci
sions directed toward the implementation of such
targets.
,, „
Looking at the regional decision problem
against the background outlined above, it is now
possible to go to our next stage of constructing an
extensive model that would identify all the dynamic
properties as they have been related to regional
developmental planning. In the process of present
ing the integrated form of the model, taking note of
all the ideas discussed so far, I think we will be
able to reveal in what way the answers to numerous
questions should be expressed in the process of
decision making at the various levels of government
structure. The particular construction of the over
all dynamic model in the following section should
clarify how in practice the decision-making struc
ture could include all relevant factors and forces
which influence the solution of a set of decision
problems. Although this form of representation
'may be applied for computational purposes too, we
will not discuss any such specific experience but
simply present the issues.
SPECIFIC FEATURES OF THE REGIONAL
DEVELOPMENT MODEL
We now proceed to initiate a mathematical
model of multi-level systems incorporating the
ideas presented in the preceding sections. A glance
through the previous sections suggests that our
analysis of the regional dynamics model has thus
far been based on a fundamental, yet subjective
distinction. In the preceding discussion, the two
concepts, controlling sector (I.E.) and controlled
sector (O.E.), have been illustrated by their usage
IrTTegional dynamics. The distinction is drawn on
the basis of what we consider as something we can
play with (that is, what we define as the controlling
mechanism I.E.) and what we conceive of as the
representation of the society (that is, our environ
ment). Some essential characteristics which most
I.E. should have in common, like the dependence of
the I.E. upon actual performance of the O.E., etc.,
have also been pointed out.
In this section, I intend to develop specifically
(a) some concepts for classification and studies of
the controlling mechanism (I.E.) in greater details,
(b) some ideas of hierarchical systems which might
provide conceptual foundations for handling the
problems of interactions of the system variables in
the O.E.
The controlling mechanism can be conven
iently sub-divided into a set of sub-units linked
together by flows of information. In Figure 3 an
attempt has been made to give a picture of the
decision-making process and the environment. The
element of the controlling system that performs the
planning process is assumed to be located in the top
of the control unit, representing the National Plan
ning Commission. We term this the Suprema_.

The planning process is supplied with technical
information relating to
-trends and state of the development process
from local information generating and collecting
units, representing the government agencies at the
state level; we call these agencies the Infimals;
—development objectives and goals which are
formulated by processes of political and economic
adjustments between the supremal and the infimals.
We shall learn more about the adjustment
process that actually aids the decision rule at a
later stage. Figure 3 has been drawn to indicate
how the factual developments in the outer environ
ment are being influenced by the actions of the infi
mals and the supremal. In fact, there is not much
difference in Figures 2 and 3, except that Figure 3
attempts to characterize every aspect of the com
plex process involved in a regional dynamics. With
the help of the multi-level hierarchical structure, it
should be possible to examine the relationship that
exists between different levels of the I.E. and the
different sectors of the O.E.
The decision problems for the supremal are
more complex than infimals. The latter are con
cerned with particular local changes which directly
and explicitly affect the environment. The important
task of the supremal is to assess and evaluate
changes that are caused by actions of the infimals.
Supremal's main function is, therefore, to coordi
nate the actions of all the infimals. Supremal is
concerned with broader and slower aspects of the
overall systems behavior. It is actually not pos
sible for the supremal to respond to variations
in either the environment or the process itself.
Supremal cannot act more often than the infimals.
There are two information signals connecting
the supremal with the infimals. The downward sig
nal specifies the decision problems for the infimals,
while the upward signal furnishes technical infor
mation about the lower levels to the supremal.
Figure 3 identifies all major types of information
flows and information systems involved in the prep
aration and implementation of operational plans.
We now plan to give detail attention to the identifi
cation of sources and the determination of mathe
matical notation of information systems for usage
\n planning.
For the purpose of simplicity and brevity, we
would picture the planning process as constituting
two phases. In the first phase, the supremal unit
exchanges information or message with the infi
mals. In the second phase, these messages are
taken into consideration for making plans of action
(decision inputs) for the various infimals. Ulti
mately, these decision inputs are transformed into
outcomes by actual implementation in the proper
environmental components. The transformation of
decision inputs into outcomes is a dynamic process
evolving in actual time. Figure 2 has already shown
how the transformation takes place in the real situation. Figure 3 points out that the operation of one
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infimal is likely to be influenced in the time se
quence by the operations of other infimals. After a
certain stage in the planning process, a communi
cation is automatically established between ’he
supremal and the infimals as well as between the
infimals. It is, therefore, important to know the
language in which communication takes place. In
decision-making systems where numerous infimal
units communicate with the central decision-making
agency (supremal), the messages that flow are very
complex in nature, and so the specification of the
language is also a very cumbersome procedure.
But one can hardly ignore this step, because it con
stitutes a very important feature of model con
struction for the decision hierarchy. Here we will
adapt some mathematical notion developed by
L. Hurwicz.
The process of information flow that takes
place between infimal units and the supremal is
thought of as iterative in nature, i.e., it consists of
a sequence of stages. In Figure 3, the infimal units
have been identified by the actual agencies serving
under the direction of the State of Rajasthan in
India; but, for the purpose of building a mathe
matical expression, let the infimals be labeled as
l,2,3,...,n . We may denote by m^ the complex of
messages sent out or received by the i-th infimal
unit at time t.
The iteration begins with an
initial message n-tuple mQ to be followed by
m1,m2,...,mT_1 and the terminal message n-tuple
m j. The adjustment process is merely the time
sequence of its stages, that is,
m0
m,
mt
mj
where m0 denotes the initial stage, and mx the
final stage. Written out more fully, an adjustment
process can be represented by a matrix whose rows
represent time points and columns represent the
infimal units:
1
m o

2
m 0

i

2

....

n
m 0
n

...

i
m T

2
m T

n
m T

In order to understand the process fully, we must
specify how the message n-tuple of a given stage is
formulated in relation to the messages of the pre
ceding phases. According to Hurwicz, the rule
which relates the message of a given stage to its
predecessor is called response function. The
response function of the i-th unit at stage t would
be denoted by fj. The response depends on two
factors—the earlier messages, and the unit's
information concerning the environment.
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The symbol for a complete specification of
the environment is e. The description of the envi
ronment can be split into separate descriptions e.
We would think of e as an n-tuple of the individual
environmental components e1, so that e = (e1, . . . ^ ) .
In Figure 3, the model of complex environment has
been shown on a stratified basis in reference to
physical subsystems, social and economic subsys
tems. The figure is justified if the coordination
problem can be sufficiently simplified with respect
to the overall systems behavior. In a model repre
sentation of this form, changes in decision proce
dure necessitated by changes in the operation of a
sub-process can be localized and accounted for.
The potential for increased flexibility is there.
Now the dependence of response on the pre
ceding messages and the knowledge of the environ
ment may be expressed by the following equation
system:
mt =

mt-2> •••» mo : e)

i = 1,2,...,n
t = 1,2,...,T

The determination of the initial message can simi
larly be written as
i«o = fo(e)
i = l,2,...,n.
In iterative dialogue approach involving individual
infimal units, there is an underlying assumption. In
idealized form this assumption states that at the
initial stage of the adjustment process each infimal
unit knows only of its own environmental component
and knows very little of other units' environmental
conditions. We can then say that, for a given set of
incoming messages, a given infimal's response
function would depend only on its own environmental
component and not on those of the other units. This
is true only at the beginning; as time matures, the
response functions assume more complex forms.
For the initial condition we thus have
m | = f i (m t—l.; e1)

i = l,2 ,...,n

mj, = f j,(ei)
t = 1,2,...,T .
From the above arguments, we can easily conceive
of the complex nature of information transfers that
take place between the environmental components
and the infimal units as well as the supremal unit.
The computational and other difficulties associated
with this phenomenon of adjustment process, hardly
need to be pointed out. In Figure 3, the matrix,
shown as a rectangle on the right hand side of the
diagram, represents the adjustment process that
takes place as a result of interactions with the dif
ferent environmental components. The other
matrix, situated in between the environment and the
decision hierarchy, indicates how infimal decision
strategies interact with each other to produce a set
of action proposals which will actually be imple
mented to bring about changes in the environment.
The message n-tuple mx produced in the final stage
would serve as the basis for decisions as to actions
to be taken. Initially there might evolve a set of
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inconsistent action proposals, which might be
termed as draft plans. The objective is then to
transform this draft plan into a real plan. This is
done by scaling down or up all demands until they
come reasonably close to resource supply at a
particular situation. The transition from draft plan
to real plan is iterative in nature, as we have seen
earlier in the case of project ranking formula.
The operation that transforms the terminal
message into a draft plan is given by the relation
b = d(mx),
where b denotes draft plan. In time, transition is
made from draft plan b to the actual or real plan a,
a = r(b),
where the functional symbol r represents the real
ization function. Since m j indirectly determines
a, we may write
a = #(mx) with <J>called outcome function.
A plan should specify the present or future actions
of all the units, and we may indicate this by writing
b = (b\...,bn)
a = (aS—.a11)
just as
mx = (mT,...,m} )
CONCLUSION
A plan, either draft or real, may be thought of
as a decision information flow matrix. In the te r
minology I have adapted, the choice of the response
functions f j, of the outcome functions <t>specifies an
adjustment process which in Figure 3 is denoted by
the decision information flow matrix. To sum up,
therefore, we can say that the concepts developed
here provide a guideline for the formalization of the
multilevel institutional framework. The purpose of
this paper has been to point out the basic features
of a regional development model and how the model
should be established, operated, and expanded. To a
large extent, the regional development will be con

ditioned by the particular institutional system. This
descriptive phase or the model building phase of the
study is aimed at describing the tasks and the insti
tutional structure of the regional development
organization within the complete administrative
system of India. Particular attention has been given
to the relationships between long term strategic
planning, short term operational planning, and the
organizations for the execution and review of
actions and projects we found in Indian case. It
must be mentioned here that it was not possible to
include description of all the various units of the
regional development administration, decision mak
ing, execution, and review processes. The aim has
been projected to describing the basic structure and
inter-relations existing between the more signifi
cant levels of national and state administrative
structures which are supposedly more involved in
the control and direction of regional development in
the Rajasthan Canal and Chambal Basin areas. As
stated at the beginning of the paper, we borrowed
ideas from engineering control theory in order to
establish our framework of the model. We could do
that by postulating regional development as a con
trolled process. The positive aim of the empirical
investigation will be at explaining
—the overall system of economic planning and
management;
—the methods and techniques used in planning
and decision making;
—the problems of regional development in a
particular situation;
—the structure of the administrative system,
etc.
This investigation should also reveal the
actual inter-relations of plans and decisions, the
functioning of information systems discussed here,
and the constraints to be taken into consideration in
the policy making, analysis, and administration.
The project is divided into few phases. Hopefully,
in the long run, the project might serve a practical
purpose for the Government of Rajasthan in India
and the other governments of similar regions in the
other comers of the world.
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THE REGULATION OF POLITICAL SYSTEMS*
Geoffrey Vickers
is in fact a pattern of relationships, subject to
change but recognisably extended in time. This
way of regarding the objects of our attention helps
I am not a political scientist; only a student
to resolve the ancient dichotomy between the in
of communication, and, in particular, of the part
dividual and society and many other pseudo-prob
which human communication plays in the regula
lems resulting from the tendency, built in to our
tion of human societies. This study leads back—
language, to regard the objects of our attention as
or on—along two closely related paths. One is
"things," rather than systematically related se
the study of systems generally, in the search for
quences of event.
principles of regulation common to them all. The
Within this comprehensive picture I will dis
other is the study of communication generally, in
tinguish
a political system as constituted by those
the search for better ways of understanding those
relations which a society seeks to regulate by the
levels of communication which distinguish human
exercise of public power. This definition would
societies from other types of system. These stud
be too narrow for some purposes but it distin
ies are new, many sided, and rapidly growing; I
guishes one group of relations which deserves a
claim no expertise in either. But they seem to
name. The departmental organisation of central
be the fields in which I can most usefully think
and local government distinguishes a host of rela
aloud in the presence of political scientists.
tions which it is the function of these departments
They have also a topical relevance, for they
to regulate—the relation of roads and road users,
seem to me to provide apt language for describing
houses and home seekers, schools and school chil
simply and sharply the principal threat which shad
dren, sickness and hospitals; the level of employ
ows the world's political perspectives and the
ment, the balance of trade, the balance of payments,
principal dimensions along which escape will have
the balance of international power, and so on.
to be sought. I will first describe this threat as
Every political activity is directed to the regula
a breakdown in the conditions which make possi
tion of some set of ongoing relations, whether in
ble the regulation of political systems such as
ternal to the system controlled by the regulator
support us now. Then I will analyse this break
or external, between that system and other sys
down a little further, first as an ecological trap
tems.
and then as a failure of communication.
Regulation operates by manipulating one or
other term of the relationship or both. We may
n
build roads or restrict traffic, build schools or
abstain from raising the school leaving age, in
Let me begin with a rather arid summary
crease the armed forces or cut our international
of what I understand by the regulation of a politi
commitments. Equally, of course, we may fail,
cal system.
partly or even wholly, in our regulative efforts.
By a social system I understand a set of on
But even where we fail, I regard the relations in
going relations between persons and organisations,
question as having been brought within the politi
governed by mutual expectations which are usual
cal system by the decision to treat them as regula
ly embodied in roles. It is, of course, a very
ble
by acts of public power and thus to separate
complex pattern. Each of us forms part of sev
them from the host of other relations which are
eral sub-systems and each of these is incorporated
left to the regulation of the market or of the fam
in varying degrees in others. Whether we focus
ily or of other determinants.
our attention on the family, the neighbourhood, the
Even my casual list of examples shows how
city or on the factory, the university, the trade
changeable is the content of a political system thus
union, we distinguish something which we regard
defined; for most of the relations it mentions were
as a continuing entity but only to the extent and in
not regarded as necessary or even proper subjects
the field in which it maintains, through time, two
of regulation a few decades ago. If we tried to
sets of relationships which are themselves inti
distinguish
the changes which forced these new
mately linked—the internal ones which relate its
regulative tasks on to the public power, we should
members to each other and the external ones which
have, I think, to distinguish at least three kinds:
link it, as a whole, to its surround. The entity
♦From Value Systems and Social Progress by Geoffrey Vickers, New York: Basic Books, Inc., 1968. Reprinted
by permission.
I
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course of some important variable, showing how
closely it approximates to some desired standard
or how dangerously it strays towards some criti
cal threshold. These standards and thresholds are
the settings of his system; and these signals of
match and mis-match alert him to the need for
regulative action. The picture serves equally for
the political governor. He too watches the course
of a limited number of variables —limited by his
own interests in them and further limited by the
number which he can usefully attempt to watch
and regulate; and he too depends on signals of
match and mis-match for his guidance.
There are differences also. The indices
which the political governor watches are for the
most part not mere observations of the present
state of critical variables but estimates of their
future course, based on his latest knowledge of
them (which is usually imperfect) and worked up
by a process of mental simulation. A more im
portant difference is that half his skill consists
in setting the standards which he shall try to at
tain.
For unlike the engineer, who controls a
system designed to be controllable, the politician
intervenes in a system not designed by him, with
the limited object of making its course even slight
ly more acceptable or less repugnant to his human
values than it would otherwise be.
In our society, as in many others, this set
ting has changed startlingly in recent years. The
content of our political system—the sum of rela
tions which we aspire to regulate—has grown and
is growing in volume; and the standards to be at
tained have risen and are rising. The action need
ed to attain and hold these standards requires
more massive operations, supported by greater
consensus over far longer periods of time than in
the past. On the other hand, the situations which
demand regulation arise and change with ever
shorter warning and become ever less predictable,
as the rate of change accelerates and the inter
acting variables multiply. Clearly the task of the
political regulator becomes ever more exacting.
By contrast, the capacity of political socie
ties for accepting regulation is being eroded by
several factors. The capacity for collective re
sponse is dulled when the situation which should
evoke it is not present to experience but is a
mental construct, based on uncertain predictions.
It is further dulled by those policies of collective
security which cushion the individual against even
such present experience as he might otherwise
have. It is further limited by the need for great
er consensus and by the increasing vulnerability
of that consensus to the resistance of protesting
or predatory minorities. Above all, it is limited
by the emergence of time thresholds, which deny
the opportunity needed for the gestation of Innova
tion. These factors, some of which I will explore
in greater length in a moment, create, as it seems
to me, a wild and growing disparity between the

the physical, the institutional, and what I will call
the appreciative. In the first I include all the
physical changes of an island increasingly urban
ised, mechanised, and populated; in the second,
all the changes in the institutions by which we
carry on our collective living. In the third I in
clude all the changes in our ways of appreciating
our situation; what we notice and what we ignore;
what we regard as acceptable or unacceptable, im
portant or unimportant, demanding or not demand
ing action by us. I regard this appreciative sys
tem as no mere derivative of the other two. They
interact mutually and determine each other.
Consider one example. For many millenia
the river Thames has earned its name as a con
tinuing entity. It is in fact the way in which
water from a stable catchment area finds its way
to the sea. It expresses the relationships, chang
ing but continuous, between rainfall, contours and
porosity of the area, vegetation, and a host of
other physical variables.
Throughout this time until very recently its
valley provided a habitat for many species, includ
ing men, who long ago learned to live above its
floodmarks and to cultivate its alluvial soil. Then
we began to incorporate this river, once an inde
pendent variable, into our own man-made sociotechnical system. We controlled its floods with
barrages and dykes. We adapted it for transpor
tation. We distributed its water. We used it as
a sewer. Our demands rose and began to conflict
with each other, making necessary, for example,
the control of pollution. Now these demands have
begun to conflict in total with the volume of the
river. We plan to supplement it by pumping out
the deep reservoirs. Soon, unless some other
solution appears, we shall be supplementing its
flow by pumping desalted water from the sea. By
then the Thames as an independent physical sys
tem, part of the given environment, will have vir
tually disappeared within a human socio-technical
system, dependent on new physical constructions,
new institutions, and a new attitude to the use of
water and the regulation of the whole water cycle.
Regarding the content of a political system
as the relations which it aspires to regulate, I
will describe as its setting the standards by which
these relations are deemed acceptable or unaccept
able. Such standards are essential to regulation.
The problems of the traffic regulator are set by
the standard of congestion which is regarded as
unacceptable. Without such a standard there would
be no problem and nothing to regulate. All regu
lation depends on setting standards by a process
of human valuation.
Many people dislike applying mechanical
ami logics l,o luiman affairs but I find it useful, for
contrast as well as for similarity, to compare
political governors with engineers before the in
strument panel of some mechanical assembly. The
engineer watches dials, each of which displays the
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least regulation that the situation demands and the
most that it permits. This is the dilemma which
preoccupies me and which I want now to examine
more fully from the two angles which I described
earlier—first, as an ecological trap; and secondly,
as a failure of communication.
m
The first contribution we can draw from the
study of other ecological systems is that these
gloomy anticipations, even if they were fully borne
out, would be in no way surprising. We have no
reason to assume that political societies will prove
to be regulable at any level which we would re 
gard as acceptable. Many species have perished
in ecological traps of their own devising. We may
already have passed the point of no return on the
road to some such abyss.
A population in a favourable but unfilled
habitat normally multiplies at a constant rate until
it meets or breeds limitations which slow and in
time arrest its further growth. It may then sta
bilise, at or below its maximum, in the same or
an altered form, with oscillations of less or great
er amplitude; or it may even disappear, because
in its period of expansion it has either unfitted
itself for life in a limited environment or unfitted
its environment to support even a limited popula
tion. These are the ecological traps I mentioned,
in their most acute form. We call them traps
only because our interest is engaged by the spe
cies they ensnare. From other viewpoints, such
as an interest in the continuance of organic life,
the replacement of one species by another is of
no importance or appears as a salutary bit of
regulation.
If our kind exterminates itself and
leaves an earth habitable only by creatures toler
ant of a high degree of radiation (cockroaches are,
I believe, favoured for the succession) only a judg
ment which values man and his works will notice
any serious discontinuity. But we are human and
we must take our human value judgments serious
ly. Here again we are reminded that all our
thoughts about political regulation assume and de
pend absolutely on our human value judgments.
Not all species have worked themselves into
ecological traps; many—the trilobite and the porcu
pine are stock examples—have established a stable
relation with the milieu which has supported them
for millions of years. In the past many human
populations have similarly attained and held, for
periods respectable by our human time-scale, a
state of dynamic balance with their milieu, includ
ing the other species with which they shared it.
Men have shared the Amazonian jungle with its
other fauna for several millenia, without substan
tially changing the jungle or their neighbours or
themselves.
The stability of these societies results from
the fact that their way of life does not of itself
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disturb either the milieu or the society itself in
its physical, its institutional, or its appreciative
aspect. Each generation, taking over the skills,
the institutions and the ideas of the one before,
finds them as apt as ever to the milieu in which
they have been developed and the purposes which
they have been designed to serve. They may in
time become inept through some independent change
in the environment, slow or sudden—an eruption
or a change of climate, an incursion of predators,
or the impact of a foreign culture. But no sig
nificant change is generated by the activities of
the system itself.
In the history of the human race, stability
in this sense has diminished towards a vanishing
point which, I think, is now in sight. The skills,
the institutions, and the ideas of hunting tribes
served their needs far longer than did those of
agricultural peoples, because they did not gener
ate the changes which would have made them ob
solete. Even the agricultural epoch, those last
three hundred generations which span the whole
era of recorded time, gave birth to civilisation
which deserve to be called stable over several
centuries, in that their skills, their institutions,
and their ideas did not change rapidly from one
generation to another. We now seem to be ap
proaching a point at which the changes generated
within a single generation may render .inept for
the future the skills, the institutions, and the ideas
which form that generation's main legacy to pos
terity, and the next generation's principal heritage.
If this is true, it looks to me like an ecological
trap identical in character with those which I de
scribed earlier, though the determinants of the
trap are social and cultural, rather than biological.
IV
But is it true? The analogy is obviously
far from exact. Ecological traps arise because
biological evolution works too slowly to adapt some
species or population to some environmental change
or rate of change. Need we assume any signifi
cant limits to the far more rapid processes of
cultural and political development?
I think we must. The reasons appear when
we define the conditions that make regulation pos
sible. They are, I suggest, four.
First, the regulator must be able to disscriminate those variables that are involved in the
relations it seeks to regulate and to predict or
control their future course over a period at least
as long as the time needed to make an effective
response.
Secondly, it must be able to preserve suffi
cient constancy among its standards and priorities
to make a coherent response possible.
Thirdly, it must have in its repertory, or be
able to discover, some response which has a better
than random chance of being successful.
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Fourthly, it must be able to give effect to
this response within the time which the first and
second conditions allow.
Some would add a fifth condition—that the
results of the response must be sufficiently dis
tinguishable in the future course of affairs to
prove or disprove its aptness and thus give the
opportunity to learn by trial and error. I do not
include this, because it seems to me that in im
portant political decisions we often must and do
get on without it. The results of most of our im
portant decisions return to us long after the event,
in manifold and often unrecognisable forms and
indistinguishably mixed with other changes; and
even when we think we can trace them, we cannot
compare them confidently with what would have
been the results of any alternative decision we
might have taken; for at these we can only guess.
I suppose we do learn something from experience,
even in politics; but the process is so obscure
and so seemingly remote from the ways in which
we learn from simpler and more repeatable ex
periences that I will omit from consideration the
limitations which are involved in this condition,
except in so far as they are also involved in the
other four.
The other four conditions are limiting enough.
The most obvious disparity is between the "lead
times" needed to mount any regulative action and
the future span over which any reliable prediction
can be made. The first grows ever longer; in
important fields, such as changing land use and
changing educational needs, it is reckoned in dec
ades. The second grows ever shorter; changes
unforeseen a year before may make nonsense of
well matured plans which already commit huge
resources. Plans for the reorganisation of ports
have recently been made obsolete by developments \
in "containerised"- transport. Examples could be
multiplied. It is quite possible for the world as
we know it now to become unregulable in impor
tant fields, in that it might pass the point beyond
which any considered action might have a statisti
cal probability of being worse than random. There
are many situations in which to be systematically
late is to be systematically wrong.
But the condition which produces this unhap
py result is not primarily due to exploding tech
nology but to the limitations of human communica
tion. The long lead times which intervene between
the emergent need for action and its achievement
are partly due to the delays inherent in the proc
esses of generating a sufficiently agreed view of
the situation, a sufficient consensus on the course
to pursue, and sufficient common action to achieve
it; and all these are collective processes, medi
ated by communication. Even the confusion and
loss which rapid technological innovation produces
by its unplanned impact on other parts of the
process only express a human failure to achieve,
at that level, that phasing of complex activities
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which, at simpler levels, is recognized as a prop
er technological necessity and a proper technologi
cal skill. The far more difficult conflicts between
nations, classes, and cultures—between rich and
poor, communist and anti-communist, negro and
whitey, Arab and Jew—remain insoluble so long
as they reflect the lack of any common basis for
communication. Technology has made this lack
into a threat, by reducing th e. distance between
cultures and increasing the distance between gen
erations; but it did not cause the lack and it can
not abate the threat.
Since until recently science has tended to
blind us to the extent to which all our activities,
including science, depend on communication, it is
worth recalling that human societies differ from
others primarily because humans talk—and even
listen. Nearly all we know comes from communi
cation, rather than from observation or direct ex
perience. Even the ways in which we classify
experience were taught us through communication;
most of them are inherent in whatever language
we use. Our interests and our standards were
formed largely through communication; the rebel,
the deviant and the prophet, no less than the most
conforming member of the Establishment, define
themselves, by protest if not by compliance, by
reference to the specific culture which made them
human by claiming them from infancy as members
of a specific communicative network. No one can
make another do anything at all, except by the ob
scure process of communication. Even an atom
bomb, we are told, is valued for the sake of the
message it sends out while it is intact, rather
than for the energy it would release if it went off.
Change and stability in human societies are medi
ated hardly at all by those transfers and transfor
mations of energy with which we model the physical
world, but almost entirely by those transfers and
transformations of information which physicists
have at last learned to distinguish and have thus
made respectable subjects for scientific specula
tion.
V
Since we depend absolutely on communica
tion, within societies, and between the generations,
developments which threaten these communications
with failure are a lethal form of trap. By failure
of communication I do not mean failure in the
means to transmit, store, and process informa
tion. Of that we have already more than we can
use. I mean failure to maintain, within and be
tween political societies, appropriate shared ways
of distinguishing the situations in which we act,
the relations we want to regulate, the standards
we need to apply, and the repertory of actions
which are available to us. This fabric, on which
communication depends, is itself largely the prod
uct of communication. Demands on it are rising.
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We need to consider what chance there is of meet
ing them and at what cost; especially at a time
when new techniques for handling information are
finding their way into the regulative process at all
levels, based on assumptions about how that proc
ess works which are not, I think, well validated
and at the same time changing the process more
deeply than we realise.
So let me turn to the threatened failure of
communication in the three roles I have mentioned:
its role in defining problems, in evaluating pro
grams, and in securing cooperation and concur
rence.
First, about the way in which problems are
defined. In more static societies the relations to
be regulated and the situations which involve them
are usually familiar and are often equally visible
to all. In our society, the more numerous rela
tions to be regulated combine in subtle and often
novel ways and the situations which involve them
have to be anticipated by techniques of simulation,
often involving the combination of large volumes
of information. So the task of defining the prob
lem is by no means simple. Ways of seeing the
problem become obsolete, no less than ways of
solving it.
To revert to an earlier example, it was pos
sible until recently to think about the distribution
of water in southern England, whilst taking for
granted both its supply and its disposal. Today,
distribution can be usefully considered only as
part of a much wider problem; hence, amongst
other things, the merging of river and water au
thorities and the setting up of a water resources
board.
It was possible until recently to think of
traffic regulation simply in terms of better roads.
Today, as Professor Buchanan1 has so lucidly
shown, it makes no sense except as part of the
problem of providing buildings with accessibility
and thus as part of the still wider problem of
three-dimensional town planning; for towns contain
and relate the buildings where all journeys begin
and end and of which accessibility is one among
many necessary attributes, none of which can be
fully enjoyed without denying others. Town plan
ning, in turn, cannot be usefully approached until
we have rid our minds of the concept of a street
as a multi-purpose space, a concept as inept to
day as the multi-purpose great hall of a medieval
house would be to modern domestic living.
This need constantly to restructure problems
makes novel demands on communication. For poli
cy making is a collective activity and the first
condition of the communication which makes it
possible is that the participants should be talking
about the same thing, or at least should know
when this is not so. Most of the discussion which

goes into policy making is directed to reaching
agreement on how the situation can most usefully
be regarded; in other words, what is the complex
of relationships most significantly involved. Poli
cy making is vastly complicated when this cannot
be taken for granted but must constantly be re
viewed.
A very simple example is provided by the
efforts made here and in U.S.A. to coordinate the
policies of the three fighting services into a sin
gle defence policy. Fifty years have passed since
the war which added a third fighting service and
made it apparent that all important future activity
in that field would be combined operations. Yet
neither country has yet succeeded in fully estab
lishing what I will call a common ideology for the
three services. Where this is lacking, the partici
pants in the potential dialogue lack in effect a
common language in which they can fruitfully dis
agree—a condition which is by no means confined
to the fighting services.
The situation to which the policy maker at
tends is not a datum but a construct, a mental
artifact, a collective work of art. It has to be
simplified, or it becomes unmanageable; yet if it
is over-simplified, it will be no guide to action.
It has to reflect present and future reality; yet if
it departs too sharply from the familiar thinking
of the past, it will not be sufficiently shared by
those for whom it has to provide a common basis
for discussion. It has to be not merely discovered
but invented, not merely invented but chosen from
among several alternative inventions, each a valid
but differently selected view. Most difficult of all,
it must not obscure the views which it supersedes.
Crime, for example, has long been regarded
as a violation of the social order, demanding cor
rection, and a violation of the moral order, de
manding expiation. We have learned to regard it
also as being, sometimes, a cry for help, demand
ing response and a protest against the social order,
demanding attention. Each of these views invites
action partly inconsistent with the others; yet we
cannot afford to suppress those on which we can
not act.
Thus the definition of political problems be
comes more difficult, as the relations to be regu
lated become more numerous and involve more
diverse conventional views. The more thorough
the analysis of the situation the more complex it
is found to be; and this complexity consists in the
variety of inconsistent values which call for opti
mising or at least "satisficing." The problem of
"traffic in towns" as It was handed to Professor
Buchanan looked far simpler than the problem
which he handed back to the policy makers. His
analysis disclosed the multi-valued choice latent
in any adequate analysis of "the situation."

1. Colin Buchanan, rofessor of Transport at Imperial College, London, and chairman of a committee which produced for the Minister of Transport a report on n r h a n traffic ("Traffic in Town." H.M.S. Office, 1963), commonly referred to in Britain as the Buchanan report.
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VI
Now for the evaluation of programs. Here
again it is convenient to look first across the At
lantic. For as you know, the defence department
of the U.S. government has pioneered the applica
tion to government procedures of methods first
developed in industry during and after the last
war, to increase both "efficiency" and "effective, ness." Added interest attaches to these methods
because of the President's direction that other de
partments should adopt them. They are clearly
and modestly described in a little book recently
produced by the Rand Corporation.2
The object of these procedures is, first, to
ensure that action serves policy; secondly, to im
prove the information on which to choose between
one program and another; and thirdly, though much
more modestly, to improve the information which
may help to guide the distribution of resources
between one field of policy and another. These
objects are to be attained by budgeting activities
according to the policies they are supposed to
serve, rather than according to the departments
which carry them out; to budget them over periods
long enough to disclose their real costs and bene
fits; and to interpret costs and benefits according
to the meaning which policy gives them. Benefit
means success in implementing the policy con
cerned; cost means the loss of whatever else the
resources so used might have achieved.
This may not sound revolutionary; but it is.
Its first finding is to dispel the assumption that
action now in train serves any policy at all. This
is not to be assumed. It may have become selfperpetuating. It may serve some policy long aban
doned or some purpose which some other policy
is designed to frustrate. It may be an expression
of empire building or Parkinson's law, of pure
competitiveness or the tyranny of technological or
administrative fashion. These risks are not ex
cluded by the present system of annual budgets
for action departments. These may be needed for
other purposes but they are inept for keeping ac
tion in the service of policy. They should be sub
ordinated to a separate system of long-term pro
gram budgeting.
The procedure depends on and assumes the
clear, prior definition of policy in terms of objec
tives. This, the memorandum insists, is a pri
mary, creative act of choice, with which the pro
gram budgeter cannot help. For choice involves
valuing, and valuing is by implication excluded
from the rational process. No calculus can com
pare the relative values of atom bombs and medi
care; or even those less dramatic disparates which
trouble the policy maker at every level, such as
the relative importance of improving primary or
2. Program Budgeting. David Novick (ed.).
Office, Washington, D.C., 1964.

secondary education. The program budgeter can
answer no question of value. All he can do is to
"sharpen his (the policy maker's) intuition" by
telling him what he may expect from what he is
doing or contemplating now, and what he might
hope to achieve by applying the same or different
amounts of resources in some other way.
So to benefit from this procedure, the policy
maker must set his own house in order. He must
define his objectives and group them in a small
number of fields, which should be so far as pos
sible distinct. The memorandum recognises that
these are searching requirements, for it treats as
open the question how far this procedure will
prove applicable to civil policy and civil depart
ments.
For first, the grouping of objectives is it
self a creative act, affecting both how they are
seen and how they are valued.
It determines
which shall most actively compete and which of
the policy implications of any proposed action shall
be most effectively hidden. Within the defence de
partment, it was relatively easy and obviously use
ful to group together, for example, all weapon
systems which contribute to a policy of strategic
retaliation, irrespective of the service which con
trolled them. Similar groupings in the civil field
might prove more arbitrary.
Further, however objectives are grouped,
they will overlap. Water conservation is an as
pect of agriculture and of health, even of agricul
tural price policy, as well as the conservation of
a natural resource. Yet the development and con
servation of natural resources has a strong claim
to be considered a major policy field in its own
right.
Thirdly, however policy fields are grouped,
they will not coincide with the boundaries of de
partments organised for action. There is at pres
ent in the United States no Secretary of State re 
sponsible for the conservation and development of
natural resources; and if there were, he could not
gather into one executive department activities
which today are divided between eleven.
You will notice that this procedure bears the
marks of its origin. It does not distinguish be
tween objectives to be attained once for all and
standards to be maintained through time, which I
regard as a more adequate description of the set
ting of a regulator. It assumes that the policy
maker's only problem is the apportionment of
scarce resources between conflicting claims. It
does not take account of possible conflicts between
the objectives themselves—for example, between
defence policy and other aspects of foreign policy.
It therefore assumes that costs and benefits can
be usefully, if not completely calculated in terms
of the policy which the action is designed to further

A Rand Corporation-Sponsored Research Study, U.S. Govt. Printing
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and need not follow its endless repercussions in
other fields—except, of course, the repercussions
of its claim to resources. (This is reflected in
its more commonly used name of cost-effective
ness.)
It assumes, in brief, that planning and
programming involve the comparison of different
means to attain an agreed end, the means being
neutral.
Now though this is not true even in industry,
still less in defence, it is, I think, a more useful
assumption in those fields than in the fields of
civil policy; and it may well be that methods de
vised to evaluate weapon systems will prove inept
to evaluate poverty programs. But these simpli
fied methods should not on that account be dis
missed. Some simplification there must be, and
therewith much exclusion and distortion. It seems
to me nonetheless useful to experiment with them,
both to explore the limits of their usefulness and
to discover what passes for planning in their ab
sence.
In the meantime we should not assume that
program budgeting models the process by which
all plans and programs are compared. Even a
chess-playing computer, I understand, when in
volved in the complexities of the middle game,
cannot guide its play by a strict analysis of costs
and benefits but has to rely on general principles.
And unlike chess, politics, except perhaps in the
defence department, is not a "zero-sum" game:
indeed, is not a game at all, in that it has no
built-in measure of success.
Thus program-budgeting, as I have so far
described it, is a procedure designed not for regu
lators but for operators, seeking defined and sin
gle-valued objectives. This, however, is not all:
for as the Rand memorandum candidly puts it,
"program budgeting begins with structuring the
problem." The program-budgeter, in other words,
can help the policy maker to define what the prob
lem shall be deemed to be. If he wishes to de
fine the problem in a way with which his budgeting
techniques can deal, he will do his best to have it
simplified to the pursuit of one defined, single
valued objective. If, on the other hand, he uses
his analytic skill as, for example, the Buchanan
committee used theirs, he is likely to define a
problem of multi-valued choice which will defeat
his budgetary techniques.
Thus the multiple analytic skills of the pro
gram budgeter reveal a dilemma inherent in the
policy making process. The more crudely simpli
fied the objective the more efficiently it is likely
to be pursued. Given a single-valued objective
and a repertory of "means" assumed to be com
parable simply by their cost in resources, it may
be possible to demonstrate objectively which means
is the "best." But no political problem can or
should be stated in these terms; the more truly
we present to ourselves its multi-valued nature
and the multi-valued effects of all the means by

which we might pursue it, the more impossible it
becomes to compare either the costs or the bene
fits of alternative solutions.
The solution to any multi-valued choice is a
work of art combining in an unique way the regu
lation of the various relations involved. The prob
lem of the policy maker is to choose between
such solutions (if he is happy enough to have more
than one to choose from) or boldly to tell the
planners to think again. But he cannot tell in ad
vance what combination will prove attainable or
even preferable. The Buchanan report, for exam
ple, discloses to him the values which he needs
to combine, the time scale on which he should
think, and the limitations which he should not for
get; but only a definite plan for a defined area
can show him one of the unnumbered combinations
between which, if he knew them, he might choose.
A foreign policy, an educational policy, no less
than a development plan, if they are to be more
than a reaction to the most obvious pressing dan
ger, need to display the characteristic qualities of
a work of art; and call, in consequence, for com
mon attitudes, as well as skills in those who
assess and support them, no less than in those
who design them.

vn
I come to my third query: the role of com
munication in securing the concurrence needed to
carry a policy into effect. In concurrence I in
clude everything from understanding commitment
to grudging acquiescence, so long as it secures
what is needed from the individual concerned. We
do not know much about the many and various
ways in which communication secures agreement
or exacts obedience but we can recognise situa
tions in which its task becomes harder, and the
illustration I have just used supplies one example.
Since program budgeting requires the policy
maker to group his objectives in fields which can
not correspond with the boundaries of departments
organised for action, it follows that each executive
agency must expect to implement more policies
and to frame none; and that each policy making
authority must rely for the implementation of its
policies on more executive agencies and must ex
pect to control none. This is bound to make more
acute, within the regulator itself, the ancient prob
lem of controlling executive power.
We already know this problem. Policy mak
ers insist, if they can, on controlling the depart
ments which implement their plans, because, as
mere coordinators, their communications are usu
ally too weak to support their responsibilities.
Even the "overlord" with overriding executive au
thority over several departments, often has a hard
struggle to assert it. We may well conclude, then,
that if action is to be subordinated to policy, the
power of communication to secure agreement, or
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at least to exact obedience, will have to be en
larged.
This raises a further problem, when we re 
call that the making of policy and its execution
involve the same people in radically different
kinds of communication. The making of policy,
especially in times of rapid change, involves con
tinuing dialogue, based on readiness to question
familiar assumptions and to consider the radica
restructuring of problems. The execution of poli
cy requires the acceptance of decisions and the
coordination of long-sustained action in their serv
ice. These sharply different roles cannot be di
vided between a hierarchy of policy makers and
what I have heard called a -'lowerarchy' of execu
tants. Everyone concerned must to some extent
share both, including those outstanding executants
who tend to be found in the seats of power in all
executive departments. The two roles can be com
bined, I suggest, only within a sub-culture which
highly values both and protects both by a disci
plined consensus, quick to react against the in
fringement of either. Such a consensus is some
times found within a small highly trained, highly
motivated service. Is it possible or even desira
ble in a large, complex political society.
For, of course, both the dialogue by which
policy is made and the action by which it is im
plemented involve the governed also; and here too
the demands on communication are rising. So
naturally we are seeing an immense, half-conscious
expansion both in the machinery for mediating dia
logue and in the machinery for securing acquies
cence. On the one hand, the traditional role of
Parliament is being supplemented, if not super
seded by formal and informal consultation between
government and governed, notably organised busi
ness and organised labour. On the other hand,
government is extending the traditional areas in
which it can make its communications relatively
effective.
.
.._
To its own agencies it can issue executive
instructions which are almost sure to be obeyed,
since those who receive them are committed by
their roles to obey them or resign; and if they
fail to do so, they can usually (not always) be re 
placed. As we all know, this field of executive
authority is growing apace. It is being further
extended by government's increasing control over
the private sector, through commercial contracts
and those other manifold means of incentive and
deterrence which Andrew Shonfield has traced in
his book on Modern Capitalism.'* In addition to
all these controls which need no legislative sanc
tion, government can promote legislation, which
it can be almost sure of passing, to alter the dis
tribution of benefits and burdens, change the rules
by which life is lived, and even extend its own
executive powers; and here too its accumulated
,

Mnrlp.rn Capitalism. Andrew Shonfield.

powers are growing. To these powers we must
add the persuasive powers which radio and tele
vision have multiplied and which all governments
increasingly use both to spread their own appre
ciation of the situation in which they are acting
and to secure the cooperation they want.
This growth of power alarms many, as well
it may; but we can evaluate it only in the context
of the dilemma, which I have described, within the
machinery of government and which is writ even
larger in the relations of government and governed.
The same nexus of communication must mediate
both the dialogue which keeps policy under ,review
and the cooperation which allows it to be executed.
Within the government machine, oriented as it
must be to action, the chief danger may be that
the momentum of action will defeat policy. Be
tween government and the governed, the more
threatening danger may be the opposite; that the
debate on policy will frustrate any sustained ac
tion Either would be lethal. Both can be exclud
ed I suggest, only by the kind of consensus I have
described, sustained at national level.
This in
these days can be sorely tried. The agonies of
American admirals and generals, which the pro
cedure of congressional committees allows us to
share, are similar in kind but, I think, far less
radical in their scope than those which beset many
responsible trade unionists in Britain today, in
vited to regard the preservation of collective bar
gaining as only one of several competing "values.’
The dialogue between government and gov
erned has become an immensely difficult exercise
in communication. F irst, it involves much more
searching demands on the governed. I said earli
er that in principle we can regulate our relations
with the milieu by manipulating either the milieu
or ourselves. The first is more comfortable and
more congenial to a technological age but the sec
ond is increasingly the pattern of the future. To
control the flow of the Thames we had only to
discipline the river but to control its pollution we
have to discipline ourselves and this transition is
typical.
Further, this dialogue becomes more com
prehensive; for all a government's actions are
themselves communications, demanding explana
tion. When unemployment was not deemed to be
regulable, people responded to losing their jobs
by finding others, if possible in other and perhaps
more stable occupations. When they lose their
jobs through what they regard not as an act of
God but as an act of state, they may respond dif
ferently. A doing is not the same as a happening.
It is a message, as well as an event.
. . .
Thus every government becomes involved in
an endless exercise of explanation, the difficulties
of which are enhanced by the three factors I have
examined. The situation is often a novel view of

Oxford Univ. P ress, 1965
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single-valued rather than multi-valued choices and
are likely, I think, to reinforce the tendency to
oversimplify which always besets harrassed regu
lators when faced by multi-valued choices. They
are designed for operators, rather than regulators.
It is no accident that they entered the machinery
of government through the defence department.
On the other hand, they have vastly fortified
the process by which situations are defined, and
the readiness to redefine them. And this is of
the greatest value at a time when traditional defi
nitions of situations and traditional attitudes
towards them are becoming increasingly inept.
This in turn affects the structure of the ap
preciative system on which all. communication de
pends. In the political context it is a solvent of
ideologies. But communication is also a builder
of ideologies. It is, I think, in its impact on
political ideology that our increasing understand
ing of communication is most important.
We have come a long way since Condorcet,
waiting for the guillotine, could look forward to a
day when the sun would shine on a world of free
men with no master but reason. He did not doubt
that free men would find in their reason a suffi
cient guide to what T. H. Huxley was later to call
"the State of Art of an organised polity.” How
much more modest is the role allowed to reason
in the Rand memorandum, blandly relegating all
questions of value to human intuition!
If indeed we have reached the end of ideol
ogy (in Daniel Bell's phrase) it is not because we
can do without ideologies but because we should
now know enough about them to show a proper
respect for our neighbours' and a proper sense
of responsibility for our own.
The critique of
ideology is, I believe, the most important political
function of communication; a critique which needs
to be creative and conservative no less than de
structive. These self-spun webs alone support us
in the abyss of non-humanity. Major operations
on them are fearful enterprises.
We shall be
better equipped for such enterprises if we share
a common understanding of the strange fabric we
are working on and the still stranger instrument
we are working with.

the relations to be regulated, not yet shared by
all parties to the dialogue. The solution, if com
mended by an adequate "cost-benefit" analysis,
will almost certainly not be the one which those
most concerned would favour—still less, if it re 
lies on the more aesthetic criteria on which we
fall back when cost-benefit analysis fails. And its
implementation will sometimes require wider con
currence than the traditional powers of govern
ment can achieve, even extended as they now are.
So the crucial purpose of the debate is to
generate trust or distrust. And this, perhaps the
most important political function of communication,
depends not only on the constraints which are
placed upon criticism but also on the incentives
which are offered to it by the shape of political
institutions. The fact that in this country [Eng
land] we have at all times an alternative govern
ment in being and more or less identified mobi
lises the attack on the government's credibility in
a way which is I think peculiar to us. Consider
the relatively sheltered position of an American
president compared with a British Prime Minis
ter.
VHI
Clearly the demands on communication are
rising in the regulation of political societies, both
within the governmental regulator and between it
and the governed. Can we hope that increased
understanding of this essentially human art and
increased skill in its use will match the rising
need?
The traditional means of making people do
as they are told are weakened in practice and dis
credited in principle. On the other hand, more
potent and subtle means of moulding opinion and
attitudes are available. Whether these formidable
engines will be either properly controlled or prop
erly used remains at present, I think, an open
question.
Our former means of estimating the results
of actual or hypothetical courses of action have
been enormously extended but at present they serve
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PPBS: THE EMERGENCE OF A SYSTEMIC CONCEPT FOR PUBLIC GOVERNANCE
Harry J. Hartley
An integrative model that contains a high de
gree of generalizability and appears to be congen
eric to general systems theory is currently being
used widely as a model for planning and executing
public policy. Although the planning-programming
budgeting-system (PPBS) has operational utility as
a management device, it provides a conceptual
framework for delineating the complexities of pur
posive, goal-seeking public policy. The fundamen
tal problems shared by men of reflection (scien
tists) and men of action (policy makers) are the
relationship of parts to wholes and the levels of
integration of parts into wholes.1 PPBS, which
was largely developed by interdisciplinary re 
searchers of Rand Corporation and popularized by
the federal government, is more a mode of thought
than a mechanical tool. It transforms the concep
tual clarity of general systems theory into a
methodological, policy-making strategy for use in
numerous and diverse contexts ranging from de
fense planning to the management of elementary
schools.
One of the original aims of the Society for
General Systems Research being to investigate
like forms of systems in various fields, the para
graphs that follow are presented with that aim in
mind. The objectives of this essay are to (1) de
scribe why the PPB System may be conceived as
a derivative of general systems theory; (2) portray
some of the structural-analytical properties of
PPBS; (3) review some of the governmental units
that have attempted to install this system, and
(4) consider some of the limitations of systems
analysis in the conduct of human affairs.
GENERAL SYSTEMS THEORY
AS THE BASIS FOR PPBS
The major disciplinary trends in the theory
of general systems have been convergent rather
than divergent, and they have served to enrich a
common conceptual scheme. If it can be conceded
that the present status of general systems theory
is one of a family of theories awaiting integration
and formalization, but being mutually very com
patible, then the proposed basis for planning the
ory (PPBS) can be regarded as a member of that

family. The general theory of systems implies
methodology in its strict, philosophical sense, and
the methodology of systems is represented sym
bolically by the design of models. The isomorphies
that were found to exist among models developed
to portray biological, physical, and social systems
are among the most exciting and fruitful intellec
tual discoveries of the past two decades. Models
of organizations have been developed and adminis
trative theories formulated in the area of manage
ment science. Concepts such as wholeness, hier
archical differentiation, orderliness, interdepend
ence, open systems, and steady-state behavior
seem especially applicable to those formal, social
organizations that are governed by public policy.2
Among the most prominent of the family of em er
gent economic planning models is the PPB System.
Although PPBS is a particular type, or subclass,
it embodies universal principles that apply to sys
tems in general. It can be described best as a
general theory of planology because it is appropri
ate for planning in nearly any type of organiza
tion.
In the context of management science, sys
tems analysis is defined as a way of examining
the differentiated components and identifying the
mutual interactions of some integrative unit. A
system is a set of two or more interdependent
elements and their relations, while analysis pro
vides glimpses into the unit's parts and operations.
The essence of the systems approach in organiza
tions is to construct a model of the means-ends
configurations by comparing optional courses of
action systematically (quantitatively when possible),
using a generalized sequence that can be retraced
and verified by others. Contrasts to this approach
are represented by leaders who create public pol
icy by means of charismatic paternalism, sophis
try, illogical judgment, unaided intuition, and action
based upon irrational premises. Systems proce
dures are being used widely as research techniques
to provide supportive data for public policy. Schol
ars who contribute interdisciplinary data to policy
makers are increasingly choosing to regard intri
cate topics of human inquiry as systems, and they
are reformulating issues of conflict in systemic
terminology. Similarly, PPBS is an endeavor to
frame a coherent, logical, generalizable scheme in

1. For a more detailed discussion of the PPBS concept, see Harry J. Hartley, Educational Plannlng-Programminor-Tjudaetine: A Svstems Approach, Englewood Cliffs, N.J.: Prentice-Hall, 1968.
__
, T„
r__
—^
2. Rocco Carzo, Jr. and John N. Yanouzas, Formal Organization: A Systems Approach, Homewood, 111.: Irwin,
Inc., 1967, p. 19.
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term s of which the discrete elements of a given
system can be interpreted. Without belaboring the
issue of possible homologies involving an organismic system and a PPB System, let us consider
some of the properties of the latter.

planning (one year time spans). The extension of
the time horizon is a way of attempting to exert
control over the future instead of merely reacting
to it and being controlled by it.
2. Programming. Activities of an agency are
grouped according to common objectives in order
to determine the manpower, materials, facilities,
STRUCTURAL-ANALYTICAL PROPERTIES
and time required to support a program.
OF PPBS
3. Budgeting. The nucleus of PPBS is the
program budget .4 This differs from conventional
PPBS is neither a revolution in government
object-of-expenditure budgets in that it emphasizes
management nor is it merely old-style approaches
programs to be accomplished rather than objects
couched in new term s. What is new is the way
to be purchased. The program relates programs
in which separate concepts that evolved in the
to resources that are transformed into budget dol
past have been brought together in a comprehen
lars over at least a five-year period.
sive system. The integrated PPBS actually pro
4. Output emphasis. The budget is struc
vides relatively few innovations for the individual
tured on the basis of outputs, missions, functions,
elements of planning, programming, and budgeting;
activities, services, or programs, rather than on
its value lies in its systematic coordination of all
conventional input items. A program is related to
of these. A conceptual basis for the total alloca
operational objectives, and consists of activities to
tion process is provided. Planning, programming,
be performed, subprograms, and program elements
and budgeting constitute the process by which ob
such as human resources, materials, space, and
jectives and resources, and the interelations among
facilities.
them, are combined to achieve a coherent and
5. Input-output coordination. Program budg
comprehensive program of action for any organi
eting seeks to relate inputs to the programs of an
zation conceived as a whole. The need for a
organization in a way that enhances a rational
holistic approach arises from the indissoluble con
mean-ends calculus.
nection between the allocation of human and ma
6. Evaluation. Comparison of desired out
terial resources, or budgeting, and the formulation
comes, as expressed in programmatic objectives,
and conduct of policy.3 Assumptions related to
may be made with actual accomplishments. P er
the philosophy of science are implicit in this a t
formance indicators are utilized, such as indices
tempt to model the process of policy-making. For
that measure cost-effectiveness.
example, one assumes that a unit of government
7. Quantitative analysis. In order to analyze
can determine its policies most effectively if it
comparative benefits, quantitative measures are
chooses rationally among alternative courses of
applied if they are available. These include such
action that are placed in order of priority on the
techniques as input-output analysis, benefit-cost
basis of anticipated benefits and costs for each
analysis, operations analysis, linear programming,
alternative. As an operational tool, PPBS is being
simulation, queuing, gaming, and others. Qualita
used to manage human conduct in such diverse
tive measures are also included and they should
Contexts as corporations, universities, the Depart
play a major role in public planning.
ment of Defense, public schools, municipal and
8. Multiple options. Program budgeting pro
state governments, research and development cen
vides a framework for the consideration of all
ters, the YMCA, and others. Many public organi
relevant alternatives for a particular course of
zations and public officials exhibit a kind of cul
action. These are then placed in order on the
tural tendency by claiming that all values (or
basis of desirability, feasibility, least cost, avail
programs for the public) are important, and fur
able resources, and other criteria.
ther, that all are equally important. If all values
9. Program review and revision. In addition
are of equal importance, then no value can serve
to program formulation and analysis, procedures
as a guide to conduct. In this respect, PPBS pro
for periodic review and modifications of programs
vides a priority scheme for assigning relative
are specified. This process is dynamic, viable,
valuations to the alternative courses of action.
and promotes the adoption of innovations. Intra
Presented below are twenty major charac
program studies are encouraged.
teristics of PPBS:
10.
Future needs identification. More explicit
1.
Strategic planning. The proposed planningassumptions can be made about future demand and
orientation includes a time horizon of at least five
production functions of the organization. Risk is
years, as opposed to the present usage of tactical
reduced and assumptions are specified. Total cost
3. Arthur Smithies, "Conceptual Framework for the Program Budget," in Program Budgeting: Program Analys is and the Federal Government. David Novick, ed., Cambridge: Harvard Univ. P ress, 1965, p. 24”
4. Brief mention pf the implications of program budgeting for political system s was made by Geoffrey Vickers,
"The Regulation of Political Systems," General System s. XII (1967), 59-67.
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implications of long-term undertakings are ex
pressed. Scenarios are designed to portray future
environments.
11. Economic rationality. There are at least
two schools of budgetary theory, one subscribing
to economic rationality and the other to political
rationality. Program budgeting is essentially an
economic concept designed to serve in the politi
cal arena. It represents an encroachment of eco
nomics upon politics, and is an embodiment of
classical political economy.
12. Flexibility. Program budgeting does not
impose arbitrary constraints. Programs can be
defined in any way suitable to a particular organi
zation. This approach is appropriate both for in
ternal programming and control and for develop
ment of future policies and programs.
13. Openendedness. Expenditure items are
not treated as givens. The amount available for
the total system is determined and the highest
utility alternatives are selected for the specified
budget programs. The major objective is not ex
penditure control in the fiduciary sense.
14. Policy determination. Budgeting becomes
an integral part of the administrative process with
PPBS. The financial administrator shares in poli
cy formulation, and provision should be made for
a continuing dialogue among the policy maker, sys
tems analyst, budget officer, and the organization
members affected by such policy.
15. Decision centers. Within organizations
using PPBS, decision centers and cost centers are
developed so that administrators can have at their
fingertips historical and projected information
from all phases of activity. These are retrievable
from a computer data bank. Simulators of the
budget can be developed.
16. Cost neutrality. Program budgeting is
neutral on the issue of cost reduction. A "cult of
efficiency," measured by less spending per se, is
not the criterion of success for PPBS.
17. Structural variability.
Organizational
structural variability is maintained, because the
operations may be either centralized or decentral
ized. If the latter, participatory planning is en
couraged so that policy-making is shared by all
members of the organization. If the former, low
est departmental level budget estimates form the
building blocks for the next level where they are
aggregated, reviewed, and transmitted upward to
the highest level.
18. Accountability and performance measure
ment. Program budgeting can be used for control
and internal management purposes to review per
sonnel data, output data, and resource data. It
seeks to measure performance and affix account
ability. Cost accounting procedures are generally
a part of the program budget format, although it
may be necessary to redesign an existing account 5.

ing system so that it will provide information to
meet line-item, legal accounting requirements, and
also provide data on program costs.
19. Concise budget document. The actual pro
gram budget document should be concise, but com
plete, and should be understandable even to a lay
reader. Local school budgets frequently use term i
nology and nonprogrammatic categories that are
too technical and unclear for their citizenry. With
PPBS, the programs are likely to be stated in such
a way that the public can grasp their contents
easily.
20. Preservation of the past. The program
budget encompasses the best features of previous
budgeting formats: the executive budget; line-item,
object budgets; and performance budgets. It need
not replace conventional budgeting procedures. For
the time being, line-item and program budgets
probably should be maintained concurrently as a
means of describing an organization's expenditures
on both an input and output basis.
In summary, the structural aspects of pro
gram budgeting involve formulating a set of cate
gories oriented toward "end-objective" activities
that are meaningful from a long-range planning
point of view. These characteristics are in marked
contrast to conventional governmental budgeting,
which stresses functional and/or object-of-expense
categories and a very short time horizon. Analyti
cal procedures are an integral part of program
budgeting, and their primary objective is to ex
amine systematically the alternative courses of
action in terms of utility, effectiveness, and cost,
with a view to clarifying the relevant choices open
to policy makers. An information system is de
signed to support PPBS by means of (a) progress
reporting and control, and (b) providing data nec
essary to carry out the analytical process.®
IMPLEMENTATION OF PPBS IN'GOVERNMENT
Thus far the discussion has focused upon the
conceptual-descriptive aspects of the PPB System.
In what follows, the operational-technical aspects
are considered in an examination of a number of
government units that are phasing-in PPBS. As
of mid-1968 it is difficult to identify organizations
in which this system is completely operational, and
it seems fair to assert that PPBS is in a forma
tive rather than final stage of development.
Federal Level
PPBS was formally introduced into the De
partment of Defense in 1961, and, after enjoying
some degree of success, spread throughout the
federal government.
A Presidential directive
called for the adoption of this system for the en
tire fiscal 1968 budget. In presenting a rationale

David Novick, ed., op. cit., p. 61.
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for PPBS, the President criticized conventional,
non-systematic planning and budgeting practices.
The shortcomings may be summarized as follows:
(1) under the existing format, objectives of agency
functions and activities have too often not been ex
plicated with clarity and concreteness; (2) alter
natives have not been sufficiently provided for
consideration by decision makers; (3) program
review for decision-making has been frequently
concentrated within too brief a time period; (4) ac
complishments have not always been specified ade
quately; (5) future-year costs of present decisions
have not always been considered; and perhaps
most important, (6) formalized planning techniques
and systemic thinking have had an insufficient ef
fect on decisions pertaining to public governance.6
To what extent was PPBS fulfilling its ex
pectations at the federal level?
In his budget
messages for both fiscal 1968 and 1969, the P resi
dent contended that the concept had helped to pro
vide better methods of accomplishing program
objectives and had contributed to greater overall
efficiency. He cited eight particular programs to
which systems analysis and programming had been
of value: disease control, child health, urban plan
ning, agricultural research, tax administration,
vocational rehabilitation, veterans' pensions, and
employment programs in depressed areas. An
Office of Executive Management (OEM) was cre
ated in order to integrate separate agencies. OEM
was formed to analyze government structure, pro
vide assistance to agencies in developing informa
tion systems, coordinate operations with state and
local programs, and to assist in fiscal affairs re 
lated to PPBS.
One way of illustrating the systematic se
quence of a federal program structure is to start
with a general objective, for example, "elimina
tion of poverty." This can be broken down into a
number of more specific objectives, such as "in
come maintenance" and "community' improve
ments." These lead to narrower subobjectives,
for example, "educational programs for disadvan
taged youths" and "adult manpower development."
From this highly differentiated level of subobjec
tives, the rationale is provided for such programs
as Head Start, Elementary and Secondary Educa
tion Act—Title I, and Student Scholarships. Ulti
mately, the specific elements and means for ac
complishing the end objective of elimination of
poverty are found at the lowest level, or program
element level, of a program structure. Current
expenditures as well as the future projected costs
can be determined for the general objective and
for each program element.
Another illustration is contained in the analy
sis of the benefits and costs of Job Corps training

portrayed in Table 1. Does the investment in Job
Corps training meet the economic criterion of ef
ficiency? Do benefits exceed costs? A case study
based upon data provided by the U.S. Office of Eco
nomic Opportunity compares the improvement ex
pected in lifetime earnings of Job Corpsmen with
the costs of training. Two measures of earnings
improvement are used: one based on the additional
earnings associated with educational gains, the sec
ond based on a comparison of wages earned by
former Corpsmen and a control group without Job
Corps training. The future stream of earnings is
discounted to arrive at present value. The exam
ple shows the importance of the discount rate in
determining whether a program passes the test of
efficiency.7
Table 1
BENEFIT-COST ESTIMATES FOR THE JOB CORPS
BENEFITS: Present Value of Future Earnings

thousands of dollars
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PPBS has served to exert influence against
the inertia of entrenched federal programs, and it
seems to be moving the nation closer to the day
of a single federal budget document that is pre
pared almost entirely on a systematic program
basis.
State Level
Among the more notable attempts to develop
program budget procedures on a demonstration
basis is the State and Local Finances Project,
conducted at George Washington University. Sup
ported by the Ford Foundation, the project is part

6. Executive Office of the President, Planning-Programming-Budgeting, Bulletin No. 68-2, Washington D C •
Bureau of the Budget, July 18, 1967, (12 pp.).
7 . "The Planning-Programming-Budgeting System," Business in Brief, New York: Chase M a n h a t t a n R a n k d p cember 1967, p. 2.
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community renewal, personal safety, recreation
and cultural enrichment, social development, and
transportation. Each of these major parts of the
total system is subdivided into a number of highly
differentiated parts (or functions). Within each
State agency, program activities are grouped into
a set of program categories (major program areas),
each of which relates to one of the minor functions.
These program categories are not necessarily con
sistent with appropriation categories or with exist
ing organizational structures. Most program cate
gories contain one or more subordinate levels,
called subcategories and program elements (com
ponents).

of a program of research and education on ad
vanced fiscal planning. Participating in this "5-5-5
Project" are five states: California, Michigan,
New York, Vermont, and Wisconsin; five counties:
Dade (Florida); Davidson (Term.); Los Angeles
(Calif.); Nassau (New York), and Wayne (Mich.);
five cities: Dayton, Denver, Detroit, New Haven,
and San Diego. The objective is to demonstrate
the conceptual and operational feasibility of PPBS
procedures for state and municipal governments.8
However, the stage of planning development varies
greatly among these fifteen governmental units.
Descriptive information, guidelines, and technical
manuals are generally available upon request from
each unit.
California and New York have made substan
tial progress in developing program budgeting
procedures. In relating the approach (or Program
ming and ■Budgeting System [PABS] as California
has labeled it) to its many departments and agen
cies, the State admitted it had difficulties respond
ing to the basic question 'What is a program?"
To answer this question, and to train department
personnel in the intricacies of PABS, the State
stressed ten principles:
1. Define the system and specific problems
(needs);
2. Meaningfully describe objectives;
3. Quantify outputs (benefits);
4. Quantify inputs (costs);
5. Provide multi-year considerations;
6. Conduct analysis of alternatives;
7. Crossover of input data to program for
mat;
8. Specify assumptions and uncertainties,
9. Record relationships; and
10. Conduct evaluation.
Since 1964, the State of New York has been
developing a PPBS format that systematically re 
lates the expenditure of State funds to the accom
plishment of carefully conceived goals; In order
to establish program planning on a recurring basis,
an annual cycle was devised to provide for the
evaluation and coordination of program plans in
line with statewide goals and .to help coordinate
annual budget requests with a detailed projection
of long-range needs. There are six major phases
of the annual planning cycle: (1) organization phase;
(2) agency report preparation; (3) Executive Office
conferences with each agency; (4) program coordi
nation and summarization; (5) integration of pro
gram plans and budget requests; and (6) budget
development. The State was conceived as a system
and it was differentiated according to nine central
government level programs: business and Industry,
education, government affairs, health, housing and

Local Level
In addition to the five cities listed above as
participants in the "5-5-5 Project," a number of
municipal governments are installing PPBS. To
illustrate, New York City is utilizing PPBS and it
has contracted with Rand Corporation to help ana
lyze city problems in a number of key areas (po
lice, fire, health, and housing). As the nation
directs greater attention to urban affairs, it is
probable that systems procedures will be employed
to an even greater extent in city government. More
than 5% of Rand's 1968 budget involved its New
York City research project, and it is likely that
this program will be expanded. A number of first
steps were taken in 1967-68 toward the PPBS
format by the City:
1. recruitment efforts to employ program
analysts;
2. establishment of a Policy Planning Coun
cil;
3. analysis of the capital and operating budg
ets by objective;
4. review of projects by community area
within the City;
5. establishment of a Division of Program
Planning;
6. PPBS probes in selected key areas;
7. adoption of cost-effectiveness procedures;
8. installation of PPBS by the Board of Edu
cation;
9. development of information and scheduling
systems; and
10. proposals for a think tank to analyze city
problems.
An illustrative program structure for a city
government that might wish to install PPBS is shown
in Table 2. It encompasses eight program areas.
This design was presented to a U.S. Senate sub
committee that was studying intergovernmental re 
lations between and among the federal, state, and
local levels.9

8. State and Local Finances Project, PPB Notes, Washington, D.C.: George Washington Univ., 1967.
9. U.S. Congress, Senate, Committee on Government Relations, Subcommittee on Intergovernmental Relations,
Criteria for Evaluation in Planning State and Local Programs, 90th Congress, 1st Session (July 21, 1967), pp.
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made in order to study the relationship of parts
to wholes. Finally, the parts and their relations
are integrated into a whole for which public policy
may be made at any level of government—federal,
state, or local.

Table 2
ILLUSTRATIVE PPBS PROGRAM STRUCTURE FOR THE
GENERAL PROGRAMS OF A MUNICIPAL OR
STATE GOVERNMENT

LIMITATIONS OF SYSTEMIC APPROACHES TO
POLICY-MAKING

I. Personal Safety
(Protection from personal harm and property loss)
H. Health
(Physical and mental well-being)

General systems theory and the planning
programming-budgeting system can provide better
means of decision-making for public institutions,
but it is essential to note that the systems approach
is not a panacea. Brief mention is made below of
ten limitations of the systems approach in the con
text of public policy. The intent is to call for re 
finements and improvements in systems techniques
rather than to provide a self-defeating detraction
from general systems theory.
(1) Political elements may act as a barrier
to systems procedures. Public policy is formu
lated in a political environment where distrust of
economic rationality is widespread. The criticism
of "McNamaraism" by the Congressional-military
alliance was very great. One critic, Adm. Hyman
Rickover, referred to PPBS as a religion of effi
ciency and "fog bomb" in testimony before Conress.
He scoffed that, on a cost-effectiveness
basis, the colonists would not have revolted against
King George m and John Paul Jones would not have
engaged an inferior ship against "The Serapis.”
(2) Some critics argue that systems analysis
can provide very little assistance in solving prob
lems of social change. The 1968 Washington, D.C.
forum on "Systems Analysis and Social Change,"
sponsored by the Operations Research Society of
America, had a number of experts who suggested
that a modern social "system" actually may not
be a system. A City has. little of the arrangement
and almost none of the harmony that are necessary
if a system is to be defined as a "harmonious a r 
rangement or pattern." PPBS was successful when
attached to the inertness of complex military ma
chines, but it may be less appropriate for hydra
headed "living problems” of riot control and slum
removal.
(3) The systems approach is not a "mathe
matical messiah" that can quantify and analyze the
entire output of a social organization. It is neither
a substitute for good management nor a remedy
for organizations that do not have sufficient re 
sources to achieve their objectives.
PPBS is not
put forth as a method destined to drive all the
conventional planning methods into obscurity. How
ever, persons who place too strong confidence in
mathematical general systems theory may misuse
PPBS by trying to subject to mathematical analy
sis systems so complex that they cannot possibly
yield to such analysis.10

IIL Intellectual Development and Personal Enrichment
(Education, libraries, museums, etc.)
IV. Satisfactory Home and Community Environment
(Creation of a livable and pleasant environment)
V. Economic Satisfaction
(Satisfactory individual work opportunities; welfare
assistance)
VI. Leisure-tim e Opportunities
(Indoor-outdoor recreational and cultural opportuni
ties)
VII. Transportation—Communication—Location
(Highways, urban transit, parking, air transport,
etc.)
VIII. General Administration and Support
(Activities not assignable to the other program
areas)

The eight program areas represent general
categories that must be differentiated in greater
detail.
For example, within General Program
Area I, Personal Safety, there are eight parts, or
programs;
1. law enforcement;
2. traffic safety;
3. fire prevention and control;
4. safety from animals;
5. protection from and control of disasters;
6. prevention of food, drug, and occupation
al hazards;
7. unassignable research and planning, per
sonal safety, and
8. unassignable support, personal safety.
Furthermore, using the general systems no
tion of hierarchical organization, there are sub
programs within each of these eight programs.
For example, within Program 1, Law Enforcement,
there are five subprograms:
1. crime prevention;
2. crime investigation;
3. judging and assigning of punishment;
4. punishment and safekeeping of criminals;
and
5. rehabilitation of criminals.
/
The logic of this procedure is clear. The
first step is to identify the essential properties
and programs of a given system. Then, more
extensive differentiation of parts of the system is
10. Anatol Rapoport, "Mathematical Aspects of G
p. 10.
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making at the "point of stre ss” is a basic prob
lem of public governance in our time.
(8) Innovative systems procedures such as
PPBS are "doomed tq success" in many organi
zations. The reason is that evaluation of newly
installed techniques is often conducted by the same
persons who introduced the innovations. It is un
likely that such officials will claim that systemic
thinking is anything less than a smashing success.
More definitive verificational research evidence
is needed to determine whether PPBS has, in ac
tual experience, fulfilled its promise. Most of the
literature describing systems concepts deals with
their potential value, but does not validate it.
(9) Most government units presently have in
adequate staffs and insufficient resources for com
prehensive systems planning. Deficiencies exist
in the training programs of administrators, in the
number of personnel, and in the usage of electron
ic data processing. The result has been that the
approach of a number of units, such as New York
City, has been " . . . deliberately opportunistic,
rather than systematic and comprehensive, with a
focus on sectors of high apparent yield."12
(10)
In the application of systems procedures
to formal organizations, there appears to be a
strong tendency to measure only that which is most
easily measured. One organizational theorist a s
serts that this can have very undesired effects
from the standpoint of organizational goals. "F re
quent measuring can distort the organizational ef
forts because as a rule, some aspects of its out
put are more measurable than others. Frequent
measuring tends to encourage over-production of
highly measurable items and neglect of less
measurable ones."1'1 The result is "goal distor
tion."

(4) Generic models should be altered to fit
specific situations. Models and procedures formu
lated in one discipline are not always transferable
to another field. One should be aware of the pos
sible loss inherent in the adaptation process. Sub
classes of systems possess a relative scope of
applicability; thus policy-makers should be aware
of what borrowed models can do and cannot do.
The pathetic fallacy of the expert is to believe
that his technical concepts and language can be
used to explain the universe.
(5) The quantum jump of technology and sci
ence far transcends any comparable advance in
human wisdom. A wisdom lag exists. We can
analyze intricate contemporary problems with
computers, but'oftentimes we do not know what to
do with our analyses. The tragedy of our era is
that human intellectual capacity, as addressed to
problems of human relationships, seems, if any
thing, regressive.11
(6) Elaborate analysis may be based upon
poor data or questionable premises. Analysts may
be sophisticated in certain techniques, but not in
estimating the value and relevance of data.
(7) Systems procedures may foster a cen
tralizing bias that reduces individual freedom and
privacy. As government units have grown and
increased their complexities with data banks, in
formation centers, and other computerized devices,
policy-making has become much more centralized
within a tightly defined chain of command. The
distance between the leader and the led has been
increased, thus reducing the individual's demo
cratic rights of decision, dissent, and deviation.
How to balance the advantages of efficiency ob
tained from centralized decision-making against
the human survival values of individual decision

11. C. L. Sulzberger, "Foreign Affairs: Caesars of Sawdust," New York Tim es, March 17, 19G8, Sec. E, p. 12.
12 ! Frederick O'R. Hayes (NYC Budget Director), PPBS in New York, September 19, 1967, p. 1.
13. Amitai Etzioni, Modern Organizations, Englewood Cliffs, N .J.: Prentice-Hall, 1964, p. 9.
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thrust of this report is to establish a conceptual
orientation and methodological procedure for as
sessing the many dimensions of poverty, for es
tablishing objectives for social change, and for re
lating potential social and psychological outcomes
to program alternatives.
In the remainder of this section, we will dis
cuss economic and cultural dimensions of poverty
and identify broad objectives for social change
programs. In Section 2 we attempt to character
ize the informational and measurement procedures
required to assess poverty, and to set forth some
of the requirements for a decision model for so
cial change programs. In Section 3 a theoretical
orientation is established and a social dynamics
model is presented, together with examples of its
applicability to planning problems encountered in
an anti-poverty program. A more formal charac
terization of the social dynamics model can be
found in the Appendix.

1. HUMAN POVERTY AND SOCIAL CHANGE
PROGRAMS
Introduction
There is growing concern about the seem
ingly inextricable plight of the nation's poor. Major
domestic programs are being considered and some
already have been implemented to help the poor
and to improve the overall quality of life in Amer
ica. Therefore important questions abound with re 
spect to planning for social change—What are the
dimensions of poverty? What are the side effects
of governmental intervention in the lives of the
poor? What is the relationship between poverty
and unrest? How can social and psychological
outcomes of social change programs be assessed
and compared?
The relevance of many of these questions has
already been painfully demonstrated by inadequate
consideration of the social and psychological im
pact of urban renewal programs in several of our
major cities. However, recent attacks on prob
lems of urban life have benefited from past exper
ience. As a result, increasing emphasis is being
placed on citizen participation throughout the plan
ning process. This is particularly evident in the
Model Cities Program, as indicated by H. Ralph
Taylor** when he observed:

Economic Objectives
Poverty, both historically and currently, has
been most frequently defined in economic term s as
a discrepancy between one's current economic re
sources, regardless of their source, and those re 
sources required to procure a minimal standard
of living. A minimal standard of living, in turn,
is generally defined in term s of survival, in terms
of achieving some minimal level of nutritional sup
port and limited access to other commodities and
services requisite to maintain life. Through re
cent history, what has changed is not so much this
definition of poverty, but what is considered to be
a minimal economic standard for sustaining life.
The pervasive utilization of an economic def
inition of poverty, and the establishment of pro
grams to reduce it, derive primarily from two
considerations. First, the overt effects of eco
nomic poverty, particularly on children, are easily
discernible—the debilitating effects of malnutrition
and its correlated physical diseases and high death
rates. Hence this form of poverty cannot be eas
ily hidden or rationalized. Second, one can obtain
a relatively simple quantitative index of economic
poverty that enables one not only to assess the
current status of an individual, a family, a group,
or a society, but also to measure improvements
that attend various welfare, economic, educational,

A relationship must be worked out in which City
Hall and the neighborhood people recognize their
respective needs, and agree to negotiate their dif
ferences. Lacking this, a plan to meet citizen par
ticipation standards will not be developed, the over
all Model Cities plan will not be workable, and the
city will, therefore, he ineligible for program exe
cution funds.

It is not at all clear, however, that citizen
participation alone is sufficient to assure accepta
ble social and psychological outcomes of a mas
sive poverty relief program. Unless an adequate
data base and means for assessing it are available,
and unless some reliable notions of cause and ef
fect are employed, endless debate or ill-founded
choice can lead to further frustrations in our
cities, at great expense to our society.
Many of these issues, already raised by the
Model Cities Program, will continue to be basic to
anti-poverty programs for years to come. The

♦This research was conducted as part of the General Electric Company—TEMP independent research program
DA NO. 01309101, and previously documented as 69TMP-87, November 1969. The opinions or conclusions expressed in
this report are those of the authors and are not intended as expressions of the views of TEMPO or any other com
ponent of the General Electric Company.
**H. Ralph Taylor was the Assistant Secretary for Demonstrations and Intergovernmental Relations in the U.S.
Department of Housing and Urban Development (HUD) during the Johnson administration.
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definition is in part dictated by three factors: the
growing recognition that 1) the quality of life is not
solely determined by economic factors, 2) people
cannot be motivated to change their behavior solely
by economic incentives, and 3) that economic solu
tions to poverty do not automatically reduce many
of the social ills of the society.
Kenneth Galbraith, the economist, in defining
insular poverty, cites the importance of several
non-economic factors in determining the behavior
of those who reside in economically impoverished
areas (1):

or other remedial programs. In effect, one can
establish more or less rigorous standards of what
is and what is not poverty by utilizing quantifiable
economic indices, and then justify programs of
change on the basis of anticipated and measurable
changes on these indices. For example, the Pres
ident in his Economic Report of 1964 emphasized
the magnitude and severity of poverty in this coun
try in such economic term s:

'

Americans today enjoy the highest standard of liv
ing in the history of mankind. But for nearly a
fifth of our fellow citizens, this is a hollow achieve
ment. The forgotten live without hope, below min
imum standards of decency. The per capita money
income of these 35 million men, women and chil
dren was only $590 in 1962-against $1,900 per
capita for the Nation as a whole. We cannot and
need not wait for the gradual growth of the econ
omy to lift this forgotten fifth of our Nation above
the poverty line. We know what must be done, and
this Nation of abundance can surely afford to do it
(pp. 14-15).

Insular poverty has something to do with the
desire of a comparatively large number of people
to spend their lives at or near the place of birth.
This homing instinct causes them to bar the solu
tion, always open as ah individual remedy in a
country without barriers to emigration, to excape
the island of poverty in which they were born. . . .
In some circum stances escape may not be possible.
Especially in the urban slum, race or poverty may
confine individuals to an area of intrinsically limited
opportunity. And once again the environment per
petuates its handicaps through poor schools, evil
neighborhood influence, and bad preparation for life.
The most certain thing about modern poverty
is that it is not efficiently remedied by a general
and tolerably well-distributed advance in income.
Case poverty is not remedied because the specific
individual inadequacy precludes employment and
participation in the general advance. Insular pov
erty is not directly alleviated because the advance
does not necessarily remove the specific frustra
tions of environment to which the people of these
islands are subject. . . .

Given the general social objective of reducing
economic poverty, a great variety of programs
with more or less limited objectives have been
initiated within our society. To merely list such
programs would be a major task, much less to de
scribe their specific objectives. One can, how
ever, characterize the objectives of most of these
programs in term s of three fundamental strategies
summarized in Table 1.
Social and Psychological Objectives
A more recent view is that poverty also in
cludes other major dimensions of living, and that a
minimal standard of living implies more than mere
physical and economic survival. This change in

It is only one step further to the observation
that there exists to a greater or lesser degree a
culture of poverty that socializes its own young in

Table 1
STRATEGIES FOR ECONOMIC CHANGE
STRATEGY

PROGRAMS

RECIPIENTS

1. Support the individual economi
cally

Welfare, Aid to Disabled, Community
Health, etc.

Aged, severely handicapped, children,
mentally ill, etc.

2. Change the individual's eco
nomic potential

Training and skill development, re
medial medical, etc.

Underemployed, uneducated, medi
cally treatable, etc.

a. Create economic oppor
tunities

Federal incentives to private indus
try to utilize economically deprived,
direct Federal employment of eco
nomically disadvantaged, etc.

Unemployed, under-employed, handi
capped, etc.

b. Remove social constraints

Fail employment legislation for
minorities, women, etc.

Minority groups, mentally ill, crim inal.records, etc.

3. Change the individual's eco
nomic opportunity structure
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give rise to and perpetuate a culture of poverty.
In term s of establishing social programs that
successfully produce cultural change, we are con
fronted with difficult scientific, pragmatic, and po
litical problems.. There is no agreement on which
variables or indices are useful to measure culture
deprivation as distinct from economic deprivation,
and it is unlikely that simple measurement tech
niques exist for assessing these indices once de
fined. Furthermore, the relationship is unclear
between various proposed programs for culture
change and their potential effects. Additionally, we
are confronted with decisions whose implementation
will undoubtedly result in a redistribution of politi
cal and social power within and between various
segments of our society, and that consequently will
generate resistance, if not overt conflict. The gov
ernment, in effect, will be involved in the change
of aspirations, norms, and beliefs of a significant
sector of our society—and we lack both the con
ceptual orientation and the measurement procedures
for defining, assessing, and controlling this process.
We are faced with specifying and measuring social
objectives such as community involvement, cultural
norms, and political participation, as well as psy
chological states relating to aspirations, levels of
dissatisfaction with one's physical and social en
vironment, expectations concerning future out
comes, etc. It is only through understanding and
measuring such processes that one can hope to
design and implement programs to eliminate the
poverty cultures currently operating in this coun
try.
Understanding, defining, and measuring pov
erty in economic terms is essential to this process,
to be sure, but it is not sufficient. For culture
change emerges through modification of norms and
values, which in turn depend upon the active, con
cerned, and goal-oriented behavior of the mem
bers of the target culture —behavior that is not
totally determinable by economic incentives. Fin
ally changes in poverty cultures occur in juxta
position to a majority culture that is not indiffer
ent to or independent of the costs or the effects
of such changes. In effect, the majority culture
places restraints on change that are mediated by
the various "gate-keepers" who have one foot in
poverty culture and one in the majority, e.g., em
ployers, social workers, politicians, teachers,
landlords, real estate personnel, government em
ployees, doctors, and union personnel. To under
stand the forces for and against change in pov
erty cultures, it will be necessary to assess the
degree of influence that these representatives of
the major society exercise over the change process.
One major social objective will indeed be to find
methods for assessing, modifying, and controlling
the constraints that these groups exert for and
against change within the poverty culture.

a manner that perpetuates the culture. The prod
ucts of this socialization experience hold to values
and patterns of behavior that are not necessarily
consonant with those of the larger society. Chil
dren within this culture learn its norms and its
values. Life becomes a matter of "marginal" sur
vival through avenues that the ghetto social system
defines as legitimate—which may indeed include
activities inimical to the major society, such as
crime, prostitution, welfare fraud, etc. It seems
evident from those who have lived in and reported
on this culture that satisfactions of the moment
often take precedence over the uncertainties of de
layed rewards; that consumption is emphasized,
whereas production or work values are not; that
schools are irregularly attended, and that many
members are relatively unattracted by the incen
tives (often inadequate, to be sure) that society
offers them for their own economic advantage.
In a very fundamental sense, the Model Neigh
borhood Program is revolutionary in its recogni
tion of the complex determination of insular pov
erty and poverty cultures. In establishing the
overall social objective of "improving the quality
of urban life," it implicitly recognizes that the
problems of the poverty stricken—the elderly, the
poorly educated, the minorities, the handicappedmust be met initially in their indigenous social
framework. Any program aimed at eradicating
poverty rather than merely temporarily alleviating
it must operate among the poor; it must, in effect,
foster and support the emergence of a different
culture whose goals are more consonant with those
of the major society. Such changes must occur
not only within the ghetto culture, but also within
the major society, for the latter plays a substan
tial role in defining the opportunities and con
straints operating upon the ghetto dweller.
Changing a culture implies more than send
ing in various teams of outsiders to guarantee sur
vival or better housing or swings for the playground.
It implies more than the traditional economic pro
grams outlined previously that make individuals
their principal target. It requires that the local
community and its inhabitants become a part of
the planning and decision process itself. Changes
in human values and behavior follow from the rec
ognition of problems, feelings of disatisfaction with
the status quo, opportunities to express this dis
satisfaction in meaningful and constructive ways,
and active learning and participation in change.
Culture changes involve more than individual change;
they imply changes in human institutions, norms,
and complex patterns of human interaction. Hence,
comprehensive poverty reduction programs must
take as a major objective not only alleviating eco
nomic poverty, but also modifying those social,
political, and economic processes—both within the
ghetto and within the impinging major society—that
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2. THE DECISION PROCESS

specifically designed local censuses should be ob
tained. Furthermore, the records of the various
actors in the community, e.g., welfare agencies,
hospitals, and law enforcement and zoning agencies,
would contain relevant data. Persons familiar with
various aspects of the community and its current
status could be sampled for their opinions when
more objective data is unavailable.. Also, sample
surveys of neighborhood residents could be ob
tained to estimate perceived or experienced areas
of strengths and weaknesses, neighborhood morale,
etc.
Such an effort would require considerable
sophistication regarding the availability of data,
methods for assessing its reliability, and methods
for obtaining new data. This would include not
only determining what data are relevant, but also
procedures relating to collecting new data, select
ing appropriate samples, and storing and retriev
ing information. Furthermore, there are many
problems to resolve and techniques to be under
stood if it is necessary to combine various data
to form indices; for example, a general index of
quality of housing.
In effect, even in the initial phases of data
collection, one is confronted with the need for con
ceptual skills and research methodologies to which
one may not have immediate access, including prob
lems in survey methodology, the use of computers
for data storage, retrieval, and index construction,
the development of questionnaires, interviewing
procedures, etc. It is perhaps even more criti
cal that one may not be aware of what are the
most relevant types of data necessary to obtain
the most precise and valuable estimate of the cur
rent status of the neighborhood. Such deficiencies
unquestionably exist in the various model neigh
borhood-planning grant applications that already
have been submitted to the U.S. Department of
Housing and Urban Development (HUD).

Information Requirements
It is not our intention in this paper to specify
all of the types of data that are requisite for as
sessing the current status of a poverty culture and
its inhabitants. However, such data would include
an estimate of the current physical status of the
neighborhood area, including the condition of hous
ing, the schools and other buildings, the streets,
and the transportation systems, if any. It would
require information concerning the economic status
of the community and its members, including con
ditions of employment, family income levels, wel
fare payments, rental costs, capital investment in
the community, and tax structure. It would require
information regarding the social organization and
disorganization of the community as related to such
areas as family structure, recreational patterns,
crime and delinquency, ethnic and racial groupings,
and political structure and power.
Furthermore, detailed data would be neces
sary to characterize 1) the types of services pro
vided citizens under existing welfare, legal, medi
cal, recreational, and educational programs; 2) the
problems to which services are directed; 3) their
effectiveness, and 4) the degree of current coordi
nation involved in meeting these problems. In ad
dition, information would be required concerning
the economic, social, political, and psychological
potentials of the neighborhood, its inhabitants, the
various service agencies and other groups that cur
rently affect the operation of the neighborhood.
Some measure of the morale of the community
would be requisite—feelings of satisfaction and dis
satisfaction with specific issues and activities, feel
ings of hope and despair with one's physical and
social milieu, the presence or likely emergence of
activist groups attempting to foster change in be
half of various segments of the community, etc.
Finally, one would have to assess the constraints
imposed on the ghetto community by the "gate
keepers."
The collection and organization of such data
is an immense task, and to accomplish it effec
tively would require a prior conceptual orientation
concerning what data is relevant and why. This,
in turn, requires some fundamental understanding
of the types of data that are relevant, given some
preconceived goals of a development program.
Finally, the information requirements outlined above
relate only to assessing the current status of the
neighborhood. There are also a number of addi
tional informational requirements that attend sub
sequent stages of the decision process.

Goals and Priorities
Examples of the types of general goals that
a program aimed at reducing human poverty should
consider have been specified by HUD in defining
its Model Cities Program. These are outlined
elsewhere (2). We will not reiterate these here,
but will attempt to characterize some of the prob
lems that attend translating such general goals
into more specific operational ones.
One of the major problems is to redefine a
general goal such that one can specify in detail the
end states desired. For example, if we acknowlr
edge that a program should improve education, it
is incumbent upon the decision maker to define in
an operational way what he means by improved
education: e.g., more technical skills, more ab
stract knowledge, higher scores on achievement
tests, or greater social adjustment. If one is
going to include a number of criteria in defining a
better education, then it is necessary to weight the

Information Procedures
To obtain an adequate representation of the
current status of a community, a number of tech
niques would necessarily be required. First, dem
ographic data derived from the national census or
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importance of the criteria, since one may be faced
with alternative programs that more or less ade
quately meet these various objectives. Finally, in
a comprehensive program, relative importance be
tween major objectives is also a consideration,
since all goals cannot be equally met given limita
tions in financial and human resources.
There exists of course the difficult problem
of deciding who defines the goals and the priori
ties—the national government, the political agency
of the area, the various public and private agencies
whose programs serve the community, or the com
munity itself? Even if one could identify the goals
and the priorities of the organizational units that
impinge upon or form a neighborhood, how would
they weight these? It is evident that this is the
major task of any planning group, subject to the
political realities of the environment in which it
operates. This indeed involves the processes of
political bargaining, influence procedures, and other
considerations in the negotiation of agreements be
tween parties with varying goals and orientations.

An enumeration of some of the major prob
lems involved in a cost-benefit analysis of alterna
tive programs to reduce poverty would necessarily
include the following:
How does one obtain estimates of
costs and benefits of activities that in
part can be judged in terms of market
value,e.g.,housing construction,disease
prevention, and highway relocation?
How does one assign benefits and
costs to fundamental social phenomena
such as aesthetic appreciation, cultural
education, political participation, psy
chological well-being and happiness, and
other non-market values?
Who should be assigned responsi
bility for defining market and non-mar
ket values as regards what values are
relevant, how they are to be scaled,
and what utilities are to be attached to
various alternative programs?
How does one deal with data that
range from that which is easily quanti
fiable and more or less objectively de
fined (dollars per square foot of con
struction cost) to that which is difficult
to quantify and involves estimates of
subjective human status (happiness)?

Costs and Benefits
If indeed one has a set of objectives that can
be operationalized, then one is confronted with the
task of considering alternative procedures in meet
ing these goals, taking into consideration the costs
and benefits (utility) and the likelihood of success
(probability) of each alternative. In the conceptual
jargon of decision theory, rational decisions require
that one select that alternative which maximizes
one's expected outcome, the latter being some func
tion of one's utility or goals and probability esti
mates of success. The decision maker then selects
that alternative or combination of alternatives which
brings the highest expected rewards.
Thus any decision takes into consideration
projected costs and benefits. The advantage of
formalizing or systemizing this process lies in the
identification of a wider range of potential alterna
tives, a closer scrutiny of the rewards and costs
of particular alternatives, a more precise consider
ation of whose costs and benefits one is affecting,
and a more comprehensive review of possible sec
ondary effects upon neighboring systems.
It is not necessary to consider in detail here
the many problems that would confront planners at
tempting to attach benefits and costs to alternative
programs designed to meet operationally defined
objectives. However, we will list a few of the
more fundamental issues that confront a decision
maker charged with the task of coordinating, initi
ating, and implementing a variety of community
service programs. Prior to this, we note that
there is an additional payoff to increasing the costbenefit effectiveness of decisions based upon a more
or less systematic analysis; that is, such analyses
help to assure that estimated expenditure of re
sources (dollars, time, services, etc.) remain
within a specified budget.

It seems indeed unlikely that a strictly quan
titative and objective approach is possible in as
signing costs and benefits to alternative community
services. However, the consideration of both mar
ket and non-market values is of great importance;
an attempt to assign costs and benefits to alterna
tives in terms of these values forces the decision
maker to confront fundamental issues, to recognize
that, in community welfare and planning, there are
few absolutes; to systematically consider and util
ize the consumers of programs as sources of in
formation regarding their utility structure, and
hence to make decisions based upon better esti
mates of both the physical and social environ
ment.
Decision Making—the Art of Compromise
Thus far, we have described the decision
process as one of defining goals, gathering rele
vant information, assigning costs and benefits to
alternative programs, and selecting that alterna
tive with the highest expected payoff. This is an
adequate descriptive model for a single decision
maker, or of a group of decision makers with more
or less common values, operating upon the environ
ment. However, it is a gross misrepresentation
of the task confronting those involved in culture
change. The latter are confronted with a situa
tion in which there are multiple actors with multi
ple values who attach differing weights to various
goals and subgoals, who vary in their estimates of
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the costs and benefits associated with various al
ternative programs, and who possess more or less
political, economic, and social power relative to
facilitating or impeding the functions of a planning
group. It must be recognized that at the local level
the list of relevant actors in the negotiating game
could include the many subagencies of City Hall,
and the many private and public groups functioning
in the neighborhood, whose participation would be
essential to the implementation of various pro
grams.
Thus, any planning agency is faced with evalu
ating goals, subgoals, costs, and benefits of the
various groups who are directly or indirectly in
volved, and selecting those alternatives for proposed
implementation that provide the most satisfaction
to the most actors. This is not a simple optimiz
ing problem faced by an individual decision maker
operating upon the physical environment. Rather,
it is a complex process in which a great number
of social-political variables must be considered.
In effect, we are confronted with a multi-actor
game in which various actors assign varying costs
and benefits to various alternatives. The process
of obtaining estimates of the "utilities" for the rele
vant actors and program alternatives, and of pro
viding mechanisms for negotiation and compromise
between actors, is undoubtedly the most critical
problem to be confronted. To complicate the mat
ter even further, one must recognize that the in
formation base, the identification of goals, the num
ber and kinds of actors, and the decision rules may
change throughout the planning process, and through
out the various stages of implementation.

Decision Making—A Preliminary Schematic
For any social change program initiated by
government, some individual, agency, or organi
zation will be charged with the execution of the
planning function. This agency will be responsi
ble for integrating the values and resources of the
government and community organizations with those
of neighborhood groups in such a way that goals
and aspirations, needs, and values can be included
in renewal plans for all participants.
Although each alternative for renewal will
likely bring hardship to some and benefit to others,
we emphasize that a primary purpose of the plan
ning function is to seek out the costs and benefits
accruing to all affected parties, not only as they
perceive them but as the facts portray them over
a spectrum of cost dimensions, including economic,
political, and social factors.' Without an adequate
assessment of social costs and benefits, a decision
model is not functional, and even informal decision
processes will tend to over-emphasize economic and
physical factors, or bog down in time-consuming
delays and endless arguments.
As more and more facts are brought to bear
on any one alternative, perceptions of the costs and
rewards will also change. If objective measures
are available, there may result a more or less
unanimous conception of the consequences of a pro
posed action. Such is the case in the economic
dimension when a contractor submits a bid to build
so many housing units for so many dollars. In the
social dimension, measures may be far more sub
jective; unanimity, even among those affected, may
be difficult to achieve. Part of the
planning function, then, is to achieve
Table 2
some consensus on the subjective
consequences of a particular alterna
TABLE OF ALTERNATIVES
tive.
Alternatives are of two types:
City
Each Relevant Group
Renewal
alternative objectives and alterna
Alterna
tive
Benefits
Costs
Benefits
Costs
tive means to attain a given objec
tive. For any particular renewal
a
c ai> c a2>• • • cai bai> ba2>• • • bai c 'ai> c'a2- • • • c 'ai b'ai. b'a2>• • • b' ai
objective, a principal goal of the
b
planning agency can be represented
cbi> cb2> • • • cbi bbi> bb2> ■• • bbi c'bi. Cb2, . . . c'bi b'bi> b'b2. • • • b'bi
schematically in tabular form as
c
shown in Table 2. Opposite each
alternative means to the renewal
goal are listed the associated costs
and benefits, in each dimension of
experience, for the local govern
ab
ment and for ' each affected group.
ac
Conceptually, the planning goal is
agreement on the alternatives and
on the costs and benefits that should
be entered in such a table. Ideally,
the finally approved renewal plan
abc
would be drawn from among the al
ternatives a, b, . . . , ab, . . . , abc,
. . . , etc. The ultimate choice would
rest upon the finally agreed upon
costs, c, and benefits, b, for each
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participating group and value dimension; i.e., ca i,
b aj; cai> ^aii • • • >etc., where the subscripts a,
b, . . . refer to the renewal alternative, the sub
script i refers to the value dimension (social, eco
nomic, etc.), and the primes distinguish among
relevant groups. A fully successful planning stage
should result in value entries in the matrix of al
ternatives that are mutually agreed upon by all
major participants, at least for all competitive
alternatives. This agreement may result from the
invocation of objective criteria, or evolve through
persuasion, negotiation, compromise, or mediation.
We emphasize that objective criteria are currently
available only in a few value dimensions; in the
other dimensions, these presently can be resolved
only by interaction among the principal participants,
perhaps in a bargaining situation. If the parties
refuse to interact, the conflict may not be resolved.

able for the residents of these areas, and for the
society as a whole.
A Theoretical Orientation
The remainder of this paper is concerned
with the study of techniques for defining, evaluat
ing, and comparing the potential social and psy
chological outcomes of renewal alternatives, in
order to assure that social factors are adequately
accounted for in the decision process. For ex
ample, important cost measures in the social di
mension are, on the one hand, individual and group
dissatisfaction, anxiety, and alienation, and, on the
other hand, initiative, effort and other human re
sources. Social and psychological benefits are
measured in term s of satisfaction, fulfillment, joy,
ease, and contentment.
The model to be presented in the next sec
tion relates social and ecological forces to human
behavior, effort, and discontent. Because each re
newal alternative alters the social and ecological
forces on each group of participants in different
ways, the effort required, the discontent experi
enced, or the satisfactions achieved by each group
of affected individuals will differ. These social
costs and benefits, we believe, can be estimated
from a combination of social field data and the
model of social dynamics to be outlined in the next
section.

Theoretical and Methodological Requirements
If one has a number of broad social objec
tives, and a set of decision rules concerning how
to select programs to achieve these objectives,
then several additional theoretical and methodologi
cal issues follow. For example, the mere activity
of selecting problem areas to enter into a costbenefit matrix implies that one has a theoretical
rationale for identifying and measuring their rele
vance and hence inclusion. The attachment of re 
wards and costs to various alternative means of
attacking a problem area implies that one possesses
some set of more or less formalized hypotheses
concerning the relationship between a given alterna
tive and the changes that will follow. The compar
ison of rewards and costs accruing from some
limited set of alternatives implies that one has the
capability of consistently measuring and scaling both
the forces one is proposing to manipulate and the
outcomes of the manipulation.
Unfortunately, within the social sciences there
do not exist logically and empirically validated
theories of social organization and human behavior
sufficient to provide criteria for selecting the ap
propriate forces to change, for measuring and pro
jecting the costs and benefits that would accrue
from such change, for assessing the political feasi
bility of programs, or for measuring the obtained
effects upon the quality of life of urban residents.
This does not mean that we are without information,
that there do not exist sets of hypotheses or edu
cated hunches concerning possible sets of relations
between forces operating within an urban context
and their outcomes. But, without a well developed
theory, it behooves us to use the more promising
of these hypotheses or hunches, always working
toward a more comprehensive and valid theory and
continuously sharpening our measurement proced
ures. For we are confronted with the political and
social reality that, regardless of our state of knowl
edge, we must initiate massive programs of change
as urban conditions become increasingly less toler

3.

A MODEL OF SOCIAL DYNAMICS

Introduction
The variables and principal constructs of the
social dynamics model fall into three classes: be
havioral, emotional, and environmental. The model
formally relates these factors, providing a means
of assessing the implications of environmental
change—social or physical—on changes in the be
havior and sentiment of the affected population.
As a conceptual introduction to some of the
important features of the model, consider the fol
lowing example. Imagine a man in a mountain
valley as shown in Figure 1. Suppose we measure
the man’s position by the coordinate a. When he
is at the valley floor, his position is ct0; when he
visits the lake over the next ridge, he will be in
the vicinity of crr
If the effort he must expend to
reach a position a is measured by the height of
the mountain at that point above the valley floor,
then it is clear that the position of least effort
for the man is at <j0. In the absence of other con
siderations, it seems likely that he will remain
near ct0 because the forces on him there are min
imal. If, however, other circumstances motivate
him, such as thirst and the knowledge of the lake
at oi, he may exert the effort necessary to climb
over the mountain to obtain a drink.
Over a period of time many men may visit
the valley. Suppose that an observer counts the
density of footprints on the valley floor and along
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Fig. 1.
tain valley.

population.
The three classes of constructs of the model
are now evident. Behavioral variables, crj , measure
performance in the j-th activity or behavioral di
mension. In the present example, we have consid
ered only one dimension in which a measures the
location of a man on the mountain path. However,
the model is not primarily concerned with indi
vidual behavior, but rather with the probability
density function describing the distribution of be
havior for a group of people.
The probability distribution, P(oj), in the j-th
activity depends on the environmental force vari
ables—the height of the mountain or the steepness
of the grade. In general, the environment is rep
resented in term s of the effort or energy expendi
ture required by an individual to achieve a behav
ioral position a. The probability distribution also
depends on motivational or emotional variables, in
particular, on the number of individuals in various
states of discontent within the group population
(various states of thirst in the present example).
In this example, the barrier to movement is
physical (the mountain), but the idea of constraint
is extendible to various social dimensions. Indeed,
social forces can seem like mountains, and per
sonal goals analogous to lakes on the other side.
Without sufficient discontent with the present state,
the energy that must be expended by an individual
to reach a goal is more than he is likely to have
available. Unless the barriers to his progress
are reduced, he will not change his position.
A primary objective for poverty relief pro
grams is the deliberate removal of barriers to
social progress for people who have found them
selves inextricably trapped in poverty states by a
variety of social forces. The alternative to planned
change is to rely on the discontent of the poor to
force the necessary gains.

Position as a function of effort in a moun

POSITION, o

Fig. 2. Probability for being at a given point
along the trail.

the trail leading from the valley up the mountains
on either side and over to the lake. These foot
prints, made by many persons and representing a
variety of states of • motivation, will constitute a
frequency distribution for persons reaching vari
ous positions a. From this data can be constructed
a probability density function P(o), such as that
shown in Figure 2,. giving the probability that a
person on the trail will be found in the vicinity of
point ct. This function has the general feature that
the probability is maximum in the regions requir
ing least effort; nevertheless there is some proba
bility for climbing up the steep trail and over to
the lake. This probability density is derived from
the behavior of men in various motivational states.
However, one can imagine subgroups of men with
approximately the same motivational energy. For
each subgroup of nj individuals in the same moti
vational state, there exists a corresponding proba
bility density function Pj(a). The resultant P(a),
which is the observed distribution for the entire
group, is made up of the sum of the Pj(<r) weighted
by the relative population of each subgroup;* thus,
p-w = Tf P 0(°) + ^

p i <a > + 5*- p *

+- F

Social Forces
Social forces are of many kinds and operate
in a variety of behavioral dimensions. They con
sist of the opportunity structure for receiving a
given level or quality of education, including fac
tors such as patterns of educational discrimina
tion, adequacy of physical facilities, and quality of
instruction; they reflect the physical availability of
adequate low-cost housing; they reflect the match
or mis-match between available jobs and the skills
of the unemployed; or they involve patterns of so
cial disapproval directed toward persons who devi
ate from ghetto norms. But, whatever the source
of the force, it is represented in the model by a
function S(a) that, in analogy with the height of the
mountain above the valley floor, represents a cost
in term s of the energy (or effort) that an individual
must expend to achieve the behavioral level a.

p k(o)

where ni is the population of motivational state i,
for i = 0, 1, 2, . . . , k, and n = £ nj is the total

i
♦This simple example neglects the interaction of persons with each other, e.g. imitative behavior, etc.
however, can treat the more general case.
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form can be represented.by probability distribu
tions. The measurable P(o), then, is the distribu
tion of the target population on the variable a. For
instance, P(a) might be the annual income distri
bution per family in an area of interest.
From P(o), the model describes the proced
ure for obtaining the force function S(cr). We will
refer to S(ct) as the "force potential" with respect
to the behavior or performance variable a. A sim
ple example of the results of this procedure is il
lustrated in Figures 3 and 4. Figure 3 is a prob
ability density function derived from 1967 annual
income data for negro males, ages 25 to 34. Fig
ure 4 is the potential'S(a)'(to within an additive and
multiplicative constant) derived from the income
data according to the prescription contained in the
Appendix. (The curve shown in Figure 4 is actu
ally
(S(ct) - X0) where k and X0 are constants.)

We have chosen a formal analogue from quan
tum physics to define social forces in term s of ob
servable behavior distributions, and to prescribe
procedures for predicting the resultant changes in
behavior when these forces are manipulated. The
rationale for making this choice is contained in (3)
and (4) and will not be pursued here. For the con
venience of the reader, formal details of the model
are outlined in the Appendix so that we may proceed
here unencumbered by mathematical detail.
Dimensions of particular relevance to the pov
erty relief programs are those in which social and
psychological poverty are measured, e.g., quality of
housing, range or quality of health services, socio
economic status, annual income, and educational
attainment. Across the range of values of the vari
ables assumed on each of these dimensions, the
status of a target population and the goals of re

Fig. 3. 1967 income distribution for U.S.
m ales, ages 25 to 34.

K

Negro

Fig. 5. 1967 income distribution for U.S. White
m ales, ages 25 to 34.

ANNUAL INCOME
(thousands of dollars)

Fig. 6. 1967 income opportunity potential for U.S.
White males, ages 25 to 34.

Fig. 4. 1967 income opportunity potential for U.S.
Negro m ales, ages 25 to 34.
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In contrast, it is interesting to compare the
force curve in Figure 4 with 1967 census data for
white males as shown in Figures 5 and 6. Two
prominent features are evident in comparing Fig
ures 4 and 6, namely the displacement of the mini
mum in S(o) to higher a for whites (i.e., the most
probable income is higher for whites) and the rela
tively steeper slopes on the S-curve for the black
population (i.e., the force is more constraining).
The significance of these features with respect to
discontent is appreciable, as we will now discuss.
Discontent
Individuals subject to the same social forces
can experience various amounts of discontent. At
least conceptually, a population can be subdivided
into relatively homogeneous subgroups with respect
to the amount of discontent experienced. To each
subgroup there exists a probability distribution,
P ^ ct), where i = 0, 1, 2, . . . identifies the subgroup.
The model predicts the existence of a set of spe
cific levels of discontent Xi that result from the
imposition of a force potential S(a). In addition,
the model predicts the corresponding probability
distributions Pj(a) (see Appendix). The distribution
of the population over the various levels of discon
tent is not currently available from the model but
may be sought empirically.
If we arrange the Xj for a given potential in
ascending order, we can draw what will be called
an "energy level diagram," as shown in Figure 7.

Fig. 7.

An energy level diagram.

By superimposing the potential on this diagram in
such a way that S = 0 at a0, one can illustrate that
the greater the state of discontent, the greater is
the likelihood that a person will deviate from cr0 ;
i.e., the greater the magnitude of Xj, the higher up
the mountain one might climb. If the potential S
were to represent a pattern of sanctions with re
spect to deviation from a community norm, the
model would say that the greater the unrest or
discontent, the greater would be the probability
that behavior is deviant from the norm.

Residual Discontent and Quality of Life. A
person subject to social constraints is rarely completely satisfied or content. The state of lowest
discontent in a given social context will be called
the "residual discontent," the magnitude of which
is assumed to be a function of the social con
straints. In the model, the residual discontent is
measured by the magnitude of Xc relative to the
minimum value of S(cr), as shown in Figure 7. In
general, the more constraining are the social
forces, the greater is the residual discontent. We
propose to employ the magnitude of the residual
discontent as a measure of the "quality of life"
for social change alternatives.
For example, if we follow the procedure out
lined in the Appendix, we can compare the residual
discontent for the white and negro populations shown
in Figures 3 and 5. The result indicates that there
is almost three times more residual discontent de
riving from economic factors among the negro
males than for the corresponding group of white
males.
Riots and the Venting of Discontent. Consider
the income data for the 1965 Detroit riot area
population (5). The income distribution for non
rioters living in the riot area is shown in Figure
8. This distribution can be fit reasonably well for
incomes greater than about $4,000 by a normal
distribution curve with a mean of about $6,500.
Because it represents non-rioters, it is assumed
that this distribution represents the performance
of individuals who are predominantly in a state of
residual discontent.
The model predicts that forces leading to
normally distributed (Gaussian) behavior for the
persons in the lowest state of discontent, X0, lead
to bimodal distributions for individuals in the first
excited stated, Xt (see Figure 14 in the Appendix).
It is therefore interesting to compare the income
distribution for the Detroit rioters with the non
rioters in the same area. This comparison is
shown in Figure 9. The striking bimodal feature
of the distribution for rioters suggests the interpre
tation that rioters had, indeed, been in the first
level of discontent.
The data does not support the view, how
ever, that rioters and non-rioters perceived identi
cally the same forces. While both distributions
correspond to linear restoring forces centering on
about $6,500 per year, calculations based on this
data suggest that the rioters perceived the forces
on them to be as much as four times greater than
the forces perceived.by non-rioters. This disparity
is not particularly discomfiting in view of the
marked differences in the composition of the two
groups—the most probable age for a rioter was
under 25, and for a non-rioter was over 35. These
differences cannot be resolved without access to a
wider range of data.
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MODERATE ENVIRONMENTAL CONSTRAINT

Fig. 8. 1965 income distribution for Non-Rioters
living in the Detroit riot area.

LOW ENVIRONMENTAL CONSTRAINT

Fig. 10,
energy levels.

Two potentials and their corresponding

Consider, for example, the 1967 economic op
portunity potentials for blacks and whites presented
earlier in Figures 4 and 6. If potentials similar
to these were to represent the conditions in a city
that was engaged in anti-poverty planning, we would
be free to ask what the residual discontent is for
the city's blacks relative to the whites.
Using techniques discussed in the Appendix,
we find that the residual discontent for the blacks
is about 2.5 times that for the whites (that is, X|o
black/Xo white as 2.5). The energy level separa
tion in the two cases is such that the ratio of vent
able discontent for blacks relative to whites is also
of the order of 2.5.
The city can reduce both the ventable discon
tent (per person) and the residual discontent by
adopting programs that would change the economic
constraints on the blacks to conform more closely
to those experienced by the whites. As the poten
tial for the blacks approaches congruence with that
for the whites, the ratios of discontent obviously
approach one. It is also possible, however, to adopt
a change program that will increase ventable dis
content while reducing residual discontent. Such
an undesirable option can be treated equally well
by the model.

The model, therefore, permits a description
of riot behavior as the "venting of discontent," the
amount of discontent available for release per indi
vidual rioter being given by the difference in en
ergy between a rioter's pre-riot discontent and
the next lower discontent level possible; in the
Detroit case, AX = Xt - X0.
Persons in the lowest state of discontent (that
is, in the residual state) are, in general, nonpar
ticipants in the riot because the residual discontent
is not ventable. There are no states of discontent
lower than the residual state; thus it is not possi
ble to vent the emotional energy of residual discon
tent except by actually reducing the environmental
constraints. This is illustrated in Figure 10, which
shows two potentials and their corresponding energy
levels. Notice that, as the constraints are relaxed,
both the residual discontent, X0, and the ventable
discontent, AX, are reduced in this example. Thus,
in addition to improving the perceived quality of
life through the reduction of residual discontent,
proper manipulation of the forces on a population
can also reduce the amount of discontent per person
available for destructive activity.

Formulating Goals and Evaluating Progress
One of the first jobs for an agency preparing
a plan for change is to determine the relevant di
mensions of social, economic, and political poverty
in the target area. In effect, the planner is con
cerned with identifying and assessing those aspects
or dimensions of human existence that are candi
dates for modification through alternative programs.
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For one population the dimensions may be housing,
education, and income; for another, crime and un
employment; for yet another, transportation, rats,
and health services. The planner must also de
termine an order of priorities, establishing the
urgency for remedies in each dimension for each
target population, these priorities being closely
related to the explosiveness of the situation in
each case.
The problem dimensions frequently can be
expressed by a variety of performance indicators,
which are seldom independent. Interaction with
members of the affected community often can un
cover a variety of complaints from which root
problem areas can be identified. Theoretical hy
potheses, sophisticated survey procedures, and data
analysis techniques, such as factor analysis, are
available, if necessary, to assist in defining a basic
set of dimensions {ctj}- for the problem area.
For each relevant dimension, a measure of
the current distribution of the population across
that variable can be obtained by survey or other
measurement technique. An estimate of the dis
content with existing conditions can also be made
by attitude sampling> If, for example, inadequate
housing is believed to be a relevant dimension, a
housing scale can be constructed including, say, a
measure of rooms per person and the availability
or quality of facilities. The housing status of the
residents of the target area is then classified ac
cording to this measure in term s of a frequency
distribution. Figure 11 is a hypothetical example
of the status of a population with respect to hous
ing on a 12^point scale.
For illustration [see also the Census Bureau
housing classification scale (6)], suppose that this
scale is built upon three indicators: 1) rooms per
person, 2) electricity and plumbing adequacy, and
3) state of repair. Suppose a value is assigned to
each indicator that reflects its relative distance
from a given reference group, in this case the re 
mainder of the community within which the target
population is imbedded. An index of quality can
then be obtained by averaging across the three indi
cators. The example in Figure 11 would thus rep
resent a quality of housing distribution skewed to
the low end of the scale; the distribution for the

remainder of the community is shown by the dashed
histogram in the figure.
Data of this form in each relevant problem
dimension is the basic information requirement for
the implementation of the model. The data in this
form both establishes the present status of the tar
get population and provides the framework for quan
titatively stating program objectives. If an objective
of a program is to improve the quality of housing,
then it is necessary that the planner estimate the
distribution that he would like to attain. This may
be a distribution close to that for the community
as a whole (shown in dashed lines in Figure 11)
or a more conservative goal.
The quantitative statement of existing and
proposed performance distributions is necessary to
estimate the program implementation dollar costs,
to assess potential changes in residual and ventable
discontent, and to provide standards against which
to assess program progress and effectiveness sub
sequent to implementation. Furthermore, by com
paring performance distributions across subpopu
lations of the poor, those groups with the greatest
constraints, and correspondingly highest residual
discontent, can be identified. This information
can be of use in assigning program priorities.
Clearly, all programs to improve the mean
value of a given performance variable are not
equivalent in terms of the social and psychologi
cal outcomes; the nature of the distribution about
that mean is also extremely important, as the
model emphasizes. Thus we hold that it is not
sufficient for the planner to specify objectives in
term s of average values; if social and psychologi
cal outcomes are to be assessed, then the rela
tive distributions of performance that are ex
pected from the proposed change must also be
specified.
Having obtained the initial frequency distri
butions of target area populations over each of
the relevant performance dimensions, and having
selected distributions corresponding to program
objectives, it is then necessary to determine those
forces that have been responsible for producing
the present condition. One must identify proced
ures for changing these forces so as to effect the
desired objectives.
We have already given examples of the deri
vation of force potential from distribution functions.
Let us now discuss the use of the model as a theo
retical and methodological tool for uncovering the
sources (causes) of these forces. The basic pro
cedure begins by dividing the target populations
into subgroups according to hypotheses or edu
cated hunches (with the benefit of the best of the
social science literature) as to the source of bar
riers that appear in the force potential; then the
force potential for each subgroup is computed, using
the model. From the results, it can be determined
whether or not the hypothesis according to which
the subgroup was selected was significant in affect-

GHETTO RESIDENTS

Fig. 11.

Status of housing for a hypothetical popu -

lation.
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ing the barrier. Perhaps this will be clear if we
consider the following example.
Figure 6 shows the 1967 economic opportunity
potential for whites in the age group 25 to 34 years.
Notice the barrier peaking at about $10,000. Notice
also in Figure 4, which shows the corresponding po
tential for blacks, that the barrier is considerably
higher and occurs at about $8,000. In view of the
educational differential between whites and. blacks
in this age group, we might hypothesize that the
barrier is to some degree the result of insufficient
education to qualify for higher paying jobs.
To test this hypothesis, from the 1967 census
data we have obtained distributions of incomes for
U.S. males ages 25 to 34 who are high school grad
uates and who are college graduates. For these
two income distributions, we computed the corre
sponding economic opportunity potential. These are
compared in Figure 12. Notice the drastic reduc
tion in the height of the barrier for college gradu
ates compared to high school graduates. These
results are consistent with the hypothesis that edu
cational attainment is an important factor in chang
ing the barrier height.
Pursuing the same example, one can compare
the residual discontent for the two groups of people.
We have performed this calculation and have ob
tained the estimate that the residual discontent with
respect to economic opportunity is reduced by a
factor of almost five for the college graduates com
pared to the high school graduates.
Summary
In this section we have tried to sketch the
principal features of a social dynamics model and
to present examples of its applicability to urban
social planning problems. In summary, the model
presents a conceptual framework for data collec
tion and for the analysis of social planning alterna
tives. It provides a means for exploring the rela
tionship of social change options to the social and
psychological outcomes, particularly in terms of
residual and ventable discontent. Furthermore, it
suggests a technique for testing the efficacy of

Fig. 12. Comparison of 1967 income opportunity
potential functions for U.S. high school and college gradu
ates, ages 25 to 34.

social change alternatives with respect to cause
and effect relations between social forces and be
havioral performance. Finally, it provides a frame
work not only for quantitatively stating planning
objectives, but also for subsequent appraisal of
progress and program effectiveness.
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APPENDIX
A Summary of the Model Formalism
r_, . . .
[S(c)-\]

In References (3) and (4) we hypothesized that
if a social force is defined by

as

(8)

Taking the derivative with respect to cr gives

( 1)

3a

F 5

where a is the deviation from some reference be
havior, then the sanction pattern, S, determines the
probability of behavior of an individual according to
the equation
+

S(o, t)tfr =

k 1 d2}P _ k
=jf(o) .

= l f , (a )-

w

For an observed probability density
the righthand side of Eq. 9 is determined to within the con
stant k.
Consider, for example, a linear restoring
force; that is, the force on an individual is pro
portional to the deviation from some desired be
havior, a0, and always in the direction of greater
conformity. Such a force may be written as

( 2)

The solution^(a, t) is to be understood as related
to the behavior expected of the individual at time t.
The product of & with its complex conjugate, 4*,
gives the probability density that at time t the be
havior in a given activity is a. We call <p the prob
ability amplitude.
The mathematical expectation for the result
of any observation of the behavior of an individual
can be computed from the probability density ac
cording to the prescription
eo
* 'If a da.
< 0> =
(3)

F = - y(a-o0) ,

(10)

where y is a proportionality constant. The corre
sponding energy .level diagram and force potential
are shown in Figure 13.
DISCONTENT

/ *

We have represented the potential, S, explicitly as
a function of a and t; however, let us consider the
simple case in which it is constant in time and de
pendent only on the deviation of behavior from a
given reference, so that
S(a, t) = S(a).

(4)

tfr(a, t) = iMaMt) ,

(5)

If we write

then

Fig. 13. Social force potential and levels of dis
content for a linear restoring force.

w

and

■ rW -* '* '

<6>

=

(7)

Solutions to Eq. 6 for a force potential of
this form result in a family of levels of discon
tent, Xj, which are equally spaced, as shown in
Figure 13. Transitions from one level of discon
tent to another require the acquisition or emissioji of "social energy." The rate at which social
energy is released (which in this case is the fre
quency of transitions between levels of discontent
times the level spacing) can be defined as "social
power."
Probability densities, ^i*(a)lMa )> for several
levels of discontent are shown in Figure 14. Notice

i
<f>

<P0

£"**•*■ i

where the separation constant X is called the eigen
value of the equation.
Under these conditions, Eqs. 1 and 6 opera
tionally define "force" to within a multiplicative
constant. This can be seen explicitly as follows.
From Eq. 6 we have
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discontent," for a linear restoring force leads to
a normally distributed behavioral distribution; that
is, ^ 0 *^o corresponding to X0 is a Gaussian dis
tribution as shown in Figure 14. A case in which
the force constant [Eq. (10)], y, equals 1/2 sq leads
to behavior that is normally distributed about a0
with a standard deviation of s0, with a residual
discontent of l/2 s g , and a ventable discontent (level
spacing of l/s&). The first excited state results
in a bimodal behavioral distribution with maxima
at <j = ct0 + V2- s0. This illustrates several im
portant features of the model. The more confining
the force (i.e., the greater y), the greater is the
conformity of that part of the population that re
mains in the state of lowest discontent; however,
the greater also is the magnitude of the residual
discontent. Thus, one cannot achieve conformity
by impressing coercive forces upon a population
without a resulting increase in residual discontent;
in many cases an increase in ventable discontent
also results. Furthermore, to assure conformity
under any set of forces, means must be available
for persons to vent (i.e., dissipate) their discon
tent.

x2

/ M

V
%

. BEHAVIOR, o

Fig. 14. Probability of conformance to behavior <?0
for various levels of discontent, for a linear restoring
force.

that the higher the level of discontent, the higher
the probability of deviant behavior. Qualitatively
these properties are representative of results to be
expected for a wide range of social forces.
The lowest level of discontent, the "residual

/
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PREDICTION AND MEASUREMENT IN TOTAL SOCIETY SYSTEMS
P. N. Rastogi
Prediction and measurement are two basic
concerns of scientific enquiry. (Auguste Comte
envisaged for sociology the goal of knowing in
order to foresee and foreseeing in order to con
trol.) This paper seeks to structure these two
concerns in the context of total society systems.
The theoretical approach developed here has been
applied to five diverse societies—Brazil, France,
India, Nigeria, and U.S.A. The model results are
highly consistent and show a correspondence within
i 2% with the empirical indices like economic
growth, price-rise, and unemployment. The struc
turing process permits the realization of predictive
inference and retrodictive comparison in an un
ambiguous manner. The scope of the model en
compasses exogenous pressure, internal system
processes, and endogenous events. The latter are
interpreted as processes extended in time.

by Malinowski in this context. Institutions of society
are evolutionary structures. They emerged; exist,
and change for the realization of basic values like
sustenance, health, sex, security, and orientation.
An institution is a social structure articulating
human values. The structure consists of roles,
statuses, norms, and rituals. Economy as a societal
institution is related to sustenance, polity to regu
lation, marriage to sex, military to security, re 
ligion (or ideology) to orientation, and so on. The
institutions are interrelated and together constitute
a system. The interrelationship follows from the
interrelated nature of human values. The structures
for their fulfilment cannot function in isolation.
Society may then be viewed as a complex system
of interacting institutions. The outputs of these
interactions issue forth as a number of social in
dicators in terms of which we may judge the per
formance, i.e., relative viability or weakness of the
institution(s) concerned. The interaction of primary
societal institutions and a resultant minimal set of
performance variables or indicators may be outlined
in the following a matrix form:

Society as a Complex Adaptive System
Social existence of living beings including
humans is based on the values of their survival,
The concept of "basic human needs" was postulated

INTERACTION BETWEEN INSTITUTIONS: THE INDICATOR VARIABLES
THROUGHPUTS
ECON

GOVT.

ECON

EG
EAL
PR

ET
ES

GOVT

EG
EAL
PR
UE

AE
ET
ES

EG

AE
ET

ES
ET

LP
RD

AE
ES

ES

LP
RD

n

REL-IDEOL

ED

HL

MIL

FAML

. ES

LP
RD

LE

PMP

PR
UE

ES
ET

LP
RD

LE
PG

PMP

PG

T
1

REL-IDEOL

A

u

u
T

ED

UE
EG

HL

EG

MIL

EG
EAL
PR

ES
ET
AE

ES

RD

FAML

EG

AE

ES

LP
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PG

LE

PG
UE

LE
PG

PG
PMP

LE

ES
PR
PG

P
U
T
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Given obvious space limitations, the above
variables are not properly elaborated here. PG,
population growth rate, refers to increase in the
numerical size of a society. EG, economic growth
rate, refers to the change in the material resource
base of a society. UE, unemployment, indicates the
proportion of total working force that remains un
absorbed in the society's economic activities. PR,
price rise, is a measure of relative scarcity and
economic pressure on the society. ED, education,
indicates the level of knowledge and communication
in term s of literacy and stress on research and
development. HL, Health, refers to the physical
vitality level in term s of average expectancy of
life in a society. EAL, economic activity level,
indicates the relative volumes of productive invest
ment in economy. ET, ethnic tension, refers to the
disruptive aspect of internal divisiveness based on
racial, cultural, and ideological factors. AE, ad
ministrative effectiveness, refers to the level of
corruption and efficiency in the administrative
machinery of a society. ES, expectations of socii,
refers to their evaluation of ruling leadership of
Government with respect to their ability to solve
the society’s major problems. PMP, politicomilitary pressure, signifies the impact of external
and internal stresses and disturbances on the
government of a society. It is held that this minimal
set of performance variables encompasses the most
salient aspects of the total society systems for the
purposes of present study.^ They represent the
state variables whose values define the state of a
societal system.
Society is also an adaptive system. An adap
tive system requires a control element that changes
the course and responses of the system in the
direction of increasing adaptation and/or protection
from disturbances. Government or polity serves the
function of such a regulator. It regulates the course
of variables like unemployment, price rise, pressure
from other societies, internal divisiveness, etc.,
in order to maintain system stability and realize
system goals. If any of the regulated variables go
"off" their courses, it would signify a state of
system disturbance, i.e., a failure of the regulator.
Under such conditions, policy and/or structure
changes may ensue in the system.
The problem of measuring the "regulatedness"
of variables in a common frame now arises.
The Measurement Schema
The rationale here is provided by the dialec
tical concepts of polar antinomies. According to
this approach, a performance variable may range

along a performance continuum whose two poles
are given by the minimum and maximum perform
ance limits. These limits are obtained by the ob
servation of societal data in space and time. Thus,
for example, economic growth per annum may range
from a minimum of 0% (corresponding to periods
of economic recession) to a maximum of 15% (cor
responding to postwar performance of Japanese
economy). Population growth may similarly range
from a minimum of 0% (i.e., constant population)
to a maximum of 4% in terms of Latin American
data. Other performance variables may similarly
be provided with performance limits.
This aspect brings us to the related issue of
assessing the performance on a higher level of ab
straction in term s of which the different perform
ance values may be reduced to a common measure.
This is made possible by introducing a logically
compatible concept of viability (X) of a performance
variable. This concept refers to the survival ca
pacity of a system to face the varying levels of
stresses in term s of its basic vitality. Viability
of performance variables may analogously be viewed
to range along a continuum whose two poles are
zero and one. The higher level of measurement is
then accomplished by mapping the performance
limits to the viability limits. This would then enable
us to say, for example, that if the economic growth
rate is 15%, its viability measure is one, or if the
population growth rate is 4% or over, its X value
is zero.
The logic of polarity however leads us further
to the idea of viability segments/zone, depending
upon the relative closeness of a X value to either
of the two poles. These zones are defined by the
equi-distant points on both sides of the mid-point
boundary of X=0.5. It follows that the zone defined
by 0.75-1.00 would indicate maximum viability, and
the one defined by 0.0-0.25 would show a highly
disturbed state of a very low level of performance.
These segmental X limits are again mapped into
performance continuum to yield a linear or non
linear relationship. This process of mapping the
segmental limits (as distinct from the terminal
limits) is again based on the interpretation of
available data. Thus, to take the example of eco
nomic growth, the segmental boundaries are given
by 0%, 3%, 6%, 10% and 15%. They comprise, be
sides the maximum and minimum observed rates
of growth, the intermediate situation classes as ob
served in different societies. Similarly, for popula
tion growth, X-zones are defined by 0%, 1.3%, 2.1%,
3% and 4%. Here the top segment represents the
demographic situation in industrially advanced

1.
The variables selected here are interpreted in terms of their widest implications. PG, for example. Is n
a m ere statistical quantity; it is a crucial indicator of the interactions of Economy Family, Health, and Religion.
Riesman, for example, points out that populations with a high birth rate and high death rate tend to be gu ded by custom,
those with a high birth rate and a declining death rate, by conscience; those with a low birth rate and low death
,
bv opinion f The Lonely Crowd. Yale University Press). Similarly, economic growth is an indicator of a number oi
institutions, besides economy, with implications for administrative effectiveness and politico-m ilitary pressure.
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countries and the bottom one in the Latin American
societies. The middle segments represent the situ
ations in Asian and African societies. The mea
surement frame elaborated so far may now be
summarized as follows:
1.0
.075
1 iv _ ]

0.5
I HI
X

0
I I

0.25

I I
0%

I
3%

n

I HI _ J ___ iv _ _ J
15%
10%
6%

I I
4.0%

|
3%

n

I in
2.1%

II

1 IV
1.3%

0%

The overall viability level Z of a society at
any period may now be expressed as
11

Z = £
j=l

11

Xj/ I j.
j=l

The additive nature of the function follows
from the conceptual and empirical semi-indepen
dence of the constituent state variables; i.e., they
do not co-vary exponentially. A multiplicative re 
lationship would render the system viability or
stability excessively sensitive to even relatively
minor changes in the performance variables. The
system under study here is not a closely coupled
one. It is a large, nonlinear system possessing
high ihertia.
Since Z here also varies between the two
poles, it follows that for viable and stable systems
0.5 < Z <1.0.
The question of the relative importance of
variables (i.e., their weights in the system or Zestimatioh) has remained moot so far. If we are
able to measure the weights of the variables, the
expression for Z then becomes
11

(2) Develop a classification or typology ac
cording to the magnitude of their increasing severity
or intensity.
(3) Map these situation classes into the four
zones of a polar continuum.
(4) Associate the situation under, study with
such a class and place it within a zone. Select a
midpoint value between segment boundaries as a
tentative estimate.
(5) Determine the final estimate according to
method of successive averages and/or maximum
likelihood estimation2 in the light of the best avail
able information, to reduce placement uncertainty.
The above procedure reduces the estimation
error of parameters exponentially in accordance
with the following expression:3
pn = pi an -l
where pn is error probability after n successive
averages or approximations, p^ is the initial error
probability corresponding to the first midpoint seg
ment estimate, and a is the fraction by which the
error probability is reduced after each successive
estimate.
In the situation discussed here, after a vari
able has been placed in a segment, the first mid
point average may have a maximum erro r of t 0.125
in a range of 0.25. This would connote an initial
maximum error probability of 50%, i.e., p^ = 0.5.
Each successive average would reduce the (error
by 0.062, 0.031, and 0.0155 segmental points; i.e.,
corresponding to maximum error probabilities of
25%, 12.5%, and 6.25% respectively (a2-l = 0.25,
a3 -l = 0.125, and a4-1 = 0.0625). This would mean
a maximum erro r probability after second, third,
and fourth estimates,
p2 = (0.50) (0.25) = 0.125
p3 = (0.50) (0.25) (0.125) = 0.015
p4 = (0.50) (0.25) (0.125) (0.625) = 0.00098 = 0.001.
They may be .either positive or negative, and in a
process of summation it is likely that some of them
may cancel out each other in the aggregate value.

11

Z = L WjXjXj / I W j.
j=l
j=l

Flow Graph of Societal System
The flow graph of a societal system is a
The values of Z in terms of this formula
representation of the processes, their directionality,
have been calculated for the five societies and
and the multilateral pattern of relationships within
represented in the form of a Z curve. (Graphs I a system. It depicts the course of institutional in
V). The solution to the problem of weight estima
teractions that eventuate in the varying values of
tions is provided by the concept of a societal flow
state variables over time. It may be viewed as an
graph discussed later. The methodology of X esti
amplification of the interaction matrix in interre
mation may be summarized as follows.
(1)
Identify relevant types of situations inlating the state variables (main variables) through
a set of intermediate and auxiliary variables. It is
different societies over time and space.
2. For a discussion of maximum likelihood estimation, see B. Gelbaum and J. March, Mathematics for the Social
and Behavioural Sciences. Saunders, Philadelphia, 1969, pp. 233-40.
3. This function is based on the error response probability reduction of learning theory. See, for example,
R. Atkinson, et al., An Introduction to Mathematical Learning Theory, Wiley, New York, 1965, pp. 15-16.
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A u x ilia r y V a ria b le
in term ed iate
Inform ation Lin k
Proboble Information Lin k

Table 1.
RANK ORDERS OF FLOW GRAPH VARIABLES
No.

Variables

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

(IV)
IR
(MV)
GS
(MV)
PMP
(TV)
PU
(MV)
EGA
(MV)
'UE
(MV)
ES
(MV)
ET
(MV)
PG
(MV)
HL
(MV)
ED
(MV)
AE
(IV)
FP
(MV)
EAL
(MV)
PR
(IV)
DE
(AV)
1FA
(IV)
PEG
History (AV)
Weather (AV)

Information
Links
Flowing In
2
5
3
2
2
3
3
4
2
3
I
2
2
2
2
1
1
1

Constraint
Rank
II
V
in
n
II
m
m

Information
Links
Flowing Out

Control
Rank

Total No.
of Links

Salience
Rank

5
3
3
4

V

7
8
6
6
5
5
5
5
4
4
4
3
4
3
3.
3
3
2
2

VI
vn
V.
V

in
TV
TTT

2
2
1
2
1
3

TV

n
in
i
n
n
n
n
I
I
ii
n

2
1
2

.“

n
n
i
n
i
m
i
n
i
i
n
n
i
n

TV
TV
TV
TV
TTT

HI
m
n
m
n
n
n
n
i
i
0

IV = Intermediate Variable
MV = Main Variable
AV =? Auxiliary Variable

oriented around the processes shaping Government
stability. Insofar as Government is the control
subsystem of society, values of GS should be Iden
tical with those of Z, which represents the regu
latedness of system variables or societal viability.
Each of the variables in the flow grapli r e 
ceives or emits a number of information links to
other variables. The number and types of links
associated with a variable signifies its relative
importance or rank weight in the system. The vari
672

ables who emit and receive the largest number of
links are the most important from the control and
and constraint points of view. Those which receive
and emit the maximum number of links are, how
ever, the most salient. The salience rank of a
variable represents its relative weight (Wj) in the
viability estimation (Z) of the system (see Table
No. 1) Control and constraint ranks are Important
in the context of planning and change objectives.
The picture of society that emerges from the

PREDICTION AND MEASUREMENT IN TOTAL SOCIETY SYSTEMS
instability of postwar France and Italy may also
be interpreted in term s of a low leadership factor
despite their relative affluence as "developed" in
dustrial societies.

flow graph elucidates the nature of society as a
complex system. Society is a' closed system of
interacting processes. These processes illustrate
the interaction of societal institutions. Government
as the regulatory subsystem of society is con
fronted with a number of internal and external dis
turbances (PMP) which strain its regulating capa
city and result in a commitment of resources
to internal and external security needs (DE). This
reduces the quaantum of resources available for
productive input to the economy (IR). The available
resources lead to a maximum possible rate of
economic growth (PEG). This maximum is, how
ever, subject to a society’s relative efficiency in
the utilization of its resources. This efficiency fac
tor, termed administrative effectiveness (AE), is
seen to be determined by two major elements:
education (ED) and government stability (GS). The
higher the educational level of a society, the more
efficient would its administration be. Similarly,
government stability is vital for the administrative
processes to be carried out effectively. The rela
tive role of education and government stability are
indicated by their rank weights in the flow graph.
Administrative effectiveness acting as a constraint
on the maximum rate of growth (i.e., potential
economic growth) determines the actual rate of
economic growth (EGA). The latter affects unem
ployment (UE) and price rise (PR) in conjunction
with the rate of population growth (PG). Unemploy
ment and price rise lead to public unrest (PU) and
produce hn impact on ethnic tention (ET) or the
internal divisiveness within a social order. Public
unrest, ethnic tension, and the politico-military
pressure on Government determine the total mag
nitude of institutional pressure on Government
(TPG) and determine the extent of its stability or
validity during ahy particular period. The latter
expresses the relative capacity of a societal sys
tem to withstand stresses and strains.
As such, it affects the standing of ruling
leadership and the evaluation by socii of the con
duct of their government concerning what they con
sider the society's most pressing problems (ES).
Popularity and stature of a leader are here given
by a leadership factor (LDF). The expectations of
socii depend upon LDF, on the one hand, and GS
on the other. When the value of ES approaches the
lowest A-zone, it is a signal for an impending change
of Government.
Expectations of socii in terms of LDF explain
the situations where societies confronted with tre 
mendous stresses of war, poverty, and privation
stand up to their problems and survive. Charis
matic leaders like Gandhi, Ataturk, Ho Chi Minh,
and Lenin illustrate the types of situation con
cerned. On the other hand, the chronic political

Stability: Estimation Through Flow Graph Simulation
Z-estimation is based on the viability indices
of the essential variables sought to be regulated by
the system control. It is based on the values of
state variables which at any time period define the
state of the system. Flow graph, on the other hand,
represents the dynamics of system processes whose
interaction eventuates in the above system variables.
Stability estimation through the simulation of flow
graph processes should then, in principle, result in
the identical values of Z. The data categories like
unemployment, price rise, economic growth, etc.,
generated by the simulation model, should again
display a close correspondence with the actual values
obtainable from the secondary sources and utilized
in Z-estimation through the computation of their As.
Others like ET, ES, AE, etc. should also be closely
comparable with both the modes of computation. A
simulation algorithm in this context should be able
to depict unambiguously the quantitative nature of
relationships between the variables and be consistent
with the theoretical framework of information link
ages outlined in the flow graph.
The Nature of Simulation Algorithm
The nature of simulation algorithm here is
based on Wiener's principle of entrainment of fre 
quencies. According to this principle, the con
stituent parts of a dynamic system* work syn
chronously so that their frequencies match one
another. In postulating this mechanism, Wiener
was guided by the case of the electric power gen
erating system in which, through negative feedback,
a number of alternators can maintain a sharp fre 
quency despite variations of load. The frequencies
pull one another together or "attract" such that
slow alternators are speeded up and fast ones
slowed down. He noted entrainment in vary diverse
situations, e.g., the flashing of fireflies in unison,
the maintenance of crystalline form in snowflakes,
the lumping in the periods of asteroids, the diurnal
rhythm in many animals etc. The writer has ex
amined its implications for organizational be
haviour .5 In the context of the system under study
here (the flow graph), the principle Implies that in
its dynamic operation the process variables are
functioning together at a matching and compatible
pace. In other words, their frequencies within a
particular phase (or A segment) correspond with
another. The dynamic basis of change and inter
action between variables lies in the mapping of
their values in corresponding A segments.

4. Norbert Wienor, Nonlinear Problems in R ndom Theory. MIT P ress, Cambridge, M ass., 1958. Also, "The
Mathematics of Self-Organizing Systems" in Recent Developments In Information and Decision P ro cesses. R. Machol
and P. Gray, eds., Macmillan, New York, 1962, p. 14.
5. P. N. Rastogi, "A Cybernetic Approach to Organization Effectiveness," Cybernetics, 12, 1, 1960.
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value of EGA, values of other variables including
PMP can be generated.
The parallelism in the values of Z and GS
is demonstrated for all the five societies in the
accompanying graphs. The range of variations lies
with + 1-2%.
A detailed comparison of some estimates in
the two computational modes for the last decade
is now given in a tabular form.

A Comparative Evaluation
The details of the simulation algorithm in
term s of the numerous nonlinear functional r e 
lationships and their mapping into the compatible
X-segments cannot be given here owing to obvious
space limitations. The algorithm provides a deduc
tive procedure where, given an estimate of PMP
and the data value of ED and PG, the rest of the
variables can be generated. Alternatively, given the

Table 2
A COMPARISON OF SOME ESTIMATES IN FIVE SOCIETIES____________________________
year
BRAZIL
1961
1962
1963
1964
1965
1966
1967
1968
1969
1070
1971

Z-value

GS-value

Actual

EG (%)
Simulated

Actual

PR (&)
Simulated

^
Actual

.
Simulated

35.3
22.77
3.50
3.381
0.415
5 .0 1 .
|av
49.6
24.76
50.2
3.17j
1.6JAv
0.389
50.0*
24.77
71.0
3.15
3.10
0.395
50.0
‘ 22.78
87.0
3.36"
0.417
3 .9 1 a
|av
50.0
22.44
50.0
3.44.
2.8_|Av
0.420
49.6
22.44
47.6
3.43
5.1
0.420
23.1
. 19-14
29.8
4.84
4.8
0.476
22.3
- '
14*85
24.2
6.63
8.3
0.561
22.0
12.87
23.1
7.66
8.5
0.579
21.9
12.54
22.0
8.07
9.5
0.584
21.7
12.30
22.0
8.20
10.0
0.587
*50% of PR per year is the lower limit of the functional relationship as defined here.
Av-Average
statistics for Brazil do not appear in UN data sources as a set of regular annual figures. ^ recent
COMMENTS: UE statistics
unproductive undfr-employment at 40% of the total labour force “ also puts open unsurvey estim ates the extent of
economically active population. (Economic Survey of Latin America - 1969, IR1,
employment between 10-14% of the
in inter vears is complicated by currency devaluations. The last one occurred
New York, 1970, p. 18.). EG picture
in January 1972.
FRANCE
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

0.418
0.384
0.389
0.406
0.404
0.420
0.483
0.555
0.574
0.583
0.587

0.618
0.613
0.604
0.628
0.637
0.648
0.628
0.579
0.641
0.610
0.597

0.610
0.595
0.587
0.620
0.653
0^659
0.635
0.573
0.649
0.617
0.601

3.6
7.0
4.8
5.4
4.7
4.9
4.70
4.5
7.7
5.8
5.4

4.14
3.75
3.58
4.08
4.8
4.96
4.6
3.46
4.69
4.15
3.9'

3.3
4.1
4.3
3.4
2.5
3.0
2.8

4.7
6.4
5.5
6.8

3.8
4.0
4.1
3.76
3.2
3.1
3.35
4.0
3.4
3.8
4.0

3.2
3.3
3.4
3.20
2.8
2.8

2.9
3.5
2.9
3.2
3.3

higher than the official figures by >,1%._____________________ ______________________________ ________________________
INDIA
8.6
6.0
2.70"
2.5 Av
0.478
0.470
1961
Av
9.10
6.04
2,11.
1.9J
0.445
0.448
1962
8.7
8.5
2.16=
4.0'
0.456
0.449
1963
8.5
'
2.34 Av
6.6 Av
0.469
Av
0.464
1964
9.43.
i ta * *
1.81.
-5.0j
0.402
0.391
1965
10.90"
13.61
1.73
1.8
0.374
0.394
1966
Av
8.9
L
11.3
Kv
2.27
9,0]
0.460
0.460
1967
8.8
3.03
2.26
2.4
0.450
0.443
1968
8.7
7.52
2.34
5.3
0.457
0.450
1969
8.6
7.82
2.39
4.7
0.457
0.455
1970
.
7.7
8.02
2.20
3.0
0.438
0.423
1971
productivity factor In agriculture, l.o. "groon revolution."
1. Represents the Impact of u tochnologl
2. Manufacturers Index (Total)
3. Consumer Price General Index (Working class)

11.02
11.31
11.30
11.16
12.03
12.76
11.16
11.15
11.16
11.0
10.4

rOMMENTSmSp 0sition regarding UE data here is the same as before. H o w e v e r , the figures here agree with the current
3 2 1 2 ” ■£ ■ £ £ n S r 1noSf unemployed put around 30 million; i.e „ 10-12% of the working force. _____________
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Table 2 (Continued)
A COMPARISON OF SOME ESTIMATES IN FIVE SOCIETIES

Year
NIGERIA
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1972

Z-value

GS-value

Actual

0.504
0.494
0.509
0,475
0.478
0.405
0.329
0.311
0.348
0.424
0.488

0.512
0.501
0.502
0.488
0.482
0.403
0.332
0.314
0.357
0.435
0.500

3.3
5.7
4.6
2.9
5.4
2.6
0. 0
0. 0

*
*

3.0*
3.5
6.0

EG (%)
Simulated
3.28
3.20
3.12
2.96
2.81
2.28
i.19
0.84
1.17
2.48
3.46

Actual
8.0
6.5
0 .0

2.5
4.2
18.0
0. 0
1

*
.0*

20.0*
21.0
12.1**

PR (%)
Simulated
8.2
8.2
8.3
8.6
8.8
19.0
19.0
19.0
19.0
22.8
11.7

Actual
~
-

UE (%)
Simulated
10.70
11.25
11.30
11.40
11.47
12.30
13.65
13.95
13.50
14.40
14.2

♦Excludes the three eastern states who seceded,
♦♦Average of General Index up to June '71.
COMMENTS: UE data as a proportion of the total work population is not available. There appear to be serious discrepancies in the official UN statistics for price indices and the situation studied by other independent sources (See
footnote 6 in text).
U.S.A.
0.545
0.538
1961
0.627
0.643
1962
0.616
0.600
1963
1964
0.628
0.611
0.661
0.643
1965
0.663
0.641
1966 •
1967
0.569
0.562
0.600
0.613
1968
0.577
0.572
1969
0.516
0.509
1970
0.549
0.543
1971
COMMENTS: A possible explanation of
indices may not record the rise in iDost

2.0
6.5
3.9
5.2
5.9
5.5
2.75
4.5
2.5
1.5
4.0

2.77
4.9
4.38
4.69
5.40
5.55
3.62
4.05
3.71
2.60
2.92

1.1
1.9
1.2
1.3
2.2
3.9
3.0
4.1
5.3
5.4
4.0

4.4
2.8
3.3
3.10
2.6
2.55
3.9
3.7
4.1
4.8
4.6

6.7
, 5.5
5.7
5.2
4.5
3.8
3.9
3.6
3.5
4.9
6.0

6.0
4.0
4.16
4.03
3.58
3.64
4.29
4.23
4.30
5.04
5.0

the discrepancy between earlier PR figures may be due to the fact that PR
of the various services like utilities, transport, and communications.

and EG available through secondary sources and
the generated values are largely around t 2%. The
comparison is, however, valid only in the cases
where accurate and comparable data set are avail
able and is vitiated in others.
(5) In the case of societies like Brazil, India,
and Nigeria where adequate UE and PR data may
not be available, the generated values may serve
as a reliable guide if the values of other:, variables
like EG and PG are correct.6
(6) The same mechanisms are applied to each
of the five extremely diverse societies and consis-

Summarizing the results of simulation al
gorithm and Z-estimation, we may note the fol
lowing salient points:
(1) Variations between Z values and GS values
for all the five societies are within a range ± 1=2%.
(2) PMP values in the both set of cases are
identical.
(3) Variations between the estimated values
of AE, ES, and their generated values is also r e 
stricted,to a range of 1 1-2%. This follows directly
from the correspondence of GS and Z values.
(4) Variations between the values of UE, PR

6.
An idea of the possible discrepancies that may exist in this connection is brought about by the example of
the price situation in Nigeria in 1967. While UN Statistics mention the price rise as being approximately 8% and 18%
for, non-food and food items respectively, another source mentions the steep rise in food p rices to the extent of 100%
and more during post-coup situation. (Schwarz, Ibid, p. 203). Moreover, after the 1966-67 Biafran c r isis, the prices
are shown to decline till 1968. But what of Blafra? Is it to be included in Nigerian society? Computations here in
clude Blafra as part of tho Nigerlun situation and high PR figures reflect the price situation in on inclusive manner.
Dlftfru wins known to bo passing through acute financial difficulties during tho period.
Similarly, commenting on tho disparities botweon tho official statistical ploturo of tho price situation In India
and the actual Impact toll by the public, a respected Indian newspaper In a recent editorial writes, "Ordinary citizen
knows from personal experience that be Is paying more for his dally needs and yet experts tel) him that the price
index shows only a sm all rise. Why the statistical picture differs so sharply from personal experience is not clear."
National Herald. Lucknow, Feb. 24, 1972.
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proach of Z/GS values toward the collapse zone.
tent correspondences with the observed data ‘Ob
(iv) The same would be the case >^ith the
tained from them. This leaves open the postulation
duration
of political instability. The period's of po
of additional mechanisms or factors for any par
litical
uncertainty
may be short lived or prolonged,
ticular society to get a better fit with the data.
(7)
Economic growth and price rise descrip- depending upon the Z/GS values. In the case of
higher system viability values, Wiener’s law would
ancies between the secondary data and the generated
rectify the unstable situation (s), depending upon
data here may be interpreted in terms of the impact
the (relatively short) period required for the
of the external factors like foreign aid, monetary
matching of frequencies. Higher X variables would
devaluations, investment of foreign capital, external
pull
up the lower X variable (s).
trade factors, and the changes occurring in world
(v) In the case of societies in higher X zones
commodity markets, producing an impact on the
where
most of the variables may be performing
economic system of the society concerned. Here
viably,
the change of government would be ex
we treat the societal system as an essentially
clusively
predicated around the variables ES unless
closed one which is operating in term s of its in
it',
is
overwhelmed
by sudden external military
ternal dynamics. External factors are subsumed
pressure. A sequential decrease of Z/GS values,
under the category of politico-military pressure
i.e., Z t< Zt_i and correspondingly ES(X)t < ES(X)t . 1
which serves as a forcing function on that system.
during
an electoral period, would provide a basis
However, it also incorporates the internal politicofor
prediction
regarding the success or otherwise
military pressures, as evidenced in situations like
of the ruling party. This would, however, assume
insurrection, civil unrest, civil war, etc., which
that LDF remains constant. In the case of margi
make for a large commitment of financial resources
nal differences, the situation would be one of close
to security and other economically non-productive
electoral contest.
uses.
Conclusion
Realizability of Predictive Inference
The emerging picture of society here is one
The theoretical structure developed here,
pulsated
by dynamic processes within an invariant
therefore, permits the realizability of predictive
frame
provided
by Wiener's law. The two major
inferences for total society systems. The main
determinants
of
societal
viability that may lead the
themes may be summarized as follows.
system
toward
a
trajectory
of Z/GS maximization
(i) By estimating politico-military pressure
are
the
high
values
of
leadership
factor and the
through a maximum likelihood procedure, a preview
low
values
of
politico-military
pressure.
Both the
of the system state, for a period t + n with reference
determinants
conjoin
together
in
propelling
the
to present t may be obtained. This knowledge of
system
configuration
from
one
viability
zone
to
the future system state would be in term s of the
another.
variables like economic growth, unemployment,
price rise, ethnic tension, administrative effective
ness, public unrest, expectations of the socii, and
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adaptive system, the passage of any variable into
M.I.T.
Cambridge, 1967, "Protracted Military Con
the "collapse zone" of the viability continuum would
flict & Politico-Economic Instability'', Simulation,
signal an impending state of government instability,
XI, 7, 1969; "The Problem of Prediction in Social
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book-length work under preparation, entitled The
Dynamics of Government Stability and Societal
Viability.

July 5-10, 1971. The writer is grateful to Professor
Alexander Douglous, Karl Deutsch, and William Letwin for their constructive suggestions at various
stages. They are, however, not responsible for the
faults present here.
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POLITICAL STRUCTURE AND SYSTEM AND THE NOTION
OF LOGICAL COMPLETENESS*
Donald W. K atzner

The purpose of this note is to provide a
technique which may be used to define the con
cepts of political structure and political system.
As suggested by Almond such definitions should
be capable of distinguishing between those politi
cal elements which may be common to all socie
ties and those which are particular to each.1
Indeed, the point of view taken here will be essen
tially to think of the former as comprising the
political structure and the latter as determining
the particular political system within that struc
ture. This distinction will permit more rigorous
and formal definitions than those already familiar
to political scientists.2 It will also provide tests
for determining the logical completeness of models
and suggest a way of organizing future research.
Perhaps it is best to begin with an analogy
drawn from elementary algebra. Consider for the
moment two variables, say x and y. Let R1 de
note one relationship between them and R2 another.
For example, R1 and R2 may be linear as pic
tured in the diagram below:

Thus R1 determines a line in the x-y plane, R
determines another line in that plane, and both re 
lationships taken simultaneously determine the
unique point of intersection Q. If there were a
third relationship R3, then there would be no point
simultaneously satisfying R1, R2, and R3: the set
of relationships would be overdetermined. If there
were only one relationship R^ then the model would
be underdetermined: a unique point on the line R1
could not be specified. Thus, in order to have a
determinate model (i.e., one which resolves itself
into a unique point), it is necessary that the num

ber of relationships be exactly equal to the num
ber of variables. If the number of relationships
and variables of a model are equal, the model will
be said to pass the primary test for logical com
pleteness.
Of course the fact that the number of rela
tionships equals the number of variables does not
guarantee that the model is determinant. R1 and
R2 could turn out to be two ways of writing the
same thing;3 they could describe two parallel lines
which do not intersect; or they could be nonlinear
curves in the plane which twist and turn but never
cross. There are well-known mathematical condi
tions which, if met, ensure the existence of unique
intersection points. The model will be said to
satisfy the secondary test for completeness when
ever such conditions are met.
One more comment about this analogy: R
and R2 may themselves depend on param eters.4
Each time a parameter changes, a relationship will
"shift." Thus, for example, a change in parame
ters could cause R2 to change into R3. In this
case the intersection point would move from Q to
T. Hence the intersection point depends on the
values of the parameters as well as on the nature
of R1 and R2. Specifying R1 and R2, then, deter
mines a new relationship which relates each set
of parameter values to a point of intersection.
In what follows an attempt is made to apply
this technique to the problem at hand. Political
variables and relationships between them are
specified. It makes no difference that the vari
ables cannot be quantified as in the above analogy
because the property of "capability of quantifica
tion" is never used in the analysis. Political
structure is defined as the set of relationships
between the variables while a political system is
thought of as an "intersection point" which depends
on "parameter values."
It is axiomatic that there is no general agree
ment among political scientists as to which vari
ables and relationships should be used to define
political structure. Nor is this the place to re 
solve any such arguments.
The variables and

*The author would like to acknowledge his debt to Clifford Kaufman and Lucy Behrman for many helpful com"entSi a?eeSUAlmond^ introduction in Gabriel A. Almond and James S. Coleman, The Politics of the Developing Areas,
Princeton Univ. P ress, 1960.
,
2. The existing literature on this subject is summarized by Almond, op^ cu. , pp. 5-7.
describe the same
3. For example, let R1 be the equation 3x + 4y = 1 and R be 6x + 8y
2. Then R1 and R2
line in the x-y plane.
4. In note 3 the parameters of R1 are 3, 4, and 1.
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since the number of relationships and variables
are the same.
This technique of definition and the tests for
completeness have been known to economists for
some time. Le'on W alras6 is usually given credit
for being the first to apply them to economic analy
sis. He defined the "perfectly competitive eco
nomic model” as a system of simultaneous demand
and supply relationships which reflect respective
ly the assumptions that for every set of input and
output prices, (a) the rational consumer buys those
commodities and sells those resources which maxi
mize his satisfaction within the limitations of his
budget, and (b) the rational firm produces those
outputs and hires those inputs which maximize its
profits. The concept of general equilibrium was
then defined as a point which satisfies all relation
ships simultaneously (thus demand equals supply
in every market). Economists have spent consid
erable time and effort studying the properties of
this model. When stated in terms of simultaneous
relationships it becomes immediately clear, for
example, that due to the presence of budget con
straints, in an economy with n markets if n-1 of
them are in equilibrium, then the last must, of
necessity, also be in equilibrium. Therefore the
logically complete formulation consists of the re 
lationships and variables in n-1 markets only.
This is, indeed, a valuable lesson concerning the
advantages and power of the technique proposed
here.
Further investigations into the secondary
tests of completeness have led economists into
fruitful studies of the conditions under which gen
eral equilibrium exists and is unique. Thus re 
strictions are now known which must be placed on
the parameters and relationships in order to guar
antee that equilibrium is possible in the model.
This is crucially important since observations of
economic phenomenon in the real world are thought
of as either being equilibrium points or located on
a dynamic time-path which approaches equilibrium.
It follows that if these restrictions are not as
sumed, then the model may have no bearing on
reality since equilibrium may not exist within it.
Finally, aside from the secondary tests,economists
have also pursued inquiries into the stability and
optimality (welfare aspects) of equilibria. The im
portance of these investigations is again obvious.
There is no reason why research in political
science cannot be organized along similar lines.
Political structure may be defined as a set of
simultaneous relationships and political system as
an equilibrium point. Questions concerning the
existence, uniqueness, stability and optimality of
the system may now be posed within the context

relationships presented below are intended only as
an illustration of the technique of definition pro
posed. Many of them have been taken from Apter.J
In order to simplify the discussion they will be
presented in symbolic form. The variables are:
v - values and goals of society.
c - coercion used by government to main
tain authority and operate efficiently.
z - types and quantities of information flow
ing between government and those gov
erned.
d - patterns and processes for making au
thoritative decisions.
a - ways in which government may be held
accountable to a group or groups outside
itself.
I - ideology.
P - government policy in all situations.
There is one parameter, n, which denotes the
needs, values and perceptions of reality of all in
dividuals in society.
Seven relationships are assumed to hold.
The first states that authoritative decision-making
is related to the values of society, coercion, and
information. This may be written as:
d = f^VjC.z),
where f1 is a symbolic representation of the rela
tionship itself. For the moment it is not neces
sary to specify the precise nature of f 1; the im
portant fact is that it exists. The remaining six
relationships, which may be read verbally as the
first, are:
a = f2(v,c,z),
c = f3(z),
P = f4(v,c,z,I),
v = f5(P,I),
z = f6(P,I,v),
I = f7(n;v).
Note that the semicolon in the last relationship is
used only to separate the parameter n from the
variable v.
This is a system of seven relationships in
seven variables and one param eter. The political
structure consists of f 1, . . . , f 7. For each value
of the parameter n, unique values of the variables
frequently may be determined. The latter consti
tute the political system which, to use Apter's
terminology, may range anywhere from the recon
ciliation to the mobilization type.
The model
passes the primary test for logical completeness

0. David 10. Aptcr, The Politics of Modernization, Hnlv. of Chicago Prosn, 1905.
G. Leon Walras, foicinents d'Tlconomlc Politique Pure, Lausanne, LH74; trans. by W. Juffe, Homewood,
Irwin, 1954.
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points? Is there one political structure out of
which all observable political systems can be de
rived? What is the precise nature of the relation
ships and what restrictions must be placed on
them in order that they be complete and useful?
Finally, which values of the parameters in a given
model determine which political system? Once the
answer to the last is known it may become possi
ble by observing changes in parameter values to
predict the direction in which a political system
is going to change.

of a fixed postulated structure. As such they are
relevant and important for* among other things,
they help determine the logical completeness and
usefulness of the model.
In conclusion, it may be useful to state spe
cifically the kinds of questions this approach rais
es. First, what are the principal variables and
relationships determining political structure out of
which observable political systems may be derived
as "intersection points"? How do political struc
tures (i.e., the relationship) vary among societies
and how do these variations affect intersection
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APPLICATION OF SYSTEM THEORY TO EMPIRES

SYSTEMS AND THE DISINTEGRATION OF EMPIRES*
Richard L. Merritt
This paper, in a sense, represents an at
tempt to put some old wine into a new bottle. The
old wine is that heady System of imperialism as
it was known and practiced in the middle of the
seventeenth century. The new bottle is really a
flask for fractionated distillation. By using the
concepts and tools of system analysis to re 
examine mercantile Imperialsim, I hope to isolate
some of its hiore important factors, and hence to
add to our understanding of the more significant
systems and processes in international politics.
A few prefatory comments are in order at
this point. First of ail, by the phrase "mercan
tile system of imperialism" I am not referring to
any single theory of imperialsim, whether formu
lated by a contemporary of Hobbes or such twen
tieth-century political thinkers as Schumpeter,
Lenin, or NOrman Angell. Rather, a search of
seventeenth-century history reveals persistent pat
terns and prodesSes adding up to an analytical
system that might be called "mercantile imperial
ism." This paper will look at the operation of
that system—its principal actors, the variables
governing the relationships of the actors, the
structure of the system, and the sources of in
ternal dis equilibria.
By speaking of a "system" of mercantile
imperialism, I do not want to imply that such a
system did irt fact exist in all of its ramifications
during the seventeenth century or at any other
single point in time. What I am suggesting is that
the system iS a paradigm for the operation of all
imperialist systems that came into being after the
great discoveries and explorations of the late fif
teenth artd early sixteenth centuries and that con
tinued to exist, in some cases, down into the twen
tieth century. It was during the mid-seventeenth
century, however, that the realities of state be
havior came particularly close to matching the
paradigm of mercantile imperialism.
By way of a final prefatory note, the system
that I shall outline is based most immediately upon
the British version of imperialism; but with only
the most minor adjustments it could serve equally
well as a model of French, Dutch, Spanish, or
Portuguese practice during the same era. Simi
larly, the case study of imperial disintegration
that I shall analyze—the breach of the imperial tie
between Great Britain and the American colonies—
has its parallels in the nineteenth and twentieth
centuries.

THE SEVENTEENTH-CENTURY
IMPERIAL SYSTEM
The environment of mercantile imperialism
in the seventeenth century was the European state
system. Europe in the 1650s, after the Peace of
Westphalia, consisted in a number of more or less
independent actors: absolute monarchies, mon
archies with constitutional limitations, confedera
tions, republics, principalities, and even duchies.
The two actors with claims to universal roles
within the system -the Holy Roman Empire and
the Catholic Church-had lost their effectiveness
in more than half of the system. Only one nonEuropean actor, the Ottoman Empire, played a role
in the European state system. But even this actor
was perceived as an outside threat to the system
rather than as a full-fledged member, subject to
the same rules of behavior and principles of treat
ment as were the European actors. The actual
structure of the European state system need not
concern us here. I might merely note that, al
though the system was in a state of flux, it tended
toward what might loosely be termed a "balance
of power" instead of hegemony by a single actor.
In large part it was system-dominant rather than
subsystem-dominant.
As early as the fifteenth century a number
of actors were going outside the European state
system—trading, colonizing, exploiting—in efforts
to enhance their position within the system. Dur
ing the course of the next two centuries they cre
ated new systems, called "empires," with new
actors and rules of conduct. In part the rules
governing the behavior of actors within the Euro
pean state system were transferred to the indi
vidual imperial systems. But, strictly speaking,
each metropolitan country was able to determine
its own relationship with its colonies, as well as
the structure of its own imperial system. Hence
these empires were subsystem-dominant rather
than system-dominant.
If we analyze the individual imperial sys
tems created by the European actors, we find a
number of structural and behavioral regularities.
Together these regularities—actors, variables gov
erning the relationships of the actors, structures,
and sources of instability—comprise the mercantile
IMPERIAL SYSTEM.

"This paper was prepared for the annual meeting of the Society for General Systems Research, held in Philadelphia on December 29, 1962.
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The Actors in the IMPERIAL SYSTEM
The mercantile IMPERIAL SYSTEM com
prises two subsystems—a DOMINANT SUBSYSTEM
on the one hand and one or more DEPENDENT
SUBSYSTEMS on the other. The DOMINANT SUB
SYSTEM is the Metropolitan Country. We may
consider the Metropolitan Country as a single
actor, although clearly it, too, has subsystems.
In the political field alone such subsystems in
clude the chief executive officer of the govern
ment (for example, the monarch or the prime
minister), a parliament or some other forum for
the representation of the nobility and commoners,
a cabinet or other advisory board, a board of
trade or minister responsible for imperial mat
ters, and enforcement and judicial officers. For
the most part we shall ignore the subsystems of
the DOMINANT SUBSYSTEM, concentrating upon
the latter as a single actor in the IMPERIAL
SYSTEM.
The DEPENDENT SUBSYSTEMS are the col
onies founded or otherwise acquired by the Metro
politan Country. Geographically, the colonies may
be contiguous to the Metropolitan Country (as the
eastern provinces were to Germany in the twelfth
century, or as the frontier settlements were to
the American Republic in the nineteenth century)
o r—and this is the more likely possibility in the
seventeenth century—they may be non-contiguous
or overseas colonies. Like the Metropolitan Coun
try, the DEPENDENT SUBSYSTEMS have their own
social', political, economic, and other subsystems.
Except in one important respect, however, we
shall treat the DEPENDENT SUBSYSTEMS as sin
gle actors in the IMPERIAL SYSTEM. The ex
ception to this general rule will be the occasional
necessity to differentiate between two residential
groups within the DEPENDENT SUBSYSTEMS: the
colonists and the colonial administrators coming
from the Metropolitan Country; and the indigenous
or native population in the colonial territories.
The Variables Governing Relationships Among the
Actors
The first variable that will be considered in
this paper is the direction of the flow of policy
decisions among the actors. By the phrase "pol
icy decisions" I mean control over the key values
operative in the IMPERIAL SYSTEM: the distri
bution of power and income, the establishment of
principles of legitimacy, the use of force, the al
location of scarce resources, the distribution of
honors and other symbols of social status.
In
considering the relationship between two actors in
the IMPERIAL SYSTEM, we shall essentially be
asking the question: who influences whom, over
what ranges of action, using what means, and with
what effect?
The second variable is the direction of com
munication transaction flows among the actors.
This variable includes patterns of attention and
684

migration, a division of labor, the flow of trade,
the flow of mail, and other means of interpersonal
communication—in short, the entire set of facili
ties for and habits of communication. The impor
tant question here is the extent to which the indi
vidual actors in the IMPERIAL SYSTEM direct
their attention to other actors within the SYSTEM,
as opposed to the extent to which they direct their
attention to actors outside ti\e SYSTEM.
Third, what is the direction of loyalties and
group identification within the IMPERIAL SYSTEM?
In large part this is the question of a sense of
community: is it SYSTEM-wide, or does each
actor have its own sense of community, not identi
fying psychologically with any other actor in the
SYSTEM? A sense of community comprises, first
of all, an awareness—both ..by members of the
group itself and by actors outside the group—that
the group does in fact exist as a separate entity,
distinct from other such groups, and that its mem
bers are in some ways interdependent. When a
group awareness is present, members as well as
outsiders will use specific collective terms in
referring to the group. Second, there is an in
ternalization of group interests: a recognition that
certain events or processes are of common inter
est to the members of the group; a certain degree
of probability that the members will be able to
coordinate their behavior in a .way that -will pro
mote their common interests (and even to coordi
nate their activities to extend beyond those of im
mediate necessity to the group); and the presence
of certain structures or processes to perform
certain functions in the group interest. What we
are asking here is whether or not the DEPEND
ENT SUBSYSTEMS identify themselves, their in
terests, and their fates with, those of the DOMI
NANT SUBSYSTEM. And, conversely, we want to
find out whether the latter reciprocates this sense
of community. In its use of collective symbols,
for example, does the Metropolitan Country seek
to differentiate itself from its colonies ? Or does
it seek to tighten the bonds of loyalty and com
munity?
The Structure of the IMPERIAL SYSTEM
Since the DOMINANT SUBSYSTEM is in ef
fect the creator of the IMPERIAL SYSTEM, that
is, since it provided the impetus for the establish
ment of the IMPERIAL SYSTEM, the DOMINANT
SUBSYSTEM determines what the IMPERIAL SYS
TEM will be. The Metropolitan Country is pri
marily self-interested; its attention and communi
cation patterns focus primarily upon itself, and
little or no attention is paid to the IMPERIAL
SYSTEM as a system. Nor does the Metropolitan
Country pay much allegiance to or otherwise iden
tify itself with the IMPERIAL-SYSTEM. There is
no perceived duty on the part of the DOMINANT
SUBSYSTEM to maintain the stability of the IM
PERIAL SYSTEM, except insofar as it is to the
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and trade transactions with actors outside the IM
PERIAL SYSTEM, but is likely to utilize these op
portunities as a way of precluding too great a
dependence upon the colonies. Finally, the colo
nies pay their primary allegiance to the Metro
politan Country, although it is by no means clear
that the Metropolitan Country reciprocates this
demonstration of affection and loyalty.

ultimate good of the Metropolitan Country to pro
tect and foster its colonies.
FIGURE 1: THE MERCANTILE IMPERIAL SYSTEM

KEY: ----------- Direction of policy decisions
_________Direction of communication transactions and
attention
Direction of loyalties and identification

The Relationship Between the DOMINANT SUB
SYSTEM and the DEPENDENT SUBSYSTEM
It is the goal of the Metropolitan Country to
make its colonies totally dependent upon it for
their social, psychological, political, and economic
rewards as well as for their models of behavior
and taste. At the same time, the Metropolitan
Country attempts to use the colonies to enhance
its own welfare (and, presumably, its own power
position in the contemporary international system,
that is, the European state system) without, how
e v e r, becoming a prisoner of the colonies by being
too dependent upon their resources or trade.
The primary means to make the DEPEND
ENT SUBSYSTEMS actually dependent upon the
DOMINANT SUBSYSTEM come under the heading
of "mercantilism.” Among the more important
mercantilist policies are: excluding foreign ship
ping from trade with the colonies; enumerating
commodities which the colonies may obtain from
or ship to the Metropolitan Country only; encourag
ing the colonies to produce commodities needed
(whether for consumption, finishing, or re-export)
by the Metropolitan Country; discouraging the col
onies from producing commodities exported by the
Metropolitan Country.
In such a relationship policy decisions flow
from the DOMINANT SUBSYSTEM to the DEPEND
ENT SUBSYSTEMS. The latter must look to the
DOMINANT SUBSYSTEM itself rather than appeal
ing to some broader concept of imperialism in
order to secure changes in the policies and atti
tudes of the Metropolitan Country. Although their
communication patterns (and particularly trading
patterns) bind the colonies individually to the
Metropolitan Country, the reverse is not true. The
Metropolitan Country not only has a larger num
ber of opportunities to enter into communication
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The Relationship Between a DEPENDENT SUB
SYSTEM and Another DEPENDENT SUBSYSTEM
A mercantilist policy operates to keep the
colonies isolated not only from the colonies of
other metropolitan countries (as well as those
countries themselves), but also from one another.
It is, therefore, unlikely that there are any strictly
intercolonial policy decisions to be made. Mini
mal intercolonial communication and trade ties
force the individual colonies to look to the Metro
politan Country for their rewards and for models
of behavior, fashions in clothing and table man
ners, linguistic conventions and styles of speak
ing, standards of excellence in literature and the
arts, methods of agriculture and production, the
art of government, and so forth. This being the
case, colonial administrators and colonists alike
are extremely apt to identify themselves psycho
logically with the Metropolitan Country, and to pay
it their primary allegiance. Identification with and
loyalty to the individual colony is only secondary.
Thus the relationship between the DOMINANT
SUBSYSTEM and the DEPENDENT SUBSYSTEMS
is star-shaped, that is, the lines of decision mak
ing, communication, and loyalty run between the
Metropolitan Country and each individual colony,
with very few lines running between the colonies
themselves. In fact, the colonies may be mutually
jealous, fearing that other colonies will receive
preferential treatment from the Metropolitan Coun
try.
Destabilizing Elements in the IMPERIAL SYSTEM
The star-shaped, subsystem-dominant IMPERIAL SYSTEM that I have just described pic
tures mercantile imperialism as being essentially
in equilibrium with itself. In fact, however, sev
eral sources of instability are inherent in the IM
PERIAL SYSTEM, producing what might be termed
a dynamic rather than a static model of mercantile
imperialism and, unless checked, may lead to the
breakdown of the model.
One important dysfunctional element in the
IMPERIAL SYSTEM lies in the opportunities avail
able to the individual colonies to end their isola
tion by communication and trade with one another.
Such opportunities are particularly visible when
the colonies are contiguous or, at least, closer to
one another than to the Metropolitan Country in
an era when means of transportation and communi
cation are slow and generally irregular. And it
is not unreasonable to expect that, once the different
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DEPENDENT SUBSYSTEMS do communicate, they
will find points of commonness in spite of their
diversity, possibly even grievances against the
DOMINANT SUBSYSTEM. Again, they might find
that trade among themselves would serve their in
dividual and joint interests better than trade pat
terns connecting them individually to the Metro
politan Country.
Similarly, in the absence of rigid controls
by the Metropolitan Country over the activities of
its colonies (especially in the area of commerce),
the DEPENDENT SUBSYSTEMS may seek new re
lationships with actors outside the IMPERIAL SYS
TEM. If the colonies are successful in their at
tempt to establish outside contacts, the effect is
to give the colonies a measure of control over
their own policy decisions. They may choose, for
example, to trade with countries with whom their
terms of trade are better rather than to send
their produce dutifully to the Metropolitan Country.
The cost of stopping such practices could place
tremendous burdens upon the DOMINANT SUBSYS
TEM. Efforts by the Metropolitan Country to place
its colonies under more rigid controls would prob
ably be met at the very least by resistance and
evasion, and possibly even by rebellion.
The preoccupation of the DOMINANT SUB
SYSTEM with its own affairs is another source of
instability in the IMPERIAL SYSTEM. A lack of
responsiveness to the needs and desires of the
DEPENDENT SUBSYSTEMS, or a simple disinter
est in their development, may lead to an unaware
ness of disaffection and the possibility of growing
hostility. Such a policy of drift encourages the
colonies to seek ties with one another and with
actors outside the IMPERIAL SYSTEM. And, by
the time that the Metropolitan Country does turn
its attention to the colonies, it may already be too
late to prevent the disintegration of the IMPERIAL
SYSTEM as a whole. In overcompensating for its
past self-preoccupation, the DOMINANT SUBSYS
TEM may accomplish little more than to drive a
wedge between itself and the DEPENDENT SUB
SYSTEMS.
Turning to the colonists and the colonial ad
ministrators in the DEPENDENT SUBSYSTEMS, we
find another possible source of instabilities. On
the one hand, the mass of colonists often com
prises the disaffected elements of the Metropolitan
Country's population. If migration is entirely vol
untary, the ranks of the colonists may be filled
with communicants of persecuted minorities, poli
ticians in disfavor, social and economic failures,
criminals and revolutionaries escaping possible
punishment. Then, too, there will be an abundance
of fortune-seekers, spinners of dreams of glory
that they hope to fulfill in a new world. If migra
tion is not voluntary, the ships may well be filled
with such social undesirables as debtors and con
victed criminals. In neither case are the colonists
likely in be bubbling with affection for the Metro
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politan Country, imbued with the spirit of the IM
PERIAL SYSTEM.
On the other hand, colonial administrators
often contribute to the instability of the IMPERIAL
SYSTEM. It is not uncommon for the Metropolitan
Country to banish its unwanted or obstreperous
politicians to the colonies, there to sulk or to build
their own satrapies of power as they see fit. How
ever shortsighted a policy it may be, retaining the
best officials and politicians .for service in the
Metropolitan Country is understandable. But even
worse for the stability of the IMPERIAL SYSTEM
is the petty tyrant, the incompetent and bumbling
member of the lesser nobility, perhaps, who sees
the power and authority of a colonial governor as
his chief goals in life. Instead of spending his
time conspiring to regain his position in the politi
cal subsystem of the Metropolitan Country, there
by ignoring his administrative cities and subjecting
the IMPERIAL SYSTEM to a policy of drift, he
gratifies his own ego by the overexuberant and
even despotic exercise of his authority, driving
the colonists into a search for new patterns of
communication and loyalty.
In focusing upon the colonists and colonial
administrators as destabilizing, elements, I do not
mean to suggest that every one of them fits into
the categories discussed in the previous para
graphs. Indeed, far from it, for most might well
be loyal, conscientious, and dedicated to the serv
ice of the Metropolitan Country. What I am sug
gesting is that the IMPERIAL SYSTEM has an in
herent bias in favor of instabilities of this sort.
It would be the exceptional Metropolitan Country
that would send its best citizens and administra
tors to the colonies. Such a conscious and alert
policy was not prevalent in the seventeenth-century
IMPERIAL SYSTEM.
Still another dysfunctional; element is the re 
lationship between the colonial administrators and
the colonists on the one hand and the indigenous
population of the colonies on the other. There are
a number of approaches that the DOMINANT SUB
SYSTEMS (and, by implication, the colonial admin
istrators and colonists) may take toward the na
tive population: eliminating them (unintentionally,
through the introduction of new and fatal diseases,
or deliberately, as Hitler sought to exterminate
large portions of the Eastern European population
in the early 1940s); enslaving them, either outrightly or, as the British attempted in central
Africa, by forcing them to pay taxes (for "civiliz
ing" improvements such as roads and a govern
ment) with money that could be earned only by
working as unskilled laborers for the colonial ad
ministrators; ignoring them or treating them as
nuisances (much as the colonists in America dealt
with the Indians), meanwhile keeping them general
ly ignorant and uneducated in the ways of selfgovernment; putting them on the path toward social
mobilization and at least local self-government;
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treating them as equals with whom even inter
marriage is considered acceptable. But each of
these approaches creates its own problems for
the colonial and native populations of the colonies;
and none contributes to the stability of the IM
PERIAL SYSTEM over the long run.
THE COURSE OF EMPIRE
With such dysfunctional elements at work, it
is not surprising that seventeenth-century imperial
ism—the state of reality most closely approximat
ing the paradigm of the mercantile IMPERIAL
SYSTEM that I have described—degenerated more
or less rapidly into newer and generally more
complex types of systems. It might be useful at
this point to characterize briefly some of the
ways in which these seventeenth-century empires
changed.
Attempts to Maintain the IMPERIAL SYSTEM
In some cases metropolitan countries have
sought to use every and any means at their dis
posal to prevent the disintegration of their own
imperial systems. Such policies include: jealouslyguarded dominance over the policy-making proc
esses for the colonies; short tours of duty and
rapid rotation for colonial administrators to pre
vent them from forming ties of community in the
colonies; the encouragement of one-crop economies
and other measures designed to make the colonies
economically dependent upon the mother country;
strict controls over internal migration in the colo
nies, particularly with respect to the indigenous
population; conscriptive labor forces; the retention
of low literacy and mobility rates for the native
population, as well as a near-subsistence level of
income; close supervision over the colonists mi
grating from the mother country.
Such an inflexible policy viewing imperial
relationships as static rather than as dynamic,
and holding that the stability of the relationships
rests primarily upon the firm application of meas
ures of control over the colonies, may be success
ful at certain times in some places. The history
of Portuguese policies toward Angola and Mozam
bique provides the world of the 1960s with cases
in point. But over the long run, I would suggest
it is an atttitude that seems most likely to produce
the structural tensions that eventually break out
into open rebellion and nights of the "long knife."
Shifts to System-Dominant Pluralism
It is possible that, as the DEPENDENT SUB
SYSTEMS grow in population, levels of technology,
and skills of government, they will become co-equal
with the DOMINANT SUBSYSTEM in decision mak
ing for the IMPERIAL SYSTEM as a whole. Car
ried to an extreme, as in the Commonwealth today,
each of the actors within the IMPERIAL SYSTEM
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would have control over its own policy decisions,
with none having the ability or right to impose its
will upon the others. The communications net with
in the SYSTEM would be more or less symmetri
cal, with each actor directing more of its atten
tion to other actors within the IMPERIAL SYSTEM
than to outside actors. With respect to trade and
patterns of production, however, a symmetrical
relationship need not predominate. Indeed, it might
prove most advantageous to all if a system-wide
division of labor were instituted. Whatever the
structure of the relationship, the cardinal princi
ple will be that each subsystem must benefit more
by remaining a member of the. IMPERIAL SYSTEM
than it would if it dissociated itself from the SYS
TEM. As long as this were the case, each of the
subsystems would place a high value on the main
tenance of the SYSTEM. In consequence, each
actor would direct a fair share of its allegiance
to the SYSTEM, even though its primary loyalty
might be self-directed. The formerly DOMINANT
SUBSYSTEM might hold’ a position as primus inter
pares, possibly even retaining the ties of affection
previously linking it to the DEPENDENT SUBSYS
TEMS, but it would no longer direct the decision
making processes of the IMPERIAL SYSTEM.
The Political Integration of the IMPERIAL SYSTEM
The structure of the IMPERIAL SYSTEM may
degenerate from a dominance-dependence relation
ship among the actors to one amalgamating the
actors upon the basis of equality into a single, in
tegrated system (such as a federation or a con
federation). In such a process we might antici
pate that the political subsystem of the Metropolitan
Country would undergo the least amount of struc
tural change, and that the former colonies would
adapt themselves to accommodate the structure of
the Metropolitan Country. It is, of course, also
possible that mutual structural changes will ensue.
Or the value of a given colony may be so great—
if, for example, large deposits of scarce resources
are to be found in the colony—that the Metropoli
tan Country would be willing to pay a price in
terms of structural changes or other concessions
to entice the colony into a system-dominant union.
A number of conditions render it more or
less difficult to form an amalgamated union be
tween the DOMINANT SUBSYSTEM and one or more
DEPENDENT SUBSYSTEMS. ‘ Political integration
may be easier if the actors are contiguous to one
another. Examples of such cases include twelfthcentury Germany, which successfully absorbed the
eastern provinces, and nineteenth-century America,
which incorporated the newly-opened western te rri
tories into the Union as states. That the same
process is conceivable for non-contiguous areas
is demonstrated by the accession of Alaska and
Hawaii to the American Union in 1959. Most im
perial powers, however, have found it difficult if not
completely impossible to integrate and assimilate
their overseas colonies.
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If there are sharp ethnic or racial differ
ences between the native population of the colo
nies on the one hand and the population of the
Metropolitan Country on the other, the problems
of assimilation might be quite complex. A suc
cessful effort on the part of the Metropolitan Coun
try to inculcate a common group loyalty in the
native population or, conversely, the success of
the latter in infusing their own values into the
societal system of the Metropolitan Country could
facilitate the process of assimilation.
Clearly,
however, the assimilation of an ethnically- or
racially-differentiated native population into that
of the DOMINANT SUBSYSTEM depends upon the
rate of social mobilization among the natives, and
upon the efforts of the Metropolitan Country to ac
celerate the process of social mobilization.

into two separate and, for several decades at least,
mutually antagonistic systems. The first question
that must be answered is whether or not the reali
ties of the seventeenth-century Anglo-American
empire in fact match the most essential aspects
of the paradigm that I have been discussing.
The Anglo-American Empire as an IMPERIAL SYS
TEM
The seventeenth-century American colonies
existed in a state of semi-isolation, separated from
one another in many cases by stretches of unin
habited wilderness and more generally by inade
quate means of intercolonial transportation and
communication. Contacts with the mother country
were often easier to maintain, and perhaps more
fruitful, than those with neighboring colonies. To
the extent that there was any coordinating among
separate colonial administrations, it was the re 
sult, not of the colonists' cooperation, but of the
efforts of His Majesty's Government in England.
Even as late as the middle of the eighteenth cen
tury the colonists were unable to organize an ef
fective intercolonial defense against marauding
Indians on the western frontiers; and some voices
expressed fears of armed conflict among certain
colonies.
In the area of policy decisions, the seven
teenth-century colonies underwent several changes.
"All but a very few of the English colonies in
America were begun as private enterprises. Some
were started as joint-stock trading companies,
others by feudal proprietors, and still others by
groups of private individuals unauthorized by the
king." (1) Although decision making was diffused
during their early years, "gradually private owner
ship gave way to royal control; charters were su r
rendered or annulled; unsanctioned settlements
were absorbed by their duly constituted neighbors.
Finally only a handful of colonies lay outside the
direct administration of the crown." (1) The colo
nies generally retained control over purely local
matters, but the political subsystem of the mother
country determined the most important policies
distributing power and income, allocating resources,
directing the use of force, establishing principles
of legitimacy, distributing honors and other sym
bols of social status. The flow of decisions went
from the mother country to the colonies, and not
the other way around.
The nature of the communication ties between
Great Britain and the colonies cannot be so sharp
ly delineated. One reason for this is the unavail
ability of certain types of information, particularly
quantitative political, social, and economic data.
We do know some basic facts, however, from which
we can extrapolate the patterns of communication
transactions between Great Britain and her colo
nies in America.
In the first place, a very high percentage of
the colonists were of English extraction. In 1790

The Disintegration of the IMPERIAL SYSTEM
A fourth type of structural degeneration is
the outright disintegration of the SYSTEM. This
might result from any one of the three policies
just mentioned, particularly if the policy were to
be inflexibly or, perhaps, prematurely applied and
implemented. But disintegration might also result
from a policy of drift or any of the other dysfunc
tional elements in the SYSTEM. It is even con
ceivable that the DOMINANT SUBSYSTEM is the
actor most anxious to do away with the SYSTEM.
This might be the case if the Metropolitan Coun
try valued the structural integrity and solvency of
its own subsystems more highly than the main
tenance of the SYSTEM as a whole. President
De Gaulle's ultimate disposition of the Algerian
question seems to be an example of such an atti
tude.
Regardless of the cause, however, the dis
integration of the IMPERIAL SYSTEM ends in the
creation of new and separate systems. Each of
the DEPENDENT SUBSYSTEMS may become a sys
tem in itself; a few of them may retain their ties
of dependence to the Metropolitan Country; several
of them may regroup themselves into a new sys
tem; others may align themselves with actors
outside the IMPERIAL SYSTEM. The former col
onies may establish friendly or hostile relations
with the Metropolitan Country. They may retain
their ties of trade and communication with the
Metropolitan Country, or seek new markets for
their produce and attention. In short, the aftermath of empire may be, and indeed has been,
quite varied.
THE DISINTEGRATION OF EMPIRES:
A CASE STUDY
In the ensuing paragraphs I shall examine in
more detail a case study of the mercantile IM
PERIAL SYSTEM—the relationship of the American
colonies to Great Britain—and its disintegration
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about 61 per cent of the more than three million
white Americans had family names that could be
identified as English (and another 18 per cent had
Scotch or Irish family names) (2). If we accept
these population estimates as accurate, and re
member that European political struggles and
shortages of food during the middle of the eight
eenth century drove significant numbers of Scots,
Irish, and Palatine Germans to American shores,
then we might well assume that the colonial popu
lation of the previous century (estimated at 50,000
in 1650 and at 251,000 fifty years later (3)) was
even more homogenous and more predominantly
English in origin.
English life and manners provided the colo
nists with a model of social behavior that they
then sought to adapt to their existence in the wil
derness. With their common English (or at least
British) heritage, the seventeenth-century colonists
looked to the Mother Country for their fashions
and standards of excellence, their customs and
language, their methods of agriculture, production,
and local self-government. Wealthier colonial fam
ilies sent their children to England to be schooled;
and study at an English university was widely con
sidered a sine qua non for would-be laywers and
medical practitioners, as well as for many men
of the church. London—and not Boston o)c Phila
delphia, New York or Williamsburg-was the bright
star in the colonists' firmament. It was England
that the American colonist wanted to visit once
more before he. died. So great was this sense of
attachment in some instances that writers in South
Carolina occasionally referred to England as home
even in the early 1760s (4).
Available data on the trade patterns of the
seventeenth-century American colonies suggest a
picture consistent with classic mercantile doctrine
in its main lines if not in all of its details. Mar
garet Shove Morriss tells us, for example, that
during the years from 1689 to 1701, an estimated
75 ships per year passed between England and
Maryland (with about half of them going to or com
ing from London), that "the trade to foreign coun
tries, on the whole, was extremely small," and
that about 25 ships engaged in the intercolonial
trade stopped at Maryland's ports each year (5).
And, regarding the last four decades of the seven
teenth century, Bernard Bailyn writes that "the
heart of New England's commerce was mercantilistically sound." Bailyn adds that, by the middle
of the 1670s, the New England merchants recog
nized that their "economic activities were now at
the mercy of diplomatic decisions made by Euro
pean statesmen motivated by considerations utterly
unrelated to New England or its merchants (6).
This is not to say that the mercantile relation
ship of the colonies to the mother country during
this era was strictly regulated; for, due among
other things to England's involvement in European
wars, the mother country had neither the time nor
the material resources needed to control every

aspect of the colonists' trade. But, in the main, the
imperial relationship suggested previously (page 93,
figure 1) was ascendant in the seventeenth century.
Drift, Dynamic Ecology, and Shifting Colonial Perceptions
Lest it seem that the imperial relationship
between Great Britain and the American colonies
was approaching a steady state of equilibrium by
the beginning of the 1700s, several sources of in
stability must be noted.
The first of these was an English policy
toward the colonies that can only be described as
"drifting." By 1680 His Majesty's Government in
London had decided upon its principles and poli
cies of colonial rule, as well as upon the means
of implementation and administration.
In brief,
the principle was government by instruction, with
the colonial governor solely responsible for carry
ing out the instructions sent to him by the Board
of Trade. There is much to commend such a re 
lationship, perhaps, but it was also conducive to
practicing an eighteenth-century version of the
"law of least effort." After observing that "the
commissions and instructions to the governors
underwent no fundamental change" during the hun
dred years after 1680, Leonard W. Labaree points
out that "at bottom the system was fixed, static,
and unchanging, an expression of what the Board
of Trade loved to call ’the true principles of a
provincial constitution.'" (7) Such true princi
ples" did not, however, take into account changes
in the colonies and the imperial relationship, and
the changing needs, perceptions, and demands of
the colonists.
Thus, with what they thought was a resolu
tion of the colonial issue, the British went back
to their own political problems and court intrigues,
and to the complications of the power struggle in
the European state system. As long as the colonial
relationship continued to function adequately, they
saw no need to concern themselves overmuch with
colonial affairs; and they were loathe, given the
dearth of able administrators in the British Isles,
to send good men out to the provinces.
While the Royal Government was following a
policy of drift, the colonists were developing ways
of life and patterns of self-government that began
to vary widely from the English model. One such
pattern was the increasing power of the colonial
assemblies, stemming from their right to initiate
legislation and their control of the purse. Although
the Board of Trade sent fairly uniform instructions
to the colonial governors, it left them to find their
own means of implementing the instructions. Thus
each governor had to fight his own battle with the
assembly in his colony. He had to convince the
legislators, first of all, that certain measures pro
posed by the Crown were necessary and, second,
that the assembly should appropriate the requisite
monies. As Samuel Eliot Morison and Henry Steele
Commager have written,
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colonial politics are largely the story of struggles
between the assem blies and the royal or proprie
tory governors. In such a conflict between colon
ists with a lively sense of their rights and inter
ests, and the representatives of a central govern
ment with not so keen a sense of imperial needs
or English interests, and which did not wish to be
bothered, the colonists generally won. The system
worked well enough, for the British Government by
veto or disallowance was able to prevent things,
such as abuse of paper money, that it did not like;
but it was unable to get positive things done, such
as full co-operation in time of war.(8)

The net result of these processes was the increas
ing power of the colonial assemblies to make poli
cy decisions over an ever wider range of activities,
and hence a diffusion of the decision-making func
tion in the IMPERIAL SYSTEM.
Meanwhile the ecology of the colonists' per
ceptions of themselves, the mother country, and
the Anglo-American empire as a whole—that is,
the relationship of the perceptions to the environ
ment in which they occurred—was undergoing grad
ual but vital changes. On the one hand, Great
Britain was assuming a less important role in
the lives of the colonists while, on the other, the
number and scope of intercolonial communication
transactions of all sorts were growing.
Illustrative of these developments is the
shift in colonial trading patterns. The number of
ships plying between the ports of New York, Phila
delphia, Hampton, and Charleston in America and
harbors in the British Isles doubled from 1734 to
1772 (increasing in number from 264 to 556); but
the number of ships engaged in the coasting trade
quadrupled (from 402 to 1750) during the same
period. Comparable figures for the Port of Bos
ton are even more dramatic: the number of ships
sailing from Boston to the mother country rose
from an average of 48 per year in the 1714-1717
period to 59 per year in the four years from 1769
to 1772 (an increase of 23 per cent); the number
of coastal vessels jumped from 117 to 451 (an in
crease of 286 per cent!). In terms of the total
annual tonnage shipped from Boston, 19 per cent
(3,985 tons) went to Great Britain or Ireland in
1714-1717, while 16 per cent (6,171 tons) of the
yearly tonnage did so in 1769-1772. The share
of the total tonnage shipped each year from Boston
to other colonial ports rose from 17 per cent
(3,583 tons) in 1714-1717 to 43 per cent (16,766
tons) in 1769-1772 (9). In short, while the ship
ping facilities of the colonies expanded generally
during the course of the eighteenth century, inter
colonial trade grew at a much more rapid rate
than did trade with the mother country.
Other indicators of colonial communication
patterns during the first six decades of the eight
eenth century point to a similar increase in inter
colonial communication (10). The expanding Ameri
can population began to fill in the gaps separating
the urban clusters scattered along the Atlantic
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seaboard, establishing a fairly continuous line of
settlement from Penobscot Bay in the north to
Savannah in the south. And with the expansion of
the population came the construction of postroads,
ferries, and other means to facilitate intercolonial
travel and communication. Intercolonial mobility,
in turn, made increasingly possible the exchange
of ideas among the colonists: religious organiza
tions and movements (such as the "Great Awaken
ing") spread throughout America; the newspapers
increased in number, size, and scope of coverage,
drawing to an ever greater extent upon intercolonial
news sources; colonial printers, such as Benjamin
Franklin, and other colonial merchants normally
had extensive familial and business connections in
several colonies; while lawyers, doctors, and men
of science often traveled to or corresponded with
their colleagues in other parts of America.
There were, to be sure, factors working
against increased intercolonial cooperation and
communication. Diverse and often unstable colo
nial currencies, as well as the virtual absence of
intercolonial credit facilities, hampered trade and
commercial relations.
Conflicting territorial
claims led to harsh words and occasionally even
bloodshed.
Religious factionalism and regional
jealousies sowed the seeds of mutual antagonism.
In spite of the importance of these divisive fac
tors, however, they did not prevent the triumph
of mutual interests among the colonists over their
mutual hostilities when the time of decision a r
rived.
Significant shifts in the colonists' focus of
attention and patterns of self-perception accom
panied the political drift and changing ecology of
the eighteenth century. Data derived from a quan
titative analysis of place-name symbols (such as
"London," "Williamsburg," or "Italy") appearing
in the colonial press from 1735 to 1775 suggest
several interesting trends (11).
While maintaining a fairly constant interest
in the mother country, the colonists shifted their
attention from European wars and other events
outside the Anglo-American empire toward an in
terest in American news. Although symbols of
place names located in the British Isles generally
occupied about one-fifth of the newspapers' symbol
space throughout the entire 41 years, their share
declined sharply relative to the space given over
to American symbols. From 1735 to 1762 about
one in seven symbols referred to place names in
the American colonies; during the next thirteen
years almost one in three symbols did so. The
years 1774 and 1775 found the colonial printers
devoting more than half their symbol space to news
of America.
A more detailed analysis of American sym
bols in the colonial press (12) suggests a second
trend: a shift away from purely local interests to
an awareness of events affecting the colonies as a
whole, with attention paid by the newspapers to
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and they had begun to express their resentment
toward perceived infringements of those "common"
rights. The response to the Sugar Act of 1764 and
the Stamp Act of 1765 are cases in point. As early
as 1764 James Otis of Massachusetts referred to
Harrington's assertion that "Empire follows the
balance of property," and argued:

symbols of colonies other than their own remain
ing essentially unchanged over the long run. News
of the home colony was important throughout the
41 years from 1735 to 1775. It declined in impor
tance, however, relative to intercolonial news.
The salience of a collective concept in the colo
nial press, that is, the use of symbols referring
to all of the American colonies as a single unit,
was low until 1763. After that date such collec
tive symbols comprised about one-quarter of the
total number of American symbols in the news
papers.

The Colonists being men, have a right to be
considered as equally entitled to all the rights of
nature with the Europeans [that is, the English],
and they are not to be restrained in the exercise
of any of these rights, but for the evident good of
the whole community. . . . (13)

The IMPERIAL SYSTEM in Transition
A changing perception of America's place in
the Anglo-American empire—a change that had ac
tually begun to develop in the late 1750s—assumed
dramatic proportions in the early 1760s. I have
already noted the increased emphasis in the press
upon place-name symbols identifying all of the
colonies as a single unit during these years. The
question that we want to examine now is, what
was the content of these symbols? In answering
this question I shall consider only symbols in arti
cles with American datelines and, for the sake of
convenience, I shall divide the collective symbols
into three groups: first, those specifically identi
fying the colonies as British or royal domain;
second, symbols (such as "the colonies" or "the
provinces") that emphasize the imperial relation
ship and omit any specific mention of the mother
country; and, finally, those that implicitly or ex
plicitly identify the area as American, separate
from any British community.
By looking at the symbols linking the colo
nies to the empire as a ratio of symbols identify
ing the area as British, an interesting and, I be
lieve, significant finding emerges. For every ten
British-oriented symbols appearing in the press
during the two decades from 1735 to 1754, there
were nine empire-oriented symbols. This ratio
almost reversed itself during the next five years.
The number of empire-oriented symbols appearing
for every ten British-oriented symbols during the
remaining colonial years were: fifteen from 1755
to 1759; thirty-four from 1760 to 1764; forty-six
from 1765 to 1769; and sixty-three from 1770 to
1775. Thus, over a twenty-year period, the ratio
of empire-oriented to British-oriented symbols
multiplied sevenfold. In effect, through their use
of self-referent symbols, the colonists (or at least
their newspapers) were substituting an allegiance
to the IMPERIAL SYSTEM for their former ties
of loyalty to the DOMINANT SUBSYSTEM, that is,
Great Britain.
Such a finding accords well with what we al
ready know about the changing political philosophy
in the colonies during the 1760s. The colonists
had begun to emphasize the heritage and rights
that were common to both Englishmen in the Brit
ish Isles and Englishmen in the American colonies;
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There is more than just a statement of natural law
in Otis' remarks. There is the implication that
the "whole community" of the empire is somehow
superior to the English in the mother country as
well as to the colonists in America.
Within the next decade the idea of an IM
PERIAL SYSTEM superior to its subsystems be
came common coin in the arguments of colonists.
In 1774 James Wilson of Pennsylvania wrote of
the doctrine of imperial equality that "the Com
mons of Great Britain have no dominion over their
equals and fellow-subjects in America; they can
confer no right to their delegates to bind those
equals and fellow-subjects by laws." Was Wilson
arguing in favor of the outright independence of
America? To the contrary, he wrote of the Ameri
cans that "They are the subjects of the King of
Great Britain. They own him allegiance." Of the
"strict connection between the inhabitants of Great
Britain and those of America," he wrote:
. . . They are fellow-subjects; they are under al
legiance to the same prince; and this union of al
legiance naturally produces a union of hearts. It
is also productive of a union of measures through
the whole British dominions. To the King is in
trusted the direction and management of the great
machine of government. . . . He has a negative on
the different legislatures throughout his dominions,
so that he can prevent any repugnancy in their dif
ferent laws.(14)

The king, then, is representative of the IMPERIAL
SYSTEM as a whole; and, while Parliament is the
chief legislator for Great Britain, it is no more
than the co-equal of the colonial assemblies within
the IMPERIAL SYSTEM.
Concurrent with this changed attitude toward
the structure of the IMPERIAL SYSTEM was an
emerging group loyalty among the colonists them
selves. We have already seen signs of this in
their changing attention patterns. Throughout the
1760s and early 1770s the colonists found it in
creasingly possible to work together—in the Stamp
Act Congress of 1765, in the committees of cor
respondence, and eventually in the Continental Con
gress—as well as to think of themselves as a
community of fate. John Dickinson of Pennsyl
vania wrote in 1768, for example, that "every man
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termed "system-dominant pluralism," with the
British monarch as the titular head of the system.
If the British government had perceived the AngloAmerican empire in the same light as'' did the
colonists, the result might have been the em er
gence of a British Commonwealth in the eighteenth
century. But the British did not concur in the
Americans' perception of a dynamic IMPERIAL
SYSTEM. It was the clash between the British
perception of static imperialism and the American
perception of dynamic imperialism that was to
lead to the eventual breakdown of the Anglo-Ameri
can empire.
Thus the Anglo-American Empire of the 1760s
was in transition. A century ago it had closely
approximated the paradigm of the mercantile IM
PERIAL SYSTEM. What it would become rested
upon the attitudes and actions of both the British
and the Americans.
.

amongst us who in any manner would encourage
either dissension, diffidence, or indifference be
tween these colonies is an enemy to himself and
to his country." (15) And, by July of 1775, the
delegates to the Continental Congress could assert:
"our union is perfect." (16)
FIGURE 2: THE IMPERIAL SYSTEM IN TRANSITION

The End of Empire: The Clash of the 1770s
As it turned out, the British persisted in
maintaining their image of the mercantile IM
PERIAL SYSTEM during the ensuing years. Over
reacting, perhaps, to long decades of drift, Britain
set about to bring its colonial relationships in
order. The Townshend Acts of 1767 reorganized
the customs service in the colonies, providing for
more effective enforcement of existing regulations,
and instituting new duties on colonial imports from
Britain. The duties themselves were to be used
for paying the salaries of the colonial governors,
thereby relieving them from their dependence upon
the assemblies. Instructions to colonial customs
officers in 1769 revamped the existing trade regu
lations and sought to close some of the loopholes
that had proved so advantageous to colonial m er
chants. The British response to the "Boston tea
party" of 1773 was a policy of toughness: the Port
of Boston was closed; extensive changes in Massa
chusetts' form of government were ordered; provi
sion was made for transporting criminals to Eng
land for trial. But the policy of toughness back
fired. Although it conceivably could have some
effect in maintaining the SYSTEM during an earlier
era, it merely succeeded in pushing the colonists
to greater extremes in the 1770s.
Nor were the Americans ready to retreat
from their minimum demands for dynamic imperi
alism. Expressions of the idea of Anglo-American
co-equality in decision making under the aegis of
the Crown appeared regularly throughout the early
1770s. In what might be termed the last major
colonial effort to save the Anglo-American empire
from disintegration, Joseph Galloway of Pennsyl
vania sought to reconcile the differing British and
American perceptions by Institutionalizing the
American idea of empire within the British frame
work. In September of 1774 Galloway boldly sug
gested to the delegates of the first Continental Con
gress "That a British and American Legislature,

KEY: -------------- * Direction of policy decisions
____________ + Direction of communication transactions and
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By the middle of the 1760s, then, the colo
nists had evolved a perception of the IMPERIAL
SYSTEM differing considerably from that of the
seventeenth-century mercantilist.
The changing
context of colonial society was in part responsi
ble for the newer perceptions. First of all, the
colonies were no longer isolated from one another,
almost solely dependent upon the mother country
for their sources of rewards and models of be
havior. Decision making for the SYSTEM as a
whole was diffused, with the colonial assemblies
enjoying an ever greater measure of freedom to
determine their own policies, and with mounting
opposition to attempts by Parliament to legislate
for the colonies. Second, the lines of communica
tion were stronger among the colonies themselves
than between the colonies and the mother country.
Third—and this is perhaps the crucial point—the
colonists were dividing their loyalties. To an in
creasing extent, on the one hand, they were re
directing their ties of allegiance, away from the
DOMINANT SUBSYSTEM, that is, Great Britain,
and toward the IMPERIAL SYSTEM itself. There
was to be sure a continued recognition of the su
perior role of Great Britain in the IMPERIAL SYS
TEM, but the relationship that the colonists per
ceived was one of primus inter pares, and not one
of dominance and submission. On the other hand,
however, there w u h growing group loyalty among
the colonists themselves, pointing the way to Iden
tification with an exclusively AMERICAN SYSTEM.
In brief, the 1760s found the colonists con
sciously or unconsciously pushing the IMPERIAL
SYSTEM toward degeneration into what I earlier
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for regulating the administration of the general
affairs of America, be proposed and established
in America, including all the . . . colonies; within
and under which government, each colony shall
retain its present constitution and powers of regu
lating and governing its own internal police in all
cases whatsoever." (17) But his efforts went for
naught. By a majority of one vote the colonies
rejected Galloway's plan of union, and in its place
they drafted a series of far-reaching resolutions
petitioning King George IE and the English popula
tion to listen to the light of colonial reason and
calling upon the colonists to refrain from trading
with the mother country should the so-called "co
ercive acts" not be repealed.
By the end of 1774 the idea of complete in
dependence from Great Britain seems to have taken
hold of the colonists' thoughts. Anglo-American
co-equality' under an imperial monarch was no
longer an acceptable solution for the Americans
who wanted even greater freedom of action in pol
icy making.
It is possible, I would suggest, to trace the
trend toward thoughts of independence by looking
at the colonists' changing perceptions of their coun
try and themselves. The first of these changes,
as indicated by the use of self-referent symbols
in the colonial press, was a growing tendency to
distinguish the American colonies from both Brit
ain and the empire. For every ten British- or
empire-oriented symbols appearing in Americandatelined items during the twenty-five years from
1735 to 1759, less than six identified the colonies
as "American." This ratio shifted sharply, how
ever, after 1760. During the last sixteen years
of the colonial era, sixteen symbols identifying the
colonies as American were printed in the news
papers’ columns for every ten symbols identifying
them as a part of Britain or the empire.
It is interesting to note that this wave of
what might be called increasing American separa
tism followed closely upon an earlier wave that
sought to dissociate the colonies from Great Brit
ain while associating them with the empire. In
the usage of symbols at least, the transition from
empire to independence took place in three steps:
from alignment with the DOMINANT SUBSYSTEM
to identification with the IMPERIAL SYSTEM itself
to, finally, dissociation from both the DOMINANT
SUBSYSTEM and the SYSTEM.
Let me again
stress the fact that these transitional steps took
place in a context of increasing emphasis upon
terms symbolically uniting all of the American
colonies into a single political unit.
The second major change in the colonists'
perceptions during the late 1760s and early 1770s
pertained to their views of themselves. Before
1763 the use of symbols identifying all of the col
onists as a single group was rare indeed: they
comprised about seven-tenths of one per cent of
the total number of symbols referring to American
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place names. Moreover, the newspapers were vir
tually unanimous in associating the colonial popu
lation with Britain.
The turning point came in 1763. From that
year until 1769 the average issue of a newspaper
contained eight times as many symbols collectively
identifying the colonists as did the average issue
from 1735 to 1762; and the use of such symbols
increased by another 50 per cent during the six
years from 1770 to 1775.
Once the collective concept had become sali
ent, however, the colonists were quick to use self
referent symbols differentiating themselves entirely
from their brethren in the mother country. Col
lective symbols referring to the population did not
follow the pattern previously set by collective
symbols referring to the territory—shifting from
British-oriented symbols to empire-oriented sym
bols and finally to symbols of American separation.
The middle stage in this transitional process never
materialized. Rather, the transition from percep
tions of the colonists as British to perceptions of
them as Americans took place in one step. For
every ten British- and empire-oriented symbols
appearing in the press from 1763 to 1769, there
were four American-oriented symbols; and from
1770 to 1775 there were eleven American-oriented
symbols.
What I am suggesting is that the recogni
tion of American nationality came as a step-level
function for the colonists. The years immediately
after the conclusion of the French and Indian War
saw the rapid acceleration of a number of proc
esses under way in colonial America since the
turn of the eighteenth century: a drifting British
imperial policy broken by sporadic attempts to re 
capture Britain's position of dominance in the
Anglo-American empire; colonial efforts to widen
the decision-making powers of their assemblies;
increasing intercolonial trade and communication
transactions of all sorts, in a context of fairly
constant or even diminishing contacts with the
mother country; the development of an interest in
American events as well as a growing perception
of the colonies as a single unit. The 1760s were
years of transition, years in which people who
called themselves "British-Americans" or "colo
nists" sought to reconcile their own desire for a
greater measure of freedom with a sense of loyal
ty demanding the maintenance of the Anglo-Ameri
can empire. At this stage, substantial British
concessions in the area of policy making might
even have prevented or postponed the disintegra
tion of this empire.
By about 1770, however, the inhabitants of
the thirteen colonies no longer considered them
selves to be "British-Americans" or even "colo
nists." They were Americans, living on Ameri
can—not British or imperial—soil. They were no
longer trying to reconcile two differing perceptions
of the IMPERIAL SYSTEM so much as they were
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becoming aware of their basic opposition to that
IMPERIAL SYSTEM.
The path that the Anglo-American empire
followed during the 1770s is familiar to us all:
the increasingly hostile postures of both the B rit
ish and the Americans; the feverish activity of
colonial patriots; the efforts of the British govern
ment to restore the dominance-submission rela
tionship envisioned in the ideal IMPERIAL SYS
TEM; the outbreak of fighting at Lexington and
Concord; and, ultimately, the Declaration of Inde
pendence.

the colonists conscious of their mutual interests
and problems. But it is also true that rapidly
expanding facilities for and habits of intercolonial
communication paved the way for a situation in
which the colonists could perceive and react to
these events in a mutually compatible manner. On
top of this interplay of communication transactions
and external developments was built a superstruc
ture of formal governmental structures and proc
esses that, in their own turn, contributed to the
emerging sense of American nationality.
SYSTEMS AND EMPIRES

FIGURE 3: THE AFTERMATH OF IMPERIAL DISINTEGRATION
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By 1776 the Anglo-American empire had dis
integrated into two independent systems. Great
Britain and the United Colonies had separate
decision-making processes; trade and other com
munication transactions between the two countries
had all but ceased; and the ties of loyalty and iden
tification were self-contained in each system.
Within the AMERICAN SYSTEM a confederal politi
cal structure was created—a structure with de
centralized decision making in some important
areas, but nonetheless adequate enough to conduct
and win the War of Independence.
It is particularly interesting that the colonies,
having declared their independence from the AngloAmerican empire, were willing to unite in an
American political community. In large part, I
would suggest, this willingness stemmed from a
strong sense of community or group loyalty—a
group loyalty resting upon decades of mutually
beneficial transactions of all sorts as well as the
development of mutually compatible perceptions
and attitudes. It is of course true that the events
of the 1760s and the 1770s played a role in making
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The chief value of a paradigm for students
of international politics lies in its explanatory
power, in its helpfulness in trying to understand
the structure or process that it seeks to picture.
Such an "understanding" may take place on sev
eral levels of analysis. We might, for example,
merely be interested in finding a paradigm of some
system (mercantile imperialism, perhaps, or the
twentieth-century international system) that will
give us an intuitively sound notion of its operation
during a given period of history or under certain
conditions. If this paradigm will help us to under
stand or at least to analyze specific examples of
such systems in practice, and particularly if it
will help us to explain deviant cases, that is, ex
amples of the system that do not conform to the
paradigm, then it will be of even more value.
Finally, we might be interested primarily in find
ing a paradigm that will enable us to predict the
future development of the system in question.
In seeking to understand such a system as
modern or seventeenth-century imperialism, a main
problem is finding means to make its key variables
operational.
By that I mean, how can we find
(quantitative) measures of the flow of communica
tions and attention within a system? Or, how can
we find (quantitative) measures of patterns of iden
tification? A start has been made in this direc
tion, concentrating especially upon examples of
modern empires and other state systems. To op
erationalize key variables in the Anglo-American
empire of the seventeenth and eighteenth centuries,
however, poses a different and more complex task.
Many of the quantitative political and social data
that we need for analyzing significant trends in
colonial America are neither accurate nor com
plete enough to be of much value. In this respect,
as I tried to point out in this paper, some of the
newer research concepts and tools of the social
sciences offer possibilities at once fruitful and ex
citing. We may hope that the application of these
ideas and methods to such systems as imperialism
will enhance our knowledge and understanding of
their operation.
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G.
APPLICATION OF SYSTEMS THEORY TO WORLD PROBLEMS

SOME SIMPLE MODELS OF ARMS RACES*
Michael D. Intriligator
I. INTRODUCTION
Some aspects of arms races have a structure
similar to that of economic models of competition.
This paper explores this similarity by using re 
action curves to analyze and.advance previous the
oretical studies of arms races. In particular the
classical ratio goal and Richardson models are
extended by explicit consideration of alternative
strategic assumptions and constraints on weapons
holdings.
The limitations of reaction curve analysis
must, however, be constantly borne in mind. The
greatest shortcoming is undoubtedly the use of a
single policy variable, namely aggregate stocks of
weapons. The use of weapons stocks as a policy
variable ignores certain factors that are crucially
important in arms races: the diversification of
weapons as a response
uncertainty and the pos
sibilities of weapons developments and improve
ments, Other shortcomings of reaction curve
analysis are the limitation to two contending na
tions and the assumption that the only influence
on weapons stocks are the opponent's weapons
stocks. Because of !hese shortcomings and other
limitati'ons the analysis and conclusions are pre
sented not for direct application but rather as in
dicative of a path of analysis for, and conclusions
that might be applicable to, the much more com
plicated actual situation. The analysis simplifies
the situation without entirely losing its meaning;
the conclusions hopefully will provoke further
study.

their extensions can therefore be analyzed by re 
action curves.
Reaction curves in the theory of duopoly (two
sellers of a good) indicate the optimum choice of
output of one seller given the output of his com
petitor. The reaction curves used here to analyze
arms races similarly indicate the optimum choice
of weapons stocks given the weapons stocks of the
opponent. Such reaction curves are similar to the
lines of constant power of Ash1 and the lines of
objective security of Burns.2
The classical examples of arms races, bat
tleship building and army mobilization, were often
studied by means of ratio goals.3 To the extent
that the outcome of an encounter of fleets or a r
mies depended on size ratios it was reasonable to
assume that arms races were based on ratios of
battleship tonnage or numbers of divisions. The
attempt to obtain some ratio goal more favorable
than parity (equality of weapons) on both sides,
together with the assumption of some protective
weapons, that is, a nonzero optimal weapons stock
at zero opponent's weapons, are shown in Fig. 1

n. CLASSICAL MODELS
Fig. 1 — Reaction curve:

The ratio goal and Richardson models are
classical' models of arms races.
Both models
make the simplifying assumption of two contend
ers, each having a choice of a single policy vari
able, levels of weapons stocks. These models and

ratio goal

where WA is the stock of weapons held by A and
WB is the stock of weapons held by B. AA' is
the reaction curve for A, showing the weapons A
desires to hold (WA) as a function of the weapons

♦Originally published by The RAND Corporation as Memorandum RM-3903-PR, April 1964, which was an out
growth of ideas developed by the author in a talk given at the 1963 Annual Meeting of the American Political Science
Association. Reprinted by perm ission. The research is sponsored by the United States Air Force under Project
RAND—contract No. AF 49(638)-700 monitored by the Directorate of Development Planning, Deputy Chief of Stan,
Research and Development, Hq USAF.
....
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Vol. Ill, No. 4, Dec. 1959, pp. 326-342.
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School of Public Administration, Harvard University P ress, Cambridge, Mass., 1958.
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held by B (WB). This reaction curve shows that
if B holds no weapons (WB = 0) there is a posi
tive stock of weapons that A desires and that if
B increases its holdings, A also increases its
holdings. The ratio goal is shown as the dotted
line through the origin. In attempting to meet the
ratio goal, the reaction curve AA' comes closer
and closer to this dotted line. The reaction curve
shows how much A would like to hold (ao a func
tion of weapons held by B), not the actual combi
nation of weapon stocks (WA, WB). If, however,
the actual combination differs from the desired
combination, A will attempt to move the actual
combination to the reaction curve. A succeeds in
moving the combination by increasing or decreas
ing WA, hence the arrows show direction of move
ment.
.
The reaction curve AA' for A is combined
with a similar reaction curve BB' for B in Fig. 2.

librium in that small movements away from D will
give rise to forces restoring D. The condition
necessary to ensure an equilibrium such as D is
that the product of the ratio goals be less than
one. Assuming both sides have the same ratio
goal the necessary condition is that each ratio goal
be less than one, implying counter-intuitively a
ratio goal for both sides that gives weapons supe
riority to the opponent.

The Richardson model4 represents an arms
race by a set of differential equations, indicating
for each country the effect of stocks of weapons
in both countries on weapons production. Letting
WA = dWA/d t and WB = dWB/d t represent the
production of weapons in countries A and B respec
tively, the Richardson model is:
WA =

- a 2WA + a 3

WB = b TWA

- b 2WB + b

F ig .2 — Arms race with no equilibrium: ratio goals

It is assumed that A and B both want protective
weapons and have ratio goals. In addition to the
dotted ratio goal for B there is shown a dotted
parity line, along which holdings of weapons are
equal (WA = WB). The left and right arrows of
Fig. 1, which show how A varies its actual weap
ons levels to attempt to reach the reaction curve,
are supplemented in Fig. 2 by up and down a r 
rows which show how B similarly varies its actual
weapons levels. The result of combining these
reaction curves is clearly an endless arms race
spiralling to higher and higher weapons stocks,
since A and B together will move an actual point
above BB' or to the right of AA' into the central
area in which weapons stocks on both sides in
crease.
The classical battleship building arms race
would, however, yield a finite equilibrium configu
ration if the A ratio goal were above the B ratio
goal, as shown in Fig. 3. At the equilibrium point
D both A and B are simultaneously satisfied with
their holdings of weapons. By the direction of the
arrows shown it is clear that L) is a stable equi

3

Each of the coefficients has an interpretation: a 3
(and bi) are "defense coefficients," indicating the
influence of the opponent's weapon stocks on weap
ons production; a 2 is a "fatigue and expense coef
ficient," indicating the burden of supporting weap
ons, and a 3 is a "grievance term," including all
factors other than weapons stocks responsible for
weapons production. The first coefficient then rep
resents military, the second economic, and the
third political-social bases for arms races. All
coefficients are assumed positive.
The Richardson model can be represented
by means of reaction curves given by the combi
nations of weapons stocks (WA, WB) yielding no
change in weapon stocks:
WA = a]WB - a2WA + a 3 = 0
W0 = b|WA - b2WB

b 3 = 0.

These lines of no change in weapons stocks are
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shown in Fig. 4. The line WA = 0 corresponds
to the reaction curve AA' and the line WB = 0
corresponds to the reaction curve BB'. The in
terpretation of these lines as reaction curves is
clear from the arrows indicating direction of move
ment. An equilibrium point like that shown in
Fig. 4 is reached if the slope of AA' exceeds the
slope of BB', that is, if a1/ a 2 • bx/b 2 < 1 .
If
such an equilibrium point exists it is stable, as
is seen from the direction of the arrows. An un
stable equilibrium might exist, however, if the
grievance terms are negative. This situation of
good will leads reasonably to a downward spiral
of weapons for slight movements below equilibri
um but ironically to an upward spiral of weapons
for slight movements above equilibrium.
(WA= 0)

variable and neglect of strategic uses of weapons
and constraints on weapons stocks. The extension
to several policy variables will not be undertaken
here, but the implications of alternative strategies
and constraints on weapons stocks will be consid
ered.
Strategy must be considered explicitly for
nuclear weapons. The naval encounters or mili
tary maneuvers of the past, in which ratios of
weapons stocks were a major determinant of the
outcome, have no counterpart in nuclear warfare.
Nuclear warfare and hence nuclear arms races
depend fundamentally on the assumed uses of nu
clear weapons. In a deterrent strategy, for exam
ple, nuclear weapons could be used to deter the
opponent from striking by threatening to inflict
upon him unacceptable damage. In an arms de
priving strategy, on the other hand, nuclear weap
ons . could be used to disarm the opponent by
threatening to destroy his nuclear weapons.* These
alternative strategies lead to reaction curves that
differ from those above because of scale effects
of weapons according to which increasing the num
bers of weapons proportionately for both sides aids
a deterrer and harms an arms depriver. Accord
ing to Schelling:
For anything like equal numbers on both sides,
the likelihood of successfully wiping out the other
side's m issiles ["weapons") becomes less and less
as the m issiles on both sides increase. And the
tolerance of the system increases, too. For sm all
numbers on both sides, a ratio of 2 or 3 to 1 may
provide dominance to the larger side, a chance of
striking first and leaving the other side a sm all
absolute number for striking back. But, if the ini
tial numbers on both sides are higher, it may take
a ratio of 10 to 1 rather than 2 or 3 to 1 to have
a good chance of striking with impunity; neither
side needs to panic if it falls behind a little bit,
and neither has any great hope that it could draw
far enough ahead to have the kind of dominance it
would need.5

pig, 4 — Arms race with equilibrium: Richardson model

The Richardson model with equilibrium is
similar to the ratio goal model with equilibrium,
as seen by a comparison of Figs. 3 and 4. Both
models require that the product of ratios be less
than unity. If symmetry is assumed in that the
ratio goals or coefficients for both sides are
the same, the ratio goal model requires for equi
librium that the ratio goal be less than one,
whereas the Richardson model requires for equi
librium that the defense coefficient be smaller
than the fatigue and expense coefficient. Similar
ly the Richardson model without an equilibrium
(a1/ a 2 • bx/b 2 < 1) is similar to the ratio goal
model without equilibrium (Fig. 2).
III. STRATEGY
Classical models of arms races have many
shortcomings, Including the use of a single policy

Scale effects therefore imply that the reac
tion curve of a deterrer will rise less than pro
portionately to the increase in opponent's weapons,
and the reaction curve of an arms depriver will
rise more than proportionately to the increase in
opponent's weapons. Reaction curves for A and B
acting as either deterrer or arms depriver are
shown in Fig. 5. It is assumed that both a de
te rre r and an arms depriver would like to hold
protective weapons when the opponent holds no
weapons.
Strategy and scale effects lead to several
conclusions.
First, reaction curves cannot be
analyzed by ratio goals or Richardson models be
cause of scale effects. Second, if both countries

*Arms depriving Is a counterforce strategy.
, .
.
_
..
5. Thomas C. Schelling, Surprise Attack and Disarmament, Klaus Knorr (ed.), NATO and American Security,
Princeton University P ress, 1959, p. 185. Also see the asymptotic relationships of deterrence effect to number of
weapons in Bernard Brodie, Anatomy of Deterrence, World Politics, Vol. II, No. 2, Jan. 1959, pp. 173-191.
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opponent adds more weapons, budgets are in
creased, pushing out the constraint curve.6
Constraints are important only to the extent
that they actually constrain. The stable equilibri
um of mutual deterrence at E in Fig. 5 would be
reached if E were within the constraints of both
sides, in which case the constraints are not bind
ing and tastes alone generate an equilibrium. Con
straints will, however, become binding in the case
of no equilibrium point, for example, in the case
of two arms deprivers in Fig. 5. This case is
shown in Fig. 6 in which A and B both act as arms
deprivers with reaction curves of AA' and BB' re
spectively.
The constraint curves CACA’ and
CBCB' have been added to the reaction curves for
A and B respectively.

B 1 (arms depriv er)

F ig .5“

Reaction curves for arms deprivers and deterrers

are arms deprivers there is no equilibrium point
as in the case of the ratio goal or Richardson
models with no equilibrium point, which results
in an endlessly spiralling arms race. Third, if
both countries are deterrers there is an equilib
rium point (E) of mutual deterrence sim ilar to the
ratio goal or Richardson models with equilibrium
point.
This equilibrium point is stable in that
any deviations about the point establish selfcorrecting forces restoring the equilibrium. Fourth,
the situation of an arms depriver facing a deterre r can lead to stable equilibrium points (F or
G). Fifth, the most explosive situations are those
indicated by shading in Fig. 5, in which one side
has sufficient weapons to disarm its opponent, and
the opponent has insufficient weapons to deter.
Richardson's conclusion that increasing weapons
stocks tend to increase the probability of war is
qualified, if not reversed, by the fact that weap
ons serve as a deterrent. If both sides hold suf
ficiently large amounts of weapons neither side
need fear that the other will initiate war with a
disarming strike.

Several results emerge from Fig. 6. First,
constraints have done what the tastes of two arms
deprivers could not do: establish an equilibrium
point. To the extent that each side attempts an
arms depriving policy they inevitably push weapons
stocks to the maximum permitted by the con
straints, point H. H is a stable equilibrium to
the extent that it is reached via the process of in
teracting weapons acquisitions and would be re
turned to if there were any deviation from H. It
is not an equilibrium in the sense that both sides
are satisfied; neither side has been able to obtain
sufficient weapons to disarm the opponent. Second,
H is desirable in that neither side need fear being
disarmed by the opponent. Third, this property
is true not only of H but also of all points above
and to the right of I (the shaded area). Any point
in the shaded area has the property that, given the
constraints, the opponent could never attain ade
quate weapons for an arms depriving strategy. To
this extent it appears plausible that after the con
tenders have reached H and realized that neither
side could attain adequate weapons to disarm the
opponent, in their mutual self-interest they would

IV. CONSTRAINTS
Classical models of arms races neglected
constraints on weapons stocks as well as strategy.
Reaction curves indicate the tastes of policy
makers but do not take into consideration the
scarcity of resources and the existence of insti
tutions that act as constraints on the policy
maker (budgets for example). To tastes, embod
ied in reaction curves, must be added resources
and institutions, embodied in constraint curves.
If the constraints are based on resources they are
probably independent of the opponent's weapons
stocks. If the constraints are based on institu
tions, however, they probably increase with the
opponent's weapons stocks. For example, if the

, „Bouldmg -n Confhct ^ D er>ofpn<!P
to (pp
these234.
constraint
curves he
as
6. Kenneth
f f n s g^HHaroer
arper, New
Ne York, 1962,^ refers
sQ on„
241). However,
'inexplicably considereTon^y the cases in which constraints are either independent of or decrease w,th opponents
weapons stocks.

^
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constraints. The entire area between J and K is,
however, one of mutual fears and distrust.
The case of a deterrer (A) and arms depriver (B) is illustrated in Fig. 8. If both constraints
are operative, L is reached at which A cannot
deter B and B cannot disarm A. If the constraint
on A is nonoperative (for example, shifted out be
yond A's reaction curve) then M is reached at
which A deters B but B doesn't disarm A. Simi
larly if the constraint on B is nonoperative, then
N is reached at which A doesn't deter B and B
disarms A.

each disarm voluntarily down to I. I and H are
alike in that they ensure that one side will not be
the victim of an arms depriving strategy of the
opponent, but I is a point at which both sides hold
less weapons than H and hence the costs of hold
ing weapons, the probability of accidentally firing
a weapon, and so on, are reduced.7 Of course
both sides would be reluctant to let weapons stocks
fall below I. If A chose a WA to the left of I
then B could, within the limits of its constraints,
attain the reaction curve and thus have sufficient
weapons to disarm A. Similarly B would never
choose a WB below I. In particular, the point of
general and complete disarmament, the origin, is
dangerous in that either country could easily at
tain enough weapons to use an arms depriving
strategy successfully.
The case of two deterrers with binding con
straints is illustrated in Fig. 7. The attempt to
build up weapons to deter the opponent leads to an
arms race that terminates at J at which there is
a stable but uneasy equilibrium. The equilibrium
is uneasy because it indicates that neither side
has enough weapons to deter the opponent so that
J is a point of fears, anxiety, threats, and bluffs.
Again there is little to recommend J over K: both
indicate that neither side has enough weapons to
deter the opponent and that the opponent cannot at
tain deterrent capability within the confines of the

F ig .8 — Arms race: arms depriver and deterrer with constraints

V. CONCLUSION
Some of the limitations of the classical treat
ments of arms races, the ratio goal and Richardson
models, have been overcome by rephrasing the
models by means of reaction curves and extending
the models to allow for strategy and constraints.
Allowing for deterring and arms depriving strate
gies leads, to a point of stable mutual deterrence
and to a delineation of explosive situations. Allow
ing for constraints on weapons stocks leads to non
explosive stable equilibria. There are still, how
ever, many severe limitations to this type of
analysis. The diversity of weapons, and, further,
the many dimensions of policy, have been ignored
here. Their treatment will have to await a further
analysis of arms races.

7. The shift from H to I based on effective communication to each side of the constraints relevant to the op
ponent is sim ilar to the shift in non-zero-sum games, such as the Prisoner's Dilemma, from certain payoff configu
rations to other strictly dominating (for both) configurations. See R. D. Luce and H. Raiffa, Games and D ecisions,
John Wiley & Sons, New York, 1957.
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A GAME FOR STUDYING THE PROBLEMS OF ARMS CONTROL*
R. H. Davis, P. B. Carpenter, and C. W. Missler
The development of a suitable simulation
technique for studying arms control could have im
portant implications for improving our understand
ing of the problem. Such a simulation vehicle
could (1) permit the empirical analysis of sug
gested disarmament measures; (2) be used to gen
erate hypotheses about the inspection provisions
of treaties; (3) provide training for personnel con
cerned with arms control; and (4) demonstrate to
interested parties some of the mechanics of arms
control implementation and planning, and possible
consequences of given courses of action.

ABSTRACT
A game for the study of problems in the
area of arms control is described. Two or more
teams of "experts" possess unique military force
structures and aggregated supporting economies.
In managing their military forces and supporting
economies a nation's leaders (game "experts") have
only limited information about their opponents
which is obtained by means of formal and informal
intelligence channels. Given a particular disarma
ment agreement, the effects of various treaty pro
visions on the decisions of participants are studied.
INTRODUCTION

STRUCTURE OF THE SIMULATION
VEHICLE AND GAME

One of the ways to acquire familiarity with
a problem is by "real-life" experience, but for a
variety of reasons this is not always possible nor
is it always desirable. For many centuries men
have been devising games as substitutes for more
direct experience with problems of military strat
egy and tactics. In more recent times, extensive
efforts have been made to apply war gaming tech
niques to other areas. The American Management
Association developed the first business game (4)
in 1956, and during the past six years many sim 
ilar business games have been invented (1). At
tempts to apply gaming techniques to broader po
litical questions pre-date business games. Both
the Germans and Japanese are known to have con
ducted political games prior to World War II (2,5),
and there is reason to believe that these games
had an impact on their subsequent actions. In
recent years political games have been reported
by a number of authors, particularly Goldhamer
and Speier (2) and Guetzkow (3).
The present paper takes as its point of de
parture the notion that many arms control prob
lems can be studied using simulation techniques
similar to those employed in war games, business
games, and political games. The central question
which we seek to answer is: "How might gaming
techniques be reworked and applied to arms con
trol problems?" The answer to this question is
couched in the form of a game which we call Arms
Control Simulation (ACSIM).

The structure of the simulation vehicle and
game assumes that the political and economic con
trol of the environment has been divided between
two groups, each of which possesses a military
force and a supporting economy. The assumptions
of only two opponents simplifies the description of
the game, but it should become apparent as the
technique is outlined that the game can be expanded
to include multi-nation alliances and "nth" country
problems.
The "real world" context assumes the exist
ence of an arms control agreement ("Disarmament
Proposal" in Figure 1) to be studied in the lab
oratory. In real life, each of the two nations has
available to it certain tangible resources, such as
air bases, missile launch pads, industrial complex
es, aircraft carriers, infantry divisions, etc. These
resources can be managed by the nation's decision
makers in compliance with or in violation of the
disarmament treaty. In managing their activities,
a nation's leaders have only limited information
about their opponents which is obtained by means
of various restricted channels of intelligence—some
formal, some informal.
In the laboratory setting, decision-making
functions are performed by two teams of experts
(Red and Blue). It is important to emphasize that
the simulation vehicle involves the use of both ex
perts and a computer. Experts interact continu
ously with the computer to make crucial high-level
decisions which would be made in real life by

♦Reprinted by permission from the SP series (SP-779) of the System Development Corporation, Santa Monica,
California. The concepts described in this article have evolved out of innumerable discussions with interested groups
and individuals. The authors would like to express their appreciation to all of those who have exchanged ideas with
us, especially Harold Aaron, Lloyd Belt, William Cannon, Ronald Gilliam, and Thomas Rowan.
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Fig. 1. The "real world" context on which a disarmament agreement is to be imposed, show
ing information and control channels.
The military establishment includes not only
the operational forces, but also research, develop
ment, and certain production activities. Each of
these activities requires a cyclic commitment of
resources which ultimately results in changes in
potential military effectiveness. By means of as
sessment models, values are derived which de
scribe the over-all capabilities of each team in
terms of its strategic offensive strength and its
vulnerability to strike, under conditions of both
conventional and limited war and for both non
nuclear and nuclear weapons employment.
A portion of the resources of the supporting
economies is available during each cycle of the
game. These resources can be committed against
any of the military activities described above or
may be returned to the "economy" in the form of
direct industrial expansion and long-term research
projects. These resources can also be committed
to such areas as foreign aid, which in turn affects
the long-term growth of the economy and the over
all military assessments. The total measure of
the economy is formulated in an "Aggregated Pro
duction Index" which is a measure of the consoli
dated productive investment made by the team.
This index determines the amount of resources
available for commitment during each game cycle.
The raising of this index serves as an alternative

humans. The computer simulates the environment
with which the humans interact.
The resources available to each team are
defined by a comprehensive collection of aggre
gated descriptive facts, a DATA BASE. Each team
manipulates its data base by means of computer
ized models. The descriptive elements of the data
base serve as stimuli for a variety of retrieval
programs which generate the intelligence data for
the opposing team.
A game runs for 25 to 30 cycles, each rep
resenting one or more months of real time. Each
cycle consists'of four distinct activities: (1) both
sides request intelligence about the other; (2) both
sides request changes in their own data base;
(3) both sides receive intelligence about the other;
and (4) both sides receive feedback on the updat
ing of their own data base.
A Control Staff acts as a monitor and per
forms "referee" functions, resolving conflicts in
the decision rules and. making assessments by
means of computerized evaluation aids.
The resources of each team are divided into
two general areas: a military establishment and a
supporting economy. These resources can be ma
nipulated to provide varying amounts of support to
military and civilian establishments, as suggested
by Figure 2.
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Fig. 2. Resources available to the teams for their civilian and military establishments and
possible channels of resource allocation.

goal which is essentially opposed to a military
build-up. It should be noted that although these
economic models must be designed to be as valid
as resources permit, they are primarily tailored
for control purposes to provide an incentive which
is in conflict with the build-up of military forces.
The extremes of the possible strategies avail
able to each team are:
(1) To maximize over-all military capability
under a pretense of conformance with the
treaty and maintain only a minimum ade
quate rate of growth of aggregated pro
duction.
(2) To maximize the Aggregated Production
Index—by reducing the commitments in
the military establishment—and maintain
only a "minimum adequate" military cap
ability, based on intelligence estimates.
Superimposed upon the cyclic assessment of
these goal measures is the concept that for any
constant, high level of armament, the probability
of instability increases with time. That is, the
probability of war by accident, miscalculation, or
chance increases with time as a function of the
over-all level of military capability. This philoso
phy imposes a time pressure on both teams be
cause they stand a chance of losing due to acci
dental war.
The laboratory vehicle used to simulate the
decision-making environment is composed of four
elements for each team (Figure 3):
(1) A DATA BASE, the comprehensive col
lection of facts defining "reality" for each
instant of exercise time;
(2) MANAGEMENT MODELS, for the manipu
lation of the data base and for the cost
ing and forecasting of changes;
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(3) INTELLIGENCE MODELS, which retrieve
appropriate descriptive fragments from
the opponent’s data base, and generate
the various types of intelligence reports;
and
(4) ASSESSMENT MODELS, to aid the Con
trol Staff in taking stability measures and
other analytical data.
The data base for each team is composed
of two general types of data: Descriptive Data
Fragments, which serve as sensor stimuli for the
generation of intelligence reports, and Aggregated
Data. The data base (Figure 4) can be concep
tualized as a matrix organized along three axes:
the Environmental Resources axis, the Sensor
axis, and Game Time (T). Descriptive data frag
ments, within the data base, serve two principal
purposes: (a) they are the basic units manipulated
by the team decision makers in posturing their
resources pursuant to a given strategy; and (b) they
serve as stimuli for the generation of intelligence
reports to the opposing team. These descriptive
data fragments include unit records for the com
ponents of the military forces, various strategic
production activities, critical stock-piles, and key
research programs. These fragments also serve
as potential discrete sensor stimuli. A series of
unique designations are included in these descrip
tive fragments which describe (1) the total military
capabilities, (2) the requirements in resources
for maintenance and modification, and (3) various
sensor susceptibility factors which are employed
by retrieval models for the generation of intelli
gence reports. For areas of particular im por
tance to the game, data fragments are detailed.
For example, they may deal with production net
works, assembly facilities, testing sites, depots,

R. H. DAVIS, P. B. CARPENTER, AND C. W. MISSLER

Fig. 3.

The analogue of the "real world" context of Figure 1, illustrating the structure of the

game.

Fig. 4. The three axes of the data base illustrating the storage of descriptive fragments over
time and by type of sensor.
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and the like. In the case of less critical areas,
these fragments are more fully aggregated.
Civilian production and other non-military
areas which need not serve as discrete sensor
stimuli are aggregated on a grosser scale than the
descriptive fragments of military forces previously
described. These records, however, still include
fixed and variable costs, manpower breakdowns,
critical materials, and other resource units. The
records also include other relevant parameters
affecting the manipulation of the fragmented por
tions of the data base and the resulting effects on
the economy.
Each team is provided with management
models with which to manipulate its data base.
These models function as automated decision rules
which enable teams to make changes in their force
posture, to allocate their resources against vari
ous strategies, and thus to pursue particular goals.
These models also assist in forecasting commit
ments, costing changes, and reporting progress.
The particular disarmament treaty under
consideration at any given time outlines the spe
cific "sensors" which are available to the two
teams for "sampling" the data base of the other.
The term "sensor” here refers to data collection
means which play a perceptive role for the two
teams, such as aerial inspection, seismographic
stations, or roving inspection teams. Sensors are
the intelligence data source for the teams. One
of a team's goals is to exploit its sensors so as
to forecast mobilization trends and detect activi
ties which breach the agreed disarmament treaty.
Intelligence Reports to each team are de
veloped by computerized models which retrieve
the raw data fragments, subject the raw data to
appropriate degradation and filtering, and then
synthesize and edit the finished reports. These
models also serve a corollary function by estab
lishing and maintaining the team's target files—a
form of "derived data base" on the opposing team—
and thus aid in the summary processing of the
accumulated intelligence as the exercise progress
es.
It should be noted that although the struc
ture of the simulation vehicle is similar for both
teams, the actual data bases and their associated
models are asymmetric: each must be tailored
independently to simulate its respective country.
In attempting to simulate an environment, it
is necessary to define limiting boundary condi
tions which will reconcile the experimental objec
tives with the resources available. The major
rationale for the simulation vehicle is to provide
a reasonable base for decision making about in
creases or decreases in armaments. Accordingly,
it is necessary to have a relatively complete data
base with respect to military information. Less
sophistication with greater aggregation is tolerable
for economic data, since they only serve to sup
port the military data used in decision making.
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The Assessment Models (Figure 3) are em
ployed to assist the experimenters to tabulate the
various goal measures of both teams: the Aggre
gated Production Index and the various lumped
parameters describing the collective military capa
bilities. These measures are used to follow the
progress of both teams and to evaluate the degrees
of instability suggested by their relative strengths.
These models also assess the yields available to
the aggregated economies on succeeding game
cycles.
The game is administered in monthly cycles,
each month being denoted by the advancing of the
"data base clock" one discrete step.
Groups of
three cycles make up a "quarter" which includes
a period of review, evaluation, and planning. Each
team, in accordance with its long-term strategy,
outlines its manipulations of force posture and al
locates its resources by quarters, and then imple
ments detailed changes by monthly change requests.
Intelligence requests are also submitted on a
monthly basis.
Each monthly cycle includes,
therefore, the following basic tasks:
(1) Review of recent reports and subsequent
specification of data base changes;
(2) Specification of Intelligence Requests;
(3) Review of Progress Reports and other
data base summaries;
(4) Review and evaluation of latest Intelli
gence Reports.
CRITICAL EXPERIMENTAL VARIABLES
The simulation vehicle discussed in the pre
vious section is a highly versatile tool which per
mits a unique approach to a wide range of ques
tions about the effects of disarmament proposals.
There are associated with each of these questions
a large number of potential experimental varia
bles, such as the type, amount, and quality of in
formation available to the two teams or the dis
armament strategies adopted by them.
Although it would be virtually impossible to
manipulate or control all critical disarmament
variables simultaneously, it is important to identify
and control selected variables. For experimental
purposes a dynamic case study method is used;
this method involves presenting to expert partici
pants a unique configuration of a selected set of
disarmament variables during any given run of
the game. Examples of critical disarmament varibles which might be studied in a game of this
type are:
(1)
(2)
(3)
(4)
(5)

Intelligence
Phasing of disarmament
Disarmament levels
Strategies of participants
Others (e.g., blueprints versus no blue
prints).
<
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Intelligence refers to information necessary
for the process of verification. Intelligence may
vary as to type; for example, it may be covert in
formation of a specific or general nature, or it
may be overt random intelligence. The quality of
intelligence, its frequency, or even the sensor by
which it is obtained may vary within each intelli
gence type. Intelligence can also vary as to the
amount available and the ratio of the amount of
information available to the two contending 3ides.
Phasing of disarmament refers to the man
ner in which arms reduction is programmed to
occur. Obviously this varies as to abruptness or
gradualness; abrupt disarmament could occur
either early or late in any stage of disarmament.
Disarmament levels refer to the degree of
arm s reduction programmed to occur during the
various stages of treaty implementation. It is ap
parent that the degree of reduction must be speci
fied for personnel as well as weapon systems.
Strategies of the teams deal with the in
structions given the participants in any particular
case study. Strategy of participants, as a con
cept, has many facets including dimensions of time,
locus, and action. For example it may refer to
long-term goals such as "peace-through strength"
or to immediate goals such as "continuing Western
rights in Berlin." The above examples illustrate
strategy related to a particular locus versus a
general, non-localized strategy. Action decisions
may also be strategy related, such as the current
U.S. decision to develop a high capability for lim
ited war while still maintaining massive retaliatory
capability. Evasion or conformance to arms con
trol agreements also represent an important ele
ment of strategy. Any of these facets of strategy
may be introduced into any particular case study.
Exchange of Facility Blueprints
Agreements to exchange blueprints of facili
ties might involve no exchange whatever, an ex
change of blueprints of selected facilities, or an
exchange of complete descriptions of all military
installations.
Clearly, agreements of this kind
could have a crucial effect on the success or fail
ure and the impact of a treaty.
DATA COLLECTION AND ANALYSIS
Two primary classes of performance data
are collected during the run of the game: (1) data
about the behavior of expert participants; and

(2) records of changes in the data bases of the
two sides as a consequence of the play of the
game. Comparisons are then drawn between case
studies as well as within case studies on a cycleby-cycle basis.
Data collected are used to perform two kinds
of analyses: (1) Chronologic, and (2) Debriefing.
Chronologic analyses involve the development of
historical, narrative descriptions of each Dynamic
Case Study. These descriptions not only involve
reporting the sequential unfolding of events, but
also include efforts to uncover possible cause and
effect relationships, to discover important inter
actions, and to isolate particularly sensitive vari
ables. In addition to the Chronologic analysis, a
Debriefing follows each Dynamic Case Study. Dur
ing these debriefing sessions, expert participants
are presented with performance data collected in
the course of the case study, including data about
the behavior of their opponents and changes occur
ring in both data bases on a cycle-by-cycle basis.
Experts analyze these data and their relationship
to the variables introduced in the study for hypothe
ses about cause and effect relationships, possible
interactions, previously unanticipated problem
areas, etc.
Unfortunately, the real world is too complex
to be duplicated exactly. Because of this com
plexity, an element of artificiality characterizes
all simulation studies.
For example, the data
bases are inevitably incomplete. While military
resources may be represented in the data bases
rather completely, they will nonetheless be aggre
gated to some degree (perhaps in the case of the
Army to the division level) whereas economic
chains will be incomplete and highly aggregated.
Just as the data bases are incomplete, assump
tions about the interactions of people, weapons,
production facilities, etc., also must be incom
plete.
The existence of data bases of the type de
scribed, even though incomplete, furnishes a new
and valuable tool for studies of the type described
and represents a significant advance over simple
desk-top analysis where the data bases are only
implicit and necessarily much more incomplete.
While assumptions as to how the world functions
may also be incomplete, they must be stated clear
ly for research purposes and be out in the open
for examination and criticism. The research en
vironment is dynamic.
Conjecture about "what
would happen if . . ." can be replaced by analysis
of "what happened when . . . ."
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ESCALATION AND CONTROL IN INTERNATIONAL CONFLICT:
A SIMPLE FEEDBACK MODEL*
J. David Singer
not need a drastic overhaul with each discovery,
as long as that discovery is logically and empir
ically compatible with the model. A fourth and r e 
lated requirement is that, in accord with the gen
eral systems outlook, the model should be able to
exploit relevant knowledge from other disciplines
and other levels of social organization. Fifth, it
should provide an accurate—if simplified—rep re
sentation of the referent world. Finally, it should
be built around as few variables as are necessary
to eventually account for the phenomenon to which
it is addressed.
These criteria (as well as the definition of
model which they imply) are, of course, not beyond
dispute, and the social sciences today are alive
with epistemological and methodological contro
versy. But given the nature and generality of our
concern in this paper, they seem to offer one set
of appropriate benchmarks.
Shifting now from the affirmative to the neg
ative, what are the inadequacies of the models
generally in use for the analysis of international
conflict? In addition to their failure to often sat
isfy the above methodological requirements, most
of the typologies and models now found in the lit
erature suffer from a number of more substantive
inadequacies. Among these, two would seem to be
critical. One major flaw is that most extant mod
els are not explicitly longitudinal, and I mean this
in two senses. One, there is little systematic
effort to compare a large number of international
conflicts over time, in order to ascertain recur
rent regularities or secular trends. Two, there
is little explicit concern with the extent to which
the configuration of any given conflict may be both
a consequence of those which preceded it, and a
predictor of those which follow it. That is, inter
national conflicts are seldom treated as either
comparable (in the operational, systematic sense
of the word) or sequentially interdependent.
The second, and perhaps fatal, flaw lies in
the general tendency to focus on only one level of
analysis, rather than treat the interactions that
occur across the several relevant levels. That is,
the model often puts most of the explanatory bur
den on a) human nature; b) certain "vested inter
ests" or economic classes, as in the Marxian mode;
c) specific types of "aggressive" nations; or d) the
structure and culture of the international system.
Despite the rhetorical attractiveness of many such

INTRODUCTION
As social conflict in the modern world be
comes increasingly menacing, our incentive to con
trol it likewise increases. But conflict control r e 
quires not only the will but the knowledge, and our
knowledge remains painfully inadequate. In no sec
tor is the need greater and the knowledge base
more flimsy than in international politics. As I
see it, this scientific inadequacy stems from sev
eral general conditions.
First, the amount of scientific research, in
which we test our ideas against the benchmarks
of evidence, has been close to negligible. This is
partly a function of the reluctance to treat inter
national politics in general, and international con
flict in particular, as legitimate objects of scien
tific inquiry. First of all, there is the still wide
spread belief that all social phenomena are so unique and discontinuous that the search for general
laws is a waste of time. In addition, the conven
tional definitions of loyalty usually require a p re
disposition to believe in the righteousness of your
own nation's cause, making rigorous analysis of
foreign policy problems quite unnecessary; and
scholars have been no more immune to this def
inition than have their fellow citizens.
Another factor, one which is by no means
independent of the others, may well be the nature
of the models we use. While a good model is no
guarantee of success, a poor one virtually assures
that we will, at the least, ask the wrong questions.
While the others also deserve further examination,
it is to the problem of a model of international
conflict that this paper is addressed. Before sug
gesting a particular one, however, a few prelim
inary comments are in order.
SOME CRITERIA OF A USEFUL MODEL
What do we mean by a "good" model in the
social sciences? There are several epistemolog
ical requirements, as well as some substantive
ones, to which we will turn in a moment. First,
it should reflect whatever we think we know at the
time and should be neither ignorant of, nor in
compatible with, such knowledge. Second, it should
be built around propositions and conceptual rela
tionships that can be put to the test. Third, it
should be adaptable to relevant new knowledge and

♦This is an expanded version of an earlier paper entitled "A Cybernetic Interpretation of International Conflict
in Rizzo and Gray, eds., Unity and D iversity, New York: B raziller, 1970.
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most influence in international politics is exerted
in a horizontal direction—nation vis-a-vis nation—
and almost none in the downward vertical direction.
There are of course many international organiza
tions and even some supra-national ones, but they
remain largely the creatures of their nation mem
bers; hence we speak of the global system as
"sub-system dominant" (Kaplan 1957).
One consequence of this state of affairs is
that national elites constitute the major actors in
both national and international politics. Moreover
(and of central concern to us here) the demands
of these two systems are often quite incompatible.
Behavior which leads to success in one environ
ment may often lead to disaster in the other, and
vice versa. The balance of this paper will be ad
dressed to (a) the nature of the conflicting incen
tives, temptations, and constraints which are gen
erated by both sets of systems; (b) the resulting in
adequacy of their homeostatic mechanisms in terms
of their impact on both the escalation and control of
the conflict process; (c) some possible short-run
modifications of a self-correcting nature that might
reduce the magnitude of these conflicts which are
so inevitable a part of international politics.
What makes a certain level of such conflict
almost inevitable? In the global system, given the
absence of legitimate supra-national authority,
national elites have relied on the ultimate threat
of military power as a means of defending "na
tional interests" against possible interference by
other nations (Singer 1965). This traditional r e 
liance on force as the final arbiter has, in turn,
inhibited the growth of an alternative basis for
inter-nation harmony: a widely accepted normative
code which provides for peaceful settlement of the
inescapable conflicts and clashes of interest. In
the absence of both coercive authority and norma
tive consensus, and in the presence of many ma
terial and psychic scarcities, the only remaining
basis for cooperative behavior is a utilitarian one —
a payoff matrix which rewards short-run restraint
and accomodative strategies.
And there is the rub. If two nations become
involved in a conflict, the general options are two.
The most natural, and probably the most frequent,
response is to stand firm on the original conflictinducing position, or perhaps to even increase the
original demands. Within most well-integrated
national societies, this response tends to be ap
plauded, and the limited opinion survey data sug
gest that it generally enhances the popularity of
the regime. Moreover, this behavioral response
tends to reinforce the existing norms of world
politics ("this is the way things are done") and
hence the probability that other nations will handle
subsequent conflicts in the same general manner.1

single-level models, and the virture of parsimony,
I suspect that they will lead us nowhere.
As I see it, a model that might carry us to
a fuller grasp of the dynamics of international con
flict must not only satisfy the epistemological c ri
teria outlined above, but must also be both longi
tudinal and multi-level in its focus. The present
paper represents a modest effort to approximate
such a model, to explore its contemporary policy
implications, and to suggest some possible ways
in which the ominous consequences of its dynamics
might be mitigated, if not eliminated. Lest there
be any misunderstanding, however, there is no sug
gestion that it satisfies all of the key requirements
of a scientific model; it is, at the least, pre-operational.
INTERLOCKING POLITICAL SYSTEMS:
NATIONAL AND INTERNATIONAL
In any examination of global politics, there
are at least five levels of analysis available to the
observer. First, there are the three which are
most frequently utilized in the disciplines as men
tioned above: the individual, the national state,
and the international (or global) system. For the
period from approximately the Treaty of Utrecht
(1713) up to perhaps World War II, these three
system levels turn out to be more or less suf
ficient, but for a longer historical view, into the
future as well as into the past, two additional levels
of analysis seem essential. Let me refer to them
in general terms as the sub-national and the extra
national. With the individual, plus these four
classes of social system, one can put together a
fairly complete description—cross-sectional or
longitudinal—of global politics for any epoch (Singer
1969). In this section and the next, I will focus
prim arily on the national and global levels and will
re-introduce the sub-national and extra-national
levels later in my argument.
One of the more important but less obvious
characteristics of modern international politics is
the fact that the same sets of individuals play the
dominant role in both national and international
politics. These are of course the national political
elites—those individuals who comprise what is var
iously called the government, the regime, the ad
ministration, or, less frequently, the court. Within
the national state there may well be other elites
with a fair degree of autonomy who dominate pro
vincial or local politics, but who are normally sub
ordinate to those who comprise the national regime.
On the other hand, however, there does not yet
exist any legitimate authority above the hundredodd national regimes. Given the extraordinary
durability of the doctrine of national sovereignty,

1 . The analysis suggested here does not of course necessarily apply to every conceivable inter-nation conflict.
While m ost such conflicts are, in my judgment, matters of routine incompatibilities between and among traditionally
defined national interests, som e do indeed raise legitimate issues of justice and morality. Unfortunately, we have not
yet developed any generally accepted criteria for distinguishing between the two tyPes of case, and even if we could,
nationalistic appeals would often overwhelm them.
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outlined here. As I suggested earlier, one of the
reasons for our failure to understand and more
fully control inter-nation conflict is the tendency
to treat such conflicts as discrete and separable
events. By viewing them rather as part of an oftrecurring feedback process, we might better ap
preciate that the way in which any single conflict
is handled is both a Consequence of prior such ex
periences and a predictor of the way subsequent
ones will be handled. The position taken here is
that intra-national and inter-national events all
impinge on one another in a cyclical and ongoing
process within which the self-aggravating propen
sities frequently exceed the self-correcting ones
by an unacceptably large amount (Deutsch 1963,
Milsum 1968). As I see it, there are four points
at which the self-aggravating effects of positive
feedback are particularly critical during the internation conflict. Let us discuss them, one at a
time, noting how the traditional Western notions of
confrontation between a government and its cit
izenry are viewed here as highly symbiotic rela
tionships.

But this is a fairly standard and stylized opening
round routine, and not particularly pregnant with
danger. The critical question is whether the pro
tagonists now succeed in "backing off" sufficiently
so that routine diplomatic procedures can be
brought into play, or whether one or both parties
continue to press their claims in the original and
more vigorous fashion.
The other general option is to recognize the
opening moves for what they are and to then ini
tiate and reciprocate moves of a more conciliatory
nature. But the probabilities are all too high that
the competence, courage, or patriotism of one or
both sets of elites will then be challenged by a
"hard-line" domestic opposition, be it a legitimate
political party in a democratic system or a less
institutionalized faction in a more autocratic sys
tem .2 Moreover, the efficacy of that challenge
from the "outs" will generally be high, due largely
to the prior actions of the "ins." That is, political
elites cannot man an army and finance a military
machine without some sort of psychological mobil
ization (Deutsch 1953). In persuading an appreci
able sector of their society that preparedness is
necessary, they inevitably create a climate which
must be relatively responsive to jingoistic appeals
from the opposition. As a matter of fact, had some
minimum psychic and material preparedness not
existed prior to the conflict, there might well have
been no conflict; had the nation been militarily
weak or psychologically unprepared, the competitor
would probably have had its way without any dip
lomatic conflict.3
Having suggested the general linkages be
tween the national and the international systems,
creating largely incompatible sets of demands on
the national elites, let me now describe the feed
back processes in greater detail. My purpose here
is to indicate more precisely where the self-aggra
vating tendencies are greatest, and then to suggest
some possible feedback mechanisms whose effects
might tend more in the self-correcting, and less
in the self-aggravating, direction.

Regime and Opposition4
The first point is found at the apex of the
foreign policy hierarchy within the nations them
selves. The political elites, often unwittingly,
"paint themselves into a corner" in order to ac
complish two short-run objectives when engaged in
diplomatic conflict. One objective is to demon
strate to the foreign adversary that they have both
the intent and the capability to stand firm; the other
is to head off any potential domestic attack based
on the inadequacy of that intent and capability. In
order to satisfy 'both these objectives, however,
the elites will ordinarily resort to the kind of
rhetoric which does little more than "raise the
ante" all around. The intended message to the
adversary may be merely one of firm determina
tion, but since it will be heard at home as well,
it cannot be too conciliatory; as a matter of fact,
by making a commitment audible to the domestic
audience, the decision makers may hope to make
their foreign policy threats more credible, given
the domestic costs, real or apparent, of capitula
tion.
Assuming for the moment that the early verval behavior has demonstrated the appropriate de
gree of firmness abroad and at home, what are the
likely consequences? The adversary's regime, of
course, "will not be intimidated,” and so responds
in public messages to the several relevant audi-

SOME SELF-AGGRAVATING LINKS IN
THE FEEDBACK PROCESS
Given the limitations of space here, the most
feasible procedure is to bypass any thorough de
scription of the structural, cultural, and physical
setting within which foreign policy decisions are
made and executed, and concentrate rather on those
few variables which are critical to the scheme

Among the studies which deal with public response to foreign policy moves, at least in the U. S .t are Deutsoh
nd Murrltt (11)05), and Kosenau (1003 and 1907).
.
.
.. .
nmvnhit. _ ohli_
3. An important (and hopeful) exception to this generalization would bo those cases In w h i c h i „ Phy°h‘ ,“ 2 2 h
cation has been too hysterical, has gone on too long, or has otherwise rested on a le ss than credible base,
ases, the domestic opposition, or some sector of it, might possibly push the "ins!1 toward a less
?hnt
4 For the sake of simplicity here, I not only assume that there is a viable opposition in m ost nations but tha
He political spectrum Is largely based on a two-faction, quasi-pluralistlc division, with one or the other In power at
given time. These are, of course, drastic sim plifications, but do not affect the argument at hand.
2.
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ences. At this point in the scenario, if we are
fortunate, the interactions shift toward quiet diplo
macy, both domestic oppositions turn their atten
tion to other matters, and the publics forget the
episode in short order. Suppose, however, that
the prior episodes had been so handled by the r e 
gime, the opposition, and the media that there was
sufficient public hostility toward this particular ad
versary, and, further, that the opposition prefers
not to let the issue drop out of sight. Quite clear
ly, the regime takes a fairly serious domestic risk
if it ignores the cries for justice, revenge, national
honor, and so forth; but it takes a different (and
also far from negligible) risk of escalating the con
flict if it tries to satisfy the domestic critics.

position. Given the almost irresistible temptation
to exploit this state of affairs, the net effect is to
raise hostility levels in both nations, and therefore
to raise the expectations as to what would consti
tute a satisfactory settlement, negotiated or other
wise. Since these rising expectations tend to be
fairly symmetrical, neither regime is in as good a
position to compromise as it was during the first
round of the conflict. The probability of further
escalation, diplomatic rupture, or war itself is now
appreciably greater.
Amplification Via the Media
Let me now turn to a third source of danger
in the cyclical conflict processes that seem to
characterize so much of international politics. To
this point, the role of the media has had little
attention, yet mass communications would seem to
play a particularly central role in helping along
the self-aggravating process. Again, the differ
ences between a highly autocratic and a relatively
democratic nation are seldom as profound as con
temporary elites—communist, anti-communist, and
other—profess to believe.6 At almost any point
along the autocratic-democratic continuum, the po
litical elites need the media, and the media need
the political elites, be they regime or opposition.
The regime relies on the media to help mobilize
the population, to bargain with and ridicule the
domestic opposition, and even to communicate with
other nations.
While "managing the news" may be simpler
to arrange when the party in power exercises
formal control over its media, any effective and
stable regime has little difficulty in doing so.
First of all, the words and actions of the elite are,
by definition, newsworthy, and therefore widely
transmitted. Secondly, members of the regime
have information available which can be of great
help to the reporter or commentator to whom it
is made available. Thus, by judicious release or
righteous restraint, government officials can all
too readily help or hinder the c a re e rs. of many
media employees. Thirdly, as regimes become
more conscious of the need—and possibilities—of
domestic propaganda, they begin to recruit media
people into their very ranks as "public information"
officers. Many newsmen are thereby involved in
competition for these often attractive bureaucratic
positions, and one way to stay in the running is to
describe the appropriate agency's activities in a

Military and Psychological Mobilization
In order to examine the second point at which
positive feedback can get us into serious trouble,
we can focus on another set of factors. Let us
assume, reasonably enough, that both nations in the
conflict are moderately well-armed by contempo
rary (but non-nuclear) standards, but that one en
joys a discernible superiority over the other in
the relevant military categories, and that neither
can turn to close allies for diplomatic or military
support. The regime of the disadvantaged protag
onist, having permitted the conflict to pick up some
momentum, now has the choice of 1) bluffing, 2)
retreating, or 3) delaying while improving its mil
itary position. The first can lead to a sharpening
of the conflict and a more humiliating retreat later
(or even a stumbling into war); the second makes it
vulnerable to political attack at home. Thus there
is always some temptation to try to close the man
power and weapons gap in order to bargain from
a position of parity or even of greater strength.
If this route is taken, the regime will first need
to launch a program of psychological mobilization,
without which neither the volunteers and conscripts
nor the funds for weapon acquisitions might be
forthcoming.5 In the process of mobilizing public
and sub-elite support for these preparedness ac
tivities, however, two new conditions are generally
created. First, the adversary is not likely to sit
idly by, watching its superiority disappear; its r e 
gime therefore embarks on a similar set of pro
grams. Second, both publics must become more
persuaded of the need to resist the menace to their
nation's security, and as a consequence, offer a
more fertile ground for any militant domestic op

5. A sim ilar interpretation is offered by Thorstein Veblen (1919, p. 3) in looking at the extent to which the
Spanlsh-Amerlcan and other wars were forced upon the respective governments: "The more that comes to light of the
Intliniilc history of that opcode, the more evident docs it become that the popular war sentiment to which the admin
istration yielded had been somewhat sedulously 'mobilized' with a view to such yielding . . . So also In the case of the
Doer war . . . And so again In the current European wnr . . . here again It Is a matter of notoriety that the popular
sentim ent had long been sedulously nurBed and mobilized to that effect, so that the populace was assiduously kept in
spiritual readiness for such an event."
6. As I write these lines, the radio newscast tells us that "American aircraft carried out fifty-two sorties in
the Hanoi-Haiphong area" but that the "Viet Cong terrorists continued their campaign of intimidation against unarmed
civilians in an effort to disrupt the forthcoming democratic elections I" Propaganda in the name of patriotism is of
course a virtue.
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row. Having acquired power, prestige, and cred
ibility by advocating, or acquiescing in, the modal
foreign policy positions, these middle elites are
seldom likely to shift too far in their views. And
they are particularly reluctant to shift toward a
position which could be interpreted (or m isinter
preted) as giving aid and comfort to the enemy,
whoever the enemy of the moment may be.9
Furthermore, as the intensity of the internation conflict increases, the higher becomes the
value of the professional and extra-curricular se r
vices of these middle elites. On top of this, as
their individual influence and status increases, the
size of their sector also increases. When the
armed forces expand, officer promotions acceler
ate, and when more weaponry is being designed
and produced, more engineers and technicians are
promoted and recruited; even academics in the
social and physical sciences find that foreign policy
conflicts lead to increased opportunities for money,
status, and influence in the modern world. The
high energy physicist or the professor of biology
has his role to play in the preparedness program,
just as the political scientist or anthropologist
finds himself consulting on log-rolling tactics in
international organizations, military strategy, or
counter-insurgency. If for no other purpose than
to give intellectual legitimacy to the conventional
wisdom, academics are almost as likely to be co
opted into the foreign policy mainstream as are
the more obvious members of the military-indus
trial complex.
My point here is that it does not take a socalled totalitarian regime to mobilize key sectors
of the society. The basic properties of the sov
ereign national state in the industrial age are such
that this mobilization occurs with little effort. No
secret police, no dictatorial government, net even
any veiled threats are required to generate the
joint "conspiracies" of silent acquiescence and
noisy affirmation, once a nation becomes embroiled
in a conflict of any intensity, or a preparedness
program of any magnitude. For the past century
or so, the self-correcting mechanisms have grad
ually withered, despite the assumptions of economic
liberalism and classical democratic theory. In the
absence of vigorous countervailing forces within the
nations or in the larger global community, the selfcorrecting mechanisms of international politics are
feeble indeed, with the consequence that all too
many of the inevitable conflicts among nations are
free to grow into costly rivalries and, occasionally,
into tragic wars. In the next two sections of this

generally favorable fashion. While access to, and
control over, the media may not be quite as simple
for the "outs" as for the "ins," factions or parties
in legal opposition are not without the sorts of
media amplifiers they need to berate the regime
for being "soft o n ...........," devoid of courage, or
incapable of defending the nation's honor. In some
nations, each political party has its own newspaper,
magazine, or radio station; in others, the possibil
ity of the opposition coming to power can make the
media somewhat more responsive than might be
expected.
I am not, in this section, arraigning the media
of most nations on charges of "selling out," al
though the charge would be far from groundless.
Rather, despite the existence of a vigorous and in
dependent sector in the media services of many
nations, the general impression is that the incen
tives work to make these institutions a major factor
in amplifying inter-nation conflicts and contributing
to the positive feedback, escalation, process.7
The Redistribution of Domestic Power
. The fourth and final factor to be considered
in this analysis is the effect which a nation's par ticipation in an escalating conflict can have upon
the distribution of social, economic, and political
power within the society. Without accepting those
conspiratorial models that see generals and "muni
tions makers" actively fomenting rivalry, conflict,
and war, one must be extraordinarily naive to ex
pect no systematic biases in the foreign policy
preferences of those who comprise the militaryindustrial-labor-academic complex.8 Even more
than with newsmen, questions of ambiguity will
regularly tend to be resolved in the hard-line di
rection by many military officers, corporate ex
ecutives, labor leaders, government bureaucrats,
defense intellectuals,, and technical consultants, as
well as by the standard phalanx of patriotic organ
izations. Given the state of our knowledge about
international politics, most foreign policy problems
are indeed matters of opinion, rather than of know
ledge or fact; and in matters of opinion, the point
of view which gets the benefit of the doubt can be
expected to win out most of the time.
The problem here of course is that in most
nations the major positions of power—as well as
the public plaudits—go to those who are in the
ideological mainstream; this seems to hold even
if the mainstream of the moment is allegedly prag
matic and non-ideological, as in the United States
of today and (probably) the Soviet Union of tomor

7. For a oross-nnttonnl rtinge of Interpretations of tho media's role In foreign policy, see Cohen (1963), Kruglak
(1963), Heston (1.906), Nlrnrno (1964), nntl Halo (1964).
. . .
.»
8. The Vietnam War has led ton number of excellent U. 8. studios which Illustrate the n a tu ra ln ess^
ce ss by which those who stand to gain from the escalation or continuation of tho conflict drift into behavior which
contributes to such escalation; see Barnet (1970), Lewin (1967), and Janeway (1968).
..
. ff
9 The fact that some members of the middle elite (including political office-holders) do eventually get off the
bandwagon in no way contradicts the model. They seldom do so until the conflict has reached its apogee and shows
little tendency to decline; recent examples might be Germany in 1944, France in 1957, and the U. t>. in l9fu.
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conflict itself, and less to the effects on the r e 
gime's popularity vis-a-vis its domestic opponents.
The various private or semi-independent groups
that exist to influence foreign policy, or the public’s
attitudes toward it, could devote as much of their
attention to the regime’s conflict management techniques—and the opposition’s acquiescence in, or
exploitation of, such techniques—as they do to pur
suing their own particular and narrow goals or
applauding "our side" in world politics.
Perhaps more critical, but demanding much
more in the way of short-run self-sacrifice, is the
need for the political "outs" to play a less oppor
tunistic game. Support for a "vigorous defense of
the national interest" may win the opposition a
word of thanks from the regime, and criticism of
"a policy of appeasement" may win it some sup
port from a large sector of the public, but neither
of these tactics is likely to make the regim e's di
plomacy any more successful.
Nor will they have led to any improvement
in the future. This is an utterly critical phenom
enon in all social processes, yet it is very rarely
acted upon, or even appreciated, and may deserve
more than this passing allusion. Consider for a
moment the relationship between two classes of
phenomena in any social system: beliefs (embracing
preferences, predictions, and perceptions) and be
havior (including verbal, decisional, and physical).
Every public action, especially if taken by a highly
visible reference figure, exercises some impact,
however minor and however indirect, on the beliefs
and attitudes of those who observe or hear about
the act. It may lead to the strengthening and r e 
inforcement of some attitudes among some people,
and to the weakening or modification of some at
titudes among others. Given this dynamic inter
dependence, it behooves us to pay attention to the
possible consequences of every foreign policy
action that occurs. Each act of the oppositionno matter how weak its power or how cynical the
public-helps shape those attitudes which will, in
turn, shape the behavior of many of the participants
in the foreign policy process. If, for example, the
"ins" and the "outs" are seen to agree on the rights
and wrongs of a foreign policy conflict, many cit
izens will conclude that there is no other reason
able position. And if they disagree to the extent
that the regime is accused of appeasement, the
regime will either modify its policy in a more
militant direction, or try to appear as if the policy
were indeed at least as militant as that advocated
by the opposition "outs." Either way, citizen at
titudes will be strengthened in a more nationalistic

paper, I will try to suggest certain limited pro
cedures whereby these four basic self-aggravating
mechanisms might be partially weakened or con
trolled.
SELF-INITIATED SELF-CORRECTING
MECHANISMS
Is the interaction between and among nations
in global politics as dismal as I have painted it
here? Is the relative potency of our self-correct
ing mechanisms this much less than that of the
self-aggravating ones? Considering the paucity of
scientific, data-based research on global politics,
and the absence of much evidence at either the
micro- or macro-level, it is a bold man indeed
who will take so dim a view and embrace so pes
simistic a formulation. The picture may, admit
tedly, be overdrawn for the sake of emphasis, and
it may even be that, as a science of global politics
develops, this characterization of the nation-state
system will turn out to have been seriously incom
plete or inaccurate. Be that as it may, responsible
scholars must act on the basis of the little that
is known, even while working to enlarge that know
ledge base, and the interpretation offered here will
therefore have to suffice for the moment. The
word "act" is used quite literally, since I intend
in this section to shift from the descriptive mode
to that of prescription. Having described how these
aspects of the global system look to me, I suggest
now a set of modifications that might conceivably
reduce the probability of any given conflict erupting
onto war, and of any given war converting great
parts of humanity into a nuclear rubble. With so
much at stake, it is embarrassing to propose so
little, but the approach offered here may possibly
generate some self-amplifying processes of its
own.
Assuming that this formulation is essentially
correct, and reiterating that a great deal more
rigorous research is called for, I would single out
the communication and norm-setting nodes in the
national societies as one of the more high-priority
points of intervention. Until decision makers be
come aware of the many ways in which their own
behavior exacerbates conflicts, and converts the
possibility of win-win outcomes into zero-sum
ones, the chances are they will continue to act in
the traditional manner, and often find themselves,
unexpectedly, in situations from which extrication
is costly or impossible.10 Journalists and com
mentators, for example, could pay more attention
to the effects of such moves on the inter-nation

10 In almost every governemnt agency or corporation, there is a controller (or comptroller) whose major as
signment is to watch budgetary income and outgo and to issue warnings when they tend to get out of balance, or look
as if they might do so. Perhaps every foreign ministry ought to have an analogous officer whose sole responsibility
Is to wntoh for those trends which signal a potential loss of diplomatic maneuver.
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vis-a-vis the domestic opponent and the middlerun liabilities that accrue when, in negotiating with
foreign elites, they find little room for maneuver.
At first blush, these look as if they might in
deed be steps which individuals and groups in each
nation could take on a unilateral basis (Osgood
1962). If they could be taken unilaterally, one
might, feel somewhat more optimistic, but the fact
is that too much progress along these lines in any
single nation could put that nation at a modest
(some would say disastrous) disadvantage vis-a-vis
other nations in the global system. After all, each
of these steps implies, almost by definition, some
reduction not only in the level of political and psy
chological mobilization within the affected nation,
but also a longer-range trend toward public re sis
tance to the standard mobilization appeals. When
the attentive public in a nation becomes more so
phisticated, far-sighted, and tolerant of compro
mise with foreign powers, its regime must enter
diplomatic bargaining at a disadvantage. As a
matter of fact, a favorite ploy in such bargaining
is to inform the adversary that one's own public
(or legislature, or press, etc.) just would not accept
a particular settlement, and certain concessions
must therefore (and regrettably) be requested in
order to get an agreement which could be "sold"
at home. If this is indeed an accurate portrayal,
the only way to start the trend toward more real
istic diplomacy is for the initiative to be taken by
those nations which are clearly in the strongest
bargaining position in any such negotiations. On
the other hand, a generally accepted dictum in
diplomacy is that the stronger power need not ne
gotiate and the weaker one dare not, and this has
all too often been the rule applied.

and short-ranged direction.il Unfortunately, many
of those so influenced will be reference figures
who themselves are "opinion influentials."
The importance of these positive feedback
mechanisms is relevant not only during conflicts
and crises, but before and after. If a conflict is
finally resolved in a more or less satisfactory
fashion, the contending regimes are likely to em
phasize the diplomatic "victory" they have achieved
by their firmness in the face of the adversary.
Once again, this may enhance their prestige for a
few weeks or months, but the main effect is to
increase the popular expectation that all subsequent
conflicts will end in victory-through-firmness. If
it ends unsatisfactorily for one side, the norm is
a refusal to acquiesce in the "unjust" outcome, and
a pledge to redress the nation's grievances at the
earliest opportunity. In either case, the prognosis
for peaceful resolution of future conflicts is not
favorable. Likewise, there is a great and naive
myth in many more or less democratic societies
that elections have one purpose and one purpose
alone: to decide which party or faction shall be in
power. Thus the campaign strategists first try to
ascertain the dominant views of the various voting
blocs and then proceed to pander to these views.
With few exceptions, then, election campaigns—be
cause they receive fairly wide and sustained pub
licity—tend to serve as a powerful reinforcement
for existing views on many domestic and some oc
casional foreign policy issues. And, as I have al
ready mentioned with some frequency, these are
not views which make it easy for decision makers
to pursue peace abroad and honor at home.
For the information channels to play a useful
part in reducing the dominance of positive over
negative feedback mechanisms in inter-national
conflict, several groups will have to contribute.
Scholars need to identify which points are most
critical in different classes of conflict and which
behavioral patterns account for most of the selfaggravating and self-correcting tendencies. Jour
nalists and other media people need to take a more
detached and critical view, accepting the important
difference between their professional roles and
those of politicians.12 Politicians need to apprec
iate the trade-off between short-run tactical gains

SOME NEGOTIABLE MECHANISMS
Let me shift now from some of the reforms
which might be taken—albeit with some risk s—
within individual nations, to some which might con
ceivably be negotiated between and among nations,
the better to mitigate the oft-disastrous conse
quences of positive feedback in international con
flict. These suggestions will strike many as uto
pian and unrealistic, and if realism be defined as

11. There is an extensive literature on bipartisanship in U. S. foreign policy, but it tends to look at only one
part of the problem. Revering the traditional doctrine that "politics must stop at the water's edge" in the name of
patriotism, it seldom notes the frequency with which bipartisanship produces a conspiracy of silence. Since foreign
policy is rarely an issue in national or local elections, the electorate is most unlikely to hear any criticism (thought
ful or otherwise) of the regime in this regard (Miller 1967, Waltz 1967). And when it is an issue, the parties usually
seek to out-do one another in sim plistic appeals.
12. They could probably get some reinforcement in this task from the more alert and concerned consumers of
national media. One possible mechanism might be the establishment of some sort of readers' pressure group which
could single out certain newspapers and periodicals from time to time, publicize the more serious distortions which
they perpetuate, and try to organize "subscribers' strikes." If such errors of fact and interpretation were called to
the attention of publishers and editors by a readership which is in a position to impose a temporary boycott, some
progress might be made. And since much of the propagandists material in the newspaper and radio reports must be
traced to the wire services, these transmitters m i$it then begin to demand higher standards from UPI, AP, Reuters,
T ass, and the rest.
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conventional, they clearly are vulnerable to this
charge. But, as many observers, from E. H. Carr
(1945) onward have pointed out, 19th century diplo
macy is pregnant with disaster in the environment
of 20th century technology and ideology. If these
interim measures of a palliative nature (or meas
ures of a comparable sort) are not instituted, those
who think and act in national state term s will find
their system shattered even sooner than some p re
dict. In my judgment, the national state is already
beginning to falter in its ability to solve a variety
of problems (domestic and international) and is be
ginning to lose the support and loyalty of its cit
izens. New forms of social organization are al
ready in the wind, and though their precise form
remains far from discernible at the moment, my
guess is that one or another of these alternative
forms will in time supersede the nations as major
bases of human organization.
The major ques
tion probably is whether these transformations will
come about in a relatively non-violent fashion, or
as a consequence of a major military catastrophe.
Moderating the Media
Be that as it may, let me outline in the barest
detail some possible arrangements which might be
negotiated in either an overt or tacit fashion be
tween and among certain members of the interna
tional system. Focusing first on the role of in
formation and/or propaganda, it was noted earlier
that much of the self-aggravating tendency in inter
national conflicts may be attributed to the attitudes
and expectations that are generated and reinforced
within important sectors of most societies. Sup
pose for the moment that we could readily devise
a measure whereby, via content analysis, it could
be ascertained how many bits of self-correcting
and self-aggravating information are being directed
at the public in a given nation (Singer 1963). Given
the rather rapid advances in computerized content
analysis (Stone, et al. 1966, and Holsti 1969) and
the respectable fund of experimental data which
social psychologists have accumulated, there is no
reason to believe that we could not design a sys
tem which produces a weekly or bi-weekly index of
the ratio between exacerbating and ameliorating in
formation addressed to each population from within.
Presented in matrix form and published widely and
frequently, the domestic output within each nation
regarding all other nations could show (a) which
other nations are receiving most of the attention in
each nation's media; (b) how much of that attention
is of a hostile, neutral, or friendly nature.
When the attention level reaches a certain
threshold, the international agency in charge of the
enterprise could begin to make and publish more
frequent analyses, and if the ratio of self-aggra
miy
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vating to self-correcting output approached some
previously agreed magnitude, the offending govern
ment and their media would be sent a prompt
warning. If the ratio is exceeded, certain penal
ties of an appropriate nature might be imposed,
although their precise characteristics need not be
discussed here. More important than any sanc
tions, however, is the mere fact that national g°v~
ernments would themselves be altered regarding
the extent to which they may be losing their free
dom of action and painting themselves into that
diplomatic-political corner alluded to earlier.
Now, some will argue that such a system r e 
quires some degree of government manipulation
and management of the news, and I can only agree.
This might be a serious liability if the news were
not now managed and manipulated in most societies,
but, persuaded as I am that the virtue of most
mass circulation newspapers and other media was
lost at a very early age, I cannot work up much
concern over threats to the innocence of a "free
press." The relationship between media and r e 
gime is sufficiently symbiotic in most nations that
this innovation need hardly cause a ripple.
Inhibiting Mobilization Rates
------- The first World War is often cited as the
classic example of a disaster which might have
been avoided had not the contending regimes been
in such haste to mobilize their armies. But mil
itary mobilization was merely the last phase in a
feedback cycle which had begun years before, and
many historians marvel at the fact that the w ar's
onset was delayed as long as it was. Almost from
the close of the Franco-Prussian War in 1871, the
major powers began to build not only their alliances
but their war machines. While new war plans were
being drawn up, slow but steady mobilization of
human and material resources got under way. Be
tween 1907 and 1914, for example, the annual de
fense budgets for the Triple Entente rose from
152 to 239 million pounds sterling, and those for
the Triple Alliance rose from 84 to 151 (Richard
son 1960, p. 87).
All of this of course provided little more
than the volatile setting for the six weeks em
bracing Ferdinand's assassination (June 28), the
Austrian ultimatum (July 23), the Serbian and Aus
trian mobilization of active and reserve forces
(July 25), Russian mobilization (July 29 and 30),
and the catastrophic events of July 31, which saw
the German ultimatum to Russia and the French
and German general mobilization. Had there been
some regulatory mechanism at work during the
arms race period and during the 1914 crisis period,
the war might well have been avoided. That is,
whether the pace of escalation is slow and steady

’T V r
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probably would not need them in the first place.
This argument overlooks a fundamental concept in
social science, which, when put in the common
vernacular, is known as "timing." If we recognize
that the relationship between any two social entities
tends to fluctuate widely between friendship and
hostility over any length of time, the virtue of the
approach suggested here becomes more evident.
During periods of low tension, for example, nations
can negotiate agreements whose contemplation at
another time would be labeled as treason. If we
can take advantage of such opportunities, national
regimes can establish-before conflict developsprocedures which will give them or their succes
sors considerably greater flexibility and more op
tions during a conflict.
A closely related virtue is the fact that few
arrangements of this type could be expected to
function unless an extra-national or supra-national
agency of appreciable authority were responsible
for the bookkeeping. The information which such an
agency puts out must be highly credible, and such
credibility depends on accurate data inputs, the
development of valid indicators, and rigorous data
analysis. This proposal is, then, very similar to
that which Quincy Wright (1957) made in the in
augural issue of the Journal of Conflict Resolution.
Recognizing the need for and the feasibility of "a
quantification of political and psychological condi
tions and trends" over a decade ago, he recom
mended the establishment of a privately-endowed,
non-governmental World Intelligence Center which
would publish periodic reports on the "climate of
international relations."^ As important as the
information itself might be, a useful by-product
might be some modest increase in the skepticism
with which attentive citizens greet much of the in
formation disseminated by their own governments
and national media.

(as in most arms races and other conflicts which
require long lead-times) or rapid and erratic (as
in most crises), there is a very high probability
that the positive feedback tendencies will gradually
increase in their potency, while the negative and
self-correcting ones will diminish in their effec
tiveness. Left unchecked, such processes must
culminate in war.
Suppose, however, that the leading nations
were to negotiate an agreement according to which
every increase in military capability were accom
panied by an increase in certain socially desirable
non-military capabilities. For example, every ex
penditure for weapon development or production
might be matched by an equal expenditure for ag
riculture or housing, and every training program
for military personnel might be matched by a com
parable program for social science training, and
so forth. While military preparedness in today's
world is often enhanced by a wide range of activ
ities, with farming improvements freeing more
manpower for the army, and education in social or
physical science tending to have militarily useful
by-products, this is not the major problem. Of
course, the stipulated activities and allocations
should be of maximum constructive usefulness and
minimum destructive usefulness, but even when
they are not, the regulatory mechanism will have
a self-correcting effect due to the bounds imposed
by every society's resources. Human resources
are strictly limited, and fiscal-material resources
can only be increased at modest rates; thus, what
ever is allocated to essentially peaceful activities
is to some extent not available to military activ
ities. Moreover, in order to make the inhibitions
against rapid preparedness even stronger, the sig
natory regimes could agree on a steeply graduated
scale of matching allocations; modest expenditures
might be matched on a one-for-one basis, but above
a certain threshold the compensatory allocation
might be set at the square or the cube of the mil
itary allocation. In the same vein, per capita p re
paredness expenditures could provide the basis for
contributions to the United Nations and its special
ized agencies, also on a steeply progressive scale.
Considering the two kinds of mobilizationpsychological and material—which need to be r e 
tarded and inhibited if international conflicts are
to terminate in war less frequently, several reg
ulatory mechanisms have been suggested. Others
come to mind, but discussion of them will have to
wait. It will surely be suggested by some readers
that, if the sorts of agreements of unilateral ini
tiatives outlines here could be undertaken, we

Negotiation by Proxy
In a paper several years ago, I tried to out
line another procedure whereby the conflict reso
lution responsibilities of foreign policy elites might
be partially de-politicized (Singer 1965). Let me
recapitulate here in a few paragraphs. One way
in which to reduce the positive feedback effects
might be to recapture some of the virtues of
eighteenth- and nineteenth-century diplomacy and
put this delicate activity back in the hands of re l
atively anonymous professionals. As a number of
labor unions and industrial firms do, so might na
tional governments hire law firms whose staff
would actually conduct most of the negotiations.

14 The past decade has seen the establishment of several peace research centers around the world, usually
associated with such universities as London, Oslo, and Michigan. The recently created International Peace Resea:rch
Institute in Stockholm, while financed largely by the Swedish Government, may approximate the Wright scheme on me
physical science side by publishing reports on disarmament inspection methods, etc. The Pugwash Continuing Commute
is also, at this writing, preparing a memorandum on the creation of such an agency. Also relevant is me annual
Report on the World Social Situation, published by me United Nations Department of Economics and Social A llairs.
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assumption is that pre -conflict agreement on such
hopefully self-correcting arrangements could be
reached, it should be noted that any of the three
could be, in principle, undertaken unilaterally, with
the hope that others might, in turn, also adopt them.

The "mercenary negotiators" would, first of
all, be thoroughly briefed on the background of the
conflict and would also engage in independent r e 
search in order to have a balanced and accurate
understanding of the issues. They would then be
informed as to the range of outcomes that are en
visaged, from most satisfactory to least satisfac
tory, with the quid pro quo associated with each
such outcome. Having been so briefed, they would
then negotiate with their sponsors a contingent fee
schedule such that the most satisfactory outcome
within a fixed period of time would produce a max
imum fee, whereas no agreement at all would bring
little more than compensation for their basic costs.
In addition to providing some insulation from do
mestic politics, such an arrangement would r e 
quire the contracting regime to specify exactly
what it was after and exactly what concessions it
was willing to make in pursuit of those goals.
This, of course, is not always done under present
conditions.
The negotiators, could but need not be, na
tionals of the government they represent, and need
not necessarily be lawyers. Quite possibly a United Nations diplomatic academy (or an agency
such as UNITAR) could take on the responsibility
of training and perhaps accrediting people from a
variety of professional and national backgrounds.
While this approach may have something in com
mon with traditional practices of conciliation and
mediation, it remains clearly a matter of domestic
jurisdiction. It is not proposed here that negotia
tion be compulsory or that any third party inter
vene in any fashion. All that need be agreed is
that, for a given conflict, both parties will resort
to mercenary negotiators, the better to remove the
conflict from the temptations of domestic maneu
vering and global posturing.
A mechanism such as this admittedly raises
a number of new problems, ranging from the danger
of collusion between the lawyers representing the
governments involved, to resistance to a secrecy
which violates the basic tenets of democratic prac
tice in some nations. Other difficulties also come
to mind, but in my judgment it is an innovation
which deserves further investigation and perhaps
limited experimentation between and among those
nations whose conflicts are mild and whose popu
lations have little distrust of one another. If it
were to prove successful, the practice might
spread, and even though it represents a move away
from the direction in which global politics seem
to be headed, it might help us to survive the dan
gerous transitions that lie ahead.15
To sum up this section, three possible mech
anisms for the more successful resolution of inter
national conflict have been outlined. While the

CONCLUSION: HOMEOSTATIS AND SYSTEM
TRANSFORMATION
In this paper I have tried to describe those
relationships and behavioral propensities which ac
count for a great deal of the positive feedback in
the international system, and therefore help to con
vert many minor disputes into major conflicts.
Now, some will urge that the mechanisms which I
propose in order to strengthen some of the nega
tive feedback tendencies are little more than shortrun palliatives, and that the system is basically
inadequate in its present design. The charge is
probably a fair one, but it is also somewhat beside
the point; this is the nature of the system as it
now stands, and our immediate concern is to de
vise those homeostatic mechanisms which will keep
the fluctuations in conflict within the safe range.
Moreover, there may well be some "natural" ten
dencies toward more self-correcting behavior even
in the absence of such innovations. For example,
war has by and large not been a particularly ef
fective conflict-resolving technique in this century,
and the nature of the cost-benefit ratio is increas
ingly appreciated (Singer and Small 1970). C er
tainly, nuclear weapons and missile delivery ve
hicles can do nothing but increase that ratio—even
if they do contribute somewhat to the tendency to
ward pre-emptive attack. Likewise, the drive for
overseas possessions, once a major source of in
ternational conflict, has become less and less at
tractive. Colonialism, at least in its older form,
just did not pay (Clark 1936). A third element of
built-in stability is the trend I noted earlier: an
increasing disenchantment with national states and
nationalism, even in the "third world"; many of
earth's inhabitants are beginning to look for alter
native and more efficient forms of human organ
ization. If this alleged trend continues, many r e 
gimes will find it increasingly difficult to mobilize
support for traditional foreign policies.
Despite these favorable possibilities, the need
for supplementary control mechanisms neverthe
less remains. We must of course explicitly dif
ferentiate between mechanisms which are designed
to perform a largely homeostatic function, such as
those outlined here, and those designed to initiate
a self-reinforcing feedback process which might
lead to fairly radical system transformation. Even
though we have alluded to some potential tenden
cies in this direction, we cannot go beyond them

15. Law firm s (sometimes foreign) occasionally handle governments' cases before international legal tribunals,
and the lessons from those experiences might be applicable to these essentially non-legal conflicts.
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here. My major concern, then, has been to form
ulate a model of international politics which high
lights, however crudely, those factors that are most
relevant to the escalation and control of the con
flict process, and to suggest some short-run ad
justments that might keep such conflict within tol
erable bounds. The next step—even as the present
scheme is being refined and put to the te st—is to

focus on those elements which might actually ini
tiate and/or accelerate the system transformation
process. If such a more complete (and epistemo
logically satisfactory) model can be developed, it
may not only help us to keep the inherent self-ag
gravating tendencies within safe limits, but also
give us what may be a final opportunity to design
a global system which is fit for human habitation.
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