NATIONAL OCEAN SCIENCES BOWL (NOSB®) LONGITUDINAL STUDY:

THE IMPACT OF THE NOSB SYSTEM
ON PARTICIPANTS’ COLLEGE AND CAREER CHOICES
IN SCIENCE DISCIPLINES

Year 1 Final Report

April 27, 2007

Dr. Howard D. Walters, Ashland University

Dr. Tina Bishop, The College of Exploration

NATIONAL OCEAN SCIENCES BOWL (NOSB®) LONGITUDINAL STUDY:
THE IMPACT OF THE NOSB SYSTEM ON PARTICIPANTS’ COLLEGE AND CAREER CHOICES IN SCIENCE DISCIPLINES
The College of Exploration and Ashland University are supporting the Consortium for Oceanographic Research and Education (CORE) and its National Ocean Sciences Bowl (NOSB®) program by providing research and assessment services for a participant-based longitudinal study.  This study began in summer, 2006, with primary funding provided through CORE from the National Oceanic and Atmospheric Administration/ National Ocean Partnership Program. 
The primary goal of this longitudinal study is to identify and describe the link between NOSB participation and the recruitment of participants to educational and career pathways associated with Science, Technology, Engineering, and Mathematics (STEM) related careers.  Specifically, the research/assessment team is collecting and analyzing student data pertinent to career path and college major decision-making.  These data will assist the researchers in ascertaining current, professional and academic activities related to ocean sciences, to identify links and/or correlations between NOSB participation and current professional and academic activities which are science related. To accomplish this task, the research team has implemented data collection activities with past participants identified by CORE using the current alumni database management system.  Pending future funding, the research team will annually track and survey participants with respect to the college and STEM/ocean science career pipeline. 

The research methodology was developed in close consultation with education staff members at CORE, and was based on previously published approaches to long-term tracking of student participants.  This methodology was and is highly dependent upon establishing and maintaining active communications with study participants to control for the long-term size of the sample in the research.  Consequently, the research effort in year one has been highly cooperative between the research team and CORE staff, with CORE staff assuming leadership in managing its past participant database, communicating the study to current and former teachers/coaches and students, and establishing a communications channel between these former students and the research team.  The research team perceives that the effort to identify and register past participants for the longitudinal study, as described further below, has been very successful—with 301 past participants registering to participate in the study, comprising all 25 of the regional NOSB sites.  Further, students from 23 of the 25 sites have provided extensive data to the research team and begun active participation in the communications process for the study.  Over time, it will be important to monitor the continued participation of former NOSB participants for regional representation in both the extensive registration dataset, and in other survey instruments used.  

An additional, substantial communications method over the duration of the study will be the establishment and facilitation of an online community for the NOSB past participants.  The College of Exploration has implemented this online site during this first year of the project as a means of communication among project research staff, and to begin reporting research results, storing archived data, and to create discussion spaces for study participants in the future.  This online space is accessed through the TCOE portal at www.coexploration.org  and represents significant technical effort in year one.   
Data Summary and Analyses

Our work this year has had three main components:  1) the creation of a registration database to collect information on past participants who have agreed to take part in the study, 2) collection of data from an initial fall survey (2006) and 3) collection of data from a second survey asking the college students in the study for more detailed information on curricular and college major/minor choices.  The research methodology has been approved by the Human Subjects Research Board at Ashland University, a regionally (North Central Association of Colleges and Schools) and nationally (NCATE) accredited university.  By registering in the database and self-selecting to complete the survey, study participants have provided informed consent. 
1.    Registration Database

The registration database is a significant data collection and project management tool  because it allows the researchers to establish and maintain communications with the past participants, an element that is critical to the success of the project.  This tool can also organize and sort data based on regional or geographic demographics, and allows study participants to be contacted individually for interviews and follow-up questions, a second important capacity critical to the interpretation of qualitative data analyses.  

At the end of year one of the study, the registration database contains detailed information from 301 past NOSB participants who have agreed to participate in the longitudinal study. The database, maintained in a secure, off-line spreadsheet in three different computer systems (TCOE, Ashland University, and CORE) includes personal contact information, education participation data, and other variable information to guide the study over time.  The preparation and implementation of this database was also a significant effort during year one.  

2.   First Participant Survey 

The survey (see copy in attachment 1) was designed to capture information about college and career selection, participation in NOSB, and career plans.  Annually, re-administration of surveys will track students as they move through college and provide data about changes in their course of study and subsequent career pathways.  

An initial student survey designed to capture baseline information was implemented via a URL link emailed to all registered study participants. The survey was developed in coordination with CORE personnel, and a copy of the survey is included in the attachments to this report.  The initial survey was designed to ascertain a baseline in decision-making by students and influences on the students from the NOSB program and from significant adults toward their college and career decisions.
The survey link was emailed twice to participants following their registration in the database.  While the first survey period was ended in mid-November 2006 to allow data analyses timely with the project, students continued to register, and these students were sent the survey in late January 2007, with the data recompiled in Spring 2007.  At the time of the initial survey administration in fall 2006, the registration database included 84 students. 

In early August 2007, the 301 students currently in the database will be sent a revised, year two survey to coincide with the beginning of the academic year.  Participants in this current NOSB program year (2006-2007) will also receive letters in mid-summer 2007 inviting them to register for the study. This will be cohort 2 of what is hoped to be at least a five year study.  By the end of the second year of the study, it is hoped that the registration database will grow to 500 active students.   
By November 17, 2006, 75% of the past participants registered in the study database had completed the survey (63 of 84 students at the time).  These students represented 23 of the 25 NOSB regional locations, with Alaska and Florida (Ft. Pierce/Miami) not represented.  The Alaska regional site had three students register for study participation after November 17, and there are now 6 students registered from Florida, but these students’ data will not be captured until administration of the survey in August 2007 (year two of the project), these students will be contacted individually to encourage their survey completion.  This 75% response rate to the survey (number of responses divided by number of registrants at the fall implementation) exceeds typical responses to educational surveys.  To make sure that the 237 students who joined the registration database after November 17 (including Alaska and the Florida site) are “picked up” in the fall 2007 follow-up survey, these students will receive two additional, personal emails from the research team to invite response.  For research purposes, the data for survey one and two are disaggregated until year two.  Consequently, this report discusses and assigns discrete sample sizes and percentages to each survey (63/84 in November 2006; 60/214 in February 2007; a total of 99 non-overlapping respondents/301 registered for the first year effort.)

Survey respondents were given the option of providing their gender and ethnicity.  Of the total respondents, 62 provided gender and 58 provided ethnicity data, which are included in charts below.
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Chart 1.  Of the 62 respondents reporting, 54.8% were female and 45.2% were male. 
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Chart 2. Of the 58 respondents reporting, the numeric count by ethnicity is provided.

72.5% of respondents participated in NOSB for more than one year (Chart 3).  The respondents were fairly equally distributed in terms of number of years they participated in the NOSB program (chart one below).  This distribution from single to multiple year participants increases the diversity of student responses—and will tend to correct a positive bias toward the program by having only multiple year students respond.  This is based on an assumption that some students in the single year or two-year participation group withdrew from the program due to constraints of participation, allowing that some of these students were “capped” in years of possible participation due to year in high school when they initially joined NOSB teams.

[image: image3.emf]17

22

18

5

1 Year

2 Years

3 Years

4 Years


Chart 3.  Number of years of participation in NOSB.  The value labels represent the number of students responding in each category.  72.5% of respondents are multiple year participants in the NOSB.
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Chart 4.  The years 2004 (n=37), 2005 (n=41), and 2006 (n=25) are the years with the highest representation of students.  It should be noted that these are replicated counts.
Respondents reported that they had been accepted at or were enrolled at a diverse assortment of colleges, both two- and four-year, universities and technical schools/institutes.  This diversity suggests that the respondent group is widely distributed across the NOSB program, and that the recruitment or selection mechanisms which guide college selection are complex.  No single institution dominated, although 4 year institutions were clearly predominant.  A total of 48 respondents indicated they had selected or declared a college major.  Of this number, 36 indicated a variety of STEM majors.  Of this number, 15 (30%) were in biological or environmental science areas, with 21 in physical science, engineering, or mathematics/computational science areas.  Eight (17%) of the majors reported in survey one were specifically marine science, marine biology, oceanography, or ichthyology majors.  For more information on major choice, see additional data from the spring follow-up survey report section Past Participant Survey Two, beginning on page 29.
Of particular interest to CORE is the number of students enrolled at CORE Member Institutions.  While these numbers will most certainly increase as the survey is re-administered in fall 2007, currently 15 students in the respondent pool are enrolled at 13 of the CORE Institutions.  These institutions include:

	The College of Charleston

The College of William and Mary

Massachusetts Institute of Technology

Naval Postgraduate School

Pennsylvania State University

Stony Brook University


	The University of California—San Diego

The University of New Hampshire

University of North Carolina—Chapel Hill

University of North Carolina—Wilmington

University of Rhode Island

University of Washington

Stanford University




Five of the students who responded to the survey have participated in the NOSB Ocean Scholars Undergraduate Scholarship Program.  Two of these students were participants in 2006, one in 2005, one in 2004, and one in 2000.  Four of the students have participated in the COAST Internship.  These COAST Interns included two in 2006, one in 2005, and one in 2000.   
Of the 63 students completing the survey, 47 are currently enrolled in colleges, with the exception of one student who has graduated already (note: again, this figure is enhanced based on additional reporting during the second survey).  The 16 remaining respondents in the current pool are presently in high school.  

The distribution of the college students based on year of enrollment at their institution is provided in chart five below.  The near even distribution of students from high school through each of the first three years of college (noting again that the respondent pool will continue to grow through subsequent data collection) will allow the research team to gauge changes in STEM career interest at various key stages in the education pipeline, from college/major selection at the high school level, through the critical first two years of matriculation in higher education to upper division coursework where most major courses are taken.
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Chart 5.  The numeric distribution of 47 respondents based on year of college enrollment.  

A series of survey items were provided to the respondents in Likert-scale format to both ascertain this pool of respondents’ strength of agreement with the items, and to provide data for comparison to a similar response pool from a study of the NOSB which was implemented in 2002-2004.  Comparisons with the earlier study data are not essentially a component of this present study, but are of interest to the research team.  In that vein, a selection of those correlations have been calculated to monitor the overall validity and reliability of the responses from this current pool, and to evaluate the overall impact of the NOSB. 
	Choices Box


	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree

	Participating in NOSB influenced by choice of career.
	N=7

11.1%
	N=19

30.2%
	N=20

31.7%
	N=12

19%
	N=5

7.9%

	Participating in NOSB influenced my selection of college.
	N=7

11.3%
	N=11

17.7%
	N=19

30.6%
	N=18

29%
	N=7

11.3%

	Participation in NOSB influenced my choice of college major.
	N=9

14.5%
	N=16

25.8%
	N=18

29%
	N=14

22.6%
	N=5

8.1%

	The NOSB provided me useful information which influenced my career selection.
	N=6

9.8%
	N=20

32.8%
	N=21

34.4%
	N=12

19.7%
	N=2

3.3%

	Participation in NOSB encouraged my overall interest in the oceans. 
	N=33

53.2%
	N=21

33.9%
	N=6

9.7%
	N=1

1.6%
	N=1

1.6%


Table 1.  Responses to select items connecting NOSB to college and career selection.

Table 1 provides the responses of this current study, with each cell indicating both the number of responses in that category/item, as well as the percentage of all responses for that item this number represents.  The responses indicate 41% of the past participants Strongly Agree or Agree that NOSB participation influenced career choice.  A smaller 29% of respondents Strongly Agreed or Agreed that NOSB participation influenced college selection.  This lower response is not surprising as economic, geographic, and family history factors are much stronger impacts on college choice—which contains a greater diversity of options—than career choice—which generally contains less diversity of options if you consider the number of majors in college as opposed to the number of institutions of higher learning available nationally.  It is an interesting observation, nevertheless, that for the students currently enrolled in college (n=47), 15 students (32%) are enrolled at 13 of the CORE member institutions.  This is a higher probability of NOSB students enrolled at CORE institutions than random chance would support (using a chi-square analysis at a p< .05 level for randomness, and assuming an equal distribution among types of institutions with CORE institutions representing one category).  As this study continues, a key follow-up question for the researchers to consider is the degree and manner in which NOSB serves as a mechanism for CORE to directly support the enrollment of high ability undergraduates interested in STEM fields at its member institutions of higher learning.  These data, while preliminary, seem to indicate that this is occurring.  Anecdotally, even the 15 students currently participating at this early stage in the study represent at minimum of approximately $1.2 million in revenue to these 13 institutions collectively over four years of college enrollment at national average costs for upper tier institutions.  Again, these figures will increase as the additional year one students complete the survey and the year two students are entered into the data pool.  It should be carefully noted, nevertheless, that NOSB participation does not explain, even in majority terms, all of the factors that have influenced these students’ decisions, although the 41% figure is in the moderately high range. 
Table 1 also includes information on overall interest in the ocean with 87% of respondents Strongly Agreeing or Agreeing that NOSB participation encouraged their interest.  This figure, combined with an additional survey item on hobbies—where 68% of respondents indicated NOSB encouraged them to develop ocean related hobbies or to participate in conservation related community service—demonstrate an important and powerful contribution of the NOSB program.  These data—which correlate very highly (r = .943) with the same items asked of students in the 2002-2004 study—support a conclusion that NOSB is directly impacting more students than just the ones who continue into STEM pipeline education and careers.  

One key goal of most federal science agencies is the enhancement of overall stewardship and conservation of the oceans and global ecosystems.  Stewardship is clearly enhanced through interest, knowledge, and involvement in community conservation issues.  A large majority of survey respondents from one to four years after their direct NOSB participation indicate the program instilled these values and interests in them.  Viewed in this light, even students who have declared majors in fields as diverse as law, economics, political science, philosophy, English, and teaching will enter the workforce and assume their roles as citizens with strong environmental stewardship ethical systems.  A final item in table one indicates that 43% of respondents perceive the NOSB as having provided useful career information.  While this is a moderately strong figure and correlates highly (r = .89) with the same item in the 2002-2004 study, it also indicates that there is room for improvement in the clarity and intentionality with which the NOSB centrally coordinates and communicates career information to teacher/coaches and to participants.

	Choices Box


	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree

	My personal capabilities were the MOST significant factor in my selection of a college major.
	N=20

32.3%
	N=30

48.4%
	N=8

12.9%
	N=3

4.8%
	N=1

1.6%

	My parents were the MOST significant factor in my selection of a college major.
	N=2

3.3%
	N=8

13.1%
	N=15

24.6%
	N=19

31.1%
	N=17

27.9%

	My NOSB coach/high school teacher was the MOST significant factor in my selection of a college major.
	N=5

8.1%
	N=14

22.6%
	N=22

35.5%
	N=12

19.4%
	N=9

14.5%

	My NOSB coach/high school teacher was the MOST significant factor in my career choice.
	N=1

1.6%
	N=12

19.4%
	N=25

40.3%
	N=15

24.2%
	N=9

14.5%


Table 2.  Respondent reported factors which influenced college and career selection.

Table 2 continues a second set of items provided to students in Likert-scale format. Two of these items provide strong confirmation of the prior NOSB study and are further cross-validated by that earlier study in this current dataset.  Only 16% of survey respondents indicated that their parents were the most significant factor in selection of college major or career, while 31% report that their NOSB coach was the most significant factor in their college major selection.  An additional item indicates that 21% of respondents report the NOSB coach was the most significant factor in career selection—although it is noted that career choice and college major may indeed change for many of the younger students in the survey sample.  This observation is confounded by survey two data which indicate most of these students have not changed majors.  As well, most of these respondents have maintained communications with NOSB team-mates (91%) and their coaches (78%).  These data are powerful justification for CORE’s efforts to recruit, support, educate, and coordinate through high school teachers as key personnel in the implementation of the NOSB, as these  teacher/coaches—according to many of these college students—were more significant than their own parents in helping formulate college and career decisions. These data also support a secondary impact of the NOSB program on student participants. While the competition itself has been demonstrated to have great impact on the participants, clearly the relationship between the coaches and students which is created because of the competition is an important mechanism in helping CORE achieve its overall education goals. As such, teacher/coach education as an element in the NOSB program and as an educational interest of CORE seems to represent an avenue with strong potential to leverage the goal of recruiting high ability students to STEM careers.

Finally, Table 2 includes the observation that students’ perceptions’ of their own abilities is the strongest component (50% Strong Agreement or Agreement) among the items on the survey for factors influencing career selection.  Beyond content knowledge of a field, which has been demonstrated as related to recruitment in the literature cited elsewhere, students’ perceived confidence in their ability to “do” the work of a field and knowledge of that work remain important factors in career recruitment.  Consequently, the opportunities for NOSB participants to interact with graduate students, faculty researchers and scientists through the competition—which were noted in the prior impact assessment of the program—are very much related to why students select a career, as reported by these past participants who have made these choices and are now enrolled in higher education. These data are highly related to the narrative data discussed below, where constructivist and activity-based extracurricular activities are the strongest theme in these students’ discussions of their career choices.  The opportunity to directly experience the career, even in a very small way through community service learning, through field trips to research stations or ship-board experiences, enhances students’ perceptions of their vocational competence.  Practical problem solving skills emerge, are challenged, and are refined through the NOSB competition and preparation for the competition, as observed in the previous NOSB impact assessment.  These skills serve to enhance a sense of personal competence.  This perception of personal capability translates, according to the data point in Table 2, as a very high factor influencing career choice.  It was further noted that when students had these experiences in college, some students changed majors—indicating this variable has effect on retention in the major/pipeline—although this effect cannot currently be measured. 

The final elements of the survey items which were in Likert-scale format included the relationship of NOSB participation and the development of ocean related hobbies and conservation related community service.  These items are derived conceptually from research linking student extracurricular interests to career selection.  As with the earlier NOSB impact analysis, these respondents indicated (48% Strongly Agree and Agree) that ocean or science-related hobbies influenced the selection of their career or college majors.  Importantly for this study and as noted above, 68% of the respondents reported that NOSB participation encouraged their development of these hobbies.  Again, while this influence of the NOSB falls somewhat secondary to typical conceptions of career education, it is nevertheless an important contribution of the NOSB to these students’ development.  It is also, at least as reported by a large number of these students, a substantive factor that helped them decide on the career path or college major they have selected, or resulted in a change of major when they were finally in college. 
Open Ended Question Analyses
The first survey also included a series of open-ended items to allow respondents the opportunity to provide narrative outside of the constraints of the Likert-scale items.  These open-ended items are beneficial in two ways.  First, methodologically, it is always a risk that constrained response, selected response, or Likert-scale type items may not include all of the choices respondents would like to make, and the open-ended item corrects this measurement deficiency.  Second, capturing the narrative voices of respondents in items with similar constructs as the Likert-scale items allows researchers additional insight into the thinking processes which create the patterns of response in shorter answer items.  

Question 34 asked, “How did you first become interested in your choice of major or career?”   The students’ answers clustered around four primary themes, one of which was directly tied to participation in NOSB.  Under this theme area, students noted that a vague perception of interest in science or oceanography was refined through NOSB participation.  Another student noted that NOSB was more of an entry point into science, although that student has since gravitated toward medicine.  Another student remains undecided in major, but is at least considering oceanography because of NOSB participation, while another student connects the personal interactions with scientists during NOSB to a solidified desire to pursue science.  Narrative quotations for this theme include:

· I volunteered for a NOSB competition before I was in high school, which piqued my interest in oceanography.  I knew as soon as I joined my school’s team that I wanted to study some sort of oceanography in college.  I definitely attribute my choice of major (physics and physical oceanography), and ultimately my career to my participation in NOSB.

· Ocean Bowl got me started in biology, and my parents’ work in the medical field, so this led me to start thinking about going into pre-med.

· I am still a senior in high school and have not decided on what my major will be, but I am strongly considering ocean sciences because of Ocean Bowl.

· I’ve always been interested in science, but NOSB exposed me to many inspiring professional scientists who solidified my desire.

The second strong theme that emerged under this question was participation in activities, classes, or research as the initial avenue of interest in the major or career.  A number of extracurricular activities were reported by students that either introduced them to science or exposed them to the natural world in positive ways.  This theme is supported by significant research in the area of constructivist engagement as a basis for learning, and suggests that constructivism may be an important science philosophy to consider in relation to the STEM career education issue.  It was further revealed in the second survey of college students reported below that these experiences did cause some students to change majors when the experience or course came in college.  The implication suggested is that researchers may better predict or stabilize the STEM pipeline in college by using secondary interventions such as the NOSB to influence later student behavior.  Select narrative responses from past participants include:

· High school classes such as biology and marine biology helped me to become interested in biology as a college major.

· My first indepth experience with the ocean was while I was snorkeling in Hawaii.  Everything fascinated me and I fell in love with the ocean.

· My father has been scuba diving since I was about six, and we have been taking trips every summer to the Caribbean.  When I turned 12, I got certified and that all really strengthened my love for the ocean.

· I conducted research in the area of microbiology while in high school, at SUNY Stony Brook.

· While I was in high school I worked at an engineering firm and after that I figured out that that was what I wanted to do.

· From taking AP Biology.  My AP Biology teacher was also my NOSB coach.

The third significant theme that emerged was the role of mentors or key adults in these students’ lives.  Respondents mentioned a number of different adults, from parents, to school personnel, to NOSB coaches.  This becomes a critical theme, particularly related to some diversity concerns with some populations of students who lack substantive interaction with positive adult role models.  Select narrative under this theme includes:

· My grandfather was a professor of Environmental Science, so after talking to him about it, I decided it was the field for me.

· My father is in planetary sciences and when he went to conferences or observing sites he would bring me back interesting chunks of rock to look at.  I realized it was a valid career choice in middle school.

· By my teacher.  My AP Biology teacher was my NOSB coach.

· Through my guidance counselor’s reference to a health sciences course.

The final theme resulting from question 34 was one of personal passion, interest, and affinity for the career field.  Students used a rich variety of words and phrases to express that their interest in a career was linked to the kinds of activities, experiences, or life choices that they “liked, loved, were interested in, were good at, appealed to, or wanted.”  One student noted that she “had wanted to teach ever since she was a small child.”  Another student noted that he “fell in love with the ocean” on a family trip.  Yet another student stated, “I chose my degree because I found it interesting and the field came easy to me.”  These ideas strongly convey the importance of creating meaningful, multiple, and early experiences with STEM disciplines for young people, organized and presented in interesting, aesthetically pleasing and enjoyable, and multi-sensory and interdisciplinary mechanisms.  Again as observed in the previous NOSB impact study, the types of field trips, science labs, environmental art and community service projects which have emerged across the NOSB regional sites—well beyond “just a competition”—are strong contributions to this approach to student career education and interest development.

Question 35 asked, “People find different activities rewarding for different reasons.  What would be rewarding to you about the career(s) you are considering?” One overwhelming theme or answer emerged from the narrative provided to this item, followed by three additional themes which were important, but of clearly lesser importance to the respondents as a group.  The strongest theme was that of social contribution and making a difference in the community and/or world.  This theme of “giving back” or “adding to” or “helping” was so strong as to nearly overshadow any other idea in the data.  It is clear that the respondents have a strong ethical orientation toward service and social good, which will warrant additional review of research literature to identify the potential for harnessing this characteristic in science education and career education generally and for STEM pipeline recruitment.  The degree to which this personal characteristic is dominant among these types of students—who as college students have already made the science career decision—adds a unique element to what have been typical conceptualizations of science career professionals.  Scientists too frequently are stereotyped as “super intelligent but socially disengaged and inattentive” in modern media portrayals.  Many of these high school and college-aged young people—having demonstrated high academic ability already—have selected to pursue careers and/or college degrees in science, medicine, engineering, mathematics, teaching, and a host of other STEM areas out of a primary motivation to serve their communities and humankind generally.  Select quotations include:

· Designing inventions and processes that could save and improve lives.

· I want to look forward to going to work in the morning and knowing that I’m making a difference in this world.

· Being able to develop new knowledge about biology by helping to cure disease.

· I want to be an attorney.  I think it will be rewarding because I can serve my country and my fellow Americans.

· Helping design systems that enable the citizens of developing countries.

· Hopefully I will be able to travel to places and actually help them implement programs or gather data that would form the basis for such programs.  My biggest goal is to help people and that is what I find rewarding.

The three additional themes which did emerge under this question (Q35) were nearly equal in weight, and were interesting contributions to the narrative set.  These included a desire to expand or enhance personal knowledge through discovery, a love of the type of work or the content field, and a desire to teach.  It is noteworthy that financial considerations in career selection—particularly given the wording of this question—did not emerge and in fact were only mentioned one time as an add-on element of one student’s longer answer that was strongly worded around community service.

Question 36 asked respondents, “What specific information regarding careers (or your specific career) has been provided to you?”  Three themes emerged from this narrative, one of which—the strongest—provides the possibility of additional program refinement or opportunity.  Fourteen of sixty-two respondents indicated that they had been provided little or no information about careers.  Clearly, it is possible that these students were provided that information but do not either remember it or hold a perception that whatever information they were provided was relevant or helpful.  Nevertheless, these narratives should be taken in the context of the prior Likert-scale item where 57% of the respondents did not perceive NOSB as providing career information.  This suggests, as noted previously, an opportunity and need to specifically evaluate the approach to intentional career information delivery used in the NOSB program.  It also suggests the need for follow-up questioning of this study population—which the researchers did in the spring 2007 second survey, and will do in subsequent years—specifically in regard to what would these students consider “adequate and effective career information” and what types of information, delivery formats, and delivery timing would have been most helpful to them in making career decisions. Further, it may be important to follow-up this survey with an email dialog among the NOSB Regional Coordinators and national office personnel to catalog and disseminate career education methodology and resources that are used at the 25 different regional sites.  

The second theme that emerged from this question (Q36) was linked by the respondents to key adult mentors and role models.  These past participants mentioned parents, grandparents, NOSB coaches, high school teachers, guidance counselors, and professors specifically as individuals who had provided important information about the careers they had selected.  Several respondents also mentioned information they had received through internships they had completed.  

The third theme from this question (Q36) is specific career information provided by education programs or centers, publications, or web sites.  This is an important theme to observe, as the specific content formats, vehicles, or sources could be considered to be effective in some sense as they are memorable to the students after the fact, and therefore worth considering for CORE/NOSB replication.  Students mentioned specifically college viewbooks, brochures and program books received in high school guidance offices and college career centers, and internet web pages or online materials.  Two students mentioned career ideas in college course textbooks—suggesting that the insertion of case examples from ocean science careers into science textbooks, for example, might be an effective vehicle.  

Question 37 asked, “Looking back now that you are either in college or your career, what value do you see in the NOSB program?  That is, what was its impact on you—and your college choices and/or career choices?”  The themes which emerged under this question provided strong reinforcement for the items observed under the previous Likert-scale sections, as well as the themes which have emerged under the other open-ended narrative questions.  NOSB is perceived by many of these students as having had a significant impact on clarifying their interests in science—whether ocean science or otherwise.  NOSB created interest, encouraged lifetime commitments to conservation and learning, and was a significant contribution to academic rigor through enhancement of science content knowledge.  Select narrative includes:

· NOSB didn’t really have a big impact on my college selection, but gave me a broader view of the oceans and expanded my general knowledge in life.

· NOSB helped me gain confidence.

· NOSB has made me decide that I want to go into science, probably something to do with biology.

· I met many professors and professionals in the field.  One of those professors talked me into attending the College of Charleston.

· It expanded my limited knowledge of the oceans and their habitats; it aroused my awareness and interest to keep up-to-date with current issues positive and negative going on in the oceanic spectrum.

· It fostered my interest in oceanography, which I am working on as a minor.  I would consider doing oceanographic research now, which I never considered before.

The final open-ended question (Q38) asked, “What experience or activities other than NOSB during your high school years influenced your selection of your career or college major?”  Only two significant themes emerged as the respondents answered this question—with an  overwhelming concentration of responses under the first of these.  Respondents identified extracurricular activities over classroom activities, particularly field-based, research-based, and laboratory types of activities or work assignments.  Selected responses included:

· I participated in River Watch, which was an organization that monitored water quality of the Big Thompson River.

· The head of my science department taught an AP environmental science course that I took my sophomore year and I continued working closely with him on various science projects and teams throughout high school.  

· Participating in various service projects involving water, interning at my local Public Health Office, and my oceanography teacher influenced my decision.

· I did a three-week program through Woods-Hole and Cornell in which I went out on Appledore Island and a boat called the Corwidth Cramer.  We did scientific exploration and used a variety of different equipment which gave me a good idea of what marine biologists do and what their lives are like.

· Working in a medical office for two summers.

· Participation in the Florida Marine Aquarium Society.

Again in this question (Q38) as in a number of other items, respondents identified important teachers they had had in high school, as well as a number of NOSB coaches.  Courses which were mentioned included a number of AP sections, i.e. Biology, Physics, Environmental Science, Earth Sciences, as well as Marine Science, Oceanography, Health Science, and Psychology.  Clearly, while it does not emerge as a primary theme across the instrument, science coursework is important to these students when it includes opportunities to link to extracurricular trips, or field and laboratory components.  Further, there is some evidence that the course itself may not be as important as the teacher and the relationship between the student and the teacher, such as these narratives:

· My German teacher has influenced me a lot.

· I had some great teachers in high school that influenced my choices….I also had two wonderful history teachers who were excellent teachers and advisors.  They increased my political awareness and helped me look to the past in analyzing the present.  This combination of influences pushed me towards my interdisciplinary major.

· My oceanography teacher influenced my decision.

· I had an absolutely wonderful Earth Sciences teacher in 9th grade.  She showed me that complex does not mean incomprehensible, and I learned to enjoy that complexity.

· My Biology classes and teachers were very enthusiastic about their occupation and made me want to be able to do what they do.

Conclusions Related to Survey 1

Clearly, the issue of self-selection into the research study raises a challenge to the interpretation of the data.  Given that nearly 2,000 past participants were contacted and invited to participate in the study and only slightly more than 15% did so, it is a concern whether the study participants are positively biased toward NOSB.  Given the nearly 10 years since this program began, however, this response rate can be viewed as exceptional—particularly in light of the strong positive responses regarding current communications among former participants and coaches.  In some part, this question is answered by the observation of quite a bit of response data that was not skewed in favor of NOSB impact, but was either neutral or non-committal in some manner.  As the registration database continues to grow, the researchers will be able to implement some random sampling techniques within the database to more directly monitor selection bias.  With this qualification in mind, however, currently, and based on the data summaries above, the researchers have identified three conclusions that seem highly important and noteworthy at this early stage in the research study.  

First, it seems evident that NOSB participation in its broadest sense, i.e. as a socio-cultural phenomena or experience (or perhaps as a system), does contribute positively to participants’ college and career plans as measured or reported by those former NOSB participants who have participated in this current research study.  The impact may or may not be attributed to any single feature of the NOSB such as the competition portion, mentorship relationships, leadership development, or field and laboratory experiences.  Nevertheless, as a programmatic and life-learning experience, something credible and tangible from the NOSB experience moves many of these young people toward career and/or college commitments to STEM areas.  For those students who may not be connected to a college or career STEM area, there is certainly, from the response data, evidence that as individuals they are highly concerned with environmental and ocean stewardship issues—which is a systemic goal of both CORE and the federal science agencies.  

An important additional observation with respect to student college selection is the high representation of CORE member institutions among the universities/colleges reported by respondents as their current schools.  This aspect of college selection, while certainly of great interest to CORE, seems to be an additional factor related to specific career information and mentoring that researchers need to pursue in the “out years” of this study.   If these students are being influenced toward CORE member schools, as seems to be the case, determining exactly which aspects of the NOSB program are the influences should be isolated through follow-up interviews with students.

Second, the current study provides the researchers a platform for making statistical comparisons to similar data collected in a prior impact assessment of the NOSB.  It is rare in education programming to have the kind of long-term and replicated evaluation data that are increasingly available regarding the NOSB.  These data over time are proving highly consistent, with the correlational strength between similar items from the 2002-2004 study and this study falling between .89 and .97—high to very high similarity of response to similar items.  Among the highest correlations are student perceptions that their informal interests in science and the environment, to include life hobbies and extra-vocational interests, are directly impacted by the NOSB.  Among most federal agencies, the issue of environmental stewardship for all citizens is as highly important, and sometimes more so, than direct pipeline recruitment.  While the number of employment options in direct, ocean-science related positions is and will be limited in the near future, clearly it is important that all citizens share a perception that the ocean and its adjoining wetlands and drainage basins are important environmental resources and worthy of conservation effort.  NOSB assessment data has consistently demonstrated this impact on participants.  Follow-on questions for subsequent years of this study should collect specific anecdotal case studies on how these environmental interests are tangibly operationalized by past participants.

Third and finally, it is highly important to note that students can be influenced in college and career selection.  At face value, this observation may seem overly simplistic.  However, at the initial phase of any research study, careful qualification of the definitions and parameters—as well as the assumptions—of the study is a critical step.  Further, when education programs are directed by overarching systemic goals, as is the case with CORE and the broader ocean education community, it is critical that researchers and policy makers carefully articulate what they expect the outcomes of interest to be.  Noting that students can in fact be influenced in the direction of particular STEM careers or even specific higher education institutions suggests that careful visioning work by groups of similarly-interested agencies and institutions might be of strategic importance.  CORE has a 10 year investment in NOSB and in systemic assessment of the NOSB impact.  These data increasingly point to factors that influence student pipeline recruitment, and factors which are clearly less important.  An example of each of these from the current data includes extracurricular science activities as being more influential, and expanded or augmented ocean science courses as being not as important (not to the degree that the characteristics of key teachers and instructional methodologies seem to be.)  It seems clear that the increasingly robust knowledge of the NOSB from the impact assessments provides a rich resource to systematically examine and coordinate across regional competitions to enhance the impact of those pipeline factors emerging as most important—because we clearly can influence students’ career and college selections to the degree we choose to incorporate these factors. 

Past Participant Survey Two
A second survey was distributed to cohort in February 2007 to collect additional, curriculum specific information regarding their college transitions and plans of study.  Among the data requested were fall and spring course schedules from students who were in their first or subsequent years of college.  The six open ended response questions for this survey included:
1. Please provide a list of any college/graduate level science, math, engineering, or technology courses you have completed at this point in your education path:;

2. Based on your current perceptions, to what career or major/minor degree are you tracking?;

3. Has your career decision changed since beginning college? If yes, from what career to what career, and why did you change?;

4. Have you received career guidance or counseling from any college faculty or staff member? If so, did you initiate that interaction or did the faculty member or college staff member initiate that encounter?;

5. Have you remained in communications with any of your former NOSB team members?; and

6. Have you stayed in touch with your NOSB coach?

This second survey—to be repeated annually in fall 2007 and spring 2008—monitors longer-term career orientation and selection, mentoring, and continued interest and involvement in science and ocean science topics or activities, although the specific questions will change during the study based on feedback from past participants and the data analyses.  This second survey partially replicated the earlier, fall 2006 survey, discussed above, by refining the existing questions to monitor changes in student perceptions over the year and adding specific college course information.  
After the second survey was distributed, 60 students/past participants provided detailed responses to the questions (28% following two email requests).  Based on the data reported (comparing the list of college majors reported and the courses taken, which differentiate specific students), the total, non-overlapping number of past participants providing responses to one and/or both year one surveys is approximately 99 individuals, or 33% of the total registered individuals.  This response rate falls within expectation for this type of past participation survey research, although the researchers will continue to seek to expand study participation using the online discussion space as a communications methodology beginning in year two.  

The courses listed in response to question 1 included 352 sections of science courses (to include engineering and technology) and 282 sections of mathematics.  It is noted that courses such as Physics With Calculus are counted as science and not mathematics.  The specific titles of courses have grown in complexity in universities, such that it is difficult to subdivide the courses into categories of science.  Nevertheless, of the 352 sections of science, approximately 110 appear to be primarily Biological science, 80 sections are primarily Chemistry, and 162 sections are Physical Science, Physics, Technology, Engineering, or Earth or Space Science.  Additionally, 31 sections of these science courses—representing 15 students total—were Marine, Coastal, or Oceanographic courses.

The majors data obtained for question two will be tracked both qualitatively, i.e. what are the majors, and quantitatively, i.e. what is the distribution of majors in or out of the sciences.   Currently, 89% of the reported majors are in science areas.  
Survey Item 3: Majors Reported

	Animal Science—1

Anthropology—1

Arabic—1

BioChemistry—5

Biology—6

BioTechnology—1

Chemistry—2

Coastal & Oceanographic Engineering—2
Ecology—1

Economics—2


	Environmental Engineering—1

Environmental Science—3

Food Science—1

Geography—1

GeoScience—1

German Language & Literature—1

Health and Society—1

History—1

Interior Design—1

Marine Biology—9


	Marine Ecology—1

Marine Geology—1

Mathematics/Physics—3

Meteorology—1

Microbiology—1

Neurobiology—1

Nursing—1

Psychology—1

Public Health—1

Science Education—1

Science, Technology, and International Affairs—1




Of the 55 majors reported, only six fell outside of the mathematics or sciences arena, i.e. Arabic, German Language and Literature, History, Economics (2), and Interior Design.  It is interesting to note that the single largest major reported is Marine Biology, followed by Biology and BioChemistry.  There are a total of 13 college students in marine related majors, i.e. Marine Biology (9), Coastal and Oceanographic Engineering (2), Marine Ecology (1), and Marine Geology (1).  There were only 11 reported minors among the responding students, which included: Classical Studies (2), Chemistry (4), Consumer Psychology (1), Geological Oceanography (1), Food Chemistry (1), Mathematics (1), and Geology (1).  

For the students who had changed their majors, the qualitative/narrative responses were interesting.  Select narrative responses included:

· I changed my mind because I was not as interested in Physical Therapy as I thought I was based on some classes that I took.

· I was not sure what I wanted to do when I entered college, after taking some courses I figured out what my interests were.

· I started college thinking of going into physical or geological oceanography, then after speaking to advisors realized there were not too many career paths to take in the field.  

· I started as a pharmacy major but realized I hated all the classes and that I was just doing it for the money.  Then I changed my major to geography and I’ve been a much happier person ever since.

· I went from a math major, to electrical engineering, to astronomy, to physics.  I figured out that physics is what I like after exploring different fields.
These responses follow lines of thinking revealed in previous research on student career paths.  Primarily, exposure to career options early in college coursework, as well as direct experience with major, career-related coursework that reveals either a preference for or against the chosen path usually causes students to change or stick with a major.  What remains compelling is that the overwhelming number of those NOSB past participants responding to this item have not followed this path (they are remaining science majors)—suggesting the possibility that they had had earlier career exposure or relevant science coursework in high school that had positively skewed their education path toward science.  This speaks to the potential of the high school curriculum and extracurricular career exposure as likely variables to explore for these students, and it supports a conclusion that NOSB is directly influencing the responding students to choose and/or remain in the STEM career pipeline. 
Item four on the second, spring survey asked specifically about career counseling or advising that these students had received.  It seems intuitive to suppose that high ability students who had demonstrated an early commitment to science, or at least an early academic ability suitable for higher academic pursuit—would have been identified and provided guidance toward post-secondary education.  The 54 students who responded to this item indicated that this was not necessarily the case.  Of the total, 28 students, a bit more than 50%, indicated that they had not received any guidance or advisement from any college personnel related to careers.  Of the 26 who indicated that they had received career guidance, 15 indicated that they were the ones who initiated the interaction with the faculty member or the staff member who provided them information.  These data suggest that at the college level, once students matriculate and indicate a science career major, there is significant opportunity to improve the identification and career information provided by the institutions.  This observation further calls into question the overall health of the STEM pipeline as a supportive and student focused initiative, if the majority of students, at least as represented by these data, do not receive career guidance unless they actively seek it out.  Finally, this observation suggests an additional variable to consider in the STEM pipeline is the difference between career guidance at the secondary level and how this support erodes at the post-secondary level.   
Item 5 on the survey provided one of the most surprising observations from the tracking effort thus far.  This item asked past participants whether they had remained in communications with other NOSB students since finishing the high school year.  Of the 54 past participants responding to this item, 49 (91%) indicated “Yes,” they were still in touch with at least some of their team members from their NOSB team.  Only 6 (9%) indicated that they were not in communication.  There is compelling data here to suggest that the NOSB experience in fact created an enduring community of young adults who have maintained some level of relationship.  This finding supports that of the previous NOSB Impact Assessment (Walters and Bishop, 2006) that found the social relationships among team members to be a primary variable that influenced participant perception of the value of the experience.  

Item 6 of the survey asked respondents whether they had remained in communications with their previous NOSB coach.  Again, the results were compelling in identifying the strength of the community formation under the NOSB program.  Of the 54 responses, 42 (78%) of the past participants remain in touch with their former Coach/High School teacher.  Only 12 of the students (22%) were not in touch with their former Coach.  These issues of community formation and how they may contribute to a systems understanding of the impact of NOSB, and how these communities may contribute to a student’s persistence in the STEM pipeline are important observations that will be refined and expanded in the surveys during the second year of the program, as well as in the development of the online focus groups and alumni virtual meeting spaces for this study during years two and following.

Final Summary


Generally, year one of the longitudinal study is perceived as having been highly effective in meeting several core goals.  First, following extensive mailings using a variety of databases from early years of the NOSB, emails from the prior study, and word of mouth solicitation through the ocean sciences community, a large cohort of 301 past participants were located and registered for participation in the study.  The registration database solicited extensive information from these individuals, and has already proven valuable in identifying the geographic scope and spread of these former participants, institutions at which they have ultimately matriculated for college training, and in some cases types of careers at which they are already involved.  

Second, from this extensive registration database, a group of 64 students completed a research-based, extensive survey during the fall of year one, followed by a group of 60 (there is overlap among these groups) who provided extensive follow-up information regarding actual courses, content areas, majors, and minors they are pursuing in college.  As noted, this survey further allowed the observation of an extensive community structure that persists in the social interactions of these former NOSB students.  NOSB has proved to be an effective stimulus for creating relationships among high ability science students and their former teachers around the content of the ocean sciences.  Time will tell the sustained nature and results of this community  as these individuals communicate shared educational experiences, employment experiences, graduate school experiences, and life experiences related to science broadly, and the ocean sciences specifically.  

Third, the first year of the study has enabled the researchers to develop coordination capabilities with CORE/NOSB which will enable the continued monitoring and communication with these past participants for broader communications concerns over the study period.  As an example, CORE personnel desired to have former NOSB students involved in an anniversary recognition for the NOSB program during this tenth year of the program.  While this capability at the current stage of the longitudinal study to directly sort past participants by demographic and expertise is not possible due to restrictions imposed by the anonymity required in human subjects research, once the second year data and study methodology are implemented later this summer and fall 2007, this capability will be realized through the online alumni discussion spaces.  This development of a formal alumni system to facilitate communications for NOSB/CORE will be an ancillary but strategically important benefit of this research.

Fourth, a longitudinal study provides us with the capability to refine research questions as the data raise new questions and new variables for further study.   New variables arising from the first year include the persistence of the relationships among past participants and former coaches.  The lack of specific career mentoring during early college life, the influence of science related extra-curricular activities over courses, and the influence of teachers and graduate students as mentors over the influence of parents—are also qualitative themes which will be built into revised survey instruments this coming summer.  These new themes and variables may ultimately lead to an enhanced understanding of the STEM pipeline and recruitment issues.  Clearly, the NOSB program is again observed to be a functional, persistent system—far more impactful than “simply a competition” that has observable influence on recruiting students into the STEM pipeline.

Finally, much of what has been gleaned to date remains qualitative and descriptive—as expected for the baseline portion of a multi-year study.  When the study is replicated in year two, subject persistence in the career pipeline, in science and math coursework, and with respect to career counseling support should and will be addressed statistically.  Because there have been very few empirical, longitudinal studies of high school students as they move into and through college and into the STEM pipeline this study will be a unique contribution to science education.  It is noted that a manuscript from this year’s effort has been published in the American Secondary Education Journal (Bishop and Walters, 2007), a peer-reviewed, national journal comprised of research on secondary education in the U.S.  
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