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Executive Report—NOSB® Longitudinal Study 2006-2007 (Year 1)

The National Ocean Sciences Bowl (NOSB®) managed by the Consortium for Oceanographic Research and Education (CORE, a division of the Consortium for Ocean Leadership), is a highly successful national competition focused on the ocean sciences and designed for secondary students. The NOSB is supported by U.S. government agencies through the National Ocean Partnership Program (NOPP), as well as by corporations, foundations and other non-governmental organizations, and is a collaborative effort between CORE and the NOSB host institutions—primarily research universities.  Approximately 2,000 students and over 300 schools actively take part in the competition each year, with more than 16,000 student and teacher contacts during the past 10 years. The competition has grown from 16 to 25 regional competitions hosted at various institutions throughout the United States. Each regional bowl and the final competition is staffed and run by volunteers, who serve as moderators, scientific judges, rules judges, timers and scorekeepers.
As typical of other academic “quiz bowl-type” programs, the National Ocean Sciences Bowl consists of a round-robin/double-elimination format for teams of high school students.  Teams consist of four students, one alternate, and a coach. It is a timed competition between two teams, with multiple-choice or short-answer questions from within the broad category of the oceans. Questions are drawn from the scientific and technical disciplines used in studying the oceans (physics, chemistry, geology, atmospheric science, biology, etc.) as well as from topics on the contributions of the oceans to national and international economics, history and culture. Each match consists of a series of toss-up questions that individual team members must answer without collaboration. A team that correctly responds to a toss-up question is given a bonus question to answer as a team. Additionally two "team challenge" questions are provided in written form and require teamwork and extra time to complete.  

Methodology
The research team’s study of the NOSB has evolved over the past 8 years.  Initially, the sponsoring agency requested that a team of researchers examine the program from a system-wide perspective. The goal was to ascertain its overall impact on the broader community of constituents. 
This current research study addressed the accomplishments and programmatic components of the NOSB in its primary context—the regional competitions and the national, final competition.  The guiding research questions are: (1) does participation in the National Ocean Sciences Bowl influence the manner in which secondary student participants view careers in the ocean sciences community, and does participation provide an environment conducive to career decision-making, and (2) does participation in the National Ocean Sciences Bowl impact secondary students in affective, academic, developmental, and social ways which are durable and important in later college, career, and/or life settings?  

A key task in this study was the exploration and documentation of the link between NOSB participation and the education and career pathways of participating students as they migrated from secondary school into college.  Working with CORE and the regional university hosts, the researchers identified and contacted a sample of 301 student participants.  After agreeing to participate in the study, the students provided a comprehensive set of demographic and background information on core factors related to career-path selection.  At the end of the first year of the study (spring 2007), following the transition from secondary education to college, participants were re-surveyed and invited through email to participate in online interviews to monitor changes in course and major selection, mentoring relationships, and other select career-path factors.

Data Collection
To collect data to answer the questions stated above, the researchers developed and piloted two questionnaires consisting of a series of selected response, multiple-choice, and open-ended response items.  These instruments/items were refined versions of those used in the study of the NOSB competition in 2002-04.
Working with CORE, the research team recruited a national sample of 301 high school seniors and college students who have participated in the NOSB competition, working from a database of approximately 4,000 students.  The sample is comprised of students from each of the 25 regions of the competition.  The students were invited to participate in the research study and provided informed consent for data collection.  Using an extensive registration form, a follow-up survey in Fall 2006, and an open-ended structured interview process in spring 2007, the researchers have collected extensive data regarding the career-selection factors identified in the literature, high school and college transcript data of STEM (Science, Technology, Mathematics, and Engineering) courses, declared majors and minors, and university enrollment.

Findings

Past NOSB research describes the effects of academic competition on a number of populations (students, their parents, their teachers or former teachers, and scientists who participate as judges in the competition), while this study focuses primarily on the competition’s broader, systemic impact on students.  In earlier studies, parents, teachers, volunteers, and past participants provided their thoughts and impressions about the effects on students. The findings of this new study specifically of the students demonstrated that the NOSB met criteria identified in the literature review for effective competitions, and has in fact provided a positive influence on participants’ college and career-path decisions.

Findings related to Career and College Choices

The responses to a Likert-scale response question indicated 41% of the past participants Strongly Agree or Agree that NOSB participation influenced career choice.  The credibility of this response was enhanced as the researchers observed specific statements in open-ended narrative regarding “how” the competition had influenced career choice.  It should be noted that researchers collected lists of courses at the college level which these students have already completed or registered for, as well as the declared majors.  These data again enhance the credibility of the student-reported data regarding selection of science careers.  Finally, the institutions and programs of study/departments in which these individuals are enrolled further enhance the credibility of self-reported data.  The students did participate in the competition, they have enrolled in STEM programs in colleges, and they report a connection between these two events.

Other Likert-scale response questions asked past participants about additional factors that influenced their career selection.  Of these responses the strongest influence (50% Strong Agreement or Agreement) on career selection was students’ perceptions of their own abilities.  An increase in students’ knowledge and competency in ocean sciences seemed to foster a sense of capability in the field. 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, enhanced students’ perceptions of their competence. Practical problem solving skills emerged, were challenged, and were refined through the competition and preparation for the competition.  These skills seemed to enhance a sense of personal competence.  This perception of personal capability translates as a very high factor influencing career choice.

When asked about the NOSB influencing their college major choice, 39% indicated that it had influenced this decision. In response to the question “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 the competition.  Under this theme area, one student 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 moved into a pre-med program.  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 comments from students illustrate NOSB’s influence on career choice, including

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

· 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.

· I volunteered for the 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.

· 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 [at the competition].  One of those professors talked me into attending the College of Charleston.

Other factors identified by the students as motivators included extracurricular activities that introduced them to science and the natural world, particularly field-based or research based programs. Also mentioned were courses or classes, mentors or key adults, such as teachers or coaches, and personal interest or passion for a career. The opportunities for participants to interact with graduate students, faculty researchers and scientists through the competition seemed related to why students selected a career path, as reported by many past participants who have made these choices and are now enrolled in higher education.  

Students reflected on a question regarding career rewards, responding with a strong sense of commitment to making a difference in the community or world.  It is clear that the respondents have a strong ethical orientation toward service and social good, which will warrant additional review of literature to identify the potential for harnessing this characteristic in science education and career education generally and for STEM pipeline recruitment.  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. Other themes related to career rewards included a desire to expand or enhance personal knowledge through discovery and a desire to teach.  Select comments that students made about their desire to improve society included:

· 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.

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

A smaller 29% of students Strongly Agreed or Agreed that NOSB participation influenced college selection.  This relatively lower response was expected, as economic, geographic, and family history factors seem to be much stronger impacts on college choice—which contains a greater diversity of options—than career choice.  Career choice generally offers fewer options, considering the number of majors in college, than the choice of institutions of higher learning, considering the number of colleges in this country.  

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.  

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


Findings related to Knowledge and Interest in the Oceans
When asked to comment on the value of the NOSB program, students responded with statements attesting to NOSB’s impact on clarifying their interests in science—whether ocean science or otherwise.  A very interesting observation is with respect to overall interest in the oceans generated as a result of NOSB.   A large proportion (87%) of respondents Strongly Agreed or Agreed that participating in the competition encouraged this overall interest in science.   These findings are highly consistent with similar responses in the earlier study.  
Findings related to Ocean Related Hobbies and Conservation and Community Service

Another interesting finding was that 68% of respondents indicated that the competition encouraged them to develop ocean-related hobbies or to participate in conservation related community service. This demonstrated an important and powerful contribution of the competition. 

The Likert-scale items addressing these areas were derived conceptually from research linking student extracurricular interests to career selection as cited in the literature review above.  As with the earlier NOSB impact analyses, these respondents indicated (48% Strongly Agree and Agree) that ocean or science-related hobbies influenced the selection of their career or college majors.  Scuba diving, aquarium internships, beach cleanups, hospital volunteering, and fishing were extracurricular activities related to their career choices. Importantly for this study and as noted above, 68% of the respondents reported that competition participation encouraged their development of these hobbies.  Again, while this influence of the competition is somewhat secondary to typical conceptions of career education, it is nevertheless an important contribution of the NOSB to these students’ development and life long interest in ocean-related activities.  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.

Findings Related to Key Adult Relationships/Mentors
Sixteen percent of survey respondents indicated that their parents were the most significant factor in selection of college major or career, while a larger, 31% report that their NOSB coach was the most significant factor in their college major selection.  Additionally, 21% of respondents reported that their 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.  Finally, 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. 
Discussion

First, it seems evident that the competition 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 reported by those former NOSB participants who are participating in this 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.

Second, the study provides the researchers a platform for making statistical comparisons.  It is rare in education programming to have the kind of long-term and replicated evaluation data that are increasingly available regarding the NOSB competition.  These data over time are proving highly consistent, with the correlational strength between similar items from 2000 to 2007 falling between .89 and .97—high to very high similarity of response to similar items.  While “correlation does not indicate causation,” the consistency of responses over the years does enhance the credibility of these data.  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 competition.  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 are 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 high school students.  Follow-on efforts for subsequent years of this current study should include collection of 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 the competition program studied in this research, it is critical that researchers and policy makers carefully articulate outcomes of interest.  Noting that students can in fact be influenced in the direction of particular STEM careers or, even 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 pedagogical methods are). It seems timely for the national NOSB leadership network to explore methods for leveraging these factors.
Conclusion

This longitudinal study, even after the first year, does in fact show that students are benefiting from more than just the immediate effects of the competition. The data indicate that many of the students are integrating the knowledge and experience of the competition into longer lasting, personal and career oriented choices and pathways. The competition created interest and encouraged potential lifetime commitments to conservation and learning, and contributed to academic rigor through enhancement of science content knowledge.
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