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ABSTRACT: A recent Congressional report identified a shortage of scientists
entering the discipline of stock assessment. The Southeast Fisheries Science Center of
NOAA’s National Marine Fisheries Service and Virginia Tech created the Population
Dynamics Recruiting Program (PDRP) to improve the quality of graduate students
interested in entering the field. An annual week-long workshop identifies top students
nationally with the potential to excel in population dynamics and educates them
about the discipline. Program evaluation indicates that between 25% and 33% of
workshop participants have subsequently entered graduate school in the field. Sixtynine percent of those students knew little about the field before the workshop, and
85% reported wanting to pursue population dynamics because of their workshop
experience. Continuing and strengthening the PDRP is an important component of a
strategy to reduce the shortage of qualified stock assessment scientists.

Estudio sobre la escasez de evaluadores
pesqueros a través de talleres estudiantiles
RESUMEN: En el reporte de un congreso reciente, se identifica una escasez de científicos
dedicados a la disciplina de la evaluación pesquera. Como respuesta, El Centro de Estudios
Pesqueros del Sureste, dependiente del Servicio de Pesquerías Marinas de la oficina de
Administración Nacional Oceánica y Atmosférica, en conjunto con el Tecnológico de
Virginia, crearon un Programa de Reclutamiento en Dinámica de Poblaciones (PRDP)
para mejorar la calidad de los estudiantes graduados que estuvieran interesados en el área.
En un taller anual con duración de una semana, se identificaron los mejores estudiantes a
nivel nacional con el potencial de destacar en dinámica de poblaciones y se les instruye
sobre el tema. La evaluación indica que entre 25% y 33% de los participantes del taller han
ingresado subsecuentemente a escuelas relacionadas al área. Sesenta y nueve por ciento de
los estudiantes conocían muy poco acerca del tema antes de que comenzara el taller y una
vez concluido, 85% reportaron tener deseos de continuar con el estudio de la dinámica
de poblaciones. Continuar y fortalecer el PRDP es un componente importante de una
estrategia para reducir la escasez de evaluadores pesqueros calificados.
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INTRODUCTION
Stock assessment scientists are critical to fisheries management because they develop and apply the tools used to evaluate
the status of fish stocks and fisheries and to estimate likely effects
of alternative management policies. Over time, stock assessment
scientists have played an increasingly important role in resource
conservation, guiding the design of monitoring and research programs and providing critical information needed for science-based
management.
A recent report to Congress identified a shortage of individuals
with post-baccalaureate degrees who have the ability to conduct
high quality scientific research in fishery stock assessment, fish population dynamics and related fields (DOC and DOE 2008). Three
main causes of this shortage include (DOC and DOE 2008):
1. There are not enough university faculty to teach undergraduate
and graduate students about the discipline and to supervise
related research;
2. There are not enough graduate courses available that are
essential to prepare graduates for employment as stock assessment
scientists; and
3. The quantitative skills of graduate students presently entering
fisheries programs are not sufficient for these students to enter
the pipeline to stock assessment positions.
Eliminating this shortage will require solving all three problems.
As the largest U.S. employer of stock assessment scientists, the
National Marine Fisheries Service (NMFS) carries much of the
burden of reducing this shortage (DOC and DOE 2008). NMFS
has established several programs designed to reduce it (DOC and
DOE 2008). In order to increase faculty numbers, NMFS has long
provided research support to university faculty, and also has encouraged NMFS stock assessment scientists to teach at universities and
supervise graduate students. NMFS also has been working for years
to increase the number of graduate students in the discipline by
supporting graduate student assistantships and fellowships. The
President’s 2009 budget includes an additional $1 million for this
successful graduate population dynamics fellowship program (DOC
and DOE 2008). NMFS also has many programs aimed at recruiting and educating undergraduate students, but historically, none
has been directed specifically at the discipline of stock assessment,
or designed to attract undergraduate students with better quantitative skills.
NMFS and Virginia Tech created the Population Dynamics
Recruiting Program (PDRP) in 2003 to improve the quality of
graduate students entering the field of population dynamics. Stock
assessment focuses on exploited living marine resources and is a subdiscipline of population dynamics, which focuses on both exploited
and non-exploited species, including legally protected species.
NMFS hires population dynamics scientists to work in stock assessment and in related fields, and the same skills are required whether
a population is exploited or not. Because of this, and because
“population dynamics” is a broader and better understood term
than “stock assessment” on college and university campuses, the
program was named the Population Dynamics Recruiting Program.
Here, the term “marine resources population dynamics” will be synonymous with the term “stock assessment.”
To improve the quantity and quality of graduate students entering fisheries degree programs to study population dynamics, the
PDRP uses two main strategies:
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1. Identifying top students with potential to excel in population
dynamics and bringing them into the PDRP, and
2. Educating and motivating them so that they will potentially
enter the discipline.
This article presents and evaluates the week-long undergraduate workshop of the PDRP.
WORKSHOP METHODS
Identifying Students
The PDRP looks for undergraduates with strong quantitative
skills and interests, and a basic understanding of ecology. Such students typically are scattered at colleges and universities across the
country, in a variety of majors such as ecology, environmental science, biology, fisheries science, wildlife science, natural resources
management, conservation biology, and marine biology. Finding
these students is not easy. Each year the PDRP contacts faculty
members and other academic advisors across the country who are
likely to know students who fit our profile. Over 400 individuals
have been contacted annually by e-mail, mail and, to the extent
possible, telephone to encourage their best students to apply.
Encouraging Students to Apply
The next challenge is encouraging the students identified
to apply to the workshop. Many do not yet know about population dynamics, because the topic is not covered on all campuses
or within all programs. Because of this, merely asking students to
attend a population dynamics workshop would not draw as many
qualified students as desired.
To heighten students’ interest, we offer a week-long workshop
in the Florida Keys. The workshop’s timing in early January puts
it before most students return to classes. All costs are covered for
the students, which ensures that any qualified student can apply
without financial concern.
Students are selected on the basis of grade point average (GPA);
standardized test scores (verbal and quantitative); number of college-level math and statistics courses taken; number of collegelevel ecology-related courses taken; grades in math, statistics, and
ecology courses; quality of thought, organization, and writing in
their answers to essay questions on the application; internships,
research experiences, and other out-of-classroom experiences; and
the responses of their references to specific questions. In the first
year (2004), 16 students were selected. In each of the following
YEARS n  STUDENTS WERE SELECTED
The Workshop
Throughout the workshop, a case study approach (Herreid
1994, 2005) is applied to demonstrate the roles that population
dynamics scientists play in the complex world of marine resources
management. One case study presented each year focuses on sustainable harvest of a fish stock, such as swordfish (Xiphias gladius).
Because many undergraduate students are interested in protected
species, rather than or in addition to harvested ones, a second case
study each year focuses on a protected resource, such as threatened
loggerhead sea turtle (Caretta caretta). This combination also dem221

onstrates the diversity of projects researched by NMFS population
dynamics scientists.
The workshop offers a wide range of activities, including field
trips, lectures, discussions, computer exercises, student research, and
student presentations, to keep students interested throughout the
week. Half the instructors are NMFS scientists; the other half are
Virginia Tech faculty. Instructors are selected for interest in workshop goals, subject expertise, effective teaching, and enthusiasm.
Workshop students typically get to know the instructors and
teaching assistants much better than in an ordinary classroom
setting. Students and instructors eat together, attend fieldtrips
together, and share recreational activities during breaks. A popular event each year is an evening dedicated to answering questions
about graduate schools and career opportunities. The strong relationships built at the workshop have provided opportunities for
longer-term mentoring, benefiting both the agency and the students’ career development.
Many students consider careers in environmental science
because they want to work towards conservation and sustainability.
Throughout the workshop, instructors stress that individuals working in marine resource population dynamics help meet those goals
by providing critical scientific guidance to policymakers.
The workshop occupies a NMFS stock assessment scientist and
a Virginia Tech project coordinator for about four months each
year, as well as six to eight additional instructors for about three
weeks each. Non-personnel costs are about $50,000 per workshop.
EVALUATION METHODS
We evaluated the PDRP workshop program to answer three
main questions:
1. Does the program attract the right students?
2. Have past workshop students entered graduate school in marine
resources population dynamics? and
3. Were those students influenced to enter graduate school in the
discipline by the workshop?
We also investigated the workshop’s influence on all past students, including those who have not entered graduate school in the
discipline. The evaluation took place under the auspices of Virginia
Tech’s Institutional Review Board policies pertaining to research
on human subjects (approval #06-229).
Evaluation of Finding and Attracting Students
To evaluate our effectiveness at attracting qualified students, the
following information was compiled about each student accepted
into the program from his or her application materials:
College or university attended,
State in which college or university is located,
Undergraduate major,
Year in school,
Grade point average (GPA), and
Standardized test scores (SAT, ACT, GRE).
Basic statistics (mean, standard deviation, minimum, and maximum) were calculated for GPAs and standardized test scores. Using
tables from the national testing services, percentiles were assigned
to mean values of standardized test scores.
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EVALUATING IMPACTS OF THE WORKSHOPS

Questionnaire
To evaluate effectiveness of the PDRP workshops, participants
FROM n WERE ASKED TO COMPLETE A QUESTIONNAIRE IN THE
spring of 2008 (N = 61). Participants from the 2008 workshop
were not included because it was too soon after their workshop to
query the longer term effects being investigated. The questionnaire
was designed using the software package SurveyPro 4.0 (Apian
Software, Inc.) and distributed online. Each past participant was
contacted one week prior to the questionnaire’s opening with
a letter explaining its goals and methods (Dillman 2000). Once
the questionnaire was open, each past participant was sent unique
login information. The questionnaire was closed after two weeks,
and the results were compiled using SurveyPro 4.0 Net Collect
software (Apian Software, Inc.).
Students were asked the following:

What schooling and jobs have been undertaken since the
workshop?

We wanted to know how many were working on marine
resources or population dynamics, how many were in graduate
school, and how many were working with NMFS in some context
(internships, jobs, graduate school funding). Most importantly, we
wanted to know how many had entered graduate school to focus on
marine resources population dynamics.
Did the workshop increase interest in our three main subject areas
(marine resources, population dynamics, and potential employment
with a marine resources agency)?

We asked whether interest in those areas increased (or not) as
a result of the workshop, or if the respondent had been very interested even before the workshop.
What benefits were received?

We asked respondents to select zero or more possible benefits
from a list of 17 (see results section).
Students who did not respond to the questionnaire during the
two-week response period were sent a final e-mail with the following abbreviated list of questions:
1. What professional interest are you pursuing right now (graduate
school, working, etc.)? On what kinds of projects are you
working?
2. Did you find the workshop beneficial? How?
3. Did the workshop help you decide whether or not you wanted
to work with population dynamics? Marine resources? NMFS?
We hoped that the brevity and format of these questions would
prompt a response from those who did not complete the online
questionnaire.
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RESULTS
Finding and Attracting Students
4O DATE n  STUDENTS REPRESENTING  COLLEGES AND
universities in 22 states have participated in five PDRP workshops
(Table 1). Southeastern states sent the greatest number of participants, as did southeastern colleges and universities (Table 1).
Participants represented a wide range of undergraduate majors,
including many subdisciplines of biology, ecology, and resource
management. We also attracted one physics major and one psychology major. Over 25% of workshop participants (20) were
enrolled in double majors. Of the 76 participants, 12 were sophomores (16%), 21 were juniors (28%), 41 were seniors (54%), and
2 had graduated but not yet entered graduate programs (3%).
Accepted students had high grade point averages (Mean =
3.72/4.00; Table 2). Regarding both quantitative and verbal
exams, the mean SAT score was in the top 7% of students taking
the exam nationally; mean ACT score, in the top 5%; and mean
GRE score, in roughly the top 25% (Table 2). The medians of all
distributions were above the means, indicating that more students
received scores above the average than below it.
Questionnaire Response Rate

A total of 50 participants responded to the questionnaire during the 2-week time frame, for a response rate of 81.9%. Of the 11
who did not respond to the initial questionnaire, we were unsuccessful at contacting 3. Four of the remaining 8 responded to the
abbreviated list of questions, and their responses were included
where applicable.
Current Activities
Of the respondents, 88% (47 of 53) had completed undergraduate degrees by spring 2008. Of those, 74% (35) were either in
graduate school or had completed a graduate degree.
With regard to the workshop topics, 18 of the graduate school
attendees were focusing on population dynamics, 20 were focusing
on marine resources, and 13 were focusing on both (Table 3). From
this point forward, the 13 students whose graduate studies focus on
marine resources population dynamics—the goal of our recruiting
efforts—will be referred to as the “13 in-discipline graduate students.” Depending on the method used to count them, between
25% and 37% of past workshop participants have become in-discipline graduate students (Table 3). These 13 were comparable
academically to the overall population of workshop participants,
based on their workshop application materials.
Using similar calculations, between 34% and 51% of workshop
participants have entered graduate school to study population
dynamics in general, whether terrestrial, marine, or other (Table
3). Since the workshop, 33% percent of participants had worked
for or with NMFS in some capacity.
Changes to Interest Levels
A majority of all respondents (n = 50) reported increased interest in all three areas (population dynamics, marine resources, and
potentially working for a marine resources agency) specifically
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4ABLE  ,IST OF COLLEGES AND UNIVERSITIES SENDING STUDENTS TO THE
n WORKSHOPS 3EVENTY SIX STUDENTS REPRESENTING 
COLLEGES AND UNIVERSITIES IN  STATES HAVE PARTICIPATED .UMBERS
IN PARENTHESES INDICATED THE NUMBER BY STATE OR COLLEGEUNIVERSITY
)F NO NUMBER IS PRESENT ONE STUDENT PARTICIPATED
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4ABLE  .UMBER OF WORKSHOP STUDENTS NOW IN RELEVANT AREAS OF GRADUATE STUDY AND CORRESPONDING PERCENTAGES CALCULATED ON THREE BASES
Area of graduate study
Population dynamics
(18 students)

Marine resources
(20 students)

Marine resources
population dynamics
(13 students)

As a percentage of all respondents who
have entered any graduate program by spring 2008
(N = 35)







As a percentage of all respondents who
had earned a bachelor’s degree by spring 2008
(N = 47)







As a percentage of all workshop students
expected to have earned a bachelor’s degree by
spring 2008
(N = 53)







* Note that this is a minimum estimate as it assumes all non-respondents expected to graduate did graduate and are not studying or have not studied these
TOPICS IN GRADUATE SCHOOL

because of the workshop (Table 4). Only 2 of the 50 respondents
(4%) said their interest had not increased in any of the three
areas.
A greater proportion of the 13 in-discipline graduate students
entered the workshop already interested in each of the 3 topics as
compared to all respondents (Table 4). This was particularly true
with regards to marine resources, where 62% of the 13 in-discipline
graduate students reported that they had been very interested in
the subject already, compared to 26% of all respondents (Table 4).
Fifty-eight percent of all responding past participants reported their
interest in working for a marine resources agency increased as a
result of the workshop (Table 4).

influenced their career paths (Table 5) by teaching them about
possible career opportunities and helping them better define their
professional interests (Table 5). Similarly, 86% of all respondents
and 85% of the 13 in-discipline graduate students reported that
the workshop influenced their educational paths (Table 5), both in
deciding what to study in graduate school and in deciding where to
go to graduate school (Table 5).
All respondents reported receiving many benefits from the
workshop (Table 5). More than 90% reported learning more about
population dynamics, marine resources, and NMFS, indicating that
a primary objective of the workshop was met (Table 5). Participants
also appreciated the opportunities to establish contact with other
top students and professionals in the field (Table 5).

Workshop Benefits
DISCUSSION
A majority of respondents reported that this was a field they
knew little about before the workshop, including 69% of the 13 indiscipline graduate students (Table 5). All 13 in-discipline graduate
students reported that as a result of the workshop they wanted to
learn more about this field, and 85% reported that because of participation in the workshop they learned this was a field they wanted
to pursue (Table 5). These specific benefits were not limited to the
in-discipline graduate students, as 80% of all respondents and all 13
of the in-discipline graduate students reported that the workshop
224

Reaching the Goal
Colleges and universities are experiencing difficulty finding
qualified graduate students to conduct population dynamics-related
research. As part of the Congressional report (DOC and DOE
2008), department heads of university and college marine fisheries programs were surveyed. Results indicated that their success
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4ABLE  0ERCENTAGE OF THE  IN DISCIPLINE GRADUATE STUDENTS AND ALL RESPONDENTS WHO EITHER STRONGLY AGREED OR AGREED ABOUT SPECIlC
WORKSHOP BENElTS
7ORKSHOP BENElTS
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at recruiting graduate students to conduct population dynamics
research was lower than at recruiting graduate students in general (DOC and DOE 2008). Department heads were also asked to
rate the aptitude and ability of their recent first-semester fisheries
graduate students in 12 skill areas related to graduate student success. Most felt students were “adequate,” “strong,” or “very strong”
in all areas except modeling (DOC and DOE 2008). Population
dynamics and statistics followed modeling as the next weakest skills
(DOC and DOE 2008). Department heads reported that although
most skills had improved in the past decade, skills in population
dynamics and mathematics had remained stable or declined (DOC
and DOE 2008).
The discipline of stock assessment is neither the first nor the
only discipline to notice a decline in the quality of quantitative
education in the United States. There has been an ongoing multidisciplinary call to improve undergraduate science, technology,
engineering, and mathematics (STEM) education nationally (NRC
1996; NSF 1996). To reverse this trend, institutions of higher education must place a higher priority on the quantitative training of
undergraduates.
Strengthening the quantitative training of all undergraduates
would be one strategy to improve the quality of entering graduate
students, but this is not within the capabilities of NMFS. Instead,
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NMFS is attempting to find and recruit students whose interests
and abilities make them most likely to succeed as graduate students,
and later as researchers, in marine resource population dynamics.
Undergraduates often know what subjects interest them, but
not how those subjects can be applied. For example, many of our
students knew they liked ecology, math, and computer sciences,
but did not know how those subjects could be combined in a career.
The PDRP showed them that population dynamics combines
those subjects and that population dynamicists play important,
fascinating roles in marine conservation. Use of real case studies
was essential to this process. In addition, students were given more
individual attention by instructors than is possible in the typical
undergraduate classroom. Increasing interest and excitement about
a specific career path, possibly for the first time in the students’ academic experience, was part of the PDRP’s strategy. Our evaluation
indicates this strategy was successfully accomplished.
Finding Students
Finding the right students for this program has been time
consuming but, over time, word of the program has spread, and
recruiting has become easier. Our students have come from a wide
range of colleges and universities and a diverse group of majors,
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as expected. If we had limited recruiting efforts to undergraduate
fisheries programs, we would have missed most of the students we
selected. The intense effort involved in publicizing the program
widely has proven worthwhile.
The PDRP is supported entirely by the Southeast Fisheries
Science Center (SEFSC) of NMFS. The program’s original goal
was to recruit stock assessment scientists to the southeastern
United States. Because of that, advertising in the first two years
focused on southeastern colleges and universities, which explains
the predominance of southeastern schools in Table 1. In our third
year, we expanded advertising efforts nationwide, to benefit all of
NMFS.
Participation from individual universities and colleges has varied greatly. Some large, well-known schools have not been represented, while lesser-known schools were. This is partially due to the
rarity and patchy distribution of interested and qualified students.
Another cause is likely the level of dissemination of workshop
information on individual campuses. While the PDRP organizers
worked hard on advertising, it was still up to the contacts at each
school to spread the word. It became clear from talking with workshop participants that many found out about the workshop from a
specific e-mail or conversation with a faculty member or advisor
who targeted that student because of his or her strengths. We continue to personally contact faculty members and academic advisors
at universities and colleges in an effort to ensure that they encourage their top students to apply for future workshops.
The use of standardized tests as indicators of ability has been
controversial (e.g., Crouse and Trusheim 1988; Leonard and Jiang
1999; Zwick 2002). Test scores are used by the PDRP in admissions because grade point averages are not comparable across campuses. However, poor standardized test scores did not by themselves
eliminate any student. If other factors indicated a good match for
the program, the student was accepted. Similarly, strong test scores
alone were not sufficient for admission.
Evaluation of applications has varied slightly each year, as we
attempt to better identify excellent students likely to enter the
field. For example, our efforts so far have been aimed at students
with strong quantitative backgrounds and a basic understanding
of ecology. However, the evaluation reported here indicates that
62% of the 13 in-discipline graduate students had been very interested in marine resources before the workshop, compared to 26%
of all respondents, which suggests that prior interest is an important
determinant of career path even for students who were influenced
by the workshop. Therefore, we anticipate weighing applicants’
interest in marine resources more heavily in future admissions than
we have in the past.
Ultimate Evaluation
Because the ultimate goal of the PDRP is to increase the number of highly qualified applicants for stock assessment positions
with NMFS, ultimate evaluation of the PDRP would be its contribution to this goal. Generally, stock assessment jobs with NMFS
require a doctoral degree. Because the first PDRP workshop took
place in 2004, it will be several years before workshop students,
who participate as undergraduates, are ready to start professional
careers. Therefore, it is too soon to make that ultimate evaluation
of the PDRP.
The immediate goal of the PDRP is to improve the number of
highly qualified applicants for graduate school in the discipline.
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The need for this comes from a survey of college and university
marine fisheries program department heads in the Congressional
report (DOC and DOE 2008). Once a significant number of our
workshop students have entered graduate school, it will be informative to ask college and university department heads whether
quantitative skills have improved, particularly among entrants
from the PDRP. Because only 13 PDRP workshop students have
entered graduate school in the discipline, it is also too soon to ask
that question.
No evaluation can tell us how many of the PDRP participants
would have entered the field if they had not attended a PDRP workshop. Still, the current evaluation demonstrates that the workshops
have played a major role in decisions regarding the in-discipline
graduate students’ chosen career paths.
Benefits to Participants
The PDRP was designed to provide benefits to all workshop students, not just those entering marine resources population dynamics. The workshop is structured to educate all participants about the
complexity of marine resources management, the roles of science
within the process, and about themselves, so they can make better
decisions about their futures. The program appears to have accomplished these goals.
Costs vs. Benefits
The first four workshops together cost approximately $200,000
plus personnel time. Given that the program has produced 13
in-discipline graduate students (as of spring 2008), the cost was
$15,400 per workshop student who entered graduate school in the
discipline. Including only the in-discipline graduate students who
knew little about the discipline before the workshop (n = 9), the
cost would be $22,200 per student. Including only students who
responded that they learned this was a field they wanted to pursue
because of the workshop (n = 11), the cost would be $18,100 per
student. Accounting for personnel time would increase these figures by about 80%.
The number of past workshop participants from the first four
years of the program who will enter the discipline of marine
resources population dynamics will likely increase above the current number of 13. Past workshop participants may eventually
enter graduate school in the discipline including:
1. Those who had not yet finished their bachelors degrees at the
time of the questionnaire (n = 6),
2. Those who had completed their bachelors degrees but had not
yet entered graduate school (n = 12), and
3. Those currently or previously enrolled in graduate school not
focusing on marine resources population dynamics (n = 2) who
may eventually focus on the discipline in a future degree.
Forty-five percent (22) of respondents stated that this was a field
they wanted to pursue. As this happens, the cost per student
recruited will decrease.
The workshops have successfully recruited into the field some
highly promising individuals who otherwise would not have been
there. The attendant costs can be considered nominal if one considers both the difficulty in recruiting such individuals and the
expected career length of a NMFS biologist, about 20 to 40 years.
No calculation can quantify the very high value of recruiting
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and David Waterman of Virginia Tech. Additional support for the
program has been provided by Bonnie Ponwith, Alex Chester, Joe
Powers, and Gerry Scott. The authors wish to thank Al Zale, Joe
Powers, and a number of anonymous reviewers and for their excellent comments about earlier versions of the manuscript. Funding for
the PDRP comes from a grant from the NMFS Southeast Fisheries
Science Center to Virginia Tech.
REFERENCES

exceptional individuals who will, in the years and decades ahead,
move the field forward and provide strong science on which to base
management of U.S. marine resources.
As a result of the workshop, some participants became knowledgeable about NMFS and interested in working for a marine
agency, although not necessarily in population dynamics. Almost
60% of respondents stated that their interest in working for a
marine resources agency increased as a result of the workshop. Onethird of the respondents had worked with NMFS since their workshop. Given the outstanding quality of students in the program,
recruiting participants into the agency, regardless of the discipline,
provides additional rich benefits.
We conclude that the PDRP has motivated a new group of students to enter graduate school in population dynamics, increasing
not only the quality of students entering the discipline, but also the
number. In this way the PDRP has contributed to solving two of
the three problems causing the critical shortage of stock assessment
scientists.
ACKNOWLEDGMENTS
The PDRP workshops have had many excellent instructors
including Erik Williams, Liz Brooks, and Paul Richards. Logistical
support for the workshop program has been provided by Lynn Hayes

Crouse, J. and D. Trusheim. 1988. The case against the SAT.
University of Chicago Press, Chicago.
Dillman , D. A. 2000. Mail and internet surveys: the tailored design
method. John Wiley and Sons, Inc., New York.
DOC and DOE (U.S. Dept. of Commerce and U.S. Dept. of
Education). 2008. The shortage in the number of individuals with
post-baccalaureate degrees in subjects related to fishery science.
NOAA Technical Memorandum NMFS-F/SPO-91.
Herreid, C. F. 1994. Case studies in science: a novel method of science
education. Journal of College Science Teaching XXIII(4):221-229.
_____. 2005. Using case studies to teach science. An ActionBioscience.
org original online article. Available at www.actionbioscience.org/
education.
Leonard, D. K. and J. Jiang. 1999. Gender bias and the college predictions of SATs: a cry of despair. Research in Higher Education
40:375-407.
NRC (National Research Council). 1996. From analysis to action:
undergraduate education in science, mathematics, engineering, and
technology, National Academy Press, Washington, DC.
NSF (National Science Foundation). 1996. Shaping the future: new
expectations for undergraduate education in science, mathematics, engineering, and technology. National Science Foundation,
Arlington, VA.
Zwick, R. 2002. Fair game? the use of standardized admissions tests in
higher education. RoutledgeFalmer, New York.

5HGXFHWKHVSUHDGRI¿VKSDWKRJHQV
Virkon® Aquatic disinfectant and virucide kills Viruses, Bacteria, Fungi & Mold.

Ideal for disinfecting sampling equipment, vehicles, boats, nets, waders, dive suits, tools, etc.
Solution is non-corrosive, non-irritating and degrades quickly in the environment.

%$!#!"! $" #!"0
"! !&"!# !" " ! "
Learn more at:

w w w. w c h e m i c a l . c o m

!"   ()-/ ""   /.)+.
    (  . ' '  ) . *  , ) / )
W o r l d    L e a d e r    i n    F i s h    H e a l t h

Fisheries s 6/,  ./  s -!9  s 777&)3(%2)%3/2'

227

