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The Gateway Science Workshop Program: Enhancing
Student Performance and Retention in the Sciences
Through Peer-Facilitated Discussion
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Minority student attrition and underachievement is a long-standing and widespread concern
in higher education. It is especially acute in introductory science courses which are prereq-
uisites for students planning to pursue science-related careers. Poor performance in these
courses often results in attrition of minorities from the science fields. This is a particular
concern at selective universities where minority students enter with excellent academic cre-
dentials but receive lower average grades and have lower retention rates than majority stu-
dents with similar credentials. This paper reports the first year results of a large scale peer-
facilitated workshop program designed to increase performance and retention in Biology,
Chemistry, and Physics at a selective research university. After adjusting for grade point av-
erage or SAT-Math score, workshop participants earned higher final grades than nonpartici-
pants in Biology and Chemistry, but not in Physics. Similar effects on retention were found.
While, positive effects of the program were observed in both majority and minority students,
effect sizes were generally largest for minority students. Because of practical constraints in
Physics, implementation of the program was not optimal, possibly accounting for the differ-
ential success of the program across disciplines.

KEY WORDS: peer learning; collaborative learning; workshop; minority; science; biology; chemistry
physics.

INTRODUCTION complexity and challenge. Minority attrition and

underachievement is long-standing and widespread.

Poor Academic Performance of Minority Students

The small number of high-achieving, minor-
ity undergraduate students* who successfully per-
sist in math and science-based courses of study
is a national educational problem of enormous
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4“Minority” students refers to students from groups typically un-
derrepresented in the sciences, including African Americans,
Hispanic Americans, and Native Americans, as well as women.

Compared with majority students, students of color
have had historically lower graduation rates, higher
rates of attrition, and more reports of academic diffi-
culty (Chavez and Maestas-Flores, 1991; Clewell and
Ficklen, 1987; Grayson, 1998; Levin and Levin, 1991).
Higher attrition and lower academic achievement
during high school and college years lead to under-
representation of minority students at the highest
levels of academic achievement. According to the
National Science Foundation (2004), of the PhDs
awarded in the Sciences in 2001, 79.5% were white,
8.9% were Asian, 4.2% were African American,
4.1% were Hispanic, and less than 0.5% were Native
American.

Education is typically considered to be the
principal route toward upward mobility in in-
dustrialized societies (Croizet et al., 2001). Thus,
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underrepresentation of minority students at the high-
est levels represents a barrier to successful integra-
tion of society in the United States. The significance
of this barrier was highlighted recently in a report
by the College Entrance Examination Board’s (1999)
National Task Force on Minority High Achievement

Until many more underrepresented minority stu-
dents from disadvantaged, middle class, and upper-
middle class circumstances are very successful edu-
cationally, it will be virtually impossible to integrate
our society’s institutions completely, especially at
leadership levels. Without such progress, the United
States also will continue to be unable to draw on the
full range of talents in our population during an era
when the value of an educated citizenry has never
been greater. (p. 2)

Poor achievement and attrition of minority stu-
dents is a particular concern at selective universi-
ties where minority students enter with excellent
academic credentials and high expectations, but re-
ceive lower average grades and have lower retention
rates than majority students with similar academic
credentials.

Approaches to Improving the Academic
Performance of Minority Students
in Higher Education

Universities have often assumed that the cause
of poor academic performance in minority students
lies within the individual (e.g. inadequate academic
preparation), and have addressed the problem by
offering extra tutoring, remedial instruction, special
“prep” programs, or introductory programs espe-
cially for “at risk” students (Fullilove and Treisman,
1990). However, in general, these approaches have
not been successful in improving achievement and re-
tention of minority students (Steele, 1997).

One approach that has been successful in
improving the performance of minority students
is the ‘workshop’ approach developed by Treis-
man in the early 80’s. Observations of the study
habits of African American students and highly
successful Asian American students in calculus led
Treisman to hypothesize that poor performance of
minority students is not due to inadequate prepara-
tion or lack of ability, but is due, at least in part,
to their tendency to study in isolation (Fullilove and
Treisman, 1990). Treisman developed the highly suc-
cessful Professional Development Program Mathe-
matics Workshop at the University of California
Berkley to counter academic isolation in minority
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students and improve academic performance and re-
tention. He recreated the study networks that he had
observed in highly successful Asian American stu-
dents by organizing students into study groups of 5-7
students that met for four hours per week to work
on challenging problem sets. Each workshop group
was assisted by a graduate student “facilitator” who
stimulated discussion and answered questions but did
not lecture or do the problems for the students. The
program was not remedial in nature. In fact, prob-
lems were specifically designed to be more challeng-
ing than the regular coursework. Treisman’s program
was highly successful, with only 3% of African Amer-
ican workshop participants receiving grades of D and
F in contrast to 40% of nonparticipants and 33% of
a historical control group (Fullilove and Treisman,
1990).

Treisman’s workshop program had several ped-
agogical features that were likely to have contributed
to its success. First, the program involved problem-
focused, collaborative work in small groups. This
may have counteracted many of the difficulties as-
sociated with large introductory lecture courses such
as the lack of opportunity for students to receive
feedback, the lack of time for cognitive elaboration
and reduced student engagement. Second, the de-
velopment of a dynamic learning community cre-
ated by the workshops would have offered students
the opportunity to exercise critical judgment, analyze
statements and causes, question underlying assump-
tions and check for underlying assumptions—which
are among the most important learning experiences
students in higher education can have (Bligh, 2000,
Jaques, 2000; Light and Cox, 2001). Further, such ex-
periences replicate scientific practice whereby empir-
ical results are often interpreted, models refined and
conclusions reached through processes of discussion
and argument (Tien et al., 2002).

Evaluation of Workshop Type Programs

The success of Treisman’s program led to a
proliferation of “workshop” style programs in sev-
eral different disciplines, across a wide range of
institutions (Bonsangue and Drew, 1995; Selvin,
1992). Only a relatively small number of institutions
have published comprehensive evaluations of their
programs. Results of these evaluations are, how-
ever, positive and suggest that workshop approaches
have real promise for improving the performance
and retention of minority students in science and
engineering courses.
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Participants in the MathExcel program in cal-
culus at the University of Kentucky received higher
mean grades (3.15 vs. 2.20) and were awarded a
higher percentage of A’s and B’s (76.4 vs. 43.5)
than students who did not participate (Freeman,
1995). There was also a positive impact of the pro-
gram on retention with only 6.7% of workshop stu-
dents withdrawing or failing, compared to 28.2% of
nonparticipants. Workshop students and nonpartic-
ipants did not differ with regard to academic abil-
ity as measured by the ACT, indicating that differ-
ences observed in final grade were not due to pre-
existing differences in academic ability. In 1994, the
Lexington Community College introduced a work-
shop program in intermediate algebra that was mod-
eled on the MathExcel program. On average, work-
shop participants received grades that were 0.9 grade
points higher than nonparticipants. Again, partici-
pants and nonparticipants did not differ with regard
to incoming level of academic ability.

California State Polytechnic University devel-
oped the Academic Excellence Workshop Program
in math for African American and Hispanics un-
dergraduate students with science, math, or engi-
neering majors (Bonsangue and Drew, 1995). The
program had a positive impact on both grades and
retention. Academic performance of workshop stu-
dents was equal to that of European American and
Asian American students. Course grades of minor-
ity participants were 0.6 of a grade point higher
than those of nonparticipants. Impact on retention
was particularly striking with only 15% of work-
shop students dropping out compared with 52%
of minority nonparticipants and 50% of majority
participants.

As noted earlier, workshop programs have been
successfully implemented in disciplines other than
Math. The University of Kentucky reported pi-
lot data from their Bioexcel workshop program in
Biology (Cohen, W., 1997, BioExcel at the Univer-
sity of Kentucky. Unpublished Project Description).
A graduate teaching assistant and two advanced
undergraduate students served as facilitators in
this program. Sixty-six percent of workshop stu-
dents earned a B or higher in comparison to 51%
for the entire class. Gosser et al (1996) evalu-
ated the City College of New York’s (CCNY)
Workshop Chemistry Project. Students were ran-
domly assigned to participate or not participate
in the workshop program. A higher proportion of
workshop participants earned a C or above than
nonparticipants.
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Workshop Programs at Selective Institutions

The University of Rochester implemented the
Peer-Led Team Learning (PLTL) workshop pro-
gram in Organic Chemistry in 1995. After success-
ful piloting, the program was adopted as a core com-
ponent of the course and all students (both minority
and majority) were required to participate. After ad-
justing for SAT-M and SAT-V scores, students who
participated in the program from 1996 to 1999 re-
ceived higher exam scores and grades and had higher
retention rates than a historical control group who
took Organic Chemistry from 1992 to 1994 (Tien
et al., 2002). On average grades of workshop partici-
pants were 0.28 grade points higher than those of the
control group (p < 0.01; effect size d = 0.24). Exam
scores of minority workshop students (M = 502.7)
were higher than those of both the minority control
group (M = 436.6) and the majority control group
(M = 483.0).

In 1997, Northwestern University began to ad-
dress the problem of poor achievement of minor-
ity students, through the introduction of the Hon-
ors Workshop program in Biology 210, a comprehen-
sive, three quarter survey course of Biology gener-
ally taken in the sophomore year. (Born et al., 2002).
The program was implemented as an experimental
program from 1997-1999. All students (both minor-
ity and majority) who were registered in Biology 210
were invited to take part in the program. Because of
the small number of minority students registered in
Biology 210, all minority students who accepted the
invitation to the program were admitted. No minor-
ity students were randomized to the control group.
Instead minority students who were enrolled in Bi-
ology 210 in the previous year served as a historical
control group for minority students.

Majority students who accepted the invitation
were randomly assigned either to the workshop pro-
gram or to a control group which did not receive any
intervention. Existence of this control group enabled
specific comparisons to be made between students
in the workshop and students who demonstrated the
same interest, motivation, and other attributes that
may lead to a desire to participate. By randomly
assigning participants, one could be more confident
that these characteristics, and any additional, un-
known characteristics, were evenly distributed across
groups. In addition to the randomized control group,
a third, self-selected comparison group for majority
students was formed from students who declined the
invitation to take part in the program.
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A detailed evaluation of the Honors Workshop
program was conducted by Born et al. (2002). After
adjusting for prior GPA, exam scores of majority stu-
dents enrolled in the workshop program were signif-
icantly higher than those of majority students in the
randomized control group, with the advantage seen
across all three quarters. Significant differences in
exam scores were also seen between minority work-
shop students and the historical control group. In the
first quarter, the performance of minority students
increased, whereas it decreased in the historical con-
trol group. In addition, over the three quarters, the
mean exam scores of minority participants consis-
tently fell between majority workshop and control
groups. Dramatic differences were seen between the
minority participants and historical controls in terms
of numbers of D’s and F’s earned. None of the minor-
ity workshop students scored a D or F, whereas 24%
of the historical control group earned these grades.

Study Aims

In 2001, Northwestern University received fund-
ing from the Andrew W. Mellon foundation to
further develop the GSW program and to assess its
impact on performance and retention of students in
Biology, Chemistry, and Physics. This paper reports
results from the first year of that evaluation. The
evaluation differs from Born et al’s earlier evalu-
ation of the Honors Workshop program in a few
noteworthy ways. First, it is not an evaluation of
a controlled experiment where researchers can uti-
lize random assignment to make causal inferences.
Rather, it is an evaluation of a program implemented
under “real-world” conditions; an academic opportu-
nity of which students could avail themselves or not.
In addition, the program was expanded considerably
and extended into other science disciplines, requir-
ing more coordination and cooperation between pro-
grammers, evaluators, faculty, and departments.

In addition to assessing the impact of the work-
shop program on performance and retention of mi-
nority students in the sciences, a second aim of this
study is to determine if the workshop program is ef-
fective across disciplines. Although, workshop style
programs have been implemented in several disci-
plines, few cross disciplinary evaluations have been
conducted. Springer et al. (1998) found that small-
group learning programs had a more positive ef-
fect on attitudes in students in science than stu-
dents in math and engineering. However, such cross
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disciplinary differences are difficult to interpret be-
cause student populations and workshop formats dif-
fer significantly across institutions. This study eval-
uates a workshop style program (The Gateway Sci-
ence Workshop Program), implemented across three
different disciplines: biology, chemistry, and physics,
at the same institution.

Assessment of the effectiveness of workshop
type programs in improving performance and reten-
tion of minority students is important, as there is ev-
idence that the gap in grade point average (GPA)
between minority and majority students is largest
among students with the highest levels of academic
preparation as measured by SAT score (Vars and
Bowen, 1998). Poor performance and attrition of
highly talented minority students from highly selec-
tive universities results in the loss of some of the most
gifted minority students from the sciences and the
loss of future leaders of the scientific community. As
indicated in the literature review, the effectiveness of
workshop programs in improving academic perfor-
mance and retention of minority students at highly
selective institutions has been addressed in only two
studies; Tien et al.’s study of the PLTL program in
Organic Chemistry at the University of Rochester
and Born et al.’s study of the Honors Workshop pro-
gram at Northwestern University. Both of these stud-
ies used historical control groups for minority stu-
dents in their evaluations. This study aims to further
assess the efficacy of a workshop style program at
Northwestern University, using contemporary con-
trol groups, i.e., students enrolled in the same course
and academic year as the workshop students.

METHODS
Study Context

Based on the promising results Born et al.’s ex-
periment, the workshop program was made available
to all Biology 210 students in the 1999-2000 aca-
demic year and to Chemistry 101 and Physics 130
and 135 students in 2001 as the Gateway Science
Workshop (GSW) program. The GSW program was
not implemented as an experiment as it had been
earlier in Biology, but instead was made available
to all students who wanted to participate. As noted
earlier, the Biology 210 sequence is a comprehen-
sive survey of Biology generally taken in the sopho-
more year. It includes genetics, evolutionary biology,
biochemistry, molecular biology, physiology, and cell
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biology. Chemistry 101 is an introductory course
taken by freshman as a prerequisite to Biology 210.
The course includes general chemistry, general in-
organic chemistry and general physical chemistry.
Physics 130 (College Physics) is an algebra based
physics course primarily for premedical students who
do not need to take calculus-based physics. Physics
135 (General Physics) is a calculus-based physics
course for science and engineering majors and pre-
medical students. Both courses are taken in the
sophomore or junior year, usually after Biology 210.

Subjects

Subjects in the evaluation consisted of all stu-
dents enrolled in Biology 210, Chemistry 101, Physics
130 (algebra-based) and Physics 135 (calculus based)
courses during the 2001-2002 academic year. Stu-
dents were included in the evaluation whether they
were enrolled in a particular course for a single quar-
ter, two quarters or for the entire three quarters of
the course sequence.

Workshop Participation

Students were invited to join the GSW program
during the first week of the Fall quarter by an in-class
announcement made by the GSW Coordinator. The
invitation characterized the workshops as advanced,
and expressed a strong trust in the ability of the stu-
dents to benefit from, and contribute to, the intellec-
tual work of the student learning community. To fur-
ther recruitment goals, minority students received a
personal letter describing the program and inviting
them to participate.

GSW Program
Program Structure

As in Born’s earlier study, the program was
modeled after the program pioneered by Treisman
(1992). Workshop participants worked together in
groups of five to seven students to solve challeng-
ing, conceptually rich problems developed by course
professors and did not receive academic credit for
participation. In contrast to Treisman’s original pro-
gram, workshop groups in the GSW program (and
in Born’s experiment) met for 2h per week rather
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than 4 h per week and were facilitated by undergrad-
uate students who had excelled in the course dur-
ing the previous year rather than by graduate TA’s.
The undergraduate peer “facilitators” met with each
group to assist and guide the intellectual collabora-
tion necessary for students to solve the problems and
develop a deeper understanding of the concepts in-
volved. Prior to each workshop, facilitators met with
course professors to discuss and work through the
problems themselves. In addition to the weekly train-
ing sessions with professors, facilitators received a
day long workshop early in the fall quarter which,
in addition to explaining their roles and duties, ad-
dressed issues of learning theory, learning styles, fa-
cilitation, group dynamics. It also provided the facil-
itators a hands-on opportunity to facilitate problems
with each other and receive appropriate feedback.

Short-term goals of the GSW program were
to improve performance and retention of science
students, with a particular focus on minority stu-
dents. A longer-term goal was to increase the number
of minority students completing degrees in the sci-
ences and pursuing graduate education or discipline-
related careers.

Program Implementation

The program was implemented by faculty in
conjunction with the Searle Center for Teaching
Excellence. The Searle Center provided a workshop
coordinator to register workshop students, assign
students to workshop groups, train facilitators in
pedagogy and to select facilitators for the program.
Faculty also played a key role in the implementation
of the program in that they developed the workshop
problems and conducted the weekly facilitator
training sessions on the workshop problems.

Implementation Across Disciplines

The GSW program was implemented in a man-
ner that was generally consistent with the basic struc-
ture and aims as described above. However, in order
to accommodate the wishes of different departments,
there were some potentially important differences in
its implementation. These differences fell into four
categories: factors affecting participation, time spent
in workshop, facilitator training in problem content,
and workshop group size. Table I shows the differ-
ence between the three disciplines.
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Table 1. Disciplinary Differences in Program Implementation
(2001-2002)

Biology Chemistry Physics
1. Participation Optional Optional Partially
required
2. Time in 16h 12h 12h
workshop
3. Facilitator Course Course Other
training instructor/TA  instructor/TA  instructor
4. Group size 6-8 4-7 10-12

Factors Affecting Participation. Students re-
ceived a notation on their academic transcript if
they attended the majority of the workshop sessions,
but did not receive academic credit. Participation in
Biology and Chemistry workshops was optional but
encouraged by faculty members. Both participants
and nonparticipants attended regular lecture, lab and
discussion sessions. In these disciplines, the work-
shop was offered as an “optional extra” and was not
offered as an alternative to any of the course com-
ponents. In Physics, however, due to departmental
reasons, the workshop program was offered as an al-
ternative to the Physics discussion sessions run by de-
partmental teaching assistants. In the regular discus-
sion section, students were required to take quizzes
which contributed to their overall grade. Students
in the GSW Physics section were not required to
take these quizzes. Students were required to en-
roll in either the regular discussion sections or the
“alternative” (GSW) workshop. The choice was up
to the students. Numerous anecdotal reports from
students indicated that many students regarded the
larger, regular—what many described as “chug and
plug”—discussion sections as a less appealing option
and opted for the GSW workshop to avoid them.
This could have resulted in different self selection ef-
fects and qualitatively different group interactions in
Physics compared with the other disciplines.

Time Spent in Workshop. The amount of time
students spent working in their workshop groups
differed across disciplines due to factors beyond
the control of the GSW program staff. In Biology
and Chemistry, there was a total of eight workshop
meetings during one 10-week quarter. In Physics,
participants met six times. In Biology and Physics,
workshop sessions lasted approximately 2 h and in
Chemistry, sessions lasted approximately 1.5 h. This
resulted in a total of 16 contact hours in Biology,
and 12 contact hours in Physics and Chemistry per
quarter.

Facilitator Training. In addition to training of-
fered by GSW staff, facilitators met weekly with
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course instructors (faculty or, in some cases, gradu-
ate student T As) to discuss issues related to the prob-
lems that would be used in the following week. Both
faculty and the TAs were encouraged to model fa-
cilitation for the facilitators in the training session,
but were not given specific training in how to train
facilitators or on issues such as group dynamics or
learning theory. Faculty and the TAs had different
styles of organizing meetings. Some lectured about
problem content and others used an approach similar
to workshop facilitation. In addition, the instructors
leading the facilitator training differed across disci-
plines and quarters. Facilitator training in Biology
was conducted by a graduate TA in the Fall quarter
and by course instructors in the remaining two quar-
ters. In Chemistry, weekly training was conducted
by the course instructors in the fall and winter quar-
ters and by a graduate TA in the spring quarter. In
Physics, training in all three quarters was conducted
by the course instructors. The instructor, in the fall
quarter, however, held only three facilitator training
meetings.

Workshop Group Size. Evidence suggests that
an appropriate size for small group work of this
kind is 4-7 participants in each workshop meeting.
In larger groups participation and group cohesion
are, for example, noticeably diminished (Bligh, 2000;
Jaques, 2000; Light and Cox, 2001). Biology and
Chemistry workshops conformed to this standard.
However, the demand created by the requirement
in Physics, for all students to attend traditional quiz
sections or the workshop program, coupled with the
general perception that the workshops were more ap-
pealing, led to large numbers of students requesting
admission to the workshops. In order to accommo-
date all students, group size was expanded to 10-12
for Physics workshops during fall and winter quarters
of 2001-02.

Outcomes
Performance

Student performance was assessed by analyz-
ing final grades for each quarter. Final grades were
obtained directly from the grade reports of course
instructors. For the purpose of statistical analysis,
grades were converted to a numeric, 0—4-point scale.
The percentage of students who received grades of
D or F was also calculated. Students who dropped
from a course part way through the quarter were not
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included in the analysis because they were not in-
cluded in course instructors’ final grade reports.

Retention

Each discipline has a particular course sequence
that extends over the three quarters of the aca-
demic year. Ideally, students complete the entire se-
quence. Students who completed all three courses
were considered to be retained in the course. Reten-
tion, therefore, represents the percentage of students
who began and completed all three quarters (Fall,
Winter, and Spring) of the course sequence.

Statistical Analysis

The impact of the program on student perfor-
mance was assessed using 2 x 2 x 2 analysis of co-
variance (ANCOVA). Main effects (workshop, sex,
ethnicity) and interactions were tested while con-
trolling for preexisting differences in student abil-
ity. Chi-square and logistic regression analyses were
used to examine the impact of the program on re-
tention. All analyses were conducted with Statisti-
cal Package for the Social Sciences (SPSS) 11.5 for
Windows.

Covariates

An important difference between the experi-
mental program in Biology evaluated by Born et al.
(2002) and the GSW program implemented in the
2001-2002 academic year, is that in the 2001-2002
academic year, students simply chose to participate
or not participate in the program. The randomized
control group was eliminated. This presented a
potential benefit in that all students who were inter-
ested in the program could participate. A potential
disadvantage was that self selection of students to
workshop and nonworkshop groups may have intro-
duced selection bias. As students were not randomly
assigned to workshop and nonworkshop groups
it is possible that any differences in performance
observed between participants and nonparticipants
could be due to preexisting differences between
the two groups. For example, workshop students
could be more motivated students or more academ-
ically gifted students. Alternatively, they could be
weaker students who desire help to improve their
performance.
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Participants and nonparticipants were com-
pared with regard to incoming academic ability as
measured by cumulative GPA and/or SAT Math
(SAT-M) scores. For sophomores (Biology and
Physics), independent samples t-tests were per-
formed on cumulative GPA before entering the
quarter. The same analysis was conducted on SAT-M
for freshmen (Chemistry). In Biology, mean GPA’s
differed significantly between participants (3.46) and
nonparticipants (3.38) (t7s = 3.05, p =0.002). In
Physics, workshop participants entered with a mean
GPA of 3.35, while the mean for nonparticipants
was 3.26. This was a statistically significant difference
(t1112 = 3.41, p = .001). In Chemistry, no differences
in SAT-M scores were detected, with means of 696
and 702 respectively (21 = 0.92, p = 0.359). GPA
and SAT-M were significantly and positively corre-
lated with final grade (r = 0.68, p < 0.001; r = 0.44,
p < 0.001 respectively).

To control for preexisting differences in aca-
demic ability, grade point averages (GPA’s), calcu-
lated before the quarter, or SAT math (SAT-M)
scores were used as statistical covariates in both
ANCOVA and logistic regression analyses.

Effect Sizes

In order to precisely assess the magnitude of the
workshop effects, Cohen’s d was calculated to mea-
sure effect size for performance. Effect sizes can be
a useful means of conveying the size of group dif-
ferences on a common metric, the effect size. Effect
sizes for retention were calculated using the formula
developed by Shadish et al. (1999). This formula uses
the odds ratio to produce a value that is directly com-
parable to a standardized mean difference (Klein,
2004).

Verification of ANCOV A Assumptions

Assumptions of ANCOVA were verified.
The dependent variable, final grade, was ap-
proximately normally distributed. Final grade
variances for workshop and nonworkshop groups
were not statistically significantly different. Fi-
nal grade scores were not correlated with each
other. ANCOVA also assumes homogeneity of
regression (i.e., that the correlation between the
dependent variable (final grade) and the covariate
(GPA/SAT-M) is equal for all levels of the inde-
pendent variable). This assumption was tested by
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including interaction terms between workshop
group and the covariate (GPA or SAT-M) in the
ANCOVA models for each discipline and quarter.
None of the interaction terms were statistically
significant indicating that the assumption for homo-
geneity of regression was met in each discipline for
both GPA and SAT-M covariates.

Treatment of Missing Data

Approximately 10% of students in each disci-
pline chose not to disclose their ethnicity. Therefore,
these students were excluded from analyses involv-
ing the variable for ethnicity. There was no statis-
tically significant difference between the proportion
of workshop participants (8.6 %) and nonparticipants
(7.8%) who chose not disclose their ethnicity (x> =
0.242, p = 0.652).

RESULTS
Workshop Participation

Class enrollment and workshop participation by
discipline and quarter are summarized in Table II.

Table II. Class Enrollment and Workshop Participation by
Discipline, Quarter and Ethnicity

Fall’01 Winter’02  Spring’02

Biology

Enrolled in class 261 270 206

Enrolled in workshop 126 (48.3%) 111 (41.1%) 90 (43.7%)

Minority 10 (45.5%) 7 (412%) 6(50.0%)

Majority 107 (48.9%) 96 (41.7%) 78 (44.1%)
Chemistry

Enrolled in class 527 456 308

Enrolled in workshop 137 (26.0%) 69 (15.1%) 53 (17.2%)

Minority 22 (27.5%) 10(16.9%) 8(20.5%)
Majority 102 (25.2%) 55 (15.1%) 39 (15.9%)
Physics 130
Enrolled in class 138 141 118
Enrolled in workshop 59 (40.4%) 68 (45.0%) 48 (33.6%)
Minority 9(50.0%) 9(429%) 4(23.5%)
Majority 45 (37.5%) 54 (45.0%) 40 (33.9%)
Physics 135
Enrolled in class 161 235 272
Enrolled in workshop 109 (60.6%) 131 (51.8%) 116 (38.8%)
Minority 8(571%) 6(353%) 4(21.1%)
Majority 91 (61.9%) 115 (52.8%) 101 (39.9%)

Note. Percentage (%) denotes percentage of group. (Minority and
majority numbers do not sum to the total number of students en-
rolled in the workshop as some students did not disclose their eth-
nicity.)
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Table III. Workshop Enrollment by Discipline, Quarter, and Sex

Fall’01 Winter’02 Spring’02

Biology

Males 47 (38.2%) 43 (30.9%) 35(33.0%)

Females 79 (57.2%) 68 (51.9%) 55 (55.0%)
Chemistry

Males 47 (18.1%) 23 (9.7%) 19 (14.2%)

Females 90 (33.6%) 46 (21.0%) 34 (19.5%)
Physics 130

Males 19 (37.3%) 24 (49.0%) 19 (37.3%)

Females 40 (42.4%) 44 (43.1%) 29 (35.1%)
Physics 135

Males 61 (56.0%) 68 (44.7%) 64 (34.4%)

Females 48 (67.6%) 63 (62.4%) 52 (46.0%)

Note. Percentage (%) denotes percentage of group enrolled in the
workshop.

Participation was higher in Biology and Physics than
in Chemistry, with overall participation rates of ap-
proximately 45%. Lower participation of students
in Chemistry was not due to a lack of demand for
the program, but rather was limited by the number
of available facilitators. Minority students (African
American, Hispanic, and Native American) gener-
ally participated at rates equivalent to majority stu-
dents (White and Asian/Pacific Islanders). However,
the total number of minority students who partici-
pated in the program was small because of the rel-
atively small number of minority students enrolled in
each discipline. Females participated in the program
at higher rates than males in Biology and Chemistry
(Table III). However, participation rates for the two
groups were virtually identical in Physics.

Performance
Biology

In Biology, workshop participants earned higher
final grades than nonparticipants in Fall and Win-
ter quarters (Fig. 1). In the Fall quarter, ANCOVA
analysis revealed a main effect for workshop
(F1.225 = 10.08, p = 0.002) and a borderline interac-
tion between workshop and ethnicity (F; 25 = 3.24,
df =1, p = 0.073). Adjusted mean final grades for
participants was 0.27 points higher than that of non-
participants (95% CI 0.07-0.47, d = 0.45). Follow-up
tests suggested that minority participants may have
benefited more from the workshop than majority
participants. Adjusted mean final grades for minor-
ity participants were 0.44 points higher than those
of minority nonparticipants (95% CI —0.03-0.91;
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Fig. 1. Final Biology grade by quarter and ethnicity (2001-2002).

d = 0.83). This difference approached statistical sig-
nificance (F; 17 = 3.83, p = 0.067). Adjusted mean fi-
nal grade for majority participants was 0.15 points
higher than that of majority nonparticipants (95%
CI 0.03-0.28; d = 0.34). As indicated by the 95%
confidence interval, this difference reached statisti-
cal significance at the p < 0.05 level. A statistically
significant main effect for workshop was found in the
Winter quarter (Fj2s =543 p =0.021; d = 0.40).
Adjusted mean final grade for workshop participants
was 0.28 points higher than that of nonparticipants
(95% CI 0.02-0.55). The Workshop x Ethnicity in-
teraction did not reach statistical significance in the
winter quarter (Fy s = 0.311, p = 0.577). This was
probably due to the small number of minority stu-
dents in the sample. However, the effect size seen
in minority students (d = 0.63) was larger than that
seen in majority students (d = 0.47). There was no
main effect for workshop and no interaction between
workshop and ethnicity in the Spring quarter in
BlOlOgy (F1,131 = 090,p = 0344, F1,181 = 0317,[) =
0.57 respectively).

No minority workshop students earned D’s or
F’s in Biology (Table IV). However, very few mi-
nority students in Biology earned D’s or F’s and
differences between workshop and nonworkshop
groups were not statistically significant in any of
the quarters. (Fall: Fisher’s Exact one-sided p =
0.545; Winter Fisher’s Exact one-sided p = 0.500).
No students in either the workshop or nonworkshop

groups received D’s or F’s in Biology in the Spring
quarter.

Chemistry

In Chemistry, workshop participants received
higher adjusted mean final grades than nonpartici-
pants in Winter and Spring quarters (Fig. 2). In the
Winter quarter, there was a statistically significant
main effect for workshop (Fy 406 = 5.09, p = 0.025)
and a statistically significant interaction between
workshop and ethnicity (Fj 406 = 3.83, p = 0.051).
Adjusted mean final grade of workshop participants
was approximately one third of a grade higher than
that of nonparticipants (95% CI 0.04-0.62). Adjusted
final grades of minority participants averaged 0.62
points higher than those of minority nonparticipants

Table IV. Percentage of Minority Students Earning Grades
of D or F by Discipline and Quarter

Quarter Biology Chemistry Physics 130 Physics 135

Fall

Participants 0% 18.2% 22.2% 25.0%

Nonparticipants ~ 83%  32.8% 25.0% 33.3%
Winter

Participants 0% 10% 22.2% 0%

Nonparticipants  143%  24.5% 11.1% 9.1%
Spring

Participants 0% 0% 0% 3.0%

Nonparticipants 0% 19.4% 0% 2.0%

www.manaraa.com



346

Drane, Smith, Light, Pinto, and Swarat

w
(7]

Final Grade
[#4]

2.5

i B

fall

winter

spring

B majority workshop
O minority workshop

I majority non-workshop
minority non-workshop

Fig. 2. Final Chemistry grade by quarter and ethnicity (2001-2002).

(95%CI —0.06-1.15; d = 0.81). A very small differ-
ence of 0.04 grade points was seen between major-
ity participants and nonparticipants (95%CI —0.15-
0.23; d = 0.06). In the Spring quarter, a borderline
main effect for workshop was observed with an ad-
vantage in mean final grade seen in workshop par-
ticipants (F1 276 = 3.75, p = 0.54). Adjusted mean fi-
nal grade of participants was 0.33 points higher than
that of nonparticipants (95% CI —0.05-0.68). The in-
teraction between workshop and ethnicity was not
statistically significant. However, once again differ-
ences in adjusted final grade between participants
and nonparticipants were larger for minority stu-
dents than majority students. The effect size for
minority students was 0.66 compared with 0.28 for
majority students. This suggests an interaction be-
tween workshop and ethnicity. However, the interac-
tion probably failed to reach significance because the
number of minority workshop participants was small
(n = 8) and the observed statistical power was low
(0.16).

Larger numbers of students earned D’s and F’s
in Chemistry than in Biology. However, the percent-
age of minority students who earned D’s or F’s was
smaller for workshop students than nonworkshop
students (Table IV). This difference approached sta-
tistical significance in the Fall quarter (Fisher’s Exact
one-sided p = 0.156). On average, the proportion of
minority workshop students who earned D’s or F’s
was half that of nonworkshop students. For example,
in the Fall 2001 quarter, 18.2% of minority workshop

students earned D’s or F’s in contrast to 32.8% of
minority nonworkshop students. There were no sta-
tistically significant differences in the percentage of
majority workshop and nonworkshop students who
earned D’s or F’s across the three quarters. On aver-
age, 1-2% of majority workshop students earned D’s
or F’s compared with 3-4% of majority nonworkshop
students.

Physics

In Physics 130, the algebra based course, mean
final grades of students who did not participate
in the program were slightly higher than those of
workshop participants. However, there were no sta-
tistically significant differences between workshop
participants and nonparticipants and no significant
Workshop x Ethnicity interactions in any of the
quarters (Fig. 3). In Physics 135, the calculus based
course, workshop participants had higher adjusted
mean final grades than nonparticipants in only the
Fall quarter (Fig. 4). In the Fall quarter, the dif-
ference approached statistical significance (Fy 191 =
3.24, p = 0.075). The adjusted mean final grade for
workshop participants was 0.37 points higher than
that of nonparticipants (95% CI —0.04-0.78; d =
0.44). The Workshop x Ethnicity interaction was not
statistically significant (Fi 101 = 1.97, p = 0.163).
Once again, this was probably due to the small to-
tal number of minority students in Physics 135 (n =
13). As with Biology and Chemistry, the difference
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Fig. 3. Final Physics 130 grade by quarter and ethnicity (2001-2002).
between workshop participants and nonparticipants was an association between workshop participation
was larger for minority students (d = 0.14) than for and retention in the course sequence. In Biology,
majority students (d = 0.10). There were no statisti- workshop participants were more likely to com-
cally significant main effects for workshop or Work- plete the sequence than nonparticipants (x> = 33.9,
shop x Ethnicity interactions in Winter or Spring p < 0.001). Minority participants were more likely
quarters. to complete the sequence than minority nonpartici-

pants (x> = 4.46, p < 0.05). Both effects were in the
Retention predicted direction. Effects sizes for retention in Bi-
ology were computed using the formula by Shadish
et al. (1999) and were 0.85 for minority students and

Retention data are summarized in Fig. 5. Chi- 0.46 for majority students.

square analyses were used to determine if there
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Fig. 4. Final Physics 135 grade by quarter and ethnicity (2001-2002).
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Fig. 5. Student retention over three quarter by discipline and ethnicity (2001-2002).

A similar pattern of results occurred in Chem-
istry, with workshop participants significantly more
likely to be retained as well (x> = 22.69, p < 0.001).
Minority student participants were more likely to be
retained than minority nonparticipants (x> = 4.59,
p < 0.05) Majority participants were also more likely
to be retained than majority nonparticipants (x> =
4.59, p < 0.05). Effect sizes were similar for minor-
ity students (0.62) and majority students (0.64). Be-
cause of departmental requirements, a large number
of students take only one or two courses in Physics
130 and 135 sequences, making analysis of retention
inappropriate for the discipline.

In order to address the possibility that reten-
tion resulted from selection bias, rather than work-
shop participation, we conducted a logistic regression
analysis with retention status serving as a dependent
variable, and entered workshop status, sex, ethnicity,
and grade point average/SAT-M as predictors. This
approach is similar to using a covariate in an analy-
sis of covariance in that we can determine if work-
shop participation predicts retention above and be-
yond the contributions of other variables, grade point
average/SAT-M in particular.

Logistic regression analysis was conducted sep-
arately for each discipline with all variables entered
simultaneously into the model. For Biology, after ad-
justing for sex, ethnicity, and grade point average,
the odds ratio for workshop participation was 2.62,
(» <0.01), (95% CI = 1.37-5.03), indicating that af-
ter adjusting for GPA, workshop participants were

2.6 times more likely to be retained than nonpartici-
pants.

In Chemistry, SAT-M was used as an inde-
pendent variable in addition to sex and ethnic-
ity. An odds ratio of 2.74 (p < 0.01), (95% CI =
1.57-4.76) indicated an advantage in retention sim-
ilar to the advantage seen in workshop students in
Biology.

DISCUSSION

The GSW program was developed to address
poor performance and attrition of minority stu-
dents in introductory Biology, Chemistry and Physics
courses at Northwestern University. It was first im-
plemented as a tightly controlled experiment from
1997-1999 by Born et al. (2002). In response to the
positive results of Born et al.’s experiment, the GSW
program was implemented as a regular academic pro-
gram at Northwestern in three different departments
in the Fall of 2001. This paper presents results from
the first year of the program (2001-2002 year) when
the GSW program was implemented as a nonexper-
imental program under “real world” conditions in
introductory biology, chemistry and physics courses.
The program had a positive impact in Biology and
Chemistry. No advantage to workshop students was
seen in Physics. However, this may have been due to
less than optimal implementation of the program in
Physics.
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Performance

In Biology, after adjustment for prior GPA, ad-
justed mean final grades of minority workshop partic-
ipants were 0.4 grade points higher than those of non-
participants in both Fall and Winter quarters. Effect
sizes for minority students ranged between 0.63 and
0.83. In the case of majority students, adjusted mean
final grades of workshop participants were 0.2 grade
points higher than those of nonparticipants. Effect
sizes were smaller, ranging from 0.34-0.47.

A virtually identical pattern of results was ob-
served in Chemistry. Mean final grades of partici-
pants were significantly higher than those of nonpar-
ticipants in Winter and Spring quarters. On average,
adjusted mean final grades of minority participants
were 0.5 grade points higher than those of minor-
ity nonparticipants. On average, adjusted mean final
grades of majority participants were 0.1 grade points
higher than those of majority nonparticipants. Effect
sizes for minority students (0.66-0.81) were larger
than those for majority students (0.06-0.28).

Program results in both algebra based (130) and
calculus based (135) Physics courses were disappoint-
ing. There were no statistically significant differences
between participants and nonparticipants in Physics
130 in any of the three quarters, and nonparticipants
received slightly higher grades than participants. In
Physics 135, participants received statistically signifi-
cantly higher grades than nonparticipants in only the
Fall quarter.

Disappointing results in the two Physics courses
may be related to program differences between
Physics and the other two disciplines. As noted ear-
lier, workshop groups were larger in Physics (10-12)
than in Biology (6-8) and Chemistry (4-7). The re-
lation between group size and learning is complex
and related to task characteristics. A close look at
the literature on problem solving and learning in
groups, however, yields some useful general conclu-
sions. While larger groups may have more resources
available to bring to bear on the problem itself, par-
ticipation by all members becomes unlikely, there-
fore reducing the impact of the experience across
participants (Bligh, 2000). What was originally an ad-
mirable goal of providing more students with the op-
portunity to participate in the workshop program,
may have diluted the very effects of participation
sought. This explanation is consistent with the clas-
sic work of Bales et al. (1951) in which the authors
demonstrated systematic reductions in group mem-
ber contributions with increasing group size.
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The circumstances under which participants are
enrolled in Physics may also be an important factor
in explaining the pattern of results in Physics. As dis-
cussed previously, when random selection does not
exist, factors that are related to the desire to partic-
ipate, such as high motivation or deep interest may
influence the results. The fact that Physics students
were required to enroll in the either the GSW or an-
other option potentially results in a different popula-
tion of participating students than those who choose
to participate for personal reasons as students in
Biology and Chemistry did.

Retention

The workshop program appears to have had a
positive impact on retention of both minority and
majority students. In Biology and Chemistry, work-
shop participants were significantly more likely to
complete the entire three-course sequence than non-
participants. This pattern held true whether or not
ability was controlled. As with performance, minor-
ity students appeared to derive even greater benefit
from the program than majority students. Minority
participants were more likely to be retained than mi-
nority nonparticipants. More importantly, retention
rates of minority students approached those of both
majority participants and majority nonparticipants.
These findings are particularly promising because
they may point to a specific benefit of program partic-
ipation for students traditionally under-represented
in the sciences.

Several aspects of the GSW program may have
lead to enhanced retention of minority participants.
Analysis of course grades indicates that the work-
shop appears to have boosted the academic perfor-
mance of minority participants which may in turn
have prevented them from dropping the course be-
cause of low grades. However, increased grades may
not be the only factor to positively affect reten-
tion. Several studies suggest that retention of mi-
nority students is not related exclusively to aca-
demic factors. In their study of minority students at
University of California Berkley, a predominantly
white university, Loo and Rolison (1986) found that
retention of minority students was influenced by both
academic and sociocultural factors (i.e. social isola-
tion, social integration within the university). Par-
ticipation of minority students in ethnically diverse
workshop groups may have promoted their inte-
gration within the student body and reduced social
isolation.
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Grandy (1998) found that another nonacademic
factor, termed “minority support”, had the greatest
effect on degree completion of high-ability minority
students in the sciences. In Grandy’s study, minor-
ity support was defined as the availability of minority
role models and advisors, availability of advice and
support from more advanced minority students and
the availability of a dedicated minority relations staff.
There were two minority facilitators in the GSW
program (one in biology and one in chemistry). Al-
though these numbers are small, the presence and
involvement of minority students as peer facilitators
in the program may have contributed to the persis-
tence of minority students. Interestingly, in Grandy’s
study, the primary effect of minority support was not
on grades, but on domains such as science ambition,
attitudes, enjoyment and willingness to make a ca-
reer commitment, all of which were significant pre-
dictors of persistence in the sciences. Whilst we do
not have direct measures of interest and motivation
of students who participated in the GSW program,
we do have their responses to a questionnaire de-
signed to measure their satisfaction with and enjoy-
ment of the workshop program. Student satisfaction
and enjoyment were high in all three disciplines. This
may have contributed to general satisfaction with and
enjoyment of their courses.

Results of the first GSW program in Biology
and Chemistry are consistent with those of other
workshop programs designed to improve perfor-
mance and retention of minority students (Profes-
sional Development Program Mathematics Work-
shop (Fullilove and Treisman, 1990); Mathexcel
(Freeman, 1995); Academic Excellence Workshop
Program (Bonsangue and Drew, 1995); Peer-Led
Team Learning (PLTL) (Tien et al., 2002). This sug-
gests that workshop type programs may be effective
in a variety of scientific disciplines and institutional
settings.

One of the most striking features of the GSW
program evaluation is that the program appears to
have had a greater impact on minority students than
majority students. This may have occurred because
the program may have affected factors that are more
influential for performance and retention of minority
students than majority students. Work by Treisman
(1985, 1990, 1992) suggests that poor performance of
minority students is due in part to academic isolation.
The GSW program may have reduced academic iso-
lation in minority students and thus lead to an im-
provement in their performance and retention. How-
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ever, the program may have had less of an impact on
majority students because they are not generally aca-
demically isolated.

Tracey and Sedlacek (1984, 1985, 1987), Loo
and Rolison (1986), and Grandy (1998) have demon-
strated that factors that influence performance and
retention of minority students are different from the
factors that influence performance and retention of
majority students. Nonacademic factors such as en-
joyment of the course, commitment to the disci-
pline as a career, perceived quality of instruction
and integration within the institution are associated
with retention of minority students but are not as-
sociated with retention of majority students. Partic-
ipation in small ethnically diverse groups, mentor-
ing by advanced peers and a focus on conceptual
learning may have led to increases in these nonaca-
demic variables. Again, because these factors influ-
ence performance and retention of minority, but not
majority students, minority students may have ben-
efited more from the GSW program than majority
students.

Minority students may have derived greater
benefit from the GSW program than majority stu-
dents because the program helped to minimize
barriers to academic performance that are present
for minority students but not for majority students.
Stereotype threat has been suggested as an explana-
tion for poor academic performance of minority stu-
dents (Steele, 1997). The GSW program may have
helped to reduce stereotype threat in minority stu-
dents in two ways. First, the program is honorific.
That is, it is not remedial in any way: indeed, it is
designed to challenge students by engaging them in
problems specifically designed to be more difficult
than the regular homework problems. Participation
is intended as an honor, and this quality may have
conveyed to minority students that the stereotype of
minority students being poor academic performers
in need of remedial assistance was not being applied
to them at Northwestern. Second, small group work
may have facilitated friendships between minority
and majority students. Steele et al. (2002) suggested
that formation of friendships between minority and
majority students increases the comfort of minority
students and may give minority students confidence
that they are not being devalued and stereotyped.
Interestingly, Steele et al. (2002) cite studies that
have found an association between number of white
friends and college GPA in minority students (e.g.
Graham et al., 1984).
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Limitations

The results of this study are encouraging, but
must be considered in light of the study’s method-
ological limitations. A major limitation of this
study is the self-selection of students to workshop
and nonworkshop groups. As a randomized study
design was not used, it is impossible to definitively
attribute gains made by GSW participants to their
participation in the program. For example, students
who chose to participate in the program may have
been brighter or more motivated than students who
did not chose to participate. The fact that all study
results held after adjustment for prior academic
ability, suggests that differences observed between
participants and nonparticipants were not due to
differences in incoming level of academic ability as
measured by prior cumulative GPA and SAT-M.
However, it is still possible that advantages in
performance and retention of workshop students
are due to differences in academic preparation,
interest, motivation and/or other unknown personal
characteristics that were not measured in the study.
To overcome this limitation, interest, motivation and
anxiety will be measured in future studies and used
as covariates in statistical analyses.

Whilst the present study may have been sub-
ject to selection bias, it is also important to note that
Born et al’s (2002) randomized evaluation of the
Honors Workshop program provides evidence that
a program such as the GSW program can inde-
pendently impact performance. (That is, the pos-
itive effects of the program are independent of
selection bias.) In Born et al’s study, students
who wanted to participate in the workshop pro-
gram but were randomized to the control group,
earned lower grades than students who wanted
to participate and were randomized to the pro-
gram. This comparison holds constant one source
of bias, namely the desire to participate. In addi-
tion, all unknown factors that accompany this de-
sire are controlled through the use of a randomized
design.

However, implementation of programs such as
these in a real world setting, without experimental
controls and with the difficulties of coordination and
administration, represents an important next step in
evaluating the strength of an intervention. While ran-
dom assignment offers methodological power and
stronger evidence for causal inferences, it falls short
in illuminating program effects in naturalistic set-
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tings, where students pick and choose campus activi-
ties in which to participate.

CONCLUSION

The GSW program is a low intensity interven-
tion in which undergraduate students meet with an
advanced peer and work together in small groups of
4-7 students for 2 h per week outside of class to solve
challenging, conceptually based problems designed
by faculty. It was first implemented as a tightly con-
trolled experiment in an introductory Biology course
by Born et al. (2002) and was shown to be effective
in enhancing academic performance of both minor-
ity and majority students.

Results of the present evaluation suggest that
the GSW program can be implemented successfully
in a nonexperimental setting by a trained program
coordinator with the support of the faculty at a highly
selective university, where the program is not tightly
controlled by educational researchers. The program
had a positive impact on performance and retention
of both minority and majority students. Larger ef-
fects on both final grades and retention were ob-
served in minority students (0.5-0.6 standard devi-
ation for grade) than in majority students (0.1-0.3
standard deviations for grade), suggesting that mi-
nority students may derive particular benefit from
the program. The GSW program is a relatively sim-
ple strategy that faculty in introductory biology and
chemistry courses may adopt to reduce gaps in aca-
demic performance and retention between minor-
ity and majority students. Continuation of the GSW
program in Biology, Chemistry and Physics to the
present (2005) and extension of the program to En-
gineering Analysis, Introductory Calculus for non-
majors and Organic Chemistry course sequences at
Northwestern suggests that faculty are quite willing
to adopt such a program. In addition, high student
demand for the program and the oversupply of ap-
plicants for facilitator positions in all disciplines sug-
gest that students are also very willing to adopt the
program.

Finally, although, minority students appear to
be the primary beneficiaries of the program, we feel
that the gains made by majority students, particularly
in the area of course retention, together with their
enjoyment of and demand for the program fully
justify their inclusion in the program. Further, the
literature on stereotype threat and the literature
on achievement and retention of minority students
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suggest that inclusion of both minority and majority
students in the program may be integral to its
success. For these reasons, we believe that if a GSW
program is implemented, it should definitely be made
available to both minority and majority students.
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