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Abstract

The President’s Council of Advisors on Science and Technology issued a report
in 2012 calling for a drastic increase in the number of STEM graduates produced in our
country over the following decade if we are to remain economically competitive globally
(PCAST, 2012). Thereport cited the disparity between the diversity among the general
public versus that of the STEM professional community and recommended measures to
ensure that the women and members of underrepresented racial groups, who together
comprise 70% of college graduates but only 45% of college STEM graduates, would
become better represented in those fields. This call for action echoed calls by the
National Academy of Sciences to expand underrepresented minority participation in
STEM at the college level (NAS, 2011). In the following study, we examined whether
participation in the Peer-Led Team Learning (PLTL) model in introductory biology
influenced the rates of recruitment into STEM and retention in STEM for
underrepresented minority (URM) students and for non-URM students. Chi-square
analyses reveal that there are significant gapsin STEM recruitment and retention rates

between URM and non-URM students, but when these students participatein the PLTL
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model, no differencesin STEM recruitment or retention rates were observed.
Additionally, we found that STEM retention rates were significantly improved for URM

students who engaged in PLTL.

Background

In 2012, the President’s Council of Advisors on Science and Technology
(PCAST) released areport detailing the need for one million more college STEM
(Science, Technology, Engineering and Mathematics) graduates than expected under
current assumptions throughout the next decade (PCAST, 2012). The proportion of
college graduates that complete a STEM degree has been falling for years, and the
proportion of STEM graduates among college graduates is expected to continueto
decline. Additionally, the National Academy of Sciences (2011) has identified minority
participation in STEM as anational priority, as diversity among participantsin STEM
fields is necessary to ensure innovation, among other benefits, and to grow a strong and
talented science and technology workforce. There is thus a great need to make STEM
more accessi ble to the “underrepresented majority” — the women and members of
Underrepresented Minority (URM) groups who constitute 70% of all college graduates
but only 45% of STEM graduates (PCAST, 2012).

The first two years of college are critical for STEM persistence. Most students
who leave STEM magjors do so after taking introductory courses, and, moreover, even
high-achieving students often cite uninspiring introductory courses as a reason for
switching maors (PCAST, 2012). The PCAST report identifies three main aspects of

student experience that affect persistence in STEM: intellectual engagement and
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achievement, motivation, and identification with a STEM field. It also emphasizes the
need to adopt teaching strategies that demand active learning and can improve these
facets of students' experiences with STEM so that the United States can begin to satisfy
its own workforce demands.

Peer-led Team Learning (PLTL) is a pedagogical approach that appears to
provide much of what PCAST deems necessary to increase student persistence in STEM,
including opportunities for intellectual engagement and achievement. Active learning has
been documented to improve student learning and reduce failure rates across all STEM
disciplines and class sizes (Freeman, Eddy, McDonough, Smith, Okoroafor, Jordt, &
Wenderoth, 2014). PLTL is an active learning approach that employs high-achieving
undergraduates as peer leaders who facilitate weekly small-group workshops, which the
students have the option to attend in addition to or in place of traditional lectures. During
PLTL workshops, studentswork collaboratively on problem sets with their peers and the
peer leader. The peer leaders themselves have aready taken and been successful in the
course and attend weekly training sessions with alearning specialist during which they
learn how to facilitate discussions and guide students to their own answers without
“teaching” content (Tien, Roth, & Kampmeier, 2002). These workshops promote active
learning and engagement on behalf of the students since the students must arrive at the
answers to the problem sets themselves. Because PLTL engages studentsin active
learning, active learning has been associated with improved achievement, and
achievement in “gatekeeper courses’ is closely tied to persistencein STEM,
implementing PLTL in an introductory biology course may address intellectual

engagement and achievement — the first aspects of student experience that PCAST
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indicates can affect student persistencein STEM (Alger and Bahi, 2004; Gafney, 2001,
PCAST, 2012; Snyder, Carter, & Wiles, 2015). Also, because URM students tend to
achieve significantly lower gradesin STEM courses than non-URM students and
therefore have more potential to gain from active learning approaches, there is reason to
believe that URM students may see particular benefitsin their STEM retention rates
when they participate in PLTL (Rath, Peterfreund, Xenos, Baylis, & Carnal, 2007). We
have previously demonstrated that URM students experience particular benefitsin their
introductory biology grades when they engage in PLTL (Snyder, Sloane, Dunk, & Wiles,
2017).

There is also evidence that instructional strategies that require active learning on
behalf of the students can also impact students’ motivation to persist in STEM, the
second aspect of student experience discussed by PCAST (2012). Esmaeili and Eydgahi
(2014) reported that active learning-based courses have positive impacts on students
motivation and intention to register for STEM courses. Additionally, providing students
with role modelsin STEM — which the PCAST (2012) report assertsis closely tied to
motivation — can influence both recruitment and retention in STEM (Drury, Sy, &
Cheryan, 2011). PLTL also provides opportunities for students to interact with peers from
similar backgrounds, which has also been associated with motivation to persist in STEM
(Ethier & Deaux, 1994). Given that PLTL requires active learning and provides students
with role models in the form of peer leaders and opportunities to interact with one
another, it may influence student motivation to persist in STEM. Additionally, given that
thereis atendency for students to feel isolated and hopeless when not performing well in

lecture-based courses, and that URM students tend not to perform as well in STEM
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courses as non-URM students, PLTL may hold particular benefitsfor URM students
motivation to persist in STEM since interacting with peers could potentially alleviate
some of those feelings of isolation and hopelessness (NAS, 2011; Swarat, Drane, Smith,
Light, & Pinto, 2004).

The third aspect of student experience that the PCAST (2012) report asserts can
influence persistencein STEM isidentification with a STEM field. Several factors have
been documented to influence identification with STEM, including interactions and
relationships with peers and faculty, involvement in study groups/discussing and working
on course content with peers, and negative racial experiences/degree of feeling included
(Anaya, 2001; Chang, Eagan, Lin, & Hurtado, 2011; Espinosa, 2011). The PLTL model
provides opportunities for students to work collaboratively with one another on weekly
problem sets under the guidance of a peer leader and to feel included in the STEM
community, and so may influence each of the above-mentioned factors that are associated
with STEM persistence. Additionally, since URM students tend to have difficulty
identifying with STEM and since URM faculty are even more underrepresented among
peers than URM students are among theirs, PLTL may have particular benefits for STEM
identity for URM students (NAS, 2011).

In summary, because PLTL requires active learning, offers role models, and
encourages group interactions, it appears to satisfy what the PCAST (2012) deems
necessary to increase student persistence in STEM. Moreover, offering PLTL in an
introductory course could be an effective intervention at a pivotal point when many
students are known to drop out of STEM majors. We predict that PLTL will influence

student recruitment into and retention in STEM for students overall, but we also predict
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that there will be particular benefits for members of URM groups who tend to drop out of
STEM magjors at higher-than-average rates and may have more trouble identifying with
STEM during lecture-based courses (Brown, Henderson, Gray, Donovan, Sullivan,

Patterson, & Waggstaff, 2015; Brown, Reveles, & Kelly, 2005).

Methods

Peer-led Team Learning was offered during the second semester of the
Introductory Biology sequence at alarge, private university in the American northeast
during the. Institutional data for these students was collected three and a half years later,
including prior achievement, declared ethnicities, and any declared majors throughout
their academic careers. We compared students who participated in PLTL versus those
who did not. There was no statistical differencein prior achievement (biology course
grades from the previous semester, high school GPA, and SAT) between students who
choseto participatein PLTL and those who did not. We considered a STEM major to be
any major listed by the National Science Foundation Classification of Instructional
Programs for STEM Disciplines (2010). Students were eligible to be “recruited” into
STEM only if they did not declare a STEM magjor upon matriculation to the university
and were eligible to be “retained” in STEM only if they ever declared a STEM major.
Students were considered “recruited” into STEM if they first declared a STEM major
after matriculation. We considered studentsto have “retained” in STEM if they had
remained in a STEM major or had graduated with adegree in a STEM field at the time of

data collection—three and a half years after the students completed introductory biology.
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Chi-square tests of independence were utilized to examine whether any gapsin
STEM recruitment and retention rates existed between URM and non-URM studentsin
the absence of PLTL, whether any differences in these rates were evident if the students
participated in the PLTL model, and whether there were any significant improvementsin
these rates for URM or non-URM students when the students participated in the PLTL

model.

Results
Recruitment

Table 1 shows the frequencies of URM students, students who engaged in PLTL,
and students who were recruited into/retained in STEM majors. Among the students who
did not engagein PLTL, URM students were significantly less likely to be recruited into
STEM fidds than non-URM students (x* = 5.415, df = 1, N = 168, p = .020). Among the
students who engaged in PLTL, no significant differences in STEM recruitment rates
between groups were observed (X% = 1.293, df = 1, N = 92, p = .256). There were no
significant differences in recruitment rates between URM students who did and did not
engagein PLTL (X% = 2.126, df = 1, N = 69, p = .145) or non-URM students who did and

did not engagein PLTL (* = .895, df = 1, N = 191, p = .344).

Retention
Among the students who did not engagein PLTL, URM students were
significantly lesslikely to retain in STEM fields than non-URM students (x* = 6.324, df =

1, N =95, p=.012). Among the students who engaged in PLTL, no significant
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differencesin STEM retention rates between groups were observed (x* = .135, df = 1, N
=53, p=.713) (Figure 1). Additionally, URM students who engaged in PLTL were
significantly more likely to retain in STEM majors than those who did not (X% = 6.472, df
=1, N =32, p=.011), while no statistically significant difference in retention rates was
observed between non-URM students who did and did not participatein PLTL (x* =

3451, df = 1, N = 116, p = .063).

Discussion

Theresults indicate that URM students were significantly less likely to be
recruited into or to retain in STEM majors as compared to non-URM studentsin the
absence of PLTL. However, if the students participated in PLTL, no differencesin STEM
recruitment or retention rates were observed between URM and non-URM students.
While there was a significant improvement in STEM retention rates for URM students
who participated in PLTL, there was no significant improvement in STEM recruitment
rates for these same students.

As a pedagogical approach that demands active learning on behalf of the students,
PLTL provides them with a means of making meaning of the course material on their
own terms through social interaction with peers. Thisis associated with better retention
of course material and grades in the course (Blake, 2001; Tien et a., 2002). After
implementing active learning strategies in a human physiology course, Wilke found that
improvements in self-efficacy were associated with increases in course grades for
students enrolled in the active learning components of the course (2003). Moreover,

URM students have typically earned lower grades than non-URM studentsin STEM
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courses (Hunter and Bartee, 2003), and PLTL has been demonstrated to improve grades
more for URM students than for non-URM students (Snyder, Sloane, Dunk, & Wiles,
2016). If self-efficacy istied to student achievement in STEM, student achievement in
STEM isassociated with student persistence in STEM (as discussed by PCAST), and
PLTL increases grades preferentially for URM studentsin STEM courses, then
differences in self-efficacy between URM and non-URM groups may be able to explain
the particular benefit of PLTL on URM STEM retention. Future research should attempt
to directly measure the effects of PLTL on self-efficacy in association with these other
variables to test this hypothesis.

Identification with STEM may also be able to explain why PLTL has particular
benefits for retention of members of URM groups. It has been well documented that
URM students struggle with identification with STEM, and that this is often a reason that
they leave STEM fields (Hurtado, Eagan, & Chang, 2010). Additionally, African-
American students who attend Historically Black Colleges and Universities (HBCUSs) are
far more likely to major in STEM than those at mgority institutions (Brown et al., 2015).
The PCAST report (2012) indicates that role models are necessary for STEM persistence,
and the PLTL model offers role models to students, in the form of peer leaders, who are
close to them in age, experience, and identity. In particular, peer leaders are thought to be
effective as workshop facilitators and role models because they are considered closer to
the students' “zones of proximal development” and also speak and think more similarly
to the students than atypical teaching assistant or professor would (Tien et al., 2002).

There are several limitations of the studies presented in Chapters 2 and 3 that

warrant consideration. For students to participate in PLTL, they must attend weekly
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workshopsin addition to the lecture, meaning that they are required to spend more time
working on course content. Even though the PLTL workshop materials were made
available to the students who did not participate in the model, without having required
that the non-PLTL students spend the same amount of time working on course content, it
cannot be ruled out that the extra time spent working on the content could be responsible
for the differences observed. Additionally, while we attempted to control for selection
bias by testing for prior differences in achievement between those who did and did not
opt to participate in PLTL, we cannot rule out that the students who opted to participate
in PLTL had higher levels of motivation to achieve and persist in STEM than those who
did not. Students were awarded extra credit for participating in the model, but thiswas
not included in the grades reported here.

While we are committed to determining which aspects of PLTL may be
responsible for the increased STEM retention we have seen among our students, we are
no less committed to continuing our use of PLTL in introductory biology if only for the
demonstrated benefits toward achievement we have measured among them (Snyder et al.,
2016) as well as self-reported attitudes and feelings of confidence we have seen among
our peer-leaders. For non-URM students, the PLTL experience at least does no harmin
affecting rates of retention in STEM, but for URM students, it appears to make a very

significant difference.
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Figure 1. Retention in STEM majorsfor URM and non-URM studentswith and

without PLTL
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Percent of students retained in STEM majors. Values represent percent +/- standard error.
Chi-square analyses reveal a significant gap between URM and non-URM students (p =
.012) when these students do not participate in PLTL, though no difference in retention

rates were observed when students participated in PLTL (p = 0.713)
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Table 1. Frequencies of URM students, studentswho participated in PLTL,

students who wer erecruited into STEM majors, and studentswho wereretained in

STEM majors
URM PLTL Recruited | Retained
into in STEM
STEM
Yes 88 125 84 114
No 242 233 197 47
Missing 28 0 77 197

Table 2: Peer Leader vs. Teaching Assistant

Peer Leader

Undergraduate Student

Small groups (6-8 students)

Facilitates discussion, guides students to
answers, encourages autonomy

Not experts in field

Teaching Assistant

Graduate Student

Larger classes

Reviews topics, answers questions

Junior experts in field

No grading Grading
Training in educational theory and group Typically little or no training in educational
management theory or group management

Closer to zone of proximal development Further from zone of proximal development

Works Cited


https://doi.org/10.1101/200071

bioRxiv preprint doi: https://doi.org/10.1101/200071; this version posted October 11, 2017. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Alger, T.D. and Bahi, S. (2004). An Experiment in Improving Scores on ACS Course-
Specific Examinations at Southern Utah University. Progressions. Peer-Led
Team Learning, 5(2), 7-10.

Anaya, G. (2001). Correlates of performance on the MCAT: an examination of the
influence of college environments and experiences on student learning. Advances
in Health Sciences Education Theory and Practice, 6, 179-191.

Blake, R. (2001). What are the Benefits of PLTL for Student Leaders? A Discrete
Inquiry. Progressions. Peer-Led Team Learning, 2(4), 5-6.

Brown, B.A., Reveles, JM., and Kelly, G.J. (2005). Scientific Literacy and Discursive
Identity: A Theoretical Framework for Understanding Science Learning. Science
Education, 89(5), 779-802.

Brown, B.A., Henderson, J.B., Gray, S., Donovan, B., Sullivan, S., Patterson, A., and
Waggstaff, W. (2015). From Description to Explanation: An Empirical
Exploration of the African-American Pipeline Problem in STEM. Journal of
Research in Science Teaching. doi: 10.1002/tea.21249.

Chang, M. J., Eagan, M. K, Lin, M. H., and Hurtado, S. (2011). Considering the impact
of racial stigmas and science identity: Persistence among biomedical and
behavioral science aspirants. Journal of Higher Education, 82(5), 564-596.

Drury, B.J., Sy, J.O., and Cheryan. S. (2011). When Do Female Role Models Benefit
Women? The Importance of Differentiating Recruitment From Retention in
STEM. Psychological Inquiry, 22, 265-269.

Esmaeili, M. and Eydgahi, A. (2014). The Relationship of Active Learning Based

Courses and Student Motivation for Pursuing STEM Classes. Proceedings of the


https://doi.org/10.1101/200071

bioRxiv preprint doi: https://doi.org/10.1101/200071; this version posted October 11, 2017. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

2014 1AJC-ISAM International Conference, Orlando, FL.

Espinosa, L. (2011). Pipelines and Pathways. Women of Color in Undergraduate STEM
Magjors and the College Experiences That Contribute to Persistence. Harvard
Educational Review, 81(2), 209-241.

Freeman, S., Eddy, S. L., McDonough, M., Smith, M. K., Okoroafor, N., Jordt, H., and
Wenderoth, M. P. (2014). Active learning increases student performancein
science, engineering, and mathematics. PNAS, 111(23), 8410-8415.

Gafney, L. (2001). Evaluating Students’ Performance. [Newsletter]. Progressions. Peer-
Led Team Learning, 2(2), 3-4.

Hunter, R.C. and Bartee, R. (2003). The Achievement Gap: Issues of Competition, Class,
and Race. Education and Urban Society, 35(2), 151-160.

Hurtado, S., Newman, C. B., Tran, M. C., and Chang, M. J. (2010). Improving the rate of
success of underrepresented racial minoritiesin STEM: Insights from a national
project. New Directions for Ingtitutional Research, 148, 5-15.

National Academy of Sciences (2011). Expanding Underrepresented Minority
Participation. Washington, DC: National Academies Press.

National Science Foundation (2010) Classification of Instructional Programs. Accessed
8/14/2015 from https.//www.lsamp.org/help/help_stem_cip_2010.cfm.

PCAST. (2012). Engage to Excel: Producing One Million Additional College Graduates
with Degreesin Science, Technology, Engineering, and Mathematics.
Washington, DC: PCAST.

Rath, K. A., Peterfreund, A. R., Xenos, S. P., Bayliss, F., and Carnal, N. (2007).

Supplemental instruction in introductory biology I: Enhancing the performance


https://doi.org/10.1101/200071

bioRxiv preprint doi: https://doi.org/10.1101/200071; this version posted October 11, 2017. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

and retention of underrepresented minority students. CBE—Life Sciences
Education, 6(3), 203-216.

Snyder, J. J., Carter, B. E., and Wiles, J. R. (2015). Implementation of the peer-led team
learning instructional model as a stopgap measure improves student achievement
for students opting out of laboratory. CBE—L.ife Sciences Education, 14, 1-6.

Snyder, J. J., Sloane, J. D., Dunk, R. D. P., and Wiles, J. R. (2016). Peer-Led Team
Learning Helps Minority Students Succeed. PL0S Biology, 14(3), €1002398.
Doi:10.1371/journal .pbio.1002398

Swarat, S., Drane, D., Smith, D. H., Light, G., and Pinto, L. (2004). Opening the
gateway: Increasing minority student retention in introductory science courses.
Journal of College Science Teaching, 34, 18-23.

Tien, L.T., Roth, V., and Kampmeier, J.A. (2002). Implementation of a Peer-Led Team
Learning Instructional Approach in an Undergraduate Organic Chemistry Course.
Journal of Research in Science Teaching, 39(7), 606-632.

Wilke, R.R. (2003). The Effect of Active Learning on Student Characteristicsin a Human
Physiology Course for Nonmajors. Advances in Physiology Education, 27(4),

207-223.


https://doi.org/10.1101/200071

Non-URM

¥ URM

——

.S.

c

* _\ l
' o o o o o
© < N

)
c0)

100-

sJolel\ INTLS ul paulelay sjuspnis %

PLTL

non-PLTL


https://doi.org/10.1101/200071

