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Abstract

The PEERSIST (Peer-led, Student Instructed STudy group) model promotes academic
achievement through peer dialogue, in which disciplinary knowledge is socially
co-constructed and refined over successive sessions. The study presents and utilizes an
observation protocol to evaluate the implementation of peer learning in a mezzanine-level
thermodynamics course at a large southwestern public university. The observation
protocol was used to measure and compare the student interactions in two types of
recitation sections, one of which used Peer-Led Study Groups (PLSGs) and the other of
which followed a traditional TA-led format, to help demonstrate that student interactions
were the main source of learning in the PLSG sections. The results showed that student
interactions occurred at a significantly higher rate in the PLSG sections than in the
TA-led sections. The study also analyzed peer interactions by incoming course
preparedness in the PLSG sections and found a non-significant relationship between each
group’s mean pre-course grade point average (GPA) and number of peer interactions.

Introduction

This work-in-progress paper presents results from the PEER-led, Student Instructed, STudy
group (PEERSIST) model in thermodynamics at a large, public university in the southwestern
United States. Thermodynamics is part of a set of challenging mezzanine-level engineering
fundamentals courses that are less commonly investigated than first or fourth-year engineering
design courses [1]. PEERSIST seeks to improve student outcomes in thermodynamics by
replacing the passive, teaching assistant (TA) led learning that happens in a traditional recitation
session with Peer-Led Study Groups (PLSGs) utilizing Treisman’s model of peer learning.
Treisman’s model emphasizes small-group collaboration on the solution of difficult problems [2],
[3]. In the PEERSIST model, thermodynamics students work on problems in groups of four to
five, as compared to a traditional recitation section size of 25.

The project team initially piloted the PEERSIST model in Spring 2020 as an additional,
voluntary hour of collaborative student problem-solving outside of students’ regularly scheduled
course time. The pilot continued virtually over four semesters during the COVID-19 pandemic.
Students in the pilot demonstrated higher achievement on assessments, increased confidence in
course content mastery, and greater persistence in completing final course deliverables than
students in the course with similar characteristics (e.g., similar exam 1 scores, etc.). The
PEERSIST study has since continued with a focus on scaling up the original pilot to in-person
instruction. The original design has been strengthened by incorporating the intervention directly
into the thermodynamics course. Students now enroll in either a PLSG or traditional TA-led
recitation section. Both section types have equal instruction time and numbers of students,



allowing the project team to assess how the presence or absence of peer interaction affects
students’ engineering self-efficacy, identity formation, and degree persistence. The scaled-up
study is two years in duration, totaling four semesters. The study is currently in its third semester
as of Spring 2023.

As part of the ongoing study, this paper seeks to test the hypothesis that the PLSG method
encourages greater peer interaction than the traditional recitation method, as intended. An
observation protocol was developed to quantify interactions between students and between
students and the facilitator (i.e., TA). The protocol was applied to both the PLSG and traditional
TA-led recitation sections, and the data collected from the two settings are compared in this
paper. Specifically, the protocol was used to investigate the following research questions:

1) To what extent does the frequency and nature of student interactions vary between the
PLSG and traditional TA-led recitation sections?

2) How do facilitator interactions affect student interactions within PLSGs?

3) To what extent does students’ pre-course preparedness affect the frequency of student
interactions and/or facilitator interactions in PLSGs?

Literature Review

The PEERSIST model builds upon an intervention developed by Treisman and colleagues based
on observations in similar gateway courses [2]-[6]. Treisman observed that Asian students had
significantly less difficulty in an introductory calculus course than non-Asian students, which he
attributed to their study habits, specifically, studying in groups and forming learning
communities around the course material [2]. He implemented similar collaborative learning
methods in mathematics workshops that engaged mostly African American and Latino students
in group interaction and discussion to drive student learning, finding significantly improved
student outcomes because of their participation [2]-[4].

The broader literature supporting the PEERSIST model, a form of cooperative learning, is robust
[2], [7]-[11]. A meta-analysis of 305 studies found that cooperative learning promotes greater
learning gains among college students than competing with others (effect size=0.68) or working
alone (effect size=0.55), irrespective of students’ gender, ethnicity, cultural background,
language, social class, or ability [9]. Another study found that students who participate in
cooperative learning have demonstrably higher exam scores compared to students who do not
[10], [12]. Collectively, these studies indicate that small-group peer interactions can have a
significant impact on student learning. This paper extends the existing research by quantifying
and comparing just how much peer interaction occurs in collaborative learning relative to more
traditional methods of instruction. Findings from this work will enable the project team to
correlate students’ level of peer interaction to other important variables in this study, including
their engineering self-efficacy, identity formation, and degree persistence.

Experimental Design

Observation data were collected in Fall 2022. The course consisted of three classes, each with
100 students. Students signed up for recitation sections through the course catalog. These
sections were randomly assigned to the control (traditional TA-led recitation) or the treatment
(PLSG-based recitation) so that there were equal numbers of each. There were six TA-led



recitation type sections and six PLSG-based recitation type sections in Fall 2022. Each recitation
section of 25 students met weekly starting at the beginning of the semester for 50 minutes per
session and a total of 16 sessions. During each session, students were given two to three
problems selected by the course instructors to solve. Students in both section types were graded
similarly, with 50% of their total score related to whether they attended the recitation and the
other 50% related to whether they participated in the session. Weekly training and development
were held separately for the facilitators (i.e., TAs) leading the PLSG and TA-led sections.

Students in each PLSG section were placed into groups of peers with similar pre-course
preparedness, as determined by their grade point average (GPA) at the start of the semester. Each
group contained four to five students, for a total of six groups per section. Three facilitators were
present in each section and were assigned to help a maximum of two groups in that section. Each
group was given two paper copies of the problems sets and worked together to solve the
problems on whiteboards to encourage collaboration.

Each TA-led recitation section consisted of 25 students and a single TA. The sections followed
one of two formats based on the preferences of the assigned course faculty, none of whom were
involved in the study. The first format was purely instruction, meaning the TA solved the entirety
of the problem set on the whiteboard for students; this format is stereotypical of many recitations
taught at the institution. The other format resembled a “study hall,” where students primarily
worked on problems individually for the first 30 minutes, and the TA presented solutions to the
problem during the last 20 minutes. The primary mode of interaction for both formats was
students asking questions to the TA. Both forms of TA-led recitation differed from the
PLSG-based recitations because they did not encourage interaction between students.

Table 1 shows the observation protocol used to quantify student interactions. The protocol was
designed to track and compare peer interactions in the PLSG and TA-led recitation sections.
Observations were made in eight-minute periods by a member of the research team; within the
PLSG sections, each eight-minute period focused on a different group, with each group being
observed multiple times. Facilitator interactions were observed in both section types using the
criteria listed in Table 2 as well.

Table 1. Observation protocol for student interactions developed for this study [13]

Observation category Description

Student makes a suggestion related to Student contributes a statement or verbal
solving a problem. contribution related to solving the problem.
Student asks a question to peers. Student asks a question regarding course content

related to solving the problem.
Student asks facilitator a question and/or ~ Student asks a question or makes a comment
for help. directed to the facilitator.

Table 2. Observation protocol for facilitator interactions developed for this study [13]
Observation Description

Facilitator explains course-related Facilitator explains course-related content,
concepts or formulae. requiring more than a brief one sentence hint.




Facilitator gives brief hints for solving a Facilitator explains course-related content,

course-related problem. requiring only a single sentence or hint.
Facilitator intervenes too soon or too Facilitator intervenes too soon and did not let
often* students discuss problem solving skills.
Facilitator allows the group to struggle Facilitator does not step in with help for solving a
for too long without intervening* course-related problem when the group is stuck.

*=Applicable to PLSG-based sections only.

Data Analysis and Results

Student and facilitator interactions in PLSG vs. TA-led recitations

Figure 1A compares the number of student interactions with the number of facilitator (i.e., TA)
interactions over each eight-minute observation period. Student interactions encompass all
observed interactions initiated by a student, including making suggestions for how to solve a
problem, asking each other questions, discussing non-course related content, and asking the
facilitators questions and/or for help. Facilitator interactions encompass all observed interactions
initiated by the facilitator (i.e., TA), including providing unsolicited hints to students, confirming
that students were solving a problem correctly, and any other interruption provided by the
facilitator to the students while the students worked on the problems.

Figure 1A shows that students in the PLSG sections demonstrated far more peer interactions than
students in both the study hall and lecture-style TA-led recitation sections. An ANOVA analysis
comparing the number of student interactions between the three conditions, and the PLSGs were
found to produce significantly more student interactions than either of the TA-led recitation
formats (p<.001). Few student interactions were observed during the lecture-style recitation
sections, with most observation periods consisting of the TA solving problems at the whiteboard.
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Fig. 1. (A) compares the number of student interactions with the number of facilitator
interactions by condition, with each data point representing an eight-minute observation period.
(B) shows the number of PLSG student interactions with peers as a function of group-average
pre-course GPA, with each data point representing an eight-minute observation period.

Relationship between facilitator and student interactions within PLSGs



Figure 1A additionally shows that the number of student interactions were generally much hihger
than the number of facilitator interactions in the PLSG sections. Many PLSG groups worked the
problems uninterrupted by the facilitator (i.e., the number of facilitator interactions equaled
zero). However, a few outliers corresponding to high levels of both student and facilitator
interactions were also present. Correlation analysis revealed that the number of student
interactions in an eight-minute observation period was negatively correlated (b=-1.97, p=.003)
with the number of facilitator interactions during that same period. This result suggests that too
much facilitator intervention has the potential to dampen student interactions in PLSGs.

Effect of incoming course preparedness on PLSG student interactions with peers

The study also examined the effect of incoming course preparedness on PLSG student
interactions specifically with their peers. Figure 1B illustrates the number of PLSG student
interactions with peers as a function of each PLSG’s average pre-course grade point average
(GPA). The data are skewed towards mostly higher GPAs, with only seven observed groups
having an average GPA below 3.0 on a 4.0 scale. Correlation analysis revealed no significant
relationship between the number of student interactions with peers and incoming course
preparedness, even after removing a notable outlier corresponding to high peer interaction and
low average pre-course GPA (p=.17). The data indicate that the group’s average pre-course GPA
does not affect students’ ability to interact with each other.

Discussion and Future Work

The observation protocol described in this work provided a method for comparing levels of
student and facilitator interactions between PLSG and TA-led recitation sections of a
thermodynamics course. The data obtained using this protocol confirmed that far greater student
interactions occurred in the PLSG sections than in either type of TA-led section (i.e., study hall
or lecture style). This result provides evidence that students in collaborative learning
environments interact more than students in non-collaborative learning environments. It also
suggests that the PLSG intervention based on Treisman’s model has been effective and
implemented as intended, at least insofar as the method has promoted greater peer interaction.
This finding is critical for the current ongoing study which seeks to tie student interactions in the
PLSGs to increased self-efficacy, identity, and degree persistence, particularly among transfer
students and students historically underserved in engineering (e.g., women, students of color).
Future work will further extend the application of this protocol to link engineering student
participation in cooperative learning to demographic and exam data as well.

Results from this study also support that PLSGs create an active learning environment that
encourages student exploration of the material with minimal facilitator intervention. Students
were placed in groups of near peers based on their incoming GPA to the course. Although there
were some concerns that GPA may affect the group’s ability to interact and solve problems,
potentially harming students and resulting in inequitable instruction, the data demonstrated no
significant effect on incoming student preparedness on student interaction with peers, alleviating
these concerns from the study. Further, greater facilitator interaction was found to have
diminishing effects on student interactions, suggesting too much facilitator intervention may be
harmful. Information on how GPA and the facilitator affect group interactions can help guide
group placement and better train facilitators in the future.
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Lastly, while not part of the protocol, students enrolled in the PLSG sections were observed to
ask questions and discuss problems at a higher level than their peers in the traditional TA-led
recitation sections. They were also more likely to be observed drawing connections from their
real-world experiences to justify their answers to their group without being prompted to. For
instance, one problem involved determining the final temperature a sword would reach after
being quenched in water; the problem required iteratively guessing the final temperature and
then checking if the guess was correct. Multiple PLSGs based their guesses on past experiences
of placing hot metal in water and seeing that the water does not boil, prompting them to guess a
value below water’s boiling point. Conversely, most students in the TA-led recitation sections
made a starting guess by averaging the initial temperatures of the water and the sword, which
produces a temperature well above water’s boiling point and does not accurately represent the
thermodynamics of the problem. While both methods eventually converged on the same answer,
PLSG students often obtained the answer faster. Future work will expand the protocol to measure
these question-asking behaviors for additional comparison between recitation formats.
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