
Advances in Engineering Education

76 2025: VOLUME 13 ISSUE 1

2025: VOLUME 13 ISSUE 1 

The Impact of Peer-led Study Groups on Student 

Achievement in a Gateway Engineering Thermodynamics 

Course

RYAN J. MILCAREK
Arizona State University

SAMANTHA R. BRUNHAVER
Arizona State University

THIEN TA
Quality Evaluation Designs

CODY D. JENKINS
Arizona State University

GARY LICHTENSTEIN
Quality Evaluation Designs

KARL A. SMITH
University of Minnesota and Purdue University

ABSTRACT

 Certain introductory engineering courses have been termed gateway courses, due to high failure 

rates resulting in many students leaving engineering altogether. In one such course, thermodynamics, 

instructors intentionally formed peer-led study groups (PLSGs) with an undergraduate teaching aide 

(UGTA) playing a supportive facilitator role instead of providing direct instruction. PLSG students met 

one hour per week for eight weeks, over and above the standard teaching assistant-led recitation. The 

intervention resulted in statistically signifi cant improvements in students’ course grades, pass rates, 

and graduation rates compared to students who participated in the standard recitation only. PLSG 

earned statistically almost one full letter grade higher than students in the no-treatment group; they 

were also statistically more likely to have passed the course and to have graduated with their degree 

approximately one year after taking it. PLSG students were also compared to students in a control 

group who participated in an additional hour of the standard teaching assistant-led recitation each 

week. Students in the PLSGs performed at similar levels to students in the control despite receiving 

far less instruction and guidance from the teaching aide. Notably, no diff erences were found in the 

eff ectiveness of the intervention for transfer students, women, and racial/ ethnic minoritized students, 
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indicating that the intervention provides at least the same  educational  advantages to underrepresented 

groups as to non-underrepresented groups. These results support the implementation of peer-led 

student groups in thermodynamics and other upper-level gateway engineering courses. Preparation 

and training videos are available for those interested in  implementing this intervention in their own 

courses: https://lth.engineering.asu.edu/reference-guide/peer-led-study-groups/. 

Key words: Cooperative learning, Peer instruction, Study groups

INTRODUCTION

Middle-year engineering gateway courses covering engineering fundamentals are well-known 

 obstacles in engineering programs (Lord and Chen 2014). These courses–which include statics,  dynamics, 

mechanics of materials, thermodynamics, material science, and electrical circuits–tend to have high stu-

dent enrollment and rely on lectures as the primary mode of instruction (MacGregor et al. 2000; Stains 

et al. 2018). The curriculum shifts from focusing on broad technical and professional skill development 

to learning challenging disciplinary-specifi c content; assessments become more individualized, usually 

with a heavy emphasis on problem sets; and one-on-one interaction with peers and instructors typi-

cally decreases as student-to-instructor ratios increase (Lord and Chen 2014). Consequently, whereas 

fi rst-year courses are traditionally designed to build student identity, sense of belonging, and reten-

tion, second and third-year courses contribute to student frustration, lack of motivation, and attrition 

from engineering programs, all of which disproportionately aff ect historically marginalized students in 

engineering (Lichtenstein et al. 2014). 

Class-based interventions to counteract these issues have included the use of concept inventories, 

concept maps, model-eliciting activities, design contests, case-based instruction, and rapid feed-

back assessment methods (e.g., clickers, fl ashcards) (Lord and Chen 2014), all of which center on 

improving student curricular engagement and conceptual understanding. Fewer interventions have 

addressed the perceived loss of social support and social isolation experienced by many students 

during the middle years of their undergraduate programs (Lord and Chen 2014).

This paper explores the impact of peer and near-peer support in a gateway engineering thermodynam-

ics course on student achievement. We examine the eff ects of participating in a peer-led study group 

(PLSG) for middle-year engineering students enrolled in a thermodynamics course with an average 

failure rate of 47%. As the name implies, PLSGs are student-instructed, with an undergraduate teaching 

aide (UGTA) playing a supportive facilitator role rather than providing direct instruction. The interven-

tion builds on the work of Treisman and colleagues (e.g., Fullilove and Treisman 1990; Hsu, Murphy, and 



78 2025: VOLUME 13 ISSUE 1

ADVANCES IN ENGINEERING EDUCATION

The Impact of Peer-led Study Groups on Student Achievement 
in a Gateway Engineering Thermodynamics Course

Treisman 2011; Treisman 1983) and is designed to promote social and academic support among students 

through cooperative problem-solving. While Treisman’s model has been previously adopted in general 

fi rst-year engineering courses (Flores et al. 2010; Minin et al. 2016; Pazos et al. 2007; Viera et al. 2019), 

our study uniquely utilizes PLSGs in a gateway engineering thermodynamics course typically taken at 

the end of the second year or beginning of the third year in an undergraduate engineering curriculum. In 

this paper, we describe the eff ects of pilot eff orts to implement PLSGs, which increased course grades, 

pass rates, and graduation rates compared to conventional recitations led by a graduate teaching as-

sistant (GTA). Our research supports PLSGs as a promising practice that promotes social interaction, 

is easy to implement, and has demonstrated eff ectiveness on academic achievement.

LITERATURE REVIEW

Taking high-challenge foundation courses can amount to stressful experiences for engineering 

students. One critical consideration in high-stress performance situations is to ensure that there is 

a balance between high expectations and high social support. Pelz and Andrews (1966) argued that 

high levels of challenge (expectations) and security (support) are essential for high performance 

in achievement-related settings. Edmonson and Roloff  (2008) echoed this sentiment, fi nding that 

optimal learning occurs when high accountability for meeting demanding goals meets high “psycho-

logical safety” among learners. Cooperative learning, especially cooperative-based group learning 

similar to what occurs in PLSGs, provides students with academic and social support in high-challenge 

learning environments (Johnson et al. 1991; Smith et al. 2005; Streveler and Smith 2020). 

Several meta-analyses of cooperative learning among college students have underscored the 

importance of providing students with social support within academic settings. Johnson, Johnson, 

and Smith (1991) found in a meta-analysis of 305 studies that cooperative eff ort promotes greater 

learning among college students than competing with others (eff ect size=0.68) or working alone 

(eff ect size=0.55). This fi nding held irrespective of students’ gender, ethnicity, cultural background, 

language, social class, or ability and was tied to greater perceived social support (both academically 

and personally) from peers and instructors. In another meta-analysis, Springer, Stanne, and Donovan 

(1999) reported mean eff ect sizes for students’ achievement and persistence of .51 and .46 for co-

operative learning in fi rst-year science, technology, engineering, and mathematics (STEM) courses. 

The authors observed, “The .51 eff ect size of small-group learning on achievement reported in the 

study would move a student from the 50th percentile to the 70th on a standardized test [and that] 

a .46 eff ect size on students’ persistence [would be] enough to reduce attrition in STEM courses and 

programs by 22%.” Other studies have likewise shown the positive eff ects of social support promoted 
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by cooperative learning on undergraduate students, specifi cally, that it improves social adjustment 

and integration into college life, increases student sense of belonging, and reduces incongruencies 

between students’ interests and college curricula (Smith et al. 2005), all of which ultimately improves 

academic achievement and persistence to graduation (Arendale 2004; Cámara-Zapata and Morales 

2020; Felder and Brent 2007). The following section describes the details and benefi ts of peer-led 

learning, a specifi c type of cooperative learning driving the present work.

Peer-Led Learning 

The PEER-led, Student-Instructed STudy group (PEERSIST) model promotes academic and social 

support among students through cooperative problem-solving. Lazar (1995) supports this approach, 

concluding that study groups profoundly serve students’ intellectual, social, and emotional needs by 

allowing them a safe space to take risks, experiment with ideas, and challenge each other’s thinking. 

 PEERSIST builds on a model initially developed by Philip Uri Treisman in 1977 at the University of 

California, Berkeley, based on observations that Asian-American students in self-formed study groups 

achieved higher grades than their peers in a challenging gateway mathematics course ( Fullilove 

and Treisman 1990; Hsu et al. 2011; Treisman 1983). Treisman adapted this study group model into 

the Emerging Scholars Program (ESP) for African American students, signifi cantly increasing their 

course achievement and persistence in the major (Fullilove and Treisman 1990). 

A similar method called Peer-Led Team Learning (PLTL) was implemented in large-enrollment 

general chemistry courses at the City College of New York in the early 1990s. Students were assigned 

to small, peer-led groups to solve problems collaboratively (Gosser, Kampmeier, and Varma-Nelson 

2010; Wilson and Varma-Nelson 2016). Funding from the National Science Foundation (NSF) has 

contributed to the growth of PLTL literature, including a PLTL guidebook, manuals with examples, and 

training for peer leaders (Wilson and Varma-Nelson 2016). The national PTLT offi  ce also  maintains 

a website that covers PLTL-related studies and information (Arendale 2004).

ESP and PLTL are nearly identical. In both approaches, students work in small groups of four to 

eight peers to solve course-related problems of moderate to extreme diffi  culty developed by the 

instructor. In addition, graduate (GTA) or undergraduate (UTA) teaching aides are trained to facilitate 

the small group session and encourage every student to collaborate with their peers and participate 

in the discussion. GTAs and UTAs only intervene with well-planted hints or suggestions if students 

get very stuck or are pursuing an approach that will not lead to a correct solution (Dreyfuss et al. 

2015; Eberlein et al. 2008; Fullilove and Treisman 1990; Hsu et al. 2011; Streitwieser and Light 2010; 

Wilson and Varma-Nelson 2016). A diff erence between the approaches is that, in ESP, students are 

grouped by achievement level since Treisman discovered that higher-achieving students tend to 

dominate mixed-ability groups (Tough 2021). This feature has not been mentioned in PLTL literature. 
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The ESP and PLTL approaches are not remedial. Problems that students work on are designed 

to challenge them in order to promote both collaboration and perseverance. During the session, 

students are expected to help one another solve the session problems by sharing their ideas and 

critiquing their peers’ work (Asera 2001; Fullilove and Treisman 1990; Gafney and Varma-Nelson 

2008; Tien, Roth, and Kampmeier 2002). The purpose of peer-to-peer interaction in these small 

groups is for students to discover discipline-based methods and concepts through trial and error 

so that they learn to think like experts. Ensuring that each student acquires that capability is more 

important than the group getting the correct answer to each problem (Fullilove and Treisman 1990; 

Philip Uri Treisman, personal communication, March 23, 2020). 

ESP and PLTL have been implemented in STEM courses for decades (Duncan and Dick 2000; 

Murphy and Treisman 2008; Ta et al. 2021; Tenney and Houck 2003; Treisman 1983). Research related 

to both ESP and PLTL has consistently shown improvement in students’ academic performance, suc-

cess, motivation, satisfaction, and persistence in the major (Hsu et al. 2011; Gafney and Varma-Nelson 

2008). Some researchers have cited the ESP model in studies of PLTL implementation (Liou-Mark, 

Dreyfuss, and Younge 2010; Powell et al. 2012; Snyder et al. 2016; Tien et al. 2002). However, up to 

now, most literature related to one approach has not referenced the other despite sharing nearly 

identical features and advancing similar outcomes.

This paper builds on the literature base in three ways. First, the study of peer-led learning in 

engineering is rare relative to other disciplines (see Flores et al. 2010; Minin et al. 2016; Pazos 

et al. 2007; Viera et al. 2019, for exceptions). Second, whereas previous research has concentrated 

primarily on fi rst-year courses, our study uniquely utilizes the method in a gateway engineering 

thermodynamics course typically taken in students’ second or third year. Third, our study compares 

student achievement obtained through PLSGs with that obtained through conventional GTA-led 

recitation sessions. We explore two main research questions: 

1. To what extent do PLSGs promote student achievement (i.e., course grades, course pass rates, 

and graduation rates) in a gateway engineering thermodynamics course relative to standard 

TA-led recitations?

2. Do the eff ects of PLSGs, if any, accrue diff erently for transfer students, women students, and racial/

ethnic minoritized students?

METHODOLOGY

Design-Based Research Approach

Our research on the eff ectiveness of PLSGs in the introductory thermodynamics course has been 

incremental and iterative. Development of the PLSGs has followed a Design-Based Research (DBR) 
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approach, which emerged from design experiments introduced by Brown (1992) and Collins (1992). 

Collins, Joseph, and Bielaczyc (2004) described design experiments as “a way to carry out formative 

research to test and refi ne educational designs based on principles derived from prior research,” 

which is an excellent description of the intention of this research. DBR is often used to improve 

instructional processes and refi ne educational interventions (Brown 1992; Cobb et al. 2003; Collins 

1992). DBR follows a data-driven process wherein educators (1) design instructional tools based on 

learning theories to address a learning problem, (2) implement and test instructional tools in the 

classroom, (3) analyze student learning to evaluate the tools, and (4) refl ect and critique the tools 

and implementation processes and revise the tools for continuous improvement (Sandoval 2014). 

In this study, we developed and implemented PLSGs over three academic semesters. We iterated 

on the PLSGs in the second and third semesters, incorporating fi ndings from and improving upon 

the methods used in the fi rst. 

Research Team Positionality

The research team brings a range of experience and expertise to this study. Author 1 is an as-

sistant professor of mechanical engineering and the principal investigator for this study. Author 

4 is a mechanical engineering Ph.D. student. Authors 1 and 4 are directly involved in teaching the 

introductory thermodynamics course described in this study as an instructor and GTA. Authors 2 

and 6 are professors at the associate and emeritus levels who teach and conduct research in both 

engineering and engineering education. Authors 3 and 5 are engineering education researchers and 

education-based program evaluators. All team members are committed to student success and have 

worked on various projects related to this area, with experience ranging from two to more than fi fty 

years. In addition, Authors 1, 2, 3, 4, and 6 have taken thermodynamics courses as part of completing 

undergraduate engineering degrees, have encountered the challenging concepts in these courses 

that make the subject diffi  cult to learn, and are committed to identifying better ways to teach these 

concepts. The research team’s interdisciplinary and diverse backgrounds enabled rich dialogue from 

multiple perspectives, strengthening our DBR process. Notably, we all have some degree of largely 

positive experience with cooperative learning as researchers, instructional staff , and/or students. 

We recognize that this experience infl uences our views of PLSGs as a lever for institutional change 

regarding how gateway engineering courses are taught broadly.

Institutional and Course Context

Thermodynamics (MAE 241) is situated within Arizona State University (ASU), a large compre-

hensive public research university that is open-access and “measured not by whom it excludes, but 

by whom it includes and how they succeed” (ASU 2023). Thermodynamics is a required course for 
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ASU undergraduates in mechanical and aerospace engineering and an elective for civil engineering 

students. Some students enroll from other engineering majors, and very few from non-engineering 

majors. The fi fteen-week course enrolls between 300-400 students each semester and has an aver-

age failure rate of 47%. The course represents most students’ fi rst exposure to thermodynamics and, 

for transfer students, their fi rst engineering course in a four-year university setting. 

MAE 241 consists of a three-unit instructional component that meets for 75 minutes twice per 

week and a recitation component that meets for 50 minutes once per week. Student participation 

in the recitation component is required, with attendance taken each week. Recitations are typically 

led by a GTA and consist of approximately 25 students. During the recitation, the GTA solves two 

to three problems on a whiteboard while the students observe, similar to a lecture format. Students 

are encouraged to ask questions and take photographs of the whiteboard during the session and 

solutions are posted online at the end of the week. In addition, no peer interaction is encouraged 

in these settings, with most engagement occurring between students and the GTA (Jenkins et al. 

2023). Approval to conduct our intervention in the course was obtained from ASU’s review board 

for human subjects research.

Intervention Design

 PLSGs in MAE 241 consist of four to fi ve students, grouped based on having similar scores on 

the fi rst exam in the course. PLSG students work together to solve instructor-selected problems 

ranging from moderate to extreme diffi  culty. These problems are not necessarily ones encountered 

in homework or exams and, instead, are meant to help students develop a schema for solving ther-

modynamics problems and cultivate a discipline-based mindset co-constructed with peers through 

dialogue and interaction. The teaching aide in this design is an undergraduate student (UGTA) who 

observes students in the PLSGs and encourages group discussion. The UGTA only assists students 

with the problem-solving process if necessary. Rather than immediately intervening when students 

make mistakes, the UGTA allows members of the PLSG to notice and correct the group’s mistakes. 

UGTA intervention only occurs when students make severe errors that other members cannot cor-

rect. As in the required recitation sessions, PLSG students are encouraged to take photographs of 

their work to refer to after the session is completed.

First Iteration (Spring 2020)

The fi rst iteration of the PLSG model was implemented in the spring of 2020 with four students 

from one section of MAE 241, each of whom scored below 60% on the fi rst exam (Exam 1) and ac-

cepted the instructor’s invitation to participate in an extra study group after receiving their fi rst exam 

scores. The intervention lasted eight weeks, beginning after the fi rst exam. Although the intervention 
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was available to students of all achievement levels, the research team targeted recruitment toward 

those who earned less than 60% on the fi rst exam based on historical data predicting that these 

students were likely to fail the course. The PLSG students met virtually via Zoom while in-person 

instruction was suspended during the COVID-19 pandemic. A UGTA initially hired to teach a recita-

tion section of thermodynamics was selected to run the PLSGs based on their previous success in 

achieving course outcomes. The UGTA was trained to implement PLSGs with this small, self-selecting 

cohort. Training consisted of reading a brief description of Treisman’s model (Tough 2021) and, 

following the reading, meeting with the course instructor for an hour-long training to discuss the 

purpose and role of the UGTA in the PLSGs. The course instructor selected 2-3 problems for students 

to solve during the weekly PLSG sessions. The UGTA solved the problems independently each week 

prior to conducting the PLSGs. The UGTA piloted the fi rst iteration of the PLSGs and subsequently 

led the second iteration, described later in greater detail.

The PLSG students were matched with a comparison group of eight students who had similar 

demographics and Exam 1 scores and received no treatment. Data collected included four exam 

scores and a fi nal grade for all twelve students, as well as interviews with two PLSG members. 

Despite having only seven fi fty-minute PLSG sessions during the semester, three of four PLSG 

members passed the course, compared with three of eight comparison students. The research team 

was both surprised by and skeptical of these results. Even though there were only four students in 

the treatment condition and the design had minimal controls built-in, the results seemed notable. 

Could PLSGs generate such a dramatic improvement in student performance? We were encouraged 

by the exam results and comments from the two PLSG students interviewed, who said that they 

enjoyed the PLSG, the PLSG helped them pass the course, and the experience helped them adjust 

to ASU as transfer students. Both students recommended that PLSGs be continued in the future. 

Over the summer of 2020, we strengthened the design and prepared to run a more robust study 

the following semester.

Second Iteration (Fall 2020 and Spring 2021)

We ran a second iteration of the PLSG model in the fall of 2020, increasing student participation 

and adding a comparison group for the eight-week intervention following the fi rst exam. Whereas 

the previous iteration was supported by one of three faculty who taught the course, the second 

iteration was supported by all three instructors, each of whom invited the students in their sections 

to participate in the study. In addition, the Director of the ASU Fulton Schools of Engineering Offi  ce 

of Undergraduate Success & Engagement, encouraged by results from the fi rst iteration, provided 

funding for an additional UGTA to help manage the larger sample. The UGTA followed a similar training 

procedure, reading a description of the Treisman model (Tough 2021) and meeting with the course 
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instructor and research team to discuss the purpose of the PLSGs. The new UGTA also observed a 

PLSG led by the previously trained UGTA before leading a session. Following the conclusion of the 

fall of 2020, the second iteration of the PLSG model repeated in the spring of 2021.

The PLSGs operated the same way in the second iteration as in the fi rst. The comparison group 

consisted of students who participated in an additional hour of standard TA-led recitation (TAR) over 

and above that required of all students. This setup ensured that students in the PLSG and comparison 

groups received the same amount of exposure (2 hours) to solving thermodynamics problems outside of 

class each week. Like the PLSGs, participation in the additional TAR session was voluntary and focused 

on the same problems students worked on in the PLSGs. However, unlike the PLSGs, the TA leading the 

session presented these problems in lecture style. While students could ask the TA questions, there was 

limited student-student discussion, which we hypothesized was a critical feature of the PLSG model. 

Students were recruited to the intervention after receiving their fi rst exam scores and assigned to 

either a PLSG or TAR based on their time availability. In the fall of 2020, fi fty of 299 (17%) students 

were recruited to participate in either a PLSG or TAR; at the end of the term, 22 PLSG students and 

5 TAR students had attended at least four out of six of their respective sessions. In the spring of 

2021, 62 of 375 (17%) students were recruited to participate in either a PLSG or TAR; at the end of the 

term, 26 PLSG and 10 TAR students had attended at least four out of six of their respective sections. 

Combining the two semesters, a total of 48 PLSG students and 15 TAR students were included in the 

study. Attrition between the PLSG and TAR groups was similar in both semesters. We compared the 

fi nal grades and pass rates of students who started the PLSG or TAR but did not attend a minimum 

of four sessions to those of the no-treatment group and, upon fi nding no  statistically signifi cant 

diff erences, included these students in the no-treatment group. 

Data Source

Data for this paper includes the exam scores, course pass rates, and four- or fi ve-year gradua-

tion rates for all students enrolled in MAE 241 during the fall of 2020 and spring of 2021. Appendix 

A summarizes the course and student demographic information for these two semesters, as col-

lected from the ASU university registrar. As shown in Table 6, students with similar demographics 

and educational backgrounds were enrolled each semester, with a few exceptions. Higher percent-

ages of seniors and aerospace engineering majors were enrolled in the fall of 2020, while higher 

percentages of sophomores and mechanical engineering majors were enrolled in the spring of 

2021 (academic level: χ2 (2) = 11.590, p = .009; major: χ2 (2) = 39.789, p < .001). Whereas mechanical 

engineering majors at ASU typically take the introductory thermodynamics course in the fourth 

semester of their undergraduate degree program, aerospace engineering majors typically take the 

course in their fi fth semester or later. Further analysis revealed that students who took the course in 
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the spring of 2021 tended to have lower scores on exams 1-3, lower fi nal grades, a lower course pass 

rate, and (as expected) a lower graduation rate upon one-year follow-up, all at a signifi cance level 

of p < 0.05, compared to students who took the course in the fall of 2020 (Appendix A, Table 7). 

Because of these semester diff erences, we collapsed the two semesters’ worth of data into a single 

dataset but included semester as a control variable in our analyses used to address each research 

question. All analyses were performed in Stata 15 (Stata 2017). 

RESULTS

Descriptive Statistics

Tables 1 and 2 compare students in the PLSG, TAR, and no-treatment groups based on their demo-

graphic characteristics and course outcomes. Compared to the no-treatment group, the PLSG group had 

a statistically higher proportion of racial/ethnic minoritized students (χ2 (2) = 7.381, p = .025; post-hoc p = 

.007). Students in the PLSG group also had a statistically lower average score on the fi rst exam than the 

no-treatment group (Table 2, post-hoc p = .007). This result makes sense, given participation was voluntary, 

higher scoring students who did not need additional instruction did not sign up, and the research team’s 

eff orts to target recruitment in the PLSGs toward students who earned less than 60% on their fi rst exam. 

Kruskal-Wallis H tests revealed non-signifi cant diff erences among the groups’ fi nal exam scores or 

fi nal course grades (Table 2). However, these tests do not account for potential baseline diff erences in 

student performance. To address this, we also conducted Quade tests (non-parametric ANCOVAs that 

allow for the inclusion of covariates) using students’ fi rst exam scores as a covariate to control for prior 

academic performance. The Quade tests revealed that PLSG students earned both signifi cantly higher 

fi nal exam scores (F(2, 558) = 4.528, p = .011; post-hoc p = .010) and higher fi nal grades (F(2, 564) = 11.659, 

p <.001; post-hoc p < .001) than their no-treatment peers, controlling for fi rst exam scores. Students in 

the PLSG group also had a higher course pass rate (post-hoc p < .001) and a higher graduation rate ap-

proximately one year post-taking the course (post-hoc p < .001) than students in the no-treatment group. 

Linear Regression Model: Final Course Grade

Table 3 summarizes the results of the multivariate linear regression model in which students’ fi nal 

course grade was predicted as a function of treatment condition (reference group: PLSG), control-

ling for the semester they took MAE 241, the instructor with whom they took the course, their score 

on the fi rst exam, their statuses as a transfer, woman, racial/ethnic minoritized, and/or engineering 

student, and their age and cumulative grade point average (GPA) at the beginning of the course. 

Students who withdrew from the course did not receive a fi nal grade and, therefore, were excluded 
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Table 1. Course and student information: PLSG vs. TAR vs. No-treatment.

PLSG TAR No-treatment

Course Information
Number of groups 20 5 -

Number of students 48 15 611

Student Information
Semester

Fall 2020 45.8% 33.3% 44.5%

Spring 2021 54.2% 66.7% 55.5%

Gender

Male 77.1% 86.7% 83.1%

Female 22.9% 13.3% 16.9%

Race/ethnicity

American Indian/Alaska Native 0.0% 0.0% 0.5%

Asian/Asian American 18.8% 13.3% 7.0%

Black/African American 6.3% 0.0% 2.6%

Hispanic/Latino 41.7% 26.7% 25.9%

International 0.0% 0.0% 6.2%

Native Hawaiian/Pacifi c Islander 0.0% 0.0% 0.3%

White/European American 29.2% 53.3% 52.9%

Multiracial 4.2% 6.7% 3.8%

Not Available 0.0% 0.0% 0.8%

Black/Latinx/Indigenous/Pacifi c Islander1

Yes 47.9% 26.7% 29.3%

All others 52.1% 73.3% 70.7%

U.S. Citizenship Status

Yes 91.7% 93.3% 90.7%

All others 8.3% 6.7% 9.3%

Admit Type

First time student 60.4% 66.7% 75.6%

Transfer student 39.6% 33.3% 24.4%

Academic Level

Sophomore 16.7% 13.3% 13.7%

Junior 58.3% 60.0% 57.8%

Senior 22.9% 20.0% 26.7%

Post-bachelor’s 2.1% 6.7% 1.8%

Academic Major

Aerospace engineering 22.9% 0.0% 27.0%

Civil engineering 18.8% 6.7% 13.6%

Mechanical engineering 54.2% 86.7% 52.7%

Other engineering 2.1% 0.0% 4.1%

Non-engineering 2.1% 6.7% 2.6%

Mean Age (SD) 21.5 (3.3) 21.9 (5.4) 21.3 (3.3)

Mean Cumulative GPA (SD)2 3.45 (.37) 3.37 (1.01) 3.31 (.64)

1 We shorten American Indian/Alaska Native, Black/African American, Hispanic/Latin American, and 
Native Hawaiian/Pacifi c Islander to “Black/Latinx/Indigenous/Pacifi c Islander” in this paper.

2 Cumulative GPA was reported by the registrar on a 0-4 scale.
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from this analysis. As shown in Table 3 (Model 2), students in the no-treatment obtained signifi cantly 

lower average fi nal course grades than their peers in the PLSG group (B = -9.97, p < .001); however, 

no signifi cant diff erence was seen between students in the PLSG and TAR groups. We also tested 

the interaction eff ects between transfer, woman, and racial/ethnic minoritized student status and 

each treatment condition on fi nal course grade. No interaction terms for any of these models were 

signifi cant, indicating no diff erences in the eff ect of the intervention on fi nal course grade between 

underrepresented and non-underrepresented students.

Logistic Regression Model: Course Pass Status

Table 4 displays the results of a multivariate logistic regression model in which students’ pass/fail 

status (1 = pass, 0= fail) was predicted as a function of treatment condition (reference group: PLSG), 

controlling for the semester they took MAE 241, the instructor with whom they took the course, their 

statuses as a transfer, woman, racial/ethnic minoritized, and/or engineering student, and their age 

and cumulative GPA at the beginning of the course. This analysis includes all students, including 

those who withdrew from the course before taking the fi rst exam; therefore, students’ fi rst exam 

scores were excluded from the model. As shown in Table 4, students in the no-treatment group were 

signifi cantly less likely to pass the course relative to students in the PLSG group (log odds = -1.78, 

p = .001); however, as with fi nal course grade, no signifi cant diff erence was seen between students 

in the PLSG and TAR groups. Similar to the linear regression model predicting students’ fi nal course 

grades, we tested the interaction eff ects between transfer, woman, and racial/ethnic minoritized 

student status and each treatment condition on course pass status, respectively. In addition, we 

found no signifi cant interaction eff ects, indicating no diff erences in the eff ect of the intervention on 

course pass status between underrepresented and non-underrepresented students.

Table 2. Exam scores, fi nal grades, and pass rates: PLSG vs. TAR vs. no-treatment.

PLSG Group
(n = 48)

TAR Group
(n = 15)

No-treatment 
Group

(n = 508)  Comparison Results

Mean Exam 1 Score (SD)1,2 49.2 (13.8) 56.3 (20.9) 59.2 (21.6)  H = 12.468, p = .002

Mean Exam 2 Score (SD) 67.1 (15.6) 62.6 (13.9) 65.6 (21.8)  H = 1.325, p = .516

Mean Exam 3 Score (SD) 65.5 (14.1) 68.8 (16.4) 62.3 (22.5)  H = 1.224, p = .542

Mean Final Exam Score (SD) 68.6 (17.2) 67.6 (23.6) 64.7 (25.4)  H = .265, p = .876

Mean Final Grade (SD) 80.5 (8.2) 80.5 (8.7) 76.5 (16.7)  H = 1.009, p = .604

Course Pass Rate3 91.7% 86.7% 65.6%  2 (2) = 16.321, p <.001

Graduation Rate3 89.6% 73.3% 63.0%  2 (2) = 14.291, p <.001

1Exam scores and fi nal grades were measured on a 0-100 scale.
2Exam scores and fi nal grades were compared using Kruskal Wallis H tests. 
3Pass rates and graduation rates were compared using a chi-square differences test.
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Logistic Regression Model: Graduation Status 

Table 5 shows the results of the multivariate logistic regression model predicting students’ graduation 

status approximately one year post-taking the course, given similar controls to the logistic regression 

model predicting students’ pass status. Most engineering majors enrolled in MAE 241 take the course 

in the spring of their second year or the fall of their third year; thus, we expected that most students 

Table 3. Linear regression results for fi nal course grade (n=560).

Unstandardized Beta Coeffi cients

 Variable Model 1 Model 2 Model 3 Model 4 Model 5

 (Intercept) 68.60 (2.46) *** 8.04 (9.60) 6.61 (9.82) 8.24 (9.67) 7.54 (9.59)

 Condition: No-treatment group1 3.86 (2.71) 9.97 (2.24) *** 8.50 (2.61) ** 10.28 (2.45) *** 9.44 (2.57) ***

 Condition: TAR group1 .99 (6.38) 6.10 (4.64) 4.93 (6.03) 6.36 (5.33) 5.32 (5.77) 

 Semester: Spring 20212 - 4.54 (2.72) 4.62 (2.74) 4.56 (2.73) 4.60 (2.75)

 Instructor: Instructor 13 - 9.27 (3.65)* 9.30 (3.67)* 9.25 (3.66)* 9.24 (3.68)*

 Instructor: Instructor 23 - .70 (2.69) .68 (2.71) .71 (2.70) .71 (2.70)

 Instructor: Instructor 33 - -4.69 (4.35) 4.77 (4.36) 4.67 (4.36) 4.73 (4.37)

 Instructor: Instructor 43 - .53 (2.75) .56 (2.77) .53 (2.76) .53 (2.76)

 Exam 1 Score (0-100) .65 (.05)*** .65 (.05)*** .64 (.05)*** .65 (.05)***

 Transfer student: Yes4 - 2.26 (2.23) 5.72 (4.03) 2.30 (2.25) 2.22 (2.25)

 Gender: Women5 - .81 (1.98) .71 (1.99) .44 (4.76) .81 (1.99)

Black/Latinx/Indigenous/Pacifi c 
Islander: Yes4

- 2.25 (2.04) 2.31 (2.04) 2.24 (2.05) 1.19 (3.82)

Engineering student: Yes4 - 6.71 (5.75) 6.55 (5.81) 6.70 (5.76) 6.73 (5.75)

Age (in years) - .17 (.27) .16 (.27) .17 (.27) .17 (.27)

Cumulative GPA (0-4) - 8.47 (2.21)*** 8.41 (2.24)*** 8.49 (2.21)*** 8.44 (2.22)***

Condition: No-treatment * 
Transfer student: Yes

- - 3.99 (4.48) - -

Condition: TAR * Transfer 
student: Yes

- - 2.98 (9.58) - -

Condition: No-treatment * 
Gender: Women

- - - 1.41 (5.20) -

Condition: TAR * Gender: 
Women

- - - 1.06 (7.36) -

Condition: No-treatment * 
Black/Latinx/Indigenous/Pacifi c 

Islander: Yes

-
- - - 1.17 (4.43)

Condition: TAR* 
Black/Latinx/Indigenous/Pacifi c 

Islander: Yes

-
- - - 2.12 (9.42) 

Robust standard errors are reported in parentheses. *, **, *** indicate signifi cance at the 90%, 95%, and 99% level, respectively. 
1 Reference group: PLSG group
2 Reference group: Fall 2020
3 Reference group: Instructor 5
4 Reference group: All others
5 Reference group: Men
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taking the course in the fall of 2020 or the spring of 2021 would have graduated with their degree 

by the fall of 2023, assuming a four to fi ve-year graduation rate. Similar to the previously run models 

for fi nal course grade and pass status, we determined that students in the no-treatment group were 

signifi cantly less likely to have graduated with their degree than PLSG students (log odds = -1.46, 

p  = .003); however, no signifi cant diff erence was observed in the TAR group relative to the PLSG 

group. Finally, we found no signifi cant interaction eff ects, indicating no diff erences in the eff ect of the 

intervention on graduation status between underrepresented and non-underrepresented students.

Table 4. Logistic regression results for course pass status (n=672).

Log-odds Coeffi cients

Variable Model 1 Model 2 Model 3 Model 4 Model 5

(Intercept) 2.40 (.52) *** 2.45 (1.34) 1.49 (1.18) 2.26 (1.13)* 2.20 (1.16)

Condition: No-treatment group1 1.75 (.53)** 1.78 (.56)** 1.23 (.59)* 1.56 (.58)** 1.43 (.68)*

Condition: TAR group1 .53 (.92) .03 (1.21) .54 (.98) .17 (1.04) .48 (1.12)

Semester: Spring 20212 - .70 (.30)* .68 (.29)* .68 (.29)* .69 (.29)*

Instructor: Instructor 13 - .02 (.50) .01 (.47) .03 (.47) .01 (.47)

Instructor: Instructor 23 - .68 (.38) .62 (.37) .67 (.37) .66 (.37)

Instructor: Instructor 33 - .52 (.47) .52 (.46) .51 (.46) .50 (.46)

Instructor: Instructor 43 - .37 (.38) .35 (.37) .36 (.37) .36 (.37)

Transfer student: Yes4 - .37 (.27) 1.10 (1.05) .34 (.26) .36 (.26)

Gender: Women5 - .18 (.25) .19 (.24) .17 (1.06) .18 (.24)

Black/Latinx/Indigenous/Pacifi c 
Islander: Yes4

- .47 (.20)* .47 (.19)* .46 (.19)* .22 (.96)

Engineering student: Yes4 - .39 (.56) .32 (.51) .39 (.51) .36 (.50)

Age (in years) - .10 (.03)** .09 (.03)** .09 (.03)** .10 (.03)**

Cumulative GPA (0-4) - .92 (.22)*** .96 (.19)*** .88 (.17)*** .89 (.17)***

Condition: No-treatment * 
Transfer student: Yes

- .85 (1.06) - -

Condition: TAR * Transfer 
student: Yes

- - 2.41 (2.23) - -

Condition: No-treatment * 
Gender: Women

- - - .03 (1.09) -

Condition: TAR * Gender: Women - - - .44 (2.12) -

Condition: No-treatment * 
Black/Latinx/Indigenous/
Pacifi c Islander: Yes

-
- - - .26 (.98)

Condition: TAR* Black/Latinx/
Indigenous/Pacifi c Islander: Yes

-
- - - .87 (1.78)

Robust standard errors are reported in parentheses. *, **, *** indicate signifi cance at the 90%, 95%, and 99% level, respectively. 
1 Reference group: PLSG group
2 Reference group: Fall 2020
3 Reference group: Instructor 5
4 Reference group: All others
5 Reference group: Men
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DISCUSSION

Our statistical analyses demonstrated that students who participated in the PLSGs not only 

performed better in the introductory thermodynamics course but had a higher course pass rate 

and a higher graduation rate approximately one year post-taking the course compared to their no-

treatment counterparts. These were the only signifi cant diff erences observed between the PLSG, 

Table 5. Logistic regression results for graduation status (n=672).

Log-odds Coeffi cients

 Variable Model 1 Model 2 Model 3 Model 4 Model 5

 (Intercept) 2.15 (.47)*** .04 (1.25) .30 (1.18) .27 (1.13) .50 (1.12)

 Condition: No-treatment group1 1.62 (.48)** 1.46 (.49)** 1.73 (.67)* 1.64 (.58)** .88 (.54)

 Condition: TAR group1 1.14 (.75) .94 (.81) 1.61 (.94) .90 (.90) .32 (.89)

 Semester: Spring 20212 - .75 (.29)* .73 (.29)* .72 (.29)* .70 (.29)*

 Instructor: Instructor 13 - .01 (.45) .03 (.44) .02 (.45) .03 (.45)

 Instructor: Instructor 23 - .22 (.36) .22 (.35) .22 (.35) .22 (.35)

 Instructor: Instructor 33 - .54 (.45) .52 (.44) .53 (.44) .55 (.44)

 Instructor: Instructor 43 - .28 (.35) .28 (.34) .28 (.34) .27 (.34)

 Transfer student: Yes4 - .31 (.24) .61 (.90) .32 (.25) .27 (.25)

 Gender: Women5 - .30 (.25) .31 (.24) .82 (.93) .29 (.24)

Black/Latinx/Indigenous/Pacifi c 
Islander: Yes4

- .14 (.19) .14 (.19) .13 (.19) .98 (1.00)

Engineering student: Yes4 - .19 (.52) .16 (.50) .20 (.51) .19 (.50)

Age (in years) - .03 (.03) .03 (.03) .03 (.03) .03 (.03)

Cumulative GPA (0-4) - .97 (.22)*** .94 (.17)*** .94 (.17)*** .93 (.18)***

Condition: No-treatment * 
Transfer student: Yes

- - .92 (.92) - -

Condition: TAR * Transfer 
student: Yes

- - 2.16 (2.15) - -

Condition: No-treatment * 
Gender: Women

- - - 1.21 (.96) -

Condition: TAR * Gender: 
Women

- - - .70 (1.66) -

Condition: No-treatment * 
Black/Latinx/Indigenous/
Pacifi c Islander: Yes

-
- - - 1.16 (1.02)

Condition: TAR* 
Black/Latinx/Indigenous/
Pacifi c Islander: Yes

-
- - - 1.86 (1.66)

Robust standard errors are reported in parentheses. *, **, *** indicate signifi cance at the 90%, 95%, and 99% level, respectively. 
1 Reference group: PLSG group
2 Reference group: Fall 2020
3 Reference group: Instructor 5
4 Reference group: All others
5 Reference group: Men
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TAR (control), and no-treatment groups. No signifi cant diff erences were seen between students in 

the PLSG and TAR groups, both of whom received an additional hour of thermodynamics educa-

tion outside the usual course each week. There were also no diff erences in the eff ectiveness of the 

intervention by transfer, woman, and/or racial/ethnic minoritized student status, indicating that the 

intervention provides at least the same educational advantages to underrepresented groups as to 

non-underrepresented groups.

At fi rst glance, the lack of signifi cant diff erences between the PLSG and TAR groups might suggest 

that driving the PLSGs’ success was the additional hour of instruction each week; to some extent, 

this additional time may have been a factor. However, it is worth noting that the TA leading the TAR 

sessions was highly trained, with multiple semesters of experience teaching thermodynamics, and met 

with the faculty teaching the course weekly for additional training during the study. TAR groups were 

also similarly sized to PLSG groups (4 students), allowing for very personalized instruction similar 

to tutoring in small groups. Students in the PLSGs were given the same problem set each week as 

students in the TARs, for the same time duration, but with comparatively little guidance from their 

facilitator, only when stuck or pursuing an incorrect path. Thus, our results indicate that students 

learning cooperatively with little assistance from a facilitator performed just as well in the course 

as those in similarly sized groups taught directly by a highly trained and motivated TA. This fi nding 

is very promising for future expansion into the course, as it demonstrates that cooperative learn-

ing is just as helpful as recitation sessions run by a highly trained and motivated TA for the course.

Despite no diff erences between the PLSG and TAR groups, the PLSG intervention has been met 

with signifi cant faculty and institutional support and positive student feedback. (Word among students 

in the course has been that to pass thermodynamics, sign up for a PLSG). As a result, the course has 

now fully transitioned to a PLSG model. This third iteration addresses earlier challenges by embedding 

PLSGs directly into the course structure. Each class session of one hundred students is split into four 

recitations, with two each assigned to the PLSG and TAR (control) formats, respectively. This change 

ensures that all students receive just one hour of additional thermodynamics education as part of their 

regularly scheduled recitations, as opposed to PLSG students needing to participate in an additional 

hour outside usual course hours. Notably, each PLSG session has three to four facilitators present in 

this new iteration. Yet, scaling has not been a problem due to the use of UGTA facilitators, who are 

less costly to hire than graduate teaching assistants. Facilitators are prepared using newly developed 

instructional videos to ensure quality and consistency across groups (modules describing best prac-

tices in implementation, https://lth.engineering.asu.edu/reference-guide/peer-led-study-groups/).

Importantly, while the PLSG approach involves peer-led group work, it diff ers from typical group 

work due to the oversight of the facilitator and, therefore, is less prone to barriers that can limit peer 

groups, such as conformity, decision inertia, or groupthink (Reader, 2017). The facilitators’ extensive 
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training and continual oversight ensure that the groups remain focused on the task while provid-

ing an environment to deeply engage in problem formulation and solution. Students can take risks 

and make mistakes with the assurance that they will not get too far off  track before the facilitator 

redirects the problem-solving. Facilitators and students have noted an increase in their problem-

solving confi dence over the course of the sessions. Research on the PLSG model is ongoing, with 

current studies focused on long-term student outcomes, the impact of facilitation practices, and 

strategies for sustainable scaling across additional courses and disciplines.

LIMITATIONS

This study contained limitations. Participation in the PLSGs was quite low relative to overall 

student enrollment in the introductory thermodynamics course, which means that our conclusions 

about the intervention were drawn from very small group sizes. In addition, since the research team 

targeted recruitment in the PLSG to those who earned less than 60% on the fi rst exam, membership 

in the PLSG group was imbalanced. Sessions were also held as an additional hour outside of class, 

which aff ected student attendance. Further research is needed to determine whether the outcomes 

in the present study generalize to all students in the course. Self-selection of the study participants 

is another potential limitation, as the participants in the PLSGs and/or TARs may represent a more 

initiative-taking group relative to their peers. This limitation is being addressed in the next iteration 

of the study, where all students will participate in either the intervention (PLSG) or control (TAR) 

group. We also tested the PLSGs at a single institution and in a single gateway course. More work is 

needed to assess the eff ectiveness of PLSGs in diff erent classroom and university settings.

CONCLUSIONS

PLSGs benefi tted a gateway engineering thermodynamics course by increasing students’ academic 

achievement. Students in the PLSGs performed at similar levels to those in the control–in which 

an experienced and motivated TA gave small-group tutoring to students–despite receiving far less 

instruction and guidance. Both groups performed statistically similarly in both fi nal course grade, 

course pass rate, and graduation rate approximately one year post-taking the course. However, only 

students in the PLSG group outperformed similar students in the no-treatment group. These results 

support implementation of Treisman’s model of peer-led study groups (Fullilove and Treisman 1990; 

Hsu et al. 2011; Treisman 1983) in upper-level gateway engineering courses. Future iterations of the 

PEERSIST model will implement the PLSG style of recitation directly into the thermodynamics course.
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APPENDIX

Table 6. Course and student information: Fall 2020 vs. Spring 2021.

Fall 2020 Spring 2021
Course Information
Number of sections 3 4

Number of instructors 3 3

Number of students 299 375

Student Information
Group Type

Peer Led Study Group (PLSG) 7.4% 6.9%

TA Led Recitation (TAR) 1.7% 2.7%

No treatment 91.0% 90.4%

Gender

Male 83.3% 82.4%

Female 16.7% 17.6%

Race/ethnicity

American Indian/Alaska Native 0.3% 0.5%

Asian/Asian American 9.0% 7.2%

Black/African American 3.3% 2.4%

Hispanic/Latin American 27.1% 26.9%

International 3.7% 7.2%

Native Hawaiian/Pacifi c Islander 0.7% 0.0%

White/European American 50.8% 51.5%

Multiracial 4.3% 3.5%

Not Available 0.7% 0.8%

Black/Latinx/Indigenous/Pacifi c Islander1

Yes 31.4% 29.8%

All others 68.6% 70.2%

U.S. Citizenship Status

Yes 92.0% 89.9%

All others 8.0% 10.1%

Admit Type

First time student 74.6% 74.1%

Transfer student 25.4% 25.9%

Academic Level

Sophomore 9.4% 17.6%

Junior 58.2% 57.6%

Senior 30.1% 23.2%

Post-bachelor’s 2.3% 1.6%

Academic Major

Aerospace engineering 37.1% 17.3%

Civil engineering 14.7% 13.1%

Mechanical engineering 42.5% 62.4%

Other engineering 2.3% 5.1%

Non-engineering 3.3% 2.1%

Mean Age (SD) 21.5 (3.4) 21.2 (3.2)

Mean Cumulative GPA (SD)2 3.34 (.60) 3.31 (.66)
1 We shorten American Indian/Alaska Native, Black/African American, Hispanic/Latin American, 

and Native Hawaiian/Pacifi c Islander to “Black/Latinx/Indigenous/Pacifi c Islander” in this paper.
2 Cumulative GPA was reported by the registrar on a 0-4 scale.
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Table 7. Exam scores, fi nal grades, pass rates, and graduation rates: Fall 2020 vs. Spring 2021.

Fall 2020 Spring 2021  Comparison Results

Mean Exam 1 Score (SD)1,2 65.2 (20.1) 52.6 (20.4)  U = 26,292, p < .001

Mean Exam 2 Score (SD) 72.1 (18.4) 60.3 (21.8)  U = 26,949, p < .001

Mean Exam 3 Score (SD) 69.8 (21.2) 56.7 (20.5)  U = 24,246, p < .001

Mean Final Exam Score (SD) 65.8 (22.3) 64.6 (26.7)  U = 39,586, p = .803

Mean Final Grade (SD) 79.6 (14.8) 74.7 (16.7)  U = 32,361, p < .001

Course Pass Rate3 75.9% 61.6%  2 (1) = 15.664, p  .001

Graduation Rate3 74.6% 57.6%  2 (1) = 21.125, p  .001

1Exam scores and fi nal grades were measured on a 0-100 scale.
2Exam scores and fi nal grades were compared using Mann Whitney U tests. 
3Pass rates and graduation rates were compared using a chi-square differences test.
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