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ABSTRACT Peer-Led Team Learning (PLTL) is a pedagogical approach that has been 
shown to benefit all students, especially underrepresented minority students and peer 
leaders in Science, Technology, Engineering, and Mathematics (STEM) disciplines. In this 
work, we present results from our study of the impact of PLTL on our peer leaders 
from a controlled implementation in general biology, general chemistry, and statistics 
courses at a Hispanic-serving, minority-serving institution. More specifically, we have 
measured our PLTL program’s impact on our peer leaders' skill development, engage­
ment with the subject material, and sense of belonging as peer leaders. Weekly peer 
leader reflections analyzed using the Dreyfus model exhibited a consistent set of skills, 
while those analyzed using the Pazos model revealed a consistent type of student-peer 
leader interactions, allowing for peer leaders to be assigned to specific levels in the 
hierarchy of each of the models. Analysis of eight skill-based Likert-scale questions on 
the SALG survey showed an overall positive shift at the highest level. Independent of the 
skill or interaction level of the peer leader, we observed several instances of peer leaders 
acknowledging development in their communication skills, sincere attempts at creating 
an engaging classroom, and a deep investment in their student’s success. Peer lead­
ers also reported improvements in understanding of the subjects they were teaching, 
wanting to persevere and solve problems independently, and feeling passionate about 
helping other students.

KEYWORDS peer-led team learning, minority serving institution, STEM , perspectives, 
HSI

P eer-Led Team Learning (PLTL) has been shown to improve performance in various 
courses for all students, especially underrepresented minority students in Science, 

Technology, Engineering, and Mathematics (STEM) disciplines (1–7). An additional 
benefit of PLTL is the benefit to the peer leaders themselves. Several studies have 
reported higher grades for peer leaders (8–10), higher graduation rates (11), motivated 
peer leaders declaring a major in the subject (8) or taking more courses (9) in that 
discipline, access to new methods of learning (12), acquiring facilitation and leadership 
skills (13–15), and an appreciation and growing interest in being a teacher (8, 16, 17).

PLTL is a pedagogical approach in which students enrolled in a lecture course 
participate in a 50–120-min attached workshop that meets within or outside of lecture 
time in small groups of about 6–10 students with a peer leader. The peer leaders 
are students who have taken and completed the course successfully. Since the peer 
leaders are not necessarily content experts and are closer in content knowledge and 
skill level to the students enrolled in the class than the instructor, their interaction 
proves valuable in ways that are not always accessible to the instructor (1, 2). Upon 
joining the program, they are enrolled in a mandatory credit-bearing training course that 
covers techniques for leading small group discussions, understanding group dynamics, 
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and motivational and learning theory (18). They also write weekly reflections on their 
implementation of PLTL in workshops as well as conduct a research project related to 
PLTL. During weekly workshops with students, peer leaders utilize various group-based 
pedagogical approaches to lead the students in group discussions that help students 
answer questions posed in a worksheet developed or approved by the faculty instructor 
(1, 19, 20). Studies have examined the impact of PLTL on the peer leaders themselves, 
and scales have been developed and adapted to measure such impacts (20).

Given the benefits for all students, especially underrepresented students in STEM 
disciplines, we implemented PLTL at a Hispanic-serving, minority-serving institution. 
PLTL was implemented at our institution to improve the D/F/W rates (the percentage of 
grades of D or F or W students withdrawing from the course) of students enrolled in 
critical gateway courses in biology, chemistry, and psychology. The impact of our PLTL 
program on improving the D/F/W rates of the students will be reported elsewhere. In 
this work, we present the data and corresponding analysis that highlight the impacts of 
our PLTL program on our peer leaders. We analyzed the weekly peer-leader reflections 
and self-reported gains from items on the Student Assessment of Learning Gains (SALG) 
surveys to assess the progress made by our peer leaders. Weekly reflections submitted 
by the peer leaders in their e-portfolio were analyzed using two models that allowed for 
assessing their development as peer leaders [Dreyfus model (21, 22)] and their problem-
solving and interaction with their students [Pazos model (23)]. The peer-leader responses 
from the SALG surveys also allowed us to determine if similar gains to those reported in 
the literature, such as in skill development, sense of belonging, and engagement with 
the subject material, would be seen in our peer leaders. These positive impacts on our 
peer leaders, the majority (>50%) of whom were from traditionally underrepresented 
backgrounds in STEM disciplines, allow them to develop better strategies for their own 
learning, a caring attitude toward their students, and an appreciation of the challenges 
in teaching and learning. When the peer leaders are supported appropriately by the 
program organizers and by the faculty they work with, the PLTL program can have a 
significant positive impact on them.

METHODS

Study design

Implementation

PLTL was implemented in the following courses: General Biology I lecture (BIOL160), 
General Chemistry I lecture (CHEM160), and Statistics for Social and Behavioral Science 
lecture (PSYN370). BIOL160 and CHEM160 are gateway courses to the biology major, 
the health science major, and other STEM programs. PSYN370 is a core statistics 
course in the psychology major and a prerequisite for students who aspire to various 
graduate programs in psychology and the health sciences. All these courses exhibited 
low retention and consistently high D/F/W rates, particularly among our minority and 
underrepresented students.

Our research design was based on that conducted by Drane et al. (24). According 
to this design, approximately half of the course sections were assigned as PLTL after 
they were listed in the course catalog (i.e., students did not know they were registering 
for a PLTL section). The faculty were then notified that their section was PLTL with a 
workshop session scheduled before or after the lecture period. PLTL sections had 3–4 
peer leaders (a ratio of 1 peer leader to 6–8 students) assigned to lead workshops. 
The peer leaders were provided with standard workshop materials approved by lecture 
instructors for use in the workshops. Alternatively, instructors could choose to provide 
their own materials. The control sections in general biology and general chemistry had a 
recitation for the same duration either before or after the lecture period. The recitation 
sessions were led by 1–2 students (a ratio of 1 recitation leader to 15–30 students) who 
received a single day of introductory orientation to recitation prior to the start of the 
semester. The recitation leaders were also expected to meet at least once a week with 
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their faculty to discuss their plans for the recitation. The materials used by the recitation 
leaders came from the instructors. Unlike the biology and chemistry courses, the PLTL 
sections in the Statistics for Social and Behavioral Sciences course had a PLTL workshop 
in the last 50 min of the instructor’s lecture period (2 h 50 min total lecture period) (2), 
whereas the control sections did not have a corresponding workshop, and the entire 
class period was taught by the lecture instructor. PLTL peer leaders and the recitation 
leaders were recruited from among those students who have successfully completed 
BIOL160, CHEM160, or PSYN 370 with a grade of B or higher. The peer leaders were 
assigned sections they would be peer-leading for based on whether their schedule 
allowed them to peer-lead a particular workshop section.

Peer leader training

A training program for the peer leaders was based on the standard PLTL curriculum at 
the City University of New York. During their first semester as peer leaders, they received 
training in two stages: a single 6-h long training session that introduced them to PLTL, 
the context of the institution, an explanation of the research study, a presentation of the 
data collected thus far, and examples of classroom scenarios and how to address them. 
The course instructors were also invited to attend this training so that they could meet 
and engage with their peer leaders. Faculty were also invited to attend the mandatory 
semester-long credit-bearing (1-credit) course on PLTL. A sample syllabus is shown in the 
supplemental information (see SI: Appendix 1). The course in the first 6 weeks included 
discussing the theories and background of cooperative teaching and learning, including 
topics such as Tuckman’s Team Development Model (25); Effective Communication and 
Pair Problem Solving; Vygotsky’s Zone of Proximal Development (26); Deci and Ryan’s 
Self-Determination Theory (27); and Equity and Diversity (28). The PLTL training course 
was structured predominantly as a guided discussion.

In weeks 7 to 13 of the training course, the peer leaders designed an individual 
research project on topics related to PLTL and its implementation. During weeks 7 to 
13, the peer leaders were encouraged to meet with the instructor of the credit-bearing 
course to discuss and streamline their project ideas. Depending on the peer leader’s 
choice of topic, they had the option either to pursue a project in which they collected 
data from their students using a survey that they had created or a theoretical analysis 
of a PLTL-related topic. At the end of the semester, they presented their research poster 
to their fellow peer leaders in a symposium setting. Research posters covered a variety 
of topics, including motivation, scaffolding, diversity, problem-solving, and peer leader 
involvement (see SI: Appendix 2). The peer leaders also recorded weekly reflections 
either as an ePortfolio on Digication or in discussion forums on blackboard.

Peer leaders were required to meet with their assigned course (BIOL 160, CHEM 160, 
or PSYN 370) instructor for 1 h/week in advance of the classroom workshop to review 
the content of the lecture course and to familiarize themselves with workshop materials. 
These weekly meetings also allowed peer leaders to discuss the previous workshop with 
faculty. Peer leaders had access to the faculty member’s materials on blackboard. The 
recitation instructors received 1-day training for 2–3 h on the details of the recitation 
program. The recitation leaders were also expected to meet with the instructors at least 
once a week to get guidance on the content to be covered in the recitation for that 
week. The peer leaders and recitation instructors were paid for 6 h/week/course of work 
according to the wage standards at the institution.

Peer leader assessment

Peer leaders enrolled in the training seminar course were assessed on their weekly 
ePortfolio or discussion board reflections, mid-semester focus groups, their research 
posters, and the SALG (29). The self-assessment SALG survey was administered twice, 
once at the start and once at the end of the semester. SALG asks students to assess and 
report on their own learning and on the degree to which specific aspects of the course 
have contributed to that learning (29).
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Methods of data analysis

Analysis of peer leader reflections

Analysis of the peer leader reflections was performed similarly to the method described 
by Glover et al. (20), who developed a novel scale by combining aspects of the Pazos 
model (23) and the Dreyfus model (21, 22). The Pazos model classifies group learning 
into two key aspects: group interaction style and problem-solving approach. The group 
interaction style was further divided into individual-oriented and collaborative, while the 
problem-solving approach was divided into simple and elaborate. A detailed description 
of the categories can be found in reference (23). Dreyfus’s model (21, 22), on the other 
hand, provides five stages for assessing the progress in a skill-training endeavor. The 
five stages they proposed were novice, competence, proficiency, expertise, and mastery. 
Glover et al. (20) used a modified Dreyfus model to assign peer leaders to the follow­
ing stages of development: novice, abbreviated as “(N),” transitioning, “(T),” advanced 
beginner, “(AB),” or competent, “(C).” The (N) label indicates that the leader showed 
evidence of beginning at a Dreyfus-Novice stage and remaining in that stage throughout 
their journal entries.

We adapted these scales to fit the reflections using an inductive approach. Our coding 
schemes reflect the characteristics found in our data sample that matched the Pazos 
model categories of interaction and problem-solving styles and the stages of develop­
ment described in the Dreyfus model. Although the Dreyfus model can show growth 
in peer leaders from reflecting on classroom procedures to applying and reflecting on 
learning theories, given the level of detail in the reflections submitted by our peer 
leaders and the number of submissions, we decided to focus on the consistency of the 
practices used by the peer leaders to assign them to the various skill levels. A detailed 
description of each level with the characteristics we incorporated at each level for both 
models is included in the supplemental information (see SI: Appendix 4). Since the Pazos 
model does not allow for the description of transitioning behavior, we analyzed the peer 
leader reflections based on consistency in the types of interactions between the students 
and the peer leaders. Due to the differences in the models, we analyzed the reflections 
based on these two models and reported on them separately. To increase the reliability 
of the analysis, the peer leader reflections were analyzed collectively by three different 
instructors of the PLTL program. Each student’s reflections were discussed between the 
three instructors, and a consensus was reached about the competency level and the 
problem-solving approach of each peer leader.

Analysis of peer leader feedback from SALG surveys

Eight key skill-based survey questions, with Likert scale responses on the SALG survey, 
were analyzed to gage the gains made by the peer leaders during their first semester as 
peer leaders.

Peer leader feedback from focus groups

The peer leaders also participated in in-person, mid-semester focus groups to provide 
feedback on their experiences in the PLTL program. Feedback was collected in the 
absence of the instructors and students so that they could freely express their opinions 
about the program.

Safety issues

The project was reviewed by the Mercy College IRB and found to be exempt.

RESULTS

Competency analysis of peer leaders

From Spring 2018 to Spring 2020, there were 58 peer leaders (56 undergraduate and 2 
graduate). Of the 58 peer leaders, 53 (91.38%) were female, and the 5 remaining were 
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male (8.62%). These peer leaders participated in the PLTL program for a minimum of one 
semester, and of them, 46 wrote weekly reflections based on a set of prompts. Ten peer 
leaders (10 females) were excluded from the 46 during the data analysis due to their 
recording insufficient (two or fewer) reflections, leaving us with reflections from a total 
of 36 peer leaders [31 females (86%), 5 males (14%)]. The prompt for their reflections 
is shown in SI: Appendix 3. The demographics and grade level of the peer leaders are 
shown in Fig. 1. Since many of the peer leaders did not report their first-generation 
status, no analysis was done on this variable.

The competence of a subset of peer leaders (N = 36) was analyzed using the modified 
Dreyfus model (see Fig. 2A) and the Pazos model (see Fig. 2B). A minimum of three 
reflections was required for peer leaders to be included in this analysis. Ideally, the 
best peer leaders are expected to be competent (the highest level in Dreyfus) and use 
guided discussion (the highest level in Pazos) as their problem-solving style (see SI: 
Appendix 4 for a rubric used for analysis based on these two models). When comparing 
the two analyses, there appeared to be a similar distribution between the two scales. 
For example, at the two extremes, 38.89% of peer leaders were novices, and 44.44% 
used simple instruction, while 8.33% of peer leaders were competent, and 13.89% used 
guided instruction. However, only 9 peer leaders in the novice (total = 14) and simple 
instruction (total = 16) categories and 1 peer leader in the competent (total = 3) and 
guided instruction (total = 5) categories were the same students. Sample reflections from 
peer leaders reflecting the highest level of competence in each of these models are 
shown in Table 1. Sample reflections for all the levels of competence based on both of 
these models are shown in the Supplementary information (see SI: Appendix 5).

The Dreyfus model allows for observing evolution in peer-leader skill level when 
appropriate prompts for peer-leader reflections and enough detailed reflections are 
available at various time points during a course. The Pazos model focuses more on 
understanding the types of student-peer leader interactions. The prompts for reflection 
given to our peer leaders in this study are shown in SI Appendix 3. They were required 
to submit a minimum of six reflections throughout the semester. While this did not allow 
us to follow the complete evolution in the skill level of our peer leaders, we were able 
to observe the most consistent practices and types of interactions of our peer leaders 
over time. One key aspect that was emphasized in the initial 6-h training and in the 
seminar class that took place throughout the semester was the focus on not providing 
the answers to the students directly. In the peer-leader reflections, in-class discussions, 

FIG 1 Demographic information of all recruited peer leaders. We present the data that follow for peer 

leaders that contributed data to either the SALG or the reflections that were analyzed.
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and private conversations, it was very clear that the peer leaders took this message to 
heart and did their very best not to give direct answers. This resulted in peer leaders 
engaging in the approach of asking leading questions and providing the necessary tools 
to the students, encouraging them to find their own answers. This was easily identifia-
ble when the peer-leader reflections were descriptive and detailed enough. When the 
details were lacking and/or when the reflections were very peer leader-centric and/or 
procedure-centric, the peer leaders were assigned to a lower level on both the Dreyfus 
and Pazos scales.

Analysis of pre- and post-peer leader responses from SALG surveys

The SALG survey (29) was administered to the peer leaders at the beginning (pre-semes­
ter) and end of their first semester (post-semester) as peer leaders. The pre-semester and 
post-semester SALG surveys provide insights into the evolution of gains in certain key 
skills, but as the surveys were anonymous, it was not possible to track the evolution of 
individual peer leaders. Upon completion of the survey, responses from eight selected 
skill-based survey items important in the context of PLTL were analyzed to infer changes 
because of training and serving as a peer leader. Overall, the bar graphs in Fig. 3 shows 
shifts toward higher self-reported gains, which are reflected in bar 4 (a great deal) for all 
survey items. Items 3a) understanding of how to implement pedagogical techniques, 3b) 
understanding how to communicate effectively in a workshop setting, and 3f ) applying 
what I learn in class to other situations showed the largest gains from pre to post 
(~25%–30%) in bar 4 (4 a great deal). The next highest gains of ~15% (bar graph 4) were 
observed in items 3e) connecting key ideas I learn in my class with other knowledge, 
3g) using systematic reasoning in my approach to problems, and 3h) using a critical 
approach to analyzing data. The lowest gains of ~5% (bar graph 4) were observed in 
items 3c) developing logical arguments and 3d) confident that I can be a peer leader. 
In all survey items, it is interesting to note that there is also a decrease that is observed 
between pre- and post-semester surveys, especially in bar graphs 1—not at all/just 
a little, 2—somewhat, and 3—a lot, which to some extent could be attributed to an 
increase in the percentage of peer leaders in bar graph 4 (a great deal), among other 
reasons.

FIG 2 Categorization of peer leader competency based on the (A) Dreyfus model of skill acquisition for all peer leaders (n = 36) and (B) Pazos model of group 

interaction style for all peer leaders (n = 36). The results for 36 of the 47 peer leaders were included in the analysis presented here as they had generated 

sufficient reflections (greater than 2) during the 1-semester seminar course. In the Dreyfus model (see Fig. 2A), the following stages of development were used: 

(N), (T), (AB), or (C). Please see SI Appendix 4 for a detailed description of these models. The N values shown at the top of the bars indicate the number of peer 

leaders that were in each category out of the total of 36 peer leaders. These values were used to obtain the percentages of peer leaders in each category shown 

in the bar graph.
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TABLE 1 Sample peer leader reflections at the highest level of peer leader competence based on the analysis performed using the Dreyfus model and modified 
Pazos model

Peer leader competence Example peer leader comments from each competency level

Modified Dreyfus model
 Competent (C) “This week’s PLTL session came after the first exam for my students. The feedback 

I received from them regarding their exam was mixed. Some of the students did 
not feel adequately prepared for the exam due to either a lack of knowledge 
about the material or an inability to relate the exam questions to the material 
that they studied. Others felt that they could have been better prepared, and 
the rest felt that the exam was fair. One resounding comment was that the 
students felt that having more hands-on experience during the PLTL sessions 
would help them retain material for the next exam. The week before the exam, 
Professor Tutnauer did want us to have the students complete a worksheet 
full of material from a section of the course that would not be tested on the 
upcoming exam, and some of the students felt that a review would have 
been more beneficial. One thing that I really do have to praise my students 
over is that at least twice they would ask to go over more problems once 
the worksheets have been completed. On more than one occasion, we have 
stayed a little later so that they are all able to have a turn at answering 
questions. The techniques that I have used on my students and will continue 
to use that seem to work the best include us going over a problem as a group 
with me prompting them and asking ‘why?’ questions, breaking them up into 
small groups of 2 and having them solve problems as a team, and doing 
round-robin answering of the problems. My students have definitely become 
more comfortable working together and correcting each other and asking their 
own ‘why?’ questions.” (Week 9, student 1)

“During the workshop this week, my group retained themselves (i.e. did not 
leave), and pulled together right away to start working on the worksheet given. 
This was much to my delight! Our group has begun to be the only group willing 
to work on PLTL worksheets and discuss items collectively. We kept our group 
together, as well as the option of reading through the material, and picking 
out challenging activities. I decided to ask my students what they want to 
do beyond graduating college, what are they working towards? I took time 
this week to discuss them, as the worksheet was rather easy and they had 
ample time left. I'm glad I did! I learned that one of the students wants to 
go to medical school, has actually already been accepted to Einstein Medical 
school, but is here at Mercy because his grandmother fell ill, is in Montefiore 
Hospital, and he is the only one who can care for her. He declined entering 
medical school, is a senior here and is retaking this class because Mercy didn't 
let his biology transfer (CRAZY!!)—I was reminded of the bureaucracy and 
business-money minded side of colleges. Why are they making him retake 
this? Nonetheless, two others are going into physical therapy, one undecided, 
one into Physician Assistant and one into Vet Tech. They were happy to share 
information and it was a great session! I Instagram'd about my excitement to 
go PLTL this week. ;-)” (Week 4, student 2)

Pazos model
 Guided discussion (GD) “Generally, the atmosphere in the workshop was good. To be specific, for the 

multiple-choice questions, I tried to vote on the answers, and then they gave 
me their thoughts and reasons why they chose and how they thought. I urged 
participants toward a decision, as I learned from the seminar. They could make 
their own examples whenever I asked, and helped each other whenever one 
student fell behind. Also, they had a lot of questions, and they tried to find the 
answers by themselves through discussion. I found that half of my group were 
highly motivated, but still, verbal members tended to dominate.” (Week 2)

(Continued on next page)
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Analysis of peer leader posters

Peer leaders were required to research a topic of their choice related to PLTL in their 
seminar course. These projects were placed in seven broad categories, as shown in Fig. 4 
(also see SI Appendix 2 and 6). Some of the projects/posters focused on the conceptual 
aspects of the seminar course, whereas many focused on developing surveys to collect 
relevant data from the students in their workshops on the research topic of the poster.

Analysis of peer leader academic performance

Of 58 peer leaders, 51, or about 90%, were able to graduate from our institution within 6 
years, and of those, 42 graduated within 4 years. Of these 42 students, 19 first-time full-
time students graduated within 4 years, while 23 transfer students graduated within 3 
years of their transfer to our institution. Two of those peer leaders had also graduated 
from master’s programs or second bachelor’s degrees. The peer leaders took an average 
of 13.55 (SD = 3.00) credits per semester compared to the college-wide average of 11.14 
credits. Likewise, peer leaders had a higher average GPA of 3.49 (SD = 1.68) compared to 
2.93 for the average undergraduate. Nine out of the 58, or about 16%, continued into 
master’s programs at our institution, and 12 others pursued graduate or professional 
degrees at other institutions. When comparing Hispanic peer leaders with non-Hispanic 
leaders, we found no significant differences based on credits taken per semester and 
average GPA. In general, the peer leaders who were part of the PLTL program were those 
who were performing well academically. Although it was not clear to what extent the 
PLTL program helped in their future career success, it is possible that the PLTL program 
provided an avenue for a cohort of academically motivated students to share ideas and 
find support and motivation in their fellow peer leaders.

DISCUSSION

In the current work, we present the results and analysis from one of the first reported 
controlled trials of PLTL in a Hispanic-serving institution. We report on the effect of PLTL 
on the peer leaders themselves, who are the central cogs in the interactions between the 

TABLE 1 Sample peer leader reflections at the highest level of peer leader competence based on the analysis performed using the Dreyfus model and modified 
Pazos model (Continued)

Peer leader competence Example peer leader comments from each competency level

“In this workshop, we finished the module 13, which is about one sample t-test. 
For question number one, all they needed to do was look at the table and find 
the corresponding number. Some students had troubles to find the answers, so 
they asked me how to find that, instead giving explanation, I asked to other 
students so that they can help each other. For the question two and three, I 
asked them which formulas should be used, and what numbers mean in given 
questions.” (Week 9, same student as above)

“Today’s workshop went exceptionally well. As always, I wasn’t sure what I 
should expect going into the workshop because I did not know how the 
students received the new material they learned. I was pleasantly surprised 
to hear at arrival that they had done really well on their exams and can 
confidently say that perhaps for the first time all semester, I was able to truly 
witness the students come together to work with one another successfully in 
working through the Modules provided by PLTL. They seemed confident in their 
knowledge of the material and felt comfortable coming to me with questions 
on how to work through it. I also was able to feed from their confidence and 
felt confident in my own ability to lead the peer-led discussion. I was able to 
help them come to their own conclusions by providing additional examples 
and further clarification of some of the newly learned concepts and definitions 
and felt the students left feeling sure in what they know regarding the topic.” 
(week 11, same student as above)

Research Article Journal of Microbiology and Biology Education

December 2023  Volume 24  Issue 3 10.1128/jmbe.00075-23 8

https://doi.org/10.1128/jmbe.00075-23


FIG 3 Analysis of pre- and post-responses for select items from the SALG surveys showing a shift toward higher gains. 1—not at all/just a little, 2—somewhat, 

3—a lot, 4—a great deal.
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students taking the course and the faculty teaching the course. It must be noted that 
there are existing studies reporting on the benefits of PLTL for peer leaders (8, 12, 15, 30–
33). Anecdotally, most of our peer leaders reported that their peer-leading experience 
was positive, and that it benefitted the students overall, as has been reported in a 
previous study (13). Our peer leaders' reflections and feedback were similar to that 
reported by Johnson et al. (15) in that they highlighted the transition in attitudes 
undergone by the peer leaders from being apprehensive about their role and capabilities 
as peer leaders in the beginning to hitting their stride in the middle and being chal­
lenged to motivate the students and encourage them to interact with each other and 
being totally committed to finding effective teaching techniques to benefit the students. 
Some peer leaders commented that serving as peer leaders reinforced their content 
knowledge and helped them prepare for advanced courses as well as graduate and 
professional schools. At all levels of competency, our peer leaders' reflections showed 
evidence of constantly working to reflect on, improve, and address three themes: (i) 
environment, (ii) group dynamics, and (iii) facilitation, which are the focus areas of PLTL 
(34).

Peer leader reflections were analyzed using two models (20–23) to assess their skill 
level as peer leaders. Although both models involve scales that delineate the various 
interaction styles, the Pazos model (23) focuses more explicitly on peer leader problem-
solving (interaction) styles with the students as being either instructional or discussion-
based. Similar to what has been reported by Brown et al. (35), we also found that when 
peer leaders use participative dialogue (getting students more involved in the classroom 
discussion), it results in increased student-to-student interactions and more student 
participation. Although we did not measure this in a quantitative fashion, we could see 
several instances of peer leaders using leading questions and encouraging language to 
get students to participate in answering the questions on the worksheet as a group. 
Various topics of the training they received made the peer leaders very conscious of 
encouraging group work rather than using a lecturing style of interaction.

We also saw several instances where the peer leaders extensively used facilita­
tive interactions and provided managerial support, and students displayed extended 

FIG 4 Analysis of topic distribution chosen by the peer leaders for their end-of-the-semester poster presentation.
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discussion that went beyond applying equations in a rote manner and began to develop 
a deep conceptual understanding (36). Depending on the level of preparation of the 
students when they arrived at the workshops and on the material being covered, on the 
one hand, the peer leaders had to step in to re-teach concepts, and on the other hand, 
on certain topics, the peer leaders were able to engage in more group work (37). The 
second model used (Dreyfus) identified four different competence levels (see Fig. 2).

Taking the two models together, there appeared to be a reasonable agreement 
between the novice/competent categories and simple instruction/guided discussion, 
which implies that novice (N) (38.89%) peer leaders generally tend to use simple 
instruction (44.44%) as their mode of interaction with the students, whereas competent 
peer leaders (8.33%) tend to use guided discussion (13.89%) as their pedagogical style. 
However, only 9 peer leaders in the novice (total = 14) and simple instruction (total = 
16) categories and 1 peer leader in the competent (total = 3) and guided instruction
(total = 5) categories were the same students. This difference could be attributed to the
difference between the two models and how they were applied in our analysis (see SI
Appendix 4). A χ2 test found a significant relationship between peer leaders’ Dreyfus and
Pazos model scores [χ2 = (16, 57) = 73.141, P = <0.001], particularly due to the correlation
between peer leaders who were categorized as novices and those who tended to also be
categorized as in the simple instruction category. Additionally, χ2 tests were conducted
to determine if there were significant differences between the categorization of Hispanic
and non-Hispanic students for the Dreyfus model or the Pazos model, with neither being
statistically significant [Dreyfus χ2 test: χ2 = (4, 57) = 3.22, P = 0.522; Pazos χ2 test: χ2 = (4,
57) = 3.078, P = 0.545]. The Dreyfus model focuses more on the peer leader’s view of the
workshop environment, what they were doing in the classroom, what the students were
doing, and the reflections of peer-leader actions on the students. However, the Pazos
model focuses explicitly on the levels of interaction between the students and the peer
leaders. It is quite possible that the peer leaders may have a high level of interactive style
on the Pazos scale but not be reflective about their practices, which is one of the key
features on the Dreyfus scale.

Since reflections were collected over just their first semester as peer leaders, a 
significant percentage of our peer leaders are at the novice/simple instruction level. If 
reflections were to be collected for multiple semesters, we would expect to see a shift 
toward a higher level of competence (more reflective on the application of learning 
theories and on their own role in the workshop and in student learning) and more 
interactive styles over time. One key concern some of the peer leaders seemed to 
struggle with was the level of student preparation when the students arrived for the 
workshops. Peer leaders often found that they needed to re-explain some content that 
the students were expected to know from the lecture portion of the course. Even though 
this approach was helpful to the students, it may have put the peer leaders in the 
novice/simple instruction/elaborate instruction category.

The peer leaders responded to a SALG survey at the beginning and end of every 
semester. These results are compiled in Fig. 3. When observing the bar graph with the 
pre (unshaded) and post (shaded) boxes, one can see that there is an increase in gains 
for each of the survey items in 4—“gained a lot” category. Items 3a) understanding of 
how to implement pedagogical techniques, 3b) understanding how to communicate 
effectively in a workshop setting, and 3f ) applying what I learn in class to other situations 
showed the largest gains (~25%–30%). The next highest gains of ~15% were observed 
in items 3e) connecting key ideas I learn in my class with other knowledge, 3g) using 
systematic reasoning in my approach to problems, and 3h) using a critical approach to 
analyzing data. The lowest gains of ~5% were observed in items 3c) developing logical 
arguments and 3d) confident that I can be a peer leader. However, in 1—“not at all/just a 
little,” 2—“somewhat,” and 3—“a lot” categories, the post-survey shows a dip. This could 
be attributed to an increase in the percentage of peer leaders in bar graph 4 (a great 
deal). Another reason for this dip in gains could perhaps be due to the Dunning-Kruger 
effect (38), where peer leaders overestimated their capabilities in a certain area at the 
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beginning of the task and found it to be more challenging as they progressed. It is 
also possible that they perhaps started seeing the nuance in a topic as a peer leader, 
which they did not appreciate before, leading to a feeling of lower confidence toward 
the end. This dip may also indicate increased metacognition in peer leaders, which they 
have gained through facilitating and becoming more aware of how much there is to 
learn in the subject matter (39). It is interesting to note that some of the peer leaders’ 
(50%) self-reported gains were very high in items 3c) developing logical arguments, 3d) 
confident that I can be a peer leader, and 3e) connecting key ideas I learn in my class with 
other knowledge in bar graph 4 (4 a great deal), and this did not change significantly 
toward the end. This could be attributed in part to the initial peer leader training and also 
to the fact that the peer leaders chosen to PLTL were top students with a high degree of 
self-confidence and self-efficacy to begin with.

Analysis of non-Likert scale SALG survey questions and peer-leader reflections 
revealed some key information regarding the experience of peer leaders, and they are 
shown in Table 2. Although we did not have a pre- and post-semester knowledge test to 
assess their knowledge in the courses they were peer leading, the SALG responses from 
the peer leaders indicate that preparing for the workshops to explain various topics to 
the students did improve their own understanding of the content matter. Several of our 
peer leaders also felt that being a peer leader increased their own motivation toward 
learning and perseverance when they were solving difficult problems on their own. The 
peer leaders' weekly reflections provide insight into the fact that many of them found 
the experience of being a peer leader in the PLTL program to be gratifying, and that they 
felt very happy helping the students and seeing them overcome obstacles and succeed.

Peer leaders also completed a research project where they designed projects based 
on topics related to PLTL. Many of them created survey instruments, to which they 
requested responses from their own workshop students. These kinds of surveys were 
considered IRB-exempt. They analyzed these results and presented them in the form of 
a poster at the end of the semester. The diverse array of topics they chose to research 
and the percentage of students in each topic area are shown in Fig. 4. Apart from 
them presenting their topics, it was clear from the passion they exhibited during the 
presentation that they had developed a deeper appreciation of teaching and learning 
practices.

An additional outcome we identified from implementing the control study was that 
we were able to use the feedback we had received from the peer leaders to improve 
the program over time. Along with modifying the worksheets, the assessments, and the 
training course, there were two key areas that were specifically identified by the peer 
leaders that we consider critical for the success of the program. Our implementation 
revealed a huge variation in faculty interactions with the peer leaders, from how often 
they met or communicated with the peer leaders to how aware the faculty were of 
the content covered in the workshops. These interactions (or lack thereof ) had a huge 
impact on how the peer leaders and students experienced PLTL. In addition, according 
to the PLTL model, the PLTL workshops are expected to last 60–90 min/wk. However, in 
our implementation of PLTL, the workshop time was limited to 50 min due to restrictions 
in space and scheduling. Furthermore, it was challenging to add the workshop as a 
mandatory part of the course, as this increased the in-class course time. Based on the 
feedback from our peer leaders and students, it was clear that they would have preferred 
to have longer workshops, giving peer leaders more time to help the students. The 
time to devote to workshops remains a challenge for our institution owing to space 
limitations and the scheduling needs of the programs.

Limitations

Future work should continue to focus on the benefits to peer leadership for peer leaders. 
While this study provides a start to understanding how the act of teaching peers can 
have positive benefits, there are several limitations. In this study, we did not collect any 
data from recitation leaders, so we cannot determine if there are similar benefits for 
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recitation leaders. It may be important to disentangle if the benefits to peer leaders are 
from the act of leading as a student alone (where we would expect to see similar benefits 
and growth for recitation leaders) or if the interactive style and reflective practice of 
peer leading lead to this growth. There were also different leader-to-student ratios 
across conditions, and this too could have an impact on peer leader experiences. In 
the PSYN370 courses, students in PLTL were compared to students in a longer lecture 
without the extra recitation. In this case, students were missing out on time with their 
faculty. More investigation is needed into the impact of the loss of lecture time to make 
way for peer-led workshop sessions. Lastly, we did not have a large enough sample to 
complete an analysis of peer leaders broken down by ethnicity, which may have an 
impact on peer leader experiences.

Conclusion

In this study, we have reported the impact of our PLTL implementation on the peer 
leaders at a Hispanic-serving, minority-serving institution. While peer leaders reported 

TABLE 2 Sample peer leader SALG responses in the post-semester surveys and weekly reflections highlighting some key benefits of PLTL for our peer leaders

Outcomes Peer leader survey/reflection responses

Increased knowledge of course content
Based on the post-semester SALG survey item “Please comment on how 

leading the workshops helped with understanding the class materials”

1) You do not know material until you are able to teach it, so very much so.
2) It forced me to have to do an adequate review of everything I learned from 

before and then pass the info along to more people.
3) It helps a lot because biology is a foundation that can be reinforced while 

doing PLTL.
4) It does help a lot. When we explain something, for some reason. our brains 

tend to understand it better and remember it.
Increased motivation and problem solving on their own
Based on the post-semester SALG survey item “What did you learn or gain in 

the peer leader training class that you will carry with you into other classes 
or other aspects of your life?”

1) It helped me develop more intrinsic motivations. Also, better studying 
habits.

2) Keep working at hard problems and topics. There were many times where 
students were frustrated with certain topics, but I was able to give them the 
push they needed so that they felt more confident in the topic.

3) Learning new techniques and reading the book helped because it gave us 
ideas of what to do in certain situations and how to go about problems.

4) I learned how to interact with others and view problems from a different 
viewpoint.

Discovering a passion to help fellow students and understanding the 
challenges faced by students

Based on the peer leaders’ weekly reflections about their workshops

1) …. When I'm leading the workshop, I genuinely enjoy it. I like helping 
students work through concepts and understandings. When they leave our 
50 min session feeling more confident in even one concept from the lecture, 
it’s rewarding to wake up and travel to the Bronx for it. :-)

2) … As I mentioned before, my group is very friendly and supportive of each 
other where if one of the students has a question, they all chip in, helping 
them out and figuring out the solution. I think it is very important knowing 
that none of us were born taught and we all struggle with similar concepts, 
but the coursework is possible, and I am there to help guide them to the 
right path and be their "course support."

3) … intrinsic is the internal gratification, such as the gaining of knowledge 
or freedom. Extrinsic is external gratification, such as money or a reward. 
I was able to apply this to class by helping nurture the students' desire to 
understand the material in order for them to gain the intrinsic reward of 
knowledge.

4) Today, one of my students, who usually keeps to herself, actually took the 
initiative to do one of the more challenging problems and got it right and 
was able to explain all of the steps to the other students. I was very proud of 
her and I really do think that having PLTL has been beneficial in helping our 
students develop confidence in chemistry and confidence in themselves.
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relatively high confidence in their skills and abilities at the start of the semester, they 
reported moderate to large gains in these same skills and abilities at the semester’s 
end. Through the SALG, written reflections, and poster projects, we observed that our 
peer leaders made modest gains in several areas, such as increased knowledge of course 
content, increased motivation and problem-solving on their own, discovering a passion 
to help fellow students, and understanding the challenges faced by both students 
and faculty. Their written reflections showed that many peer leaders were willing to 
implement learning theory in their practice as peer leaders. By providing peer leaders 
with autonomy in their poster projects, peer leaders thoughtfully discussed theory in 
their own peer-leading practice and how it related to student success. Future research is 
needed to show the strength of these effects of peer leader training and development 
on confidence and skill acquisition as peer leaders.

An additional benefit of gathering data on the peer leaders’ perspectives is that 
we were able to leverage their thoughts and ideas to improve the program as we 
were building it and to take recommendations from them. Peer leaders’ feedback and 
engagement with the program provided helpful suggestions to better implement PLTL. 
Given our institutional context, we feel that by sharing our data, analysis, and the 
valuable perspectives of our peer leaders, we will not only add to the literature on PLTL 
implementations but also help other institutions that are considering PLTL improve the 
outcomes for their students and peer leaders alike.
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