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      Abstract
Undergraduates who learn to evaluate primary literature demonstrate an enhanced ability to understand the process of 
science, weigh scientific evidence, and think critically (e.g. 6,8). Studies show that students who learn how to dissect 
primary literature through active learning practices, demonstrate mastery of the deeper levels of cognitive processing 
(9-11). Inspired by that evidence, we designed peer-led active learning sessions called “Reading Groups” (RGs) to 
supplement in-class learning in an advanced biology course. RGs are moderated by peers who are not content experts. 
They support novice learners in organizing new information and provide focusing questions to structure discussions. Thus, 
RGs allow students to discuss research articles in the absence of a content expert, helping them develop the skills and 
confidence to pose questions during subsequent in-class discussions. This paper describes the design of RGs and reports 
responses from student surveys. Findings indicate self-reported gains in both evaluating primary literature and self-efficacy. 
Specifically, students report development of critical thinking, data interpretation, communication skills, and greater 
confidence in their ability to critique papers. These data are encouraging and we hope that other instructors will consider 
implementing RGs as a tool to assist students in reading and evaluating primary literature.
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Teaching Tools and Strategies

INTRODUCTION

Learning From Primary Literature

The current learning expectations for undergraduate biology 
degree programs in Ontario, Canada, include equipping 
students with the skills necessary to synthesize and apply their 
knowledge to address global problems (1-2). One prominent 
feature of undergraduate biology curricula (more commonly 
in the 3(rd) and 4(th) years) is the use of primary literature 
as a conduit for students to attain these higher levels of 
cognitive operations (e.g. analysis, evaluation, and synthesis) 
(3-4). Numerous studies have documented the benefits 
undergraduates gain by learning from primary literature (e.g. 
5-7). Specifically, these studies report gains in students’ ability 
to understand the process of science, evaluate evidence, and 

think critically (e.g. 6, 8). Moreover, cognitive science research 
suggests that active learning strategies are essential for effective 
learning (9-11). Thus, students who learn how to successfully 
dissect and critique primary literature through active learning 
practices develop deeper levels of cognitive processing.

While the case is clear for the use of primary literature 
in improving undergraduate learning outcomes, some 
impediments remain. In the experience of the corresponding 
author (A.A.), students are highly reluctant to question the 
authors’ interpretation of specific experimental data; instead, 
they “trust” the authors to present them with facts that they 
should accept at face value. Other instructors have published 
similar observations (e.g. 12- 14). Some approaches have 
used structured formats that encourage students to interpret 
the experimental data presented in papers. Of note amongst 
these approaches is the CREATE method (5,8) in which students 
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scrutinize figures from multiple papers authored by the same 
research group and the “Figure Facts” method that emphasizes 
the interpretation of experimental evidence rather than simply 
following the accompanying text of the paper (13). These 
methods provide clear evidence that data-focused approaches 
to evaluating primary literature provide students with an 
opportunity to learn or improve critical thinking. However, 
these methods demand significant instructor time and are often 
used in courses focused on skill development, rather than as a 
component of learning in a discipline-centered course.

Peer-based Learning Practices

We propose that learning in the life sciences can be aided 
through peer-discussion practices, which can provide students 
with an authentic experience in how ideas and findings are 
debated within the scientific community. Student journal 
clubs in which a subset of students take the lead in discussing 
a paper have been shown to be an effective strategy to 
encourage learning through asking and answering questions 
(6,15-17). Peer-based learning strategies have also been 
employed to scaffold learning outside the classroom. Many 
peer-based learning strategies stem from the Supplemental 
Instruction (SI) model in which peer-led sessions are organized 
to supplement student learning in challenging foundational 
undergraduate courses; such supplemental instruction 
can result in important learning gains for the students (18; 
reviewed in 19). The SI philosophy has influenced the design 
of peer-led team learning (PLTL) models in which small groups 
of students (> eight students as described in 20) are guided by 
peer leaders to examine challenging course material through 
discussion (21-24). The learning environment in SI and PLTL 
models allow students to learn collaboratively with peers, 
while being guided by a peer leader, who is not a content 
expert, but who guides discussion surrounding challenging 
concepts (19,21,25).

Inspired by the examples reviewed here and other evidence, 
we designed peer-led discussion sessions called Reading 
groups (RGs), for a fourth year advanced biology course, 
Pathobiology of Human Disease. The course uses primary 
literature extensively to discuss the cellular and molecular 
basis of genetic and infectious human diseases. Here, we 
describe the design and value of RGs to student learning. RGs 
supplement an existing course and do not place large demands 
on instructor time or resources. We also report student 
feedback for consideration by other instructors interested in 
peer-based learning strategies.

TEACHING STRATEGY DESIGN

Design of “Reading Groups” to Support Learning in a 
Fourth Year Course

Pathobiology of Human Disease is a fourth year, seminar-
style, elective course with a class size of approximately 30 
students. The course is designed to stimulate critical analysis 
of primary literature through extensive class discussions in 
weekly two-hour sessions. Student groups (of ~five students) 
are responsible for selecting research articles that become the 
weekly assigned readings. Each presenting group takes the 
lead in the discussion, much like a structured journal club, 
while also soliciting and addressing questions from peers. 
Students as a class summarize the impact of the article along 

with a candid assessment of its strengths and limitations. 
The instructor grades the quality of the student presentations 
and the questions posed by the non-presenting peers. The 
instructor also grades students’ answers to weekly-questions 
that evaluate the paper that was discussed in-class (Please 
see Supporting File S1 for grading rubrics for grading class 
participation and weekly questions submitted by the non-
presenting peers).

This seminar format requires students to understand 
dense scientific literature from high impact journals, 
weigh the quality of the evidence presented, and come up 
with questions that critically evaluate the appropriateness 
of the methodology used and the validity of the authors’ 
claims. These critical thinking skills are important for future 
scientists and are eminently transferable to new situations. 
Developing these skills is a time-intensive and challenging 
goal for undergraduates, especially for novice users of primary 
literature. To support this development, we created a course 
component that allows students to set aside time to discuss 
the paper with peers in the absence of an evaluator (such as a 
TA or instructor) and to develop both the skills and confidence 
in their ability (self-efficacy) to pose questions. To be most 
effective, this course component should provide structure so 
that the conversations stay focused, offer students support in 
organizing new information, and ensure that everyone has the 
opportunity to weigh in or ask questions. That is the rationale 
behind developing student RGs in our pathobiology course. 
RGs provide opportunities for moderated, peer-based active 
learning structured around primary literature that does not 
pose additional demands on instructor time and resources. The 
major anticipated outcome from RGs is that students come 
to the class well prepared to discuss and critically evaluate 
primary literature.

The Role of the RG Peer Moderator

The peer moderator is a student volunteer who has 
previously excelled in this seminar course, or similar 
upper level courses. Given that the papers discussed in the 
course each year are different, we do not expect that RG 
moderators are content experts. Instead, they have expertise 
in how to approach and organize new information, as well 
as in managing group dynamics. Indeed, to make these roles 
abundantly clear to the students, we decided to use the title of 
“peer moderator” rather than peer leader. The peer moderator 
(J.D., co-author) remained the same in both the 2013 and 
2014 offerings of the course; thus, the effectiveness of the 
peer moderator was not a variable between the two years. The 
peer moderator attended specialized training sessions at the 
Teaching and Learning unit at the authors’ institution in order 
to hone skills in communication, stimulating group discussion, 
understanding the pedagogical value of peer-based learning, 
and encouraging student metacognition. A description of the 
moderator’s role and moderator training sessions is presented 
in Supporting File S2.

Structure of RGs

RGs met weekly for an hour in both years that we offered 
them. In 2013 (year 1), RGs were a weekly, optional component 
of the course that was not formally scheduled; students were 
invited to attend, if they were interested. The students and 
peer moderator chose a time to meet based on the availability 
of the majority of students enrolled in the course. Based on 
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overwhelmingly positive course evaluation comments, we 
integrated RGs into the course as mandatory sessions in 
2014 (year 2). It is important to note that RGs in 2014 were 
mandatory only in so much as they were formally scheduled 
course components and the instructor greatly encouraged 
students to attend due to her belief that they augmented student 
learning. While student attendance at RGs was recorded by 
the peer moderator, this information was only used for us 
track the level of student attendance and interest. However, 
in keeping with the SI principles of voluntary attendance, 
students knew that no grades were associated with their 
attendance, that participation in the RGs was voluntary, and 
that they were individually responsible for their own learning. 
In year 1, about 15 students (50%) of the class attended the 
sessions consistently throughout the year. Interestingly, there 
were no students who attended only an initial few sessions 
and decided against the idea. In year 2, when the sessions 
were “mandatory”, all 38 students enrolled in the course 
attended the majority of sessions (with only absences being 
illness related). It should be noted that the presenting group for 
each week were considered the “experts” and hence were not 
allowed to attend the RG session for that week.

RGs include two levels of discussion: one mini-group 
discussion and a larger discussion that encompasses all 
students attending the session in an adapted jigsaw model 
(Figure 1).

At the beginning of the RG meeting, the moderator creates 
groups of five to six students; the number of mini-groups is 
roughly determined by the number of key results presented 
in paper. The mini-groups are formed by the moderator, ad 
hoc, based on where students were seated in that day’s RG 
session. This strategy made group formation logistically easier. 
In general, most RG sessions included 3-5 mini-groups. The 
moderator then assigns each group a small section of the 
paper to prepare for discussion. On occasion, based on the 
nature of the research paper, the moderator might work with 
the students at the beginning of the RG session to determine 
the focus of that week’s discussion (e.g. the mini-groups might 
focus on different methods or different figures). Each mini-
group is given 20 minutes to discuss its assigned section and 
then the class reconvenes to discuss the paper in its entirety. 
In this second stage, each mini-group leads the discussion 
around their assigned section of the paper. The RG discussions 
were typically focused on thoroughly understanding the data 
presented in the assigned paper as well as the techniques 
employed.

Figure 1. Structure of RG sessions. A two-stage discussion structure of the RGs is designed to stimulate and engage student discussion. In this 
model, students from the group are randomly assigned different aspects of the paper (i.e. figures, methodology, results), depending on which 
best facilitates understanding of the specific paper being analyzed. These sub-groups then have 20-minute discussions around the assigned 
section of the paper and re-group back into a large group setting to review the paper in its entirety. Students from each respective sub-group 
then lead the discussion on relevant sections that they previously discussed. RGs are set up in such a way that encourages everyone to pose 
questions, critique and comment on data and ideas from the assigned paper and to learn through discussion. 
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In-class Discussion Following RGs

Following the RG discussion, students work independently 
to further dissect the paper in their preparation for the class 
discussion sessions. Specifically, they coin questions that 
critically evaluated the methodology, results and conclusions 
of the paper and are asked to consult other published work 
to determine the significance of the conclusions presented in 
the assigned paper. During class discussions, the presenting 
group was charged with providing an overview to the field, in 
addition to critiquing the data presented in the paper. The non-
presenting peers are asked to pose questions about the paper 
and its conclusions. Students pose questions individually 
and their participation is recorded and evaluated for a grade 
(Rubric in Supporting File S1).

Our goal was to train students in RGs to pose such critical 
questions in these class discussion sessions. In addition, the 
RG fostered interactions with diverse peers: while the in-class 
groups were pre-determined at the start of the semester, RG 
groups differed every week, allowing students to engage with 
different peers.

Student Feedback

Through the use of student response surveys (Supporting File 
S3), we evaluated students’ overall perception and satisfaction 
with RGs. Specifically we wanted to know how RGs might 
facilitate learning from primary literature and contribute to 
self-efficacy beliefs. In 2013 (optional RGs), 15 students out of 
30 enrolled in the class completed the survey. All 30 students 
attended the majority of RGs for that semester. In 2014 
(mandatory RGs), 28 students out of 37 enrolled in the class 
completed the survey. Of the 37 enrolled students, 28 students 
attended the majority of RGs. The survey was provided 
to students who actually attended the sessions, and the 
survey required students to identify how many sessions they 
attended. No marks were assigned for completion of surveys, 
participation was entirely voluntary, and all responses were 
anonymous. Presented below is a brief summary of the survey 
results, which serve as the preliminary indicator of whether the 
RGs were valuable to student learning. Detailed analyses of 
the student survey data is presented in Supporting file S4. We 
hope that these data will inform the implementation of RGs by 
other instructors across disciplines.

The majority of students found RGs helpful in developing 
skills to read and interpret research papers, regardless of 
whether RGs were mandatory or optional (73% in 2013 and 
50% in 2014 gave it a ranking of 4 on a scale of 1-5, where 
5 is “very helpful”). These results support the utility of peer-
based learning practices in helping students dissect primary 
literature. The majority of students (60.7% and 80% in 2013 
and 2014 respectively) rated themselves as “4” on a scale of 
1-5, with 5 representing “very confident” when asked to report 
self-efficacy beliefs after they attended RGs. This observation 
is consistent with other studies that have shown that academic 
mentorship has the potential to increase student self-esteem, 
academic self-efficacy, and overall satisfaction with their 
academic program (26-27).

When asked to describe how students specifically used RGs 
to help them read and interpret the assigned papers, the majority 
reported that they used RGs to aid in the interpretation of data 
(55%) or experimental procedures (24%) in both mandatory 
and optional RGs. Notably, 11% of students reported using 

RGs to think critically about the data in the paper. (e.g. “...WHY 
certain cells are used...”, “...problems with methodology...”, 
“Discussing figures led to understand problems with 
methodology and data reported.”). Interestingly, we were 
able to assess development of cooperative learning skills and 
interpersonal skills as students reported that RGs helped them 
“gain input” from peers and “see how others ...think about 
the paper” or “Provided an opportunity to practice explaining 
concepts in front of an audience.” These observations are in 
line with the findings of others that suggest that interpersonal 
skills develop substantially through cooperative learning (29).

Benefits of RGs to the Peer Moderator

Benefits of peer mentoring are well documented (28-
31) and include development of leadership, interpersonal, 
communication, and teaching skills (32-35). The RG peer 
moderator (J.D., co-author) reports being able to better connect 
with her peers, take on a leadership role, and develop her 
own critical thinking, group moderation, and communication 
skills. Importantly, J.D. reports that these skills have been 
highly transferable to contexts outside of RGs (e.g. clinical 
education). The RG moderator reported particularly enjoying 
the experience of breaking down a challenging problem into 
sub-problems that groups could then tackle. Such modeling is 
valuable to students, given that findings from primary literature 
evolve rapidly. Thus, formal documentation of the learning 
gains of peer moderators would be a worthy endeavor for us 
and other instructors incorporating RGs in their courses in the 
future.

RECOMMENDATIONS FOR FUTURE SESSIONS

Through our surveys, we have solicited feedback to improve 
RGs. Currently RGs are 60 minutes in length. However many 
students have suggested an hour is insufficient (e.g.,”Extend 
the time; so far - every paper felt rushed to analyze in just 
one hour”; “Longer sessions to dissect the paper more 
deeply...”). Extending the length of the sessions may promote 
more thorough discussions and bring the RG structure closer 
in line with the 90-120 minute session recommendations of 
PLTL models (22). The two-stage discussion structure of RGs 
(Figure 1) allows students to grapple in detail with smaller 
components of the paper. This intense analysis preserves some 
of the cognitive development supported by the SI model, in 
which resolving differences of opinion with peers, stimulates 
deep learning (19). To move the RG structure into a truly 
collaborative learning context, we and others could incorporate 
an additional step in RGs. In such a model, students could 
return to a “home group” following a jigsaw discussion (in 
which each group of students discusses a specific figure or 
sub-component of the paper). Within the home group, each 
member would lead the discussion on a specific component 
(e.g. Figure 1) of the paper. This additional step would then be 
followed by a discussion that spans the whole class (Figure 
2). This modification would allow students to each become 
a resource to their peers and their engagement in discussions 
would directly influence the overall learning of individual 
members of their “home” group. This type of collaborative 
learning context is predicted to enhance student learning by 
the social interdependence theory (36).
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Figure 2. Proposed future jigsaw structure for RGs. A three-stage discussion structure for RGs would serve to maximize student participation 
and interaction with different peers every session. “Home” groups can be assigned prior to each session, ensuring that students are interacting 
with different groups of people at each session. Our current RG set up (see Fig. 1) could allow some students to remain passive (i.e. not all 
students are required to speak to the rest of the class, and the class discussion can theoretically be driven by a few out-spoken individuals). 
This proposed structure would not support passive attendance, as each student in a home group would be required to speak about a specific 
component of the paper.

Figure 3. Evidence of student growth in the seminar course, when supplemented with mandatory RGs.  Highlighted text shows the evolution 
of a student’s weekly prepared questions from Week 2 to Week 11 of the 12 week seminar course. Students submit questions every week that 
relate to the paper that we discuss in the class. Students are encouraged to pose these questions to the presenting group during the hour-long 
Q&A session that follows each student presentation. Questions are collected each week and scored by the instructor.  The quality of these 
weekly prepared questions have served as a measure of student growth, in addition to offering some insight into the effectiveness of RGs. In the 
example shown above, the Week 2 question pertains mostly to background information that the student is curious about (Q. 3), while the Week 
11 question shows a keen evaluation of the data presented in the paper. Indeed, the student even presents information from another published 
paper in order to question the value of the data presented in the assigned paper (Q. 4, text and citation). Note that all identifiers have been 
removed to maintain student privacy. 
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EDUCATIONAL IMPLICATIONS

Overall, student feedback suggests that RGs (as optional or 
mandatory course components) helped students understand 
and evaluate articles and enhanced student confidence in 
successfully approaching primary literature adequately for 
meeting the expectations of a seminar-style course. Congruent 
with this result, the instructor (A.A.) felt that the class 
discussions were more engaging, with contributions from the 
majority of students. The quality of the questions formulated 
by students at the beginning of the term improved for almost 
every student in the course in both years. Figure 3 (on page 5) 
shows the evolution of one student’s questions from simple at 
the beginning to complex at the end of the term.

Given these observations, we are hopeful that RGs 
could be easily implemented or adapted to courses across 
disciplines that are based on primary literature and represent 
a worthwhile investment for volunteer peer moderators. The 
structure of RGs is also designed to fit with current educational 
recommendations for student-centered classrooms, which 
encourage an interactive, inquiry-driven, cooperative, and 
collaborative learning environments that nurture development 
of (amongst others) critical thinking, effective communication 
and problem solving skills (1,37-38).

SCIENTIFIC TEACHING THEMES

Active learning
The activities in RGs required student to engage in small and 

large group discussions (jigsaws), interpret and evaluate data 
from research papers, communicate their opinions clearly to 
peers, and both offer and accept peer criticism of their own 
ideas. Outside of RGs, students were required to engage in 
extensive class discussions about assigned scientific articles 
and pose questions to the presenting group of peers.

Assessment
The instructor graded a list of questions about an assigned 

paper that is turned in by individual students each week at 
the beginning of the class discussion session (following 
participation in RGs). Students also provided feedback via 
anonymous, optional surveys.

Inclusive teaching
RGs encourage individual preparation for each discussion 

class session, but allow students to participate as they feel 
comfortable during the RG discussions. One of the roles of 
the peer moderator to ensure that there is a safe learning 
environment in which all students are invited to contribute 
ideas and opinions. As described in our recommendations for 
future sessions and in Fig. 3, the RG structure can be further 
adapted such that each student’s contribution to a “home 
group” discussion is both essential and valued.

SUPPORTING MATERIALS
• S1. Reading Groups design - Grading Rubrics.
• S2. Reading Groups design - Peer moderator role and 

training.
• S3. Reading Groups design - Student survey instruments.
• S4. Reading Groups design - Student survey data and 

analyses.
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