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The impact of immunology on our daily lives is growing every year. From
vaccines to immunotherapies, it's essential for our healthcare professionals
(present and future) and the general public as patients or caregivers to be literate
in immunology. One way to foster immune literacy in this rapidly advancing
field is through Primary Scientific Literature (PSL). There are unique challenges
with integrating PSL into immunology courses. First, the laboratory techniques
used are often new and not things students have tried before or may have
access to, such as flow cytometry. Second, the tools used in this literature
can be confusing. For example, antibodies are often used as both part of the
research method and as the research subject. Third, immunology literature
is especially heavy in acronyms, jargon and abbreviations. In this manuscript,
four instructors gathered to discuss the strategies that they have used in their
classrooms to utilize PSL in immunology (PSL-1) and scaffold various activities
around it. These teaching methods vary from highlighting immunology-specific
techniques, interpreting figures, alignment with the 5E instructional model to
guide an inquiry, jigsaw format learning, to in-depth journal-club style analysis.
Finally, this paper discusses reflections from our experiences teaching PSL-I. We
know that there are misconceptions about immunology and health in general. If
we teach PSL and how to interpret it, we hope to prepare our students not just
for their chosen field, but also to think critically and discern facts from fiction
in society.

KEYWORDS

figures, jigsaw, journal club, ImmunoSkills, scaffolding, active learning, competencies,
5E instructional model

1 Introduction

Medical schools cite “development of habits of inquiry and innovation” (Irby et al.,
2011) and “competency-based medical education” (Pien et al., 2022) as top priorities
for training'. However, on average, medical students and practitioners alike only spend
about 10.8 min looking for information (Brennan et al., 2014) and doctors tend to select
textbooks and conversations with colleagues before they sought electronic sources (Davies,
2007). This is particularly problematic in the field of immunology, where the publications,
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01 frontiersin.org


https://www.frontiersin.org/journals/education
https://www.frontiersin.org/journals/education#editorial-board
https://www.frontiersin.org/journals/education#editorial-board
https://www.frontiersin.org/journals/education#editorial-board
https://www.frontiersin.org/journals/education#editorial-board
https://doi.org/10.3389/feduc.2025.1606578
http://crossmark.crossref.org/dialog/?doi=10.3389/feduc.2025.1606578&domain=pdf&date_stamp=2025-07-21
mailto:bergerson@csp.edu
mailto:sumali.pandey@mnstate.edu
https://doi.org/10.3389/feduc.2025.1606578
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/feduc.2025.1606578/full
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Bergerson et al.

especially those featuring large shifts in knowledge, are growing
exponentially (Yao et al., 2023). Therefore, it is crucial that we
train our future medical professionals to interpret and understand
Primary Scientific Literature (PSL) so they can use this growing
resource in their training and future medical practice.

It is also important for the general public to be literate in
immunology as they are increasingly exposed to it in their daily
lives, from vaccines to potential epidemics, such as bird flu,
and new medications. As immunological research grows, so do
available immunotherapies. As of December 2024, there were 225
monoclonal antibodies approved or under review in the EU or
US, about 10% of which have been approved within the past 2
years®. The global market for antibody drugs was $234.37 billion
in 2023 with a projection for rapid growth®. With antibody drugs
available for a rapidly increasing number of conditions, the number
of patients receiving these therapies are also increasing. Patients
and their caregivers must understand how these medications and
other immunotherapies work to make informed decisions about
their options. Training to read PSL in Immunology (PLS-I) to gain
scientific and immune literacy skills can help students navigate
these important topics that lead to a healthier life.

Over 70 different approaches have been used by instructors
to teach PSL in STEM disciplines (Goudsouzian and Hsu, 2023;
Hoskins et al., 2011; Round and Campbell, 2013; Sato et al.,
2014; Clark et al,, 2009; Flaspohler et al, 2007). Immunology
courses can, however, create challenges for adapting these activities.
The methods described in immunological studies, for example,
Neutrophil Extracellular Trap assays, or technologies, such as
confocal microscopy, ELISAs, and most notably, flow cytometry,
are often unique. While prominent in the field, flow cytometry
can be complicated to teach for multiple reasons: (1) Students
often don’t have access to a flow cytometer because it is cost-
prohibitive (Pandey et al., 2024). As a result, they won’t actually
see or use the machine that created the data. Therefore, faculty
must elicit student understanding of the data from the theoretical
use of this new technology. (2) Flow cytometry data is presented
in images and figures that other scientists do not use and may
not readily recognize, so students have likely not seen it before.
Since journal articles are written to disseminate information to
professional immunologists with an extensive background and aim
to convey the information as succinctly as possible, these figures
may not be explained in detail or at a level understandable to
undergraduates. (3) Flow cytometry has multiple uses, including
simple monitoring, multichannel use for quantification of multiple
cell populations, and cell sorting, which demands students to
comprehend the context of its usage besides just knowing how it
works. In fact, students in a research-based master’s program rated
“techniques” and “experimental data” as the two most challenging
parts of understanding primary literature (Lie et al., 2016).

In addition, the use of antibodies in research is a new
concept for most of our students. Students learn about the role
of antibodies in the immune response but have a difficult time
grasping how antibodies can be developed in a laboratory for

2 Antibody Society (2025).
3 Global Newswire (2025).
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diagnosis, monitoring of diseases and even as therapies. Essentially,
antibodies can be both the research subject and a research method.

Finally, the field of immunology is notorious for rampant
jargon and abbreviations in the literature. The cell signaling
molecules and immune cell receptors are denoted by a combination
of letters and numbers that students haven’t seen or used before.
In 2020, a news article in Nature Index claimed that “science is
getting harder to read.” They cited the number of acronyms, long
sentences, and impenetrable jargon®. Here is a title of a paper from
the Journal of Immunology that illustrates this point: “Cutting edge:
IL-27 induces the transcription factor c-Maf, cytokine IL-21, and
the costimulatory receptor ICOS that coordinately act together to
promote differentiation of IL-10-producing Tr1 cells.” Conversely,
while the field is increasingly challenging to enter, demand for
immunologists is growing faster than the average occupation®. It
is increasingly important that present and future immunologists
and other medical professionals can break through the jargon and
understand PSL-I.

2 Pedagogical principles underlying
PSL integration in immunology
courses

Reading PSL can be an effective tool to prepare our students,
position them for success in professional and graduate schools,
and empower them to make informed decisions about their own
health and that of their friends and family. Additionally, there
are significant pedagogical advantages to integrating a PSL-I-based
approach into practice, as discussed below:

i) Staying up to date with rapidly evolving discipline.
Immunology as a discipline is at the forefront of technical
and scientific discoveries. There is a significant lag time
before discoveries make it into textbooks. In fact, comparing
outdated and updated textbooks has been suggested as one
of the strategies to introduce students to PSL (Segarra and
Tanner, 2015). PSL can serve as a resource to help educators
and their students stay current, and directly engage with
these discoveries.

ii) Provide context for lab techniques. Immunology textbooks
often include a chapter on an immunologists’ toolbox that
outlines important experimental techniques, which can be
adopted in a cookbook-style format in an immunology
laboratory. However, PSL-I helps provide context for these
techniques. It helps students gather a more complete picture
of how these techniques can be applied to a research
problem and/or a real-life clinical scenario. Several previous
studies have reported the integration of PSL-I with laboratory
experimentation (Mordn et al, 2006; Ramos Goyette and
Deluca, 2007; Marbach-Ad et al., 2007; Gunn et al., 2013;
Dolence, 2021), and a few have reported strategies for directly
engaging students with PSL-I (Anderson et al., 2020; Morgan,
2022).

4 Nature Index (2025).
5 University of Utah Health Academic Medical Center (2025).
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iii) Set the stage for argumentation and critical thinking.
Deciphering and critically analyzing PSL-I can be important
for our students, and by proxy, to their friends and families,
to make informed, evidence-based decisions. It is a skill that,
when applied effectively, can serve to prevent the rapid spread
of misinformation in our society. Engaging with PSL-I can
allow for scientific discourse in a classroom setting. Several
studies have systematically assessed the benefits of integrating
PSL in classrooms, showing improved self-reported student
learning gains in biology (Chatzikyriakidou et al,, 2022),
enhanced critical thinking skills (Sato et al., 2014), increased
ability and confidence to read and analyze scientific literature
and understand complex content (Hoskins et al., 2007).

iv) Alignment with the Vision and Change and ImmunoSkills
Guide: The Vision and Change report® and the ImmunoSkills
guide (Pandey et al., 2024) described core competencies for
undergraduate biology students, and PSL-I addresses several
of them at once. Identifying the learning outcomes, and
alignment of activities with those is a critical step in adopting
backward-design to curriculum plan (Wiggins and Mctighe,
2005; Fink, 2013), and can help instructors assess student
learning and effectiveness of their pedagogical practice.

v) Transferable skills development in students: These skills and
competencies are not only critical for students to master
but transcend disciplinary boundaries and can be used to
decipher PSL in any discipline. They can help facilitate student
transition into doctoral programs (Kozeracki et al., 2006).
Students who engaged with PSL in classrooms expressed
decreased frustration with interpreting data in figures
(Round and Campbell, 2013), and increased self-efficacy
in analyzing data from research papers, evaluating authors’
conclusions, designing experiments, and interpretation of
controls (Abdullah et al., 2015). They also showed enhanced
oral and written communication skills and collaboration
among peers (Mulnix, 2003).

vi) A tool to integrate active learning: Compared to traditional
lecturing, active learning has been shown to increase student
performance in STEM disciplines (Freeman et al., 2014), and
by using strategies such as jigsaw, journal-clubs, or guided
inquiry, PSL discussion serves as one of the potent ways to
bring active learning into the classroom. This can shift the
classroom to be student-centered, where students are not only
passively listening to the disciplinary content, but actively
engaging with how science is done and reported.

vii) Foster science identity and belonging: PSL can be a great
way to introduce students to the process of science and
people who do science, which can help with their scientific
identity and belonging. Studies on the C.R.E.A.T.E. approach
to teaching primary literature, for example, have reported a
shift in students’ epistemological beliefs including their self-
assessed understanding of the nature of science, scientists as
people, and their insights into the process of science and
learning (Hoskins et al., 2011; Stevens and Hoskins, 2014;
Gottesman and Hoskins, 2013).

6 AAAS (2011).
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3 Learning environment

While there have been several reports of curricula or activities
that integrated PSL-I (Moran et al, 2006; Ramos Goyette and
Deluca, 2007; Marbach-Ad et al., 2007; Gunn et al., 2013; Dolence,
2021; Anderson et al.,, 2020; Morgan, 2022), a broader perspective
on alignment with immunology-specific skills and competencies
or how they overcome challenges unique to immunology, is
missing. The following narratives by immunology educators
describe four methods of supporting PSL-I for science majors
in upper-division Immunology courses within 4-year programs
at these institutions. These courses use PSL-I to address the key
competencies from the ImmunoSkills Guide, as shown in Table 1
and Supplementary material, Table S1.

3.1 Narrative 1: figure interpretation and
technology of the week

At a 4 year primarily undergraduate institution (PUI) where
I teach pre-health students data analysis is required both in
our biology major learning objectives, and in my 300-level
immunology course. Since I began prioritizing figure interpretation
to foster critical thinking, I have noticed that my students excel
on the Critical Analysis and Reasoning Skills portion of the
MCAT, notoriously the most difficult section in which to improve
your score.

To help students parse out these complex figures, I developed
the Data Interpretation Worksheet (Supplementary material 2), a
one-page guide that breaks down complex figures into simple
questions. This provides students with entry points to otherwise
overwhelming figures and helps learners articulate specific areas
that need help understanding. We interpret practice figures as a
class at the end of nearly every chapter. These practice figures allow
students to apply the concepts they have learned in that chapter to
current research. The first few figures take a lot of time (15-20 min
each), but the students improve quickly as the semester progresses.
By the end, most students don’t even need to pull out the worksheet
and can analyze figures without guidance.

I also support their data interpretation skills by having an
explicit “technology of the week.” At a small liberal arts college, we
don’t have access to most of the equipment used to generate these
figures. Before interpreting the figures, we discuss the technology
in class, including what it is used to analyze, its immunological
underpinnings, and its strengths and weaknesses. Students fill
out a 1-page worksheet summarizing their understanding of the
technology, and then apply this understanding by interpreting a
figure generated by the technology discussed. They can use their
technology of the week worksheets on the exam, because in most
instances you would be able to look up details about a method while
reading a scientific paper (Supplementary material 2).

I assess data interpretation on each of my exams. This shows
me how students’ skills are progressing and helps place value on the
need to adapt and interpret in this field. Low-stakes practice in class
helps them perform well on these high-stakes exams. Furthermore,
it provides an assessment avenue that helps students who struggle
with memorization but can apply the material.

frontiersin.org
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TABLE 1 Four distinct ways to integrate primary scientific literature in undergraduate immunology classrooms and their alignment with the
ImmunosSkills guide.

Core competency Figure interpretation/ Journal-club (S3) Jigsaw (S4) 5E (S5)
technology of the week -
(S2) * @l |
[JENGAGE
‘ (JEXPLORE
Process of science v v
Communication and collaboration
Metacognition v v
Science and society v
Quantitative reasoning v
Explain laboratory methodology v

I emphasize the figure interpretation aspect of reading scientific
papers because that is how I read papers as a scientist. I flip to
the figures, refer to the background and methods for aspects (or
acronyms) I don’t understand, make my own interpretations and
then check the discussion to see if the authors agree with me. I'm
hoping to impart these hard-learned skills to my students earlier on
in their careers so they can save time and get more out of scientific
papers than I did at their stage.

Overall, when I ask former students how they are doing in
graduate school, they often say other students don’t have “common
sense” or “know how to think.” Critical thinking is a gift we can give
our students that will serve them well throughout many aspects of
their lives.

3.2 Narrative 2: journal club style

In my university’s traditional undergraduate division, this PSL-I
journal-club activity was implemented during an in-person, 400-
level elective immunology course for primarily biology majors in
our Science Department. I assign students a paper to read and
have them complete a detailed written assignment followed by
journal club-style in-class discussions I call “Tutorials” that delve
intensively into each journal article to learn the techniques used,
what the data show, and how the authors interpret the findings.

To address the challenges of teaching PSL-I to undergraduates,
I strive to break down and teach the background information
needed to understand each article. This includes introducing
all the terms they will encounter, materials used, and
techniques utilized. For example, if a paper uses multiple
bacteria species, I will compare the different species. If they
use cytokines, I will explain their origin and what they are
thought to do in the body. I also help them distinguish
between antibodies used for research and detection. Students
will then be able to approach each article with at least a
rudimentary background.

To address the challenge of reading these detailed papers,
students are taught the anatomy of a research article and become

Frontiersin Education

familiar with how scientists communicate their work. I teach
students that the article’s overall question the authors are asking,
and main conclusions are typically found in the abstract and
introduction section of the paper. Students learn to interpret and
explain the Figures and Tables to address what the experiments
are showing. In the written Tutorial Homework (example in
Supplementary material 3), I ask students to identify a) the question
the authors are trying to answer (i.e. the hole in knowledge), b)
what they did to find the answer, including basic methods (e.g.,
comparing protein expression by Western blot), and ¢) what was
the answer [answer the question from (a)] for most figures in the
paper. The goal is that students can identify the patterns of PSL so
they can determine the important question the paper addresses in
the field and the authors’ findings and impact. An important aspect
of Tutorial Homework is that these assignments are scaffolded to be
worth fewer points at the beginning of the course, after which I give
considerable feedback. The point values increase as the semester
progresses and students get used to the process.

After students have completed and turned in the written
Tutorial Homework, we hold a whole-class roundtable “Tutorial
Discussion.” I arrange the chairs in a circle and students take
turns answering each question from the assignment. If a student
has an incomplete understanding, we discuss the possible answers.
They are not penalized for incorrect answers when grading their
participation, but I am looking for evidence that they have read
the article and spent time trying to interpret it as instructed. This
discussion is not just a formality, but a valuable opportunity for
students to share their thoughts and learn from each other.

I've heard informal feedback from students that the Tutorial
Assessments were difficult, but they got easier throughout the
semester. In end-of-semester optional and anonymous feedback,
I asked these questions: “The papers we covered during Tutorial
Assignments were appropriately challenging but readable” and “I
gained a better understanding of how to read, analyze and discuss
scientific literature in this course” with a 5-point Likert scale from
strongly disagree to strongly agree. Results over two semesters
showed 83% of students (N = 13) agreed or strongly agreed with
both questions.

frontiersin.org
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3.3 Narrative 3: jigsaw format

This primary literature jigsaw is implemented in a 400-level
elective Immunology course at a small liberal arts PUI The majority
of the biology and biochemistry students who take this course
pursue healthcare careers. This discussion-based seminar is taught
as a seminar-style course in the major, where students prepare for
class by reading the text and answering discussion questions.

There are various methods to help students improve their
ability to read and understand scientific research articles. I choose
articles that relate to the course content and have broad interest.
For example, early in the semester, when studying cells of the
innate immune system, I chose a paper describing Neutrophil
Extracellular Traps (NETs; Brinkmann et al., 2004). This paper was
relatively brief, had easy-to-understand techniques, and presented
a finding that was surprising to students. Once I have chosen an
article, I utilize a cooperative jigsaw methodology (Finelli et al.,
2005) to help students dissect the paper. Prior to class, the students
read the article and identify 10 words they need to look up the
definitions for, and then in class, I assign groups of three to five
students one section or figure(s) of the paper. The students then
dive more deeply into the terminology and technique from their
piece of the jigsaw. Once the groups are comfortable with their
portion, I scramble them, ensuring each new group has one person
from each paper section. At this point of the jigsaw activity, they
put the puzzle together by teaching each other what they learned
from their portion of the paper, and they put the sections into the
whole context. Finally, the class comes together and reports to the
class to make sure there is a similar level of understanding.

I assess student learning via scientific communication. Upon
completing the jigsaw activity and resulting discussion, students’
summative assessment includes presenting the paper orally or
writing a journal article summary, incorporating what they have
learned throughout the PSL-I exercise. The formative (in-class
discussions) and summative (article summary) PSL-I activities
are approximately 30% of the final grade. One of the difficulties
with incorporating journal articles is the amount of class time
required. This jigsaw assignment can take one to two class periods
to complete, depending on the complexity of the paper. However,
PSL can serve to reinforce current and previous class material as
well as introduce new material. I incorporate the paper into parts of
multiple class sessions so there is time for students to think about
and synthesize the information.

The jigsaw activity presented impacts student learning gains
and metacognition as measured by formative and summative
assessments. The evaluations include discussions, the Student
Assessed Learning Gains (SALG) survey (Seymour et al., 2000), and
a written summary of the journal article. Formative assessments
included competencies such as critical thinking, the process of
science, and scientific communication. These competencies were
assessed with the SALG survey as a pre-post survey using Likert
scale questions. This survey also includes open-response questions
that ask the students to reflect on what they learned, which can be
used to evaluate metacognition. Finally, the summative assessment,
as outlined in Supplementary material 4, assesses student learning
gains via their ability to explain the findings and put them into
context within the field, demonstrating the student’s understanding
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of the subject matter, their ability to synthesize concepts and
applications and to communicate complex scientific information.

3.4 Narrative 4: 5E approach to read and
understand PSL-I

This activity has been implemented at a PUIL in an
asynchronous, 8-week long, upper-level immunology course
designed for undergraduate biology majors. In this writing-
intensive course, 50% of the grade comes from a formal written
project, i.e., a review article on a topic of students’ choice, that
they take through multiple drafts and peer review before submitting
a final paper. However, over the years, it has become apparent
that writing a review presents a steep learning curve as students
face a litany of challenges. During informal conversations, one
student described the PSL-I as having a “snow blinding effect” due
to all the immunology associated jargon, acronyms and graphical
representations unique to immunology. The activity described here
(Supplementary materials 5) was developed and implemented to
address some of the challenges described above, to help reduce the
learning curve and give students enough exposure and practice with
reading and understanding PSL-I, so they could write their own
review article.

This approach used the 5E framework (Tanner, 2010) to design
a set of questions (guided inquiry) from one research article (Xu
etal., 2021), and these questions were released in phases over weeks
1-7. The design of questions and the weekly rhythm followed a 5E
template: Week 1; Engage with big picture questions and societal
relevance of the research topic addressed in the paper, Week 2-
6; Explore and Explain—the figures, techniques and terminology,
using 1-2 figures from the paper at a time, Week 7; Elaborate
on the new learning to propose future research directions and
experimentation, Week 7; Evaluate your knowledge and learning
using reflection based questions (metacognition). Week 8 was left
free of this activity to allow students to apply the learning to their
own review article and submit a final version.

Weeks 2-6 used a consistent format of questions focused
on 1-2 figures from the paper per week so that students
could practice graphical interpretation, 1-2 techniques and a few
new terms in context of those figures. To expose students to
immunological techniques like ELISA and flow cytometry, in this
online, asynchronous offering of the course, Labster® (Somerville,
MA, USA) simulations were used. The assessment for this activity
was formative, as in the instructor provided feedback for each
incorrect answer on the weekly submissions. The grade was based
on a three-point scale: 0 = not turned in, 0.5 = partially completed
worksheet, 1 = fully completed worksheet. Points were typically not
deducted for an incorrect answer, but feedback was provided and
misconceptions were addressed, so students can learn, integrate
feedback into the future work, and continue to build on a strong
conceptual foundation.

In the beginning, students struggled with identifying the
relevant techniques associated with a figure. However, with the
repetition built into this activity, this struggle diminished as the
semester progressed. Anecdotal student reports noted that they
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started out the activity with apprehensions and with a fear of getting
things wrong. However, as they progressed, their confidence in
reading graphs and interpreting data increased. One student noted
that they enjoyed diving deeper into the study and understanding
of the complexity of the immune system and what it takes to
gather a complete understanding of a research paper. Overall, this
was an effective, well-received activity to help students build their
engagement with the scientific process, quantitative reasoning and
technical skills in immunology, allowing the instructor to foster
higher-level thinking and optimize student learning in this writing-
intensive course.

4 Assessment processes and tools

Focusing on the learning goals before designing an assessment
(Table 1), that is adopting a backward-design approach to
assessments, is critical to ensure that we are indeed assessing what is
important. Assessments with the use of PSL-I can vary considerably
depending on the instructor’s learning goals, and there is no one-
size-fits-all approach (Table 2). Here we discuss different categories
for PSL-I related assessments that may provide instructors with a
context to plan their own:

i) Student learning gains in immuno-competencies: a list of
competencies that undergraduate students in immunology courses
can develop are described in the ImmunoSkills guide (Pandey
et al., 2024). These competencies are aligned with those listed
in the Vision and Change report, with two additional unique to
ImmunoSkills guide: 1) ability to perform basic lab procedures and
2) ability to explain and/or perform laboratory methodology to
address an immunology-based research question. Our respective
approaches are aligned with these competencies (Table 1). Since
publication of the Vision and Change report, several tools have been
developed to assess various competencies, that can help instructors
to evaluate their students on various measures such as their ability
to apply the process of science (Sirum and Humburg, 2011), their
scientific reasoning or argumentation skills (Timmerman et al,
2011; Gormally et al, 2012), their knowledge of experimental
design (Dasgupta et al., 2014), statistical reasoning skills (Deane
et al., 2016), scientific communication (Pisano et al., 2021), and
interdisciplinary science thinking (Tripp and Shortlidge, 2020).
In addition, VALUE rubrics’ have been developed to measure a
myriad of other competencies such as civic engagement, critical
thinking, teamwork, ethical reasoning, etc.

ii) Student learning gains of immunology concepts and terms: in
addition to competencies, PSL-I can also reinforce concepts and
terms. A group of educators recently identified a set of concepts®
and topics deemed important for undergraduate students to
comprehend (Porter et al., 2021). While development of validated
assessment tools to assess immune literacy are in-process by
the ImmunoReach Research Coordination Network, the list of
concepts provided can help instructors adopt a backward-design
approach to plan their own assessments. These assessments can be
of varied types ranging from selected response to figure annotation
with each having their own advantage and disadvantage (Drew

7 AACU (2023).
8 Pandey et al. (2023).
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Jennifer et al, 2021). In addition, instructors have previously
identified a set of basic biology and immunology-relevant terms
and topics [Table 6 in Shah et al. (2025)] that students should know
before taking on advanced immunology-specific concepts covered
in PSL-I.

When assessing PSL-I, all four instructors could include
questions specific to each competency, and address challenges
associated with immunology jargon and techniques. The idea of
leading students through primary literature can seem daunting at
first. However, the impact on student learning can be dramatic.
During the process, there are many “aha” moments where students
comprehend material or concepts for the first time. Students start
to think more scientifically, identifying dependent and independent
variables and applying positive and negative controls in various
assessments. They start to not only read the papers but analyze and
critique them. These student learning gains are especially evident
when PSL is used throughout the semester.

5 Discussion: recommendations,
limitations and future directions

PSL-I can be a powerful active learning tool that can help
keep students and instructors maintain currency, provide context
for lab techniques, foster critical thinking, and bolster science
identity and belonging. These skills align with core competencies
in Vision and Change and the ImmunoSkills Guide (Table 1).
Through discussion, reflection and comparison, we have identified
four distinct ways that PSL-I can be successfully integrated and
scaffolded into the undergraduate immunology classroom. For
instructors looking to incorporate PSL-I as a single technique,
figure, or entire paper into their undergraduate immunology
classrooms, these methods require different preparation, classroom
time, and grading commitments (Table 2). After discussing these
methods, we have three key recommendations:

i) Backward design approach to PSL-I integration: identifying
clear learning goals and aligning assessments to them is critical
to mindful pedagogical practice. For this, we recommend using
the ImmunoSkills guide or immunology learning frameworks as
a repository of competencies and concepts, and using assessment
tools as noted above. The approach should depend on whether
the learning goal is to interpret data in graphs or to figure out
the basic question and conclusions of a primary article. Instructors
may also consider including both formative and summative
assessments as well as pre- and post-assessments to help gauge
learning gains. As long as it is aligned with the learning goals,
the type of assessment can vary based on instructional needs and
modality in which the class is offered (e.g., face-to-face, online or
hybrid). In our experience, applying and refining the backward-
design approach to PSL-I is an iterative process, and often a
collaborative approach to this can help lighten the burden by
sharing experiences and providing meaningful feedback to each
other. The Supplementary material provides example of formative
and summative assessments that instructors can adopt.

ii) Scaffolding: scaffolding is an important instructional strategy
to break a complex task into smaller ones, to reduce a cognitive
load on students (Wyse and Soneral, 2018). PSL is complex and
PSL-I is even more so due to complicated techniques, figure types,
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TABLE 2 Comparison of PSL-l integration methods by learning environment and implementation strategies.

Learning
environment,
grading and
modality

Typical enrollment

Figure

interpretation/technology

of the week (S2)

10-20 Biology majors

Journal-Club (S3)

8-10 Biology majors

Jigsaw (S4)

14-24 Biology,
Biochemistry, and
Neuroscience majors

10.3389/feduc.2025.1606578

5E (S5)

10-15 Biology majors

Prerequisites (with a lab)

Principles of biology; genetics; cell

biology

Introductory Biology I

Introductory Biology I
and II; Genetics

Microbiology and/or
Genetics

No. Of manuscripts handled
in a term; time for instructor
preparation

1 figure in ~10 manuscripts

4-5 manuscripts read;
questions and answer keys
developed

3 manuscripts read;
questions and answer
keys developed

Deep dive into 1-2
manuscripts over a term

Student time Required for

10-15min of ~10 class days

Full 50-min class period;

Full 50-min Class Period;

1-2h per day

discussion

discussion

Each Activity Tutorial assignment before Written summary after
class class
Grading of class work None, students self-assess Participation in class Participation in class Not applicable in an

online, asynchronous
course.

Formative grading of work None Tutorial assignments Discussion feedback Yes, on all weekly
responses

Summative grading Data interpretation example on exams | Tutorial assignments with Journal Article Completion of all weekly
feedback incorporated; Basic Summaries with assignments, with
findings of paper on exams feedback incorporated feedback incorporated

Feasible for synchronous Yes Yes Yes Yes

online/hybrid classes?

Feasible for larger class sizes? | Yes No, too time intensive to Yes, with help on Yes, but time consuming
grade grading summaries

Feasible for asynchronous Yes Not with group work Not with group work Yes

classes?

concepts, jargon and abbreviations. We recommend providing
well-scaffolded background information for students on both the
techniques and any jargon or abbreviations commonly used in
the paper, addressing the major challenges with PSL-I previously
identified. We also suggest breaking up PSL-I comprehension into
smaller, manageable tasks that are spaced out to help students
meaningfully engage with the PSL-I. The assignments, activities,
and worksheets shared as the Supplementary materials of this
article are likely to help instructors in this process. It is often
beneficial to start with an easier figure, technique or paper at the
beginning of the term to enhance student confidence and comfort
with this type of activity, and gradually increase the difficulty as the
course progresses.

iii) PSL-I choice: choosing an appropriate paper is critical,
especially when students must comprehend them to meet the
learning goals. An instructor may choose a paper that explores a
historic scientific breakthrough, such as the efficacy of a vaccine,
or a cutting-edge technology such as immunotherapy, or be of
relevance to the instructor’s own research expertise. In any case, the
paper should have clearly communicated data, adequately written
methods, and easily discernible conclusions. Primary articles that
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use engaging figures and clear diagrams are helpful. Since paper
selection for undergraduate audiences can be a daunting and
time-consuming task, we have curated a list of primary research
articles that have been vetted by instructors in an undergraduate
immunology classroom and is freely available for the immunology
instructor community to access through this link®. In addition, we
invite all educators to contribute their own selections to this living
resource using a Google form available on this website'°.

It is important to note that the activities described in
this manuscript have been implemented in small to mid-sized
institutions with small class sizes (see Table2). The wider
feasibility needs to be tested in different contexts, including
different modalities (online, hybrid, asynchronous), larger class
sizes, or larger institutions with better access to immunology-based
research and lab infrastructure. In addition, the type of institution
determines curriculum design. We all teach stand-alone, upper-
level Immunology courses. The approach and recommendations

9 ImmunoReach (2025b).
10 ImmunoReach (2025a).
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might vary considerably if instructors have undergraduate majors
in immunology or when immunology is taught in the context
of microbiology or human physiology. Going forward, it will be
necessary to analyze the effectiveness of these methods. Assessing
the impact of figure interpretation/technique of the day, journal
club, jigsaw, and 5E approaches will help demonstrate the suitability
of these methods.

Immunology is a rapidly growing field and impacts on the daily
lives of many. Therefore, having an educated public and scientific
community is essential. We presented four methods to incorporate
PSL-I in a structured class environment with well-scaffolded
activities to achieve many important transferrable and translatable
skills from Vision and Change and the Immunology Learning
Frameworks. For students entering the workforce, graduate, or
professional school, the ability to read and critically analyze a
PSL article is an important skill. Not all students leave their
undergraduate education with the experience and ability to think
about research techniques, figures, and results in a critical way. It is
an advantage we can give our students as they move forward with
their education and careers.
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