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Background: Immunology is a complex subject that students and instructors

often find challenging. Active learning (AL) strategies, particularly patient-

centered learning (PCL) within a team-based learning (TBL) framework, may

enhance student engagement and conceptual understanding while fostering

clinical reasoning and empathy development.

Methods: This study examines the effectiveness of PCL case studies in an

undergraduate immunology course at a public R1 university. Students engaged

in multi-day case studies, analyzing patient histories, symptoms, diagnostic

results, and treatment plans while integrating foundational immunology

concepts. Data were collected through end-of-course evaluations, including a

Likert-scale item (quantitative) and two open-ended questions (qualitative).

Results: Students reported high agreement (mean = 4.72, SD = 0.74) that

PCL enhanced their understanding of immunology. Thematic analysis of open-

ended responses revealed six key learning outcomes, including real-world

application, critical thinking, preparation for medical careers, and patient

connection. Additionally, students identified diagnostic reasoning, problem-

solving, and teamwork as skills gained. However, empathy was not explicitly

mentioned, suggesting a need for more structured reflection-based activities

in undergraduate coursework.

Conclusion: PCL improves concept mastery, clinical reasoning, and diagnostic

skills in undergraduate immunology education. However, while case studies

introduced patient-centered elements, students did not self-report increased

empathy. Future course designs should incorporate intentional scaffolding

of empathy development, such as guided reflections and interprofessional

discussions, to better integrate scientific knowledge with humanistic awareness.

KEYWORDS

case-based learning (CBL), patient-centered learning (PCL), case studies, active
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Introduction

Immunology has long been regarded by students as a difficult
subject to understand (Bansal, 1997). This sentiment is mirrored
by instructors who often describe immunology as a particularly
challenging subject to teach (Siani et al., 2024). A combination
of intricate networks, multiple components, and lack of an
understanding of the basics, all make for a course that can quickly
become overwhelming for many medical and pre-health students.
Even more challenging for students and educators alike is the
content for undergraduate immunology courses having swelled
in the last decade to include emerging topics and a deeper
understanding of foundational immunology topics (Bauer et al.,
2024). Regardless, immunology is a constantly evolving, critical
subject for future healthcare professionals to grasp. Undergraduate
immunology guidelines outline the importance of students
understanding the foundational biochemical underpinnings of the
discipline (Pandey et al., 2024; Porter et al., 2021), while the
Infectious Disease Society of America (IDSA) highlights the need
of this knowledge when developing differential diagnoses, ordering
diagnostic tests, and developing treatment plans (Southwick et al.,
2010). Nearly every clinical discipline integrates immunology
concepts, whether in the context of pathophysiology, diagnostic
testing, or immunotherapy.

With advancements in teaching and learning methodologies,
approaches to teaching immunology have evolved. The complexity
of the human body necessitates interdisciplinary learning, where
students must synthesize knowledge from multiple fields to solve
real-world clinical problems. This creates an opportunity to embed
active learning (AL) strategies that encourage critical thinking
and collaborative problem-solving (Amarilla et al., 2022). AL,
particularly through social construction of knowledge, has been
shown to help students grasp complex immunological concepts
more effectively (Stranford et al., 2020). When instructors design
activities that connect basic immunological principles with clinical
applications, students not only enhance their immunological
literacy but also improve their ability to apply these concepts in
practical, patient scenarios (Haidaris and Frelinger, 2019).

This article describes an AL approach that integrates patient-
centered learning (PCL) within a team-based learning (TBL)
framework to enhance students’ understanding of immunology
while simultaneously fostering the development of empathy.
Traditional case-based learning (CBL) originated, and is still widely
used, in medical education to connect basic science concepts
to clinical applications (Svinicki, 2004). However, this PCL-
TBL approach extends beyond standard CBL by intentionally
embedding patient perspectives throughout the case, allowing
students to engage not only with scientific clinical reasoning but
also with the human experience of illness. The PCL approach
described herein is adapted from a well-established PCL model
at the same institution that has been a core component of the
medical curriculum since 2010, now applied to the undergraduate
immunology course.

In this model, students work in teams to progressively
analyze patient histories, clinical symptoms, laboratory results,
and treatment decisions while also considering the emotional,
ethical, and social dimensions of patient care. By engaging in PCL,
students are encouraged to approach immunology not as a purely

mechanistic science but as a discipline deeply connected to real-
world patient experiences. The overarching goal of using PCL is
to extend the grasp of immunologic concepts beyond the textbook
to increase comprehension of immunology and its ubiquitous
presence in the world, specifically in healthcare. This integration
of empathy-building exercises within case-based immunology
instruction represents an innovative pedagogical approach that
supports both scientific competency and humanistic awareness—
two essential qualities for future healthcare professionals.
Additionally, a passion for helping others is often a driving force
behind pursuing a career in medicine, and this approach helps to
nurture that desire by emphasizing the human side of healthcare.

Despite the widespread use of CBL and TBL, limited research
has explored their impact on conceptual comprehension and
the development of empathy in undergraduate immunology
education. This article examines how a structured, patient-
centered approach to immunology instruction influences student
engagement, perceptions of conceptual mastery, and their ability
to connect immunological principles to patient care. By presenting
a method for integrating empathy into CBL, this work offers an
adaptable model for improving both scientific understanding and
patient-centered thinking in pre-health education.

Pedagogical framework

The constructivist learning theory, championed by educational
theorists such as John Dewey, Jean Piaget, and Lev Vygotsky,
describes that learners actively build knowledge through
experiences rather than passively absorbing information (Brooks
and Brooks, 1993). In a constructivist classroom, students
engage in problem-solving within meaningful contexts and
construct understanding by integrating prior knowledge with
new information. For difficult subjects like immunology, students
enjoy thinking critically when content is clinically relevant (Bansal,
1997).

AL is a core instructional strategy that facilitates knowledge
construction by engaging students in learning activities that
promotes interaction with content, collaboration with peers,
and knowledge application. Extensive research supports the
success of AL particularly in STEM disciplines (Freeman et al.,
2014). Incorporating content within clinically relevant scenarios
is a widely adopted method to enhance active learning in
health professional education. This technique effectively integrates
structured and guided learning, leading to improved student
outcomes (Smith et al., 2014; Thistlethwaite et al., 2012).
In immunology education, AL methods such as case-based
discussions, team-based problem-solving, and inquiry-driven
exploration provide students with opportunities to contextualize
theoretical knowledge and develop an understanding of underlying
mechanisms. Additionally, innovative teaching methods that
move away from traditional immunology lectures can have a
positive influence on students’ future interest in infectious disease
specialties (Cervantes, 2020).

One structured approach to AL that has been particularly
effective in health sciences education is TBL. TBL is a highly
structured, collaborative, constructive strategy designed to promote
engagement, critical thinking, and retention (James et al., 2019).
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A critical element of TBL is the facilitation of discussion, which
requires a balance of allowing students to have independent
discussions and integrating faculty perspective. Students need the
space to grapple with the content and fit it into their existing
schema, yet guidance needs to be available to avoid frustration
and bring clarity to why particular answers are right or wrong.
This often creates engaging, high-energy, interactive classroom
environments that are less predictable and more dynamic than
traditional lecture courses (Kibble et al., 2016).

While TBL provides a structured, collaborative framework for
AL, CBL further enhances student engagement by grounding basic
science concepts in clinically relevant scenarios. The primary goal
of CBL is to prepare students for clinical practice by linking theory
to method through the application of knowledge in real-world
contexts (Thistlethwaite et al., 2012). When basic science content
is delivered in a clinically meaningful way, students are more
likely to retain and apply this knowledge in future clinical settings
(Anderson et al., 2020; Yang et al., 2024; Zhang and Hu, 2024).
This is particularly relevant in immunology education, where
understanding cellular pathways and processes, immune system
dysfunction, and disease pathology is essential for diagnosing and
treating patients.

Effective case design is crucial for maximizing the benefits
of CBL. When developing a case, utilizing Backward design
principles (UbD) ensure that content and related questions
are aligned with defined learning outcomes (Wiggins and
McTighe, 2005). Novack (2020) recommends that cases should
be designed to encourage students to begin with foundational
concepts, then progressively work through more complex
clinical reasoning tasks. Incorporating questions about molecular
mechanisms helps students make connections between basic
immunological principles and patient clinical presentations,
reinforcing reasoning skills. The IDSA further emphasizes the
importance of incorporating questions to foster the understanding
of pathogenesis, organ-specific effects, and diagnostic
approaches (Southwick et al., 2010). Additionally, learning
progressions in CBL should incorporate systems thinking and
mechanistic reasoning, guiding students toward a comprehensive
understanding of immune function in health and disease
(Siani et al., 2024).

PCL epitomizes these strategies while also aiming to cultivate
empathy, a critical competency for future healthcare professionals.
Empathy in healthcare is defined as the ability to identify and
understand a patient’s perspective without losing objectivity, as
well as to recognize patients’ emotions and respond appropriately
(Zhou et al., 2021). While traditional CBL focuses primarily on
clinical reasoning, PCL embeds personal patient narratives within
case studies. This provides students with opportunities to engage
with the human experience of illness, fostering deeper emotional
and ethical awareness. Empathy in clinicians contributes to greater
wellbeing, stronger doctor-patient relationships, and improved
clinical competence (Del Canale et al., 2012; Hojat et al., 2011).
This is further exemplified from the patient’s perspective, where
empathetic healthcare interactions have been linked to higher
satisfaction and improved adherence to therapy, underscoring
the importance of empathy in healthcare (Noordman et al.,
2019; Zhou et al., 2021). Traditional pre-health science curricula
often focus solely on technical knowledge, while leaving out
the development of interpersonal skills. Ultimately, students may

not be well-rounded and fully prepared for real-world patient
interactions.

Used in conjunction, these techniques—AL, TBL, and CBL—
form the foundation of the PCL approach described in this
study. Furthermore, by incorporating patient narratives and
ethical considerations, PCL extends beyond traditional case-based
methods to foster empathy and patient-centered thinking, ensuring
that students not only understand immunological mechanisms but
also appreciate the human impact of immune-related diseases.

Learning environment

Course description

Introduction to Immunology is a 300-level lecture-based
undergraduate course at an R1, public research university. The
course covers fundamentals of the human immune system
including innate immunity, humoral and cellular response,
hypersensitivity, immunodeficiency, immunogenetics, tolerance,
and immunodiagnostics. It meets face-to-face three times per
week for 50-min sessions. By the end of the course, students
are expected to demonstrate a basic, yet comprehensive
understanding of the human immune system. Specific to
this article, the following course learning objectives are most
relevant:

• Identify the organs of the immune system and their functions.
• Analyze real-world problems related to immunology.
• Formulate conclusions related to immunological

diseases/disorders.

Student profile
This course primarily enrolls junior and senior biology

majors, most of whom are pursuing a pre-health track. These
students typically have strong foundational knowledge in biology
and chemistry, having completed prerequisite coursework in
general biology, genetics, and biochemistry. The course serves
as an upper-level biology elective and is particularly relevant
for students preparing for professional programs in medicine,
dentistry, optometry, and other health sciences fields.

Instructors
The course section specific to this article was held in the

fall semester of 2024 and led by a faculty member in the
Department of Biomedical Sciences (Instructor). The instructor
was responsible for course design, content development, and
primary instruction. Additionally, a graduate teaching assistant
(GTA) assisted in content delivery and grading. The GTA played
a central role in facilitating student engagement during AL
activities. The instructor utilized a hybrid lecture-AL approach,
dedicating approximately one-third of each class period to
traditional lecture and the remaining two-thirds to student-
centered learning activities. The GTA supported these activities
by interacting with student groups, clarifying concepts, and
reinforcing immunological principles.
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TABLE 1 A breakdown of case progression on a typical week.

Class
session

Time
devoted

Case content Immunology
integration

Day 1 5 min Part 1: Patient
introduction and
chief complaint

N/A

Day 2 20 min Part 2: Case
progression and
diagnostic analysis

Foundational
immunological
concepts linked to
signs, symptoms,
and diagnostic test
results; focus on
pathophysiology of
immune system and
integration of other
biological sciences

Day 3 20 min Part 3: Treatment,
prognosis, and
additional
considerations

Pharmacological
mechanisms of
action are discussed
in the context of
acute and/or
long-term immune
regulation; any
resulting ethical
considerations are
discussed

Each case was divided into three parts, with one part covered during each class session. For
weeks that had less than three sessions, cases still contained the same general content but
were divided into the number of parts to match the number of sessions that week. Typical
class time devoted to each part of the case study is shown.

Pedagogical format

The course employed a PCL case study approach, integrating
CBL with traditional lecture content to reinforce immunological
concepts in a clinically relevant context. Each week, student
teams of 5–6 explored a new patient case, designed using
UbD that aligned with the immunological topics covered in
the corresponding chapter and addressed the course learning
objectives. Throughout the semester there were 15 case studies
completed (see Supplementary Materials). Table 1 displays a
breakdown of the case progression on a typical week.

Each week at the end of the first class session (day 1) students
were introduced to a patient in part 1 of the case study (see
Figure 1). They learned the patient’s name, a little about their
background, and their chief complaint. There was also a picture
of the patient included in this introductory information. This
brief introduction was designed to help students get to know
the patient and begin to develop empathy. Without prompting,
students naturally engaged in group discussions about possible
underlying conditions and began to develop a differential diagnosis.

On day 2, students worked through part 2 of the case study,
learning additional clinical details, including signs, symptoms,
and diagnostic test results. Embedded questions guided students
in connecting clinical findings to foundational immunological
mechanisms, utilizing both new information learned that
week and building on knowledge from previous chapters.
Collaboratively, students worked toward determining a final
diagnosis for their patient and understanding the immunological
underpinnings of the case.

Students wrapped up the case study on day 3 by exploring
treatment options and potential long-term management. The

integration of immunology concepts focused on the mechanism
of action of therapeutics specifically related to immunological
processes and clinical outcomes. When applicable, Part 3 also
included ethical considerations for the students to discuss in
their groups, aimed to garner empathy for the patient and
their families. The denouement of this multi-session PCL case
study was to help students grasp the broader, ubiquitous impact
of immunology on society and the importance of responsible
decision-making in healthcare.

Students used the course LMS (Blackboard) to answer
embedded questions in all three parts of the case. Although students
discussed the case in teams, each student submitted their own
responses. These scored questions provided immediate feedback
without revealing the correct answers, allowing re-attempts to
reinforce learning, and encourage discussion among teams.

Data collection and measures

At the end of the semester, 36 students (28 seniors, 7 juniors,
and 1 sophomore) completed the university’s standard Student
Evaluation of Learning and Feedback for Instruction (SELFI),
administered by the institution. As part of this evaluation, three
additional questions were incorporated to assess the impact of the
patient-centered case studies on student learning. These questions
included both quantitative and qualitative measures.

Quantitative analysis
The quantitative measure consisted of a Likert-scale item,

where students rated their agreement (Strongly Agree = 5 to
Strongly Disagree = 1) with the statement:

“The patient-centered case studies each chapter helped me better
understand complex immunologic concepts.”

Responses were analyzed by calculating the percentage
breakdown for each of the five response categories. The mean
score and standard deviation were computed to summarize overall
agreement with the statement.

In addition to the Likert-scale question, one open-ended
question, “Describe some aspects of this course that promoted
your learning,” was analyzed quantitatively using a content analysis
approach. Student responses were examined to determine the
frequency of mentions of three instructional strategies: AL, TBL,
and CBL. Each response was reviewed, and a tally was recorded
for the number of students who explicitly referenced each strategy.
The total counts for each category were calculated to assess the
prominence of these themes in student reflections.

Qualitative analysis
The qualitative component included two open-ended questions

to capture students’ perspectives on the effectiveness of the case
studies:

1. “In what ways did the patient-centered case studies enhance or
challenge your understanding of immunology concepts?”

2. “What skills do you feel you gained or improved upon by
working through the patient-centered case studies?”
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FIGURE 1

Part 1 of case study. On the first day of a case study students were introduced to the patient, saw an AI-generated picture of them, learned a little
about their background, and heard their chief complaint in a Blackboard module.

A thematic analysis was conducted for these questions. Each
student response was independently coded by the two authors,
who reviewed the data separately to identify overarching themes.
After independent coding, the authors compared their themes
to resolve discrepancies and establish consensus on key findings.
Comprehensive theme identification was achieved, ensuring that
major concepts were well-represented in the final analysis.

Results

Quantitative results

Of the 36 students who responded to the Likert-scale
question regarding the effectiveness of patient-centered case
studies, the mean response was 4.72 (SD = 0.74), indicating a
high level of agreement with the statement that case studies
enhanced their understanding of immunologic concepts.
Corresponding percent distribution of responses are displayed in
Figure 2.

Students were asked to describe aspects of the
course that promoted their learning, and the frequency
of instructional strategy mentions was recorded. The
results are depicted in Figure 3. CBL emerged as the
most frequently referenced approach, accounting for
61% (N = 22). Students highlighted its effectiveness in
contextualizing immunologic concepts within real-world clinical
scenarios.

“The case studies really helped me apply the information learned
in a real world, clinical setting.”

AL was also commonly mentioned, constituting 58% (N = 21),
with students noting its role in fostering engagement and
deepening their understanding of key concepts.

“We also did in class activities that were creative and helped to
visualize the concepts we were learning in class.”

TBL was less frequently referenced, at 28% (N = 10),
although students who mentioned it described the benefits of peer
collaboration and discussion in reinforcing fundamental concepts.

“I enjoyed the group learning format of the class. I like to bounce
ideas off of others, so this definitely helped me learn.”

These findings indicate that students found case-based and
active learning strategies particularly effective in enhancing their
comprehension of immunology.

Qualitative results

Understanding of immunology concepts
Student responses to the question, “In what ways did

the patient-centered case studies enhance or challenge your
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FIGURE 2

Distribution of student responses to the Likert-scale question: “The
patient-centered case studies in each chapter helped me better
understand complex immunologic concepts.” The majority of
students (81%) selected Strongly Agree, followed by 17% selecting
Agree, and 3% selecting Strongly Disagree. No students selected
Neutral or Disagree.

understanding of immunology concepts?” were analyzed to
understand their perceptions of learning. Through thematic
analysis, six major themes emerged: (1) Real-world Application;
(2) Critical Thinking and Problem Solving; (3) Enhanced
Understanding and Desire to Learn; (4) Preparation for Medical
Careers; (5) Connection of Concepts; and (6) Patient Connection.
A visual representation of the code frequency is shown in
Figure 4A.

Real-world application

Over half of the students expressed that the case studies helped
them connect immunological concepts to real-world scenarios.
They highlighted how engaging with clinical cases allowed them to
see how theoretical knowledge is applied in practice:

“These case studies enhanced my understanding by connecting it
to the real world.”

“I enjoyed the case studies since they show how the material
learned in the chapters is seen in real life. I think we learned a
lot more and understood the content more through case studies.”

This theme suggests that students found value in bridging
the gap between classroom learning and practical application,
reinforcing the importance of contextualized learning.

Critical thinking and problem solving

One-third of students described how the case studies
challenged them to think critically and problem-solve, often
requiring them to analyze symptoms, make differential diagnoses,
and synthesize multiple concepts:

“The case studies helped us learn to work as a team and use
problem solving and critical thinking skills to come to a diagnosis.

FIGURE 3

Percentage of student responses mentioning key instructional
strategies in response to the question, “Describe some aspects of
this course that promoted your learning.” Case-Based Learning
(CBL) was the most frequently mentioned (61%), followed by Active
Learning (AL; 58%) and Team-Based Learning (TBL; 28%).

It was interesting to learn about the different ways diseases can
present in a patient. It made me excited because it felt like we
were treating patients and not just in a classroom.”

“I think they were often challenging, but I enjoyed that as it
enhanced my learning and allowed me to apply the concepts
learned in lecture to realistic scenarios. They also had images and
explanations imbedded in them that made it easy to follow and
helped me when I was stuck on a question.”

By engaging in these exercises, students demonstrated higher-
order cognitive skills aligned with the upper levels of Bloom’s
Taxonomy (Anderson and Krathwohl, 2001), moving beyond rote
memorization toward meaningful knowledge integration.

Enhanced understanding and desire to learn

While closely related to other themes, half specifically noted
that the case studies deepened their understanding and sparked
curiosity and a greater desire to learn more about immunology:

“I felt like the case studies both enhanced and challenged my
understanding of immunology concepts. Some things we did not
know because we are not trained professionals so that is how it
challenges us, but it also helped me better understand some of the
topics that we were working on that week because it was able to
bring all of the concepts together.”

“The patient-centered case studies helped enhance my learning
by bringing up things that we didn’t necessarily cover in lecture,
but we could ask questions and learn more about it.”

This finding suggests that CBL can enhance students’ grasp of
immunological principles and motivation to learn more about case-
related topics.
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FIGURE 4

Word clouds representing student responses to qualitative questions about PCL. The larger the word, the more often the idea was mentioned. The
size of each word corresponds to the frequency of its mention by students, while colors are used for visual distinction and do not carry specific
meaning. (A) Codes from responses to the question, “In what ways did the patient-centered case studies enhance or challenge your understanding
of immunology concepts?” (B) represents codes from responses to the question, “What skills do you feel you gained or improved upon by working
through the patient-centered case studies?”

Preparation for medical careers

Nearly half of the students noted that the case studies provided
valuable preparation for future medical training by simulating real
patient scenarios:

“The case studies brought real word instances to life in this
classroom. It made me look forward to my future medical career
path.”

“I found these to be beneficial because they were relevant to the
career I want to go into in the future, so they helped me stay
engaged with class and apply what I learned to more relevant
concepts.”

This theme underscores the importance of active learning in
connecting undergraduate education with professional practice.

Connection of concepts

Students indicated that the case studies helped them integrate
multiple immunological concepts, making learning more cohesive:

“We needed to apply immunological concepts that we learned
in the lectures to real–world problems. This was helping in
grasping how abnormal functioning of different components of
the immune system manifest as a variety of physical symptoms.”

“The case studies enhanced my learning because they combined
multiple aspects of the concepts we learned in a real–life
situation, which helped me understand how the concepts come
together in real life.”

This suggests that CBP facilitates knowledge
retention by reinforcing the relationships between key
immunological principles.

Patient connection

Although less frequently mentioned, some students
emphasized the patient-centered nature of the case studies
and its impact on their learning:

“Provided good real world understanding of how the immune
system impacts people and changes.”

“They made me want to be knowledgeable and know everything
about each patient so I could find the right cure.”

While not as dominant as other themes, this insight highlights
the potential for CBL to foster a more patient-focused approach in
medical education.

Skills gained or improved
Student responses to the question, "What skills do you feel you

gained or improved upon by working through the patient-centered
case studies?" were analyzed to evaluate student perceptions
regarding the impact on their learning skills. Through thematic
analysis, four primary themes emerged: (1) Critical Thinking and
Problem Solving; (2) Content Application; (3) Diagnosing and
Clinical Skills; and (4) Teamwork and Communication. A visual
representation of the code frequency is shown in Figure 4B.

Critical thinking and problem solving

Half of the students explicitly described how the case studies
challenged them to engage in deeper analysis, problem-solving,
and decision-making. Many responses emphasized the necessity
of interpreting symptoms and integrating multiple pieces of
information to determine possible diagnoses:

“Although these case studies are already solved and I know what
is going on by the end, I gained experience with trying to integrate
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all of the information and variables I am given and try to figure
out what is going on.”

“I feel that I gained problem solving and detail–oriented skills
when completing the case studies. They forced me to look at
symptoms and clues and make a diagnosis.”

These findings suggest that CBL fosters critical thinking by
requiring students to assess complex problems rather than passively
absorb information.

Content application

A similar proportion of students highlighted that the case
studies facilitated the application of immunological concepts to
real-world scenarios. They noted that working through cases
allowed them to bridge the gap between theoretical knowledge and
practical use:

“I think I gained skills on reading deeper into patient symptoms
and being able to apply the symptoms to what I learned in class.”

“Being able to correlate what we went over in class with clinical
examples definitely helped me remember more content. It forced
me to recall and implement my knowledge in a practical way
that I wish other courses regarding complicated science concepts
follow.”

This theme underscores the role of CBL in reinforcing
content comprehension and helping students see the relevance of
immunology beyond the classroom.

Diagnosing and clinical skills

Related to critical thinking and problem solving, one-third of
students acknowledged that the case studies helped them develop
diagnostic reasoning and clinical evaluation skills. They gained a
better understanding of how to interpret patient data and recognize
disease patterns:

“I think these case studies helped me analyze the symptoms and
synthesize them to come up with a resulting diagnosis.”

“I learned a lot more about different immunological disorders
that improved my ability to read all the facts and narrow down
what the disorder was.”

This theme suggests that case studies serve as an early
introduction to clinical reasoning, helping students practice skills
that will be critical in their future medical careers.

Teamwork and communication
Students also emphasized the collaborative nature of the case

studies, noting that working in teams allowed them to refine their
communication skills and learn from peers:

“I think I gained teamwork and problem-solving skills. It helped
open my mind to different possibilities when diagnosing.”

“Teamwork and communication are some skills that I have
gained as I often completed the case studies with my group. We
were able to share ideas and guide each other with remembering
concepts that were just discussed in class.”

The responses indicate that case-based learning fosters an
interactive learning environment, encouraging students to engage
in discussion, share insights, and problem-solve collectively.

The results suggest that patient-centered case studies effectively
enhance students’ ability to apply immunology content, develop
critical thinking skills, practice clinical reasoning, and collaborate
effectively. The findings support the role of PCL in preparing
students for real-world medical scenarios, reinforcing both
conceptual knowledge and essential professional competencies.

Discussion

This study demonstrates that students perceive the use of
PCL in an undergraduate immunology course as enhancing their
comprehension of immunologic concepts, critical thinking,
and diagnostic reasoning skills. The results indicate that
CBL and AL were the most frequently cited instructional
strategies that contributed to students’ learning, reinforcing
the importance of student engagement and contextualized
learning, which is consistent with adult learning theory
(Knowles, 1984). While TBL was mentioned less frequently,
those who referenced it recognized the value of peer collaboration
and group discussion, supporting findings that team-based
activities help solidify conceptual knowledge (James et al., 2019;
Kibble et al., 2016).

Through qualitative analysis, students identified six major
themes related to how PCL impacted their learning, including
real-world application, critical thinking, preparation for medical
careers, connection of concepts, enhanced understanding, and
patient connection. Importantly, students described gains in
problem solving abilities, diagnostic reasoning, and teamwork,
indicating that patient-centered cases provide an early introduction
to clinical reasoning skills essential for future healthcare providers.
These findings align with prior research emphasizing that when
basic science content is delivered in a clinically relevant manner,
it is more readily retained and applied to clinical practice
(Anderson et al., 2020).

Expanding the role of empathy in
patient-centered case studies

This study presents a versatile model of CBL that enhances
scientific comprehension and patient-centered thinking in
pre-health education. CBL facilitates interprofessional learning
(Thistlethwaite et al., 2012), which is particularly beneficial
in undergraduate courses where students from various health
professions attend classes together. Furthermore, cases provide
opportunities to integrate multiple subjects across the health
sciences, allowing students to connect foundational knowledge in
the basic sciences with clinical applications, thus promoting deeper
and more holistic understanding (Novack, 2020).
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Although the goal of designing case studies in a patient-centric
format was to expand and promote students’ empathy for patients,
a surprising result was a distinct lack of “empathy” in students’
responses to open-ended questions. While students readily
detailed how patient-centered case studies increased their critical
thinking and problem solving, teamwork and communication,
and diagnostic skills, there were no direct mentions of increased
empathy. This suggests that while students recognized the real-
world application of immunological concepts, they may not have
consciously reflected on the emotional and humanistic dimensions
of patient care or considered it a skill. This may be that empathy
on the path to medical education is impressed upon far less than
harder, more tangible skills. Laughey et al. (2021) hypothesize
that empathy originates from inherent sentiments and is nurtured
through both formal and informal medical curricula. Furthermore,
there are various events within the hidden curriculum that enhance
empathy, often without the explicit awareness of the students.

This absence of explicit empathy-related responses may reflect
a gap in pre-health undergraduate education and preparation for
future medical careers where technical skills are prioritized over
interpersonal and emotional competencies. Empathy can be more
difficult to imbue in students than more tangible attributes like
being able to work in a team environment or applying immunology
concepts to diagnose patients in a case study. However, the
increasing need for empathy to balance technical, statistical
treatments is becoming more apparent (Laughey et al., 2021).
Patient-centered case studies lay the groundwork for students
flexing and developing their empathy muscles, but everything
takes practice and time. If more undergraduate courses implement
exercises styled like the case studies described herein, students will
have more opportunities to hone their empathy.

Implications for future course design

While patient-centered case studies lay the groundwork for
developing empathy in undergraduate students, this study suggests
that more deliberate scaffolding is necessary to ensure that
students actively engage with the humanistic aspects of patient
care. One potential strategy is to explicitly integrate reflection
exercises alongside case studies, prompting students to consider
patient emotions, ethical dilemmas, and the psychosocial aspects
of disease. Guided discussions, role-playing exercises, and reflective
writing prompts could further enhance students’ ability to connect
scientific reasoning with human experience.

Furthermore, incorporating interprofessional education (IPE)
activities can enhance students’ understanding of the collaborative
nature of patient care (Thistlethwaite et al., 2012). This method
is particularly advantageous for undergraduate immunology
courses, given the diverse range of pre-health majors that may
participate. Encouraging students to discuss case studies with
peers from different health-related disciplines could foster a deeper
appreciation for patient-centered, team-based decision-making.

Limitations

While this study provides valuable insights into the
effectiveness of PCL in undergraduate immunology education, a

few limitations should be acknowledged. First, the findings rely
on self-reported student perceptions collected through course
evaluations. While these data provide meaningful reflections
on student experiences, they are inherently subjective and may
not fully capture actual learning gains. Future research could
benefit from incorporating direct assessments of immunology
knowledge and clinical reasoning skills before and after case
study implementation. Second, although one of the goals of PCL
was to foster empathy, the study did not include a validated
empathy assessment tool. The absence of explicit references
to empathy in student responses suggests that targeted survey
items may be necessary to measure changes in students’ patient-
centered thinking. Lastly, this study was conducted within a single
undergraduate immunology course at one institution, which may
limit the generalizability of the findings. Students’ experiences and
perceptions of PCL may differ across institutions, disciplines, and
course structures. Expanding this approach to other health science
courses and diverse educational settings would help determine its
broader applicability and effectiveness.

Conclusion

Ultimately, this study highlights the effectiveness of PCL
in reinforcing conceptual learning, diagnostic reasoning, and
collaborative problem-solving, while also revealing an opportunity
to better integrate explicit empathy-building components into
undergraduate immunology education. As the demand for
holistic, patient-centered clinicians continues to grow, integrating
structured empathy development activities into pre-health
curricula will be essential in shaping both scientifically competent
and compassionate healthcare professionals.
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