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Abstract

Introduction: Biochemistry is often regarded as conceptually dense yet emotionally disconnected, limiting its relevance to patient care. To
bridge this gap, an art-based learning intervention was developed to connect biochemistry of diseases with empathy, perspective-taking,
and ethical awareness through visual thinking strategies, structured peer role-play, and guided reflection. Methods: This small-group
activity was conducted for 150 first-year medical students over a total duration of 180 minutes. Students were divided into 30 groups and
each group received a curated artwork and a biochemical role-play case scenario. Evaluation followed Kirkpatrick’s model with a 20-item
perception survey and semistructured interviews for level 1 (reaction), postsession assessment, “I used to think, now I think, now I will”
reflection, and a 7-item confidence questionnaire for level 2 (learning). Results: Students reported high levels of engagement across all
components, particularly appreciating visual thinking strategies and structured peer role-play. The postsession assessment score was
24.1 (SD = 3.0) out of 30 [P < .001]. Thematic analysis of documented reflections yielded 16 distinct themes representing the shift in
learners’ perspectives and their growing commitment to empathic patient care. Discussion: The integration of art and role-play into early
biochemistry teaching effectively supported students in linking molecular mechanism of diseases with human experiences of illness. It also
encouraged thoughtful participation and facilitated emotional and ethical awareness. While the approach proved feasible and impactful
within this setting, its broader implementation may depend on institutional support and faculty readiness for arts-integrated pedagogy.
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Educational Objectives

By the end of this learning activity, students will be able to:

1. Describe patient suffering through visual and narrative 
cues.

2. Describe the biochemical basis and key clinical features of 
disease presented in the case scenarios.

3. Use visual thinking strategies and structured peer role-
plays to reflect on patient and caregiver perspectives on 
illness and suffering.

4. Demonstrate empathetic communication, ethical 
reasoning, and collaborative clinical decision-making in 
the context of a biochemical disorder through a structured 
peer role-play and guided reflection. 
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5. Reflect on emotions, communication, and the meaning of
suffering using a structured reflection format.

Introduction

In medical school, biochemistry is often perceived as an abstract
subject, rich in molecular complexity yet emotionally distant from
the lived experiences of patients.1 This disconnect is especially
pronounced in early years of training, where students begin to
acquire the language of science but have not yet developed the
lens to see suffering through a clinical or humanistic frame.2 The
problem is not in the rigor of the subject, but in the absence of
spaces where foundational sciences intersect meaningfully with
empathy, narrative, and the moral imagination. While there are
several clinical integration and patient-centered care modules to
humanize basic science learning, the challenge remains in how
we teach biochemistry in ways that make illness visible, suffering
palpable, and the patient present.3,4

Art-based learning (ABL) is an emerging and impactful
pedagogical approach in medical education that fosters
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transformative learning by bridging clinical understanding with
emotional and reflective insight.5 Rooted in the deliberate use of
visual art and interpretive inquiry, ABL offers a multidimensional
space where students can encounter multiple emotions and
senses through a lens of observation and narrative reflection.6

A central methodology within ABL is visual thinking strategies
(VTS). It is a structured, inquiry-driven approach originally
developed in museum education and now increasingly applied
in medical training.7 VTS invites learners to engage with an image
through slow, reflective looking, followed by facilitated discussion
using open-ended prompts specifically drafted for this approach,
like “What’s going on in this picture?” “What do you see that
makes you say that?” and “What more can we find?”8 This
approach emphasizes evidence-based interpretation, multiple
perspectives, and active listening skills that can be considered
critical to both clinical reasoning and compassionate care.9 In
the context of medical education, VTS can be applied not only to
sharpen observational acuity but also to open space for students
to explore emotional responses, implicit biases, and the moral
dimensions of patient care.10

There are 2 impactful MedEdPORTAL publications on the use
of visual arts for reflecting learning and enhancing perspective-
taking among students.11,12 These initiatives have demonstrated
how structured engagement with artwork can deepen students’
awareness, strengthen their observational skills, and foster
attitudinal growth. What remains underexplored is the deliberate
integration of visual arts into the teaching of biochemical
concepts, particularly during early medical training. The current
educational activity addresses this critical gap by embedding
curated visual artworks and integrating them with structured
role-play exercises to portray illness and suffering. Through this,
students are invited not only to learn the underlying biochemical
processes but also to consider how these processes manifest
in the lives of patients and families and to engage in real-life
communication, developing empathy, understanding, and
compassion.

Methods

The competency-based medical education curriculum by the
National Medical Commission of India is implemented at our
institution. The curriculum includes a key component called
early clinical exposure (ECE), which is intended to expose first-
year medical students to patient interactions. Every foundational
subject, including anatomy, physiology, and biochemistry, has
been allotted 30 hours of ECE. I conducted this activity as part of
the biochemistry ECE during the preclinical phase, after students

had completed core instruction in metabolic pathways and
molecular mechanisms. Although students had prior exposure
to case-based learning, they had not previously participated
in structured ABL or formal VTS. Before the actual session,
I conducted an orientation session for the faculty facilitators
(Appendix A). Students were not expected to have any prior
preparation.

For this activity, I curated 15 powerful artworks depicting
themes of illness, vulnerability, and human suffering from openly
accessible sources (Appendix B), such as The Sick Child by
Edvard Munch and Death and the Maiden by Egon Schiele.
Each artwork was then printed as a museum-style display
board, mounted with description text, and placed prominently
to simulate a gallery-viewing experience within the learning
environment. This educational approach was informed by the
prism model for arts and humanities in medical education, which
identifies 4 core pedagogical functions: skills development,
perspective-taking, personal insight, and social advocacy.13 Of
these, the present intervention primarily focused on perspective-
taking and personal insight.

I conducted this multimethod educational activity with 150 first-
year medical students after obtaining written informed consent
form from all. Instructions were distributed to students prior to the
session (Appendix C). The 180-minute activity was structured
as (i) a VTS session, (ii) structured peer role-play, (ii) guided
reflection, and (iv) plenary discussion. Students were organized
into 30 small groups, each consisting of 5 students, and assigned
a biochemistry/foundational medical science faculty facilitator.
Each group received a single curated artwork at the beginning.
After the VTS session, groups received a clinical case scenario
for a biochemical disorder, role descriptions for role-play (eg,
physician, patient, caregiver, nurse, or counselor), dilemmas
to resolve, and reflection prompts (Appendix D). As there were
30 groups, each artwork—case set was allocated to 2 groups to
maintain equal distribution. Faculty were given a checklist guide
to mark the completion of all activities (Appendix E). Faculty were
required to be trained in conducting the VTS session.

The session began with the VTS component (30 minutes), during
which students engaged in slow, intentional observation of their
group’s assigned artwork. No diagnostic labeling or biochemical
interpretation was introduced at this stage. Faculty provided
a disclaimer at the outset, emphasizing that the artwork was
not intended to depict or diagnose a specific disease. Using
VTS prompts, students engaged in open-ended observation of
visible physical, emotional, and social context cues within the
artwork and documented key observations. Interpretations were
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grounded in visual evidence, and multiple perspectives were
encouraged. This phase aimed to cultivate empathy, perspective-
taking, and observational acuity.

Following the VTS session, students transitioned into the
structured peer role-play exercise (45 minutes). The clinical
scenario was introduced at this stage. Groups were instructed
to revisit their documented visual observations from the VTS
discussion to identify elements from the artwork which aligned
with the patient presentation and which did not. Each group was
required to articulate the likely diagnosis, explain the underlying
biochemical mechanism, correlate it with clinical findings, and
enact the scenario to address the ethical dimensions of decision-
making, particularly in situations involving uncertainty, limited
resources, or caregiver distress. Students were allowed to have 1
biochemistry textbook per group to support preparation.

The next phase involved faculty-guided reflection (25 minutes),
during which students reflected on the questions given in their
role-play materials for deeper correlation of the art, role-play,
and biochemistry. They also reflected their learning using the
“I used to think, now I think, now I will” framework via an online
SurveyMonkey form (Appendix F) and prepared a summary of
their case.14 In the final plenary session (60-80 minutes), groups
with the same clinical cases were paired and presented to the
entire class, outlining the likely diagnosis, underlying biochemical
mechanism, key clinical correlations, and ethical considerations.
This peer-sharing format ensured that all students were exposed
to all 15 case scenarios and their associated biochemical
concepts.

Our evaluation plan was guided by the Kirkpatrick model.15

Immediate learner reaction (level 1) was measured through a
20-item online evaluation (Appendix G) questionnaire
administered via SurveyMonkey at the end of the session,
and learners’ experiences were gauged qualitatively through
semistructured small-group interviews. Purposively sampled
students were invited via email and recruited ensuring diversity
in participants. Semistructured interviews were conducted
within 2 weeks of the session by a faculty member not involved
in this activity to minimize social desirability bias. Interviews
took place in a private academic setting, lasted approximately
20-30 minutes, were audio recorded with consent, and followed
an interview guide (Appendix H).

Further, to assess learning (level 2), at the end of the plenary
session, each student completed a paper-based postsession
assessment comprising 15 clinical reasoning questions
(short answer scored using a 0-2 analytic rubric) (Appendix I).

Additionally, a 7-item confidence questionnaire on a 5-point
Likert scale (Appendix J) was administered electronically via
SurveyMonkey to evaluate perceived confidence in applying
biochemical knowledge and understanding patient suffering.

The mean and standard deviations of all continuous variables
were reported using univariate statistics. For normally distributed
data, group differences were evaluated using ANOVA and t

tests; for nonnormally distributed variables, the Mann-Whitney
U and Kruskal-Wallis tests were employed. Stata/BE version
18.5, with statistical significance set at P < .05, was used to
analyze the data. For qualitative data, the audio recordings
were transcribed verbatim and analyzed using reflexive
thematic analysis as described by Clarke and Braun.16 Two data
analyzers independently reviewed the transcripts and reflections,
performed inductive line-by-line coding, and developed themes
through iterative comparison and refinement. Discrepancies were
resolved through discussion, and an audit trail was maintained
to ensure analytic rigor and transparency. Ethical approval was
obtained from Panimalar Medical College Hospital and Research
Institute’s Institutional Human Ethics Committee (Approval No.
PMCHRI-IHEC-264; April 2, 2025).

Results

A total of 150 students participated (61% females and 39%
males). For the end of activity evaluations, the response
rate was 97.5% (n = 146). Participants’ mean age was
20 years (SD = 2.1). When inquiring about previous experience
in ABL, this was the first exposure for all students. For the
15-item postsession assessment (maximum score: 30), the
mean score was 24.1 (SD = 3.0). Overall, 82% of students
demonstrated satisfactory reasoning, whereas 14% required
further conceptual strengthening and 4% demonstrated
inadequate clinicobiochemical reasoning.

The 20-item evaluation questionnaire was spilt into 5 items
for VTS evaluation; 8 items for structured peer role-play; 4
items for guided reflection; and 3 items for comparing with
traditional lecture, case-based learning, and overall evaluation.
Students responded positively across all components of the
session, indicating a high level of engagement and perceived
relevance. They particularly reported that the VTS session with
the discussion was highly effective in supporting meaning-making
and the importance of peer perspectives in expanding their
views. Additionally, the structured peer role-play activity was
perceived as immersive and realistic, noting that the opportunity
to assume patient, family, and provider perspectives deepened
their insight into the complexities of care. The structured
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reflective exercise was perceived to be highly effective in
prompting the learners to move beyond descriptive wording
and truly articulate shifts in perspective. Students reported high
perceived gains in confidence when the activity was compared
with traditional lecture-based sessions (M = 4.63, SD = 0.21).
When compared with existing small-group case-based learning
in ECE at our institution (M = 4.10, SD = 0.35), ratings were
also highly positive, suggesting that students experienced
this approach as engaging, meaningful, and effective within
the continuum of active learning formats. The mean student
responses to each item are detailed in the Table.

Regarding the confidence level, there was a notable statistically
significant improvement across all 7 areas (P < .001). The lowest
presession mean scores (out of 5) were observed in students’
observation skills (2.0; Figure 1) and thinking from the patient and
family perspectives (1.9). The highest postsession mean score
was recorded for thinking from the patient and family perspective
(4.5) and applying my basic science knowledge like biochemistry
to patient care (4.5).

Students’ reflections were analyzed (n = 146) until thematic
saturation was achieved, and 16 distinct themes were identified:
5 under the category “I used to think,” 5 under “Now I think,” and
6 under “Now I will,” as shown in Figure 2.

Within the “I used to think” domain, many students described
(i) diagnosis as the final goal (n = 108), viewing clinical work

as complete once a diagnosis was reached. Closely linked
was (ii) laboratory data as the primary authority (n = 96), where
students acknowledged privileging numbers over narratives,
often relying on investigations as the main source of decision-
making. Under (iii) communication as technical explanation
(n = 84), learners equated competence with accuracy, focusing
on delivering correct information rather than understanding
patient concerns. Another theme, (iv) art as unrelated to medical
learning (n = 72), reflected a perception that art had little
relevance to clinical training. Finally, (v) medicine as rapid
problem-solving (n = 117) revealed a performance-oriented
mindset, with emphasis on efficiency over reflection. These
themes suggested a predominantly biomedical, efficiency-driven
orientation shaped by early academic exposure.

In contrast, the “Now I think” reflections demonstrated perceptual
and conceptual shifts. Under (vi) illness as lived and layered (n =
101), students articulated a broader understanding, recognizing
the emotional and social dimensions of illness. The theme of
(vii) biochemistry as an explanatory bridge (n = 94) reflected
on importance of integration, linking molecular mechanisms
with patient experience. In the next theme, (viii) listening as
an intervention (n = 88), students reflected on the importance
of listening and silence, acknowledging communication itself
as therapeutic. Students also recognized (ix) multiplicity of
perspectives in care (n = 79), appreciating the roles of patients,
families, and health care teams. Finally, (x) emotional awareness

Table. Evaluation of the ABL Session: Mean Student Response Analysis

Serial Number Survey Item M (SD)

1 The Visual Thinking Strategies session helped me notice emotions, suffering, and important details in the artwork. 4.18 (0.22)
2 The discussion helped me understand the emotions shown in the artwork more deeply. 4.65 (0.36)
3 The session helped me think beyond what is visible and imagine the patient’s experience. 4.10 (0.18)
4 Listening to others’ observations gave me new ways of seeing and thinking. 4.25 (0.57)
5 The VTS session helped me appreciate how observation skills are important in clinical practice. 4.33 (0.49)
6 The structured peer role-play helped me understand the emotions and suffering experienced by patients and families. 4.28 (0.29)
7 Taking on a specific role helped me think more clearly about real clinical situations. 4.71 (0.17)
8 The interaction with other roles made the structured peer role-play feel realistic and engaging. 4.54 (0.43)
9 I was able to communicate and collaborate effectively with my group during the structured peer role-play. 4.52 (0.46)
10 The structured peer role-play helped me practice empathy and active listening. 4.72 (0.31)
11 The clinical problem linked to the artwork made me think deeply about real life patient care. 4.61 (0.31)
12 The activity helped me understand how biochemistry knowledge applies in real patient experiences. 4.45 (0.43)
13 The activity helped me understand the underlying biochemical mechanisms responsible for the patient’s clinical features. 4.65 (0.43)
14 The reflection exercise helped me become more aware of my original thoughts and assumptions. 4.17 (0.54)
15 The reflection helped me notice how my understanding of illness and communication changed after the session. 4.77 (0.22)
16 The “I used to think, now I think, now I will” format made me think about how I will improve in future. 4.37 (0.28)
17 The reflection made me realize the importance of understanding patient emotions, suffering, and communication skills in

real practice.
4.53 (0.41)

18 Compared to traditional lecture-based sessions in Biochemistry, this activity improved my confidence in applying
biochemical concepts to clinical scenarios.

4.63 (0.21)

19 Compared to small group case-based learning in ECE, this activity enhanced my engagement and depth of understanding. 4.10 (0.35)
20 Overall, the session helped me connect observation, empathy, communication, and clinical thinking in a meaningful way. 4.62 (0.33)

Abbreviations: ABL, art-based learning; ECE, early clinical exposure; VTS, visual thinking strategies.
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Figure 1. Comparison of student confidence before and after the activity.

in reasoning (n = 74) highlighted reflexivity, with students
becoming more aware of their own responses in clinical
situations. These themes indicated movement from efficiency-
driven orientation toward reflective, relational engagement.

The “Now I will” statements translated these insights into
intended practice. Under (xi) observe beyond symptoms
(n = 92), students committed to attentiveness, including
nonverbal and contextual cues. The theme (xii) integrate
mechanism with meaning (n = 89) captured deliberate linkage
of science and care, connecting biochemical knowledge
with patient narratives. In (xiii) communicate with sensitivity
(n = 83), learners emphasized tone and pacing, ensuring
empathy alongside clarity. Recognition of shared care
responsibilities emerged under (xiv) include family and allied
voices (n = 78), valuing collaborative approaches to care.
Reflection itself became intentional practice under (xv) pause for
a moment (n = 70), allowing time for thoughtful consideration
after patient encounters. Finally, (xvi) sustain humility in
uncertainty (n = 65) reflected professional growth, accepting
uncertainty as part of clinical practice.

Further, in the semistructured small-group interviews
(n = 110/150), students described the session as immersive

and thought-provoking, comparing it with usual lecture formats. 
Many spoke about how playing a role shifted their engagement 
with the case. One student reflected, “When I had to speak as 
the patient’s relative, I realized how much uncertainty families 
sit with. It wasn’t just about getting the diagnosis right.” Another 
commented, “I usually focus on lab values first. This time, I paid 
attention to expressions and silence.”

The integration of biochemical reasoning within emotionally 
layered scenarios was repeatedly noted as meaningful. A 
participant shared, “We usually learn only the pathway, but 
when I could understand how really it manifests as a disease, it 
deepened by knowledge.” Several students described becoming 
more attentive to communication nuances. “We discussed
tone and body language in a way we never do in regular
case discussions,” one said. Overall, students described the 
experience as reflective, clinically anchored, and memorable.

Discussion

This educational activity successfully demonstrated the potential 
of ABL to transform biochemistry education into a space where 
empathy, ethical awareness, understanding perspectives,
and clinical reasoning can begin to take root. The deliberate 
integration of VTS, structured peer role-plays, and reflection
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Figure 2. Thematic analysis of the “I used to think, now I think, now I will” reflection.

into the early biochemistry curriculum enabled first-year
medical students to transcend the confines of rote molecular
understanding and engage with illness as a lived, multifaceted
experience. The results, both quantitative and qualitative, suggest
that the activity meaningfully addressed the pedagogical gap.

Through the development and implementation of this activity,
many key lessons were learned. First, our findings support that
the use of artwork as a narrative entry point, especially when
presented in a museum-style format, is an effective approach for
suspending assumptions and encouraging interpretive inquiry.17

Second, creating a safe psychological space is important for
students to open up.6 Initially, students were hesitant and
provided 1-word answers. Many students saw illness mainly

through concepts and lab values. But as they spent time with
the artwork and listened to each other, they started to see the
human side and what it might feel like to live with pain, fear, or
uncertainty. This shift happened as faculty gently introduced
the diseases, asking students to link observations from VTS
discussion and explaining each expression and emotion. Instead
of questioning each student individually, facilitators established
a group norm of open observation, making it clear that there
were no right answers and no obligation to speak. This approach
reduced pressure, respected silence, and gradually encouraged
students to engage more authentically.

The structured reflection format (“I used to think, now I think,
now I will”) provided an accessible yet introspectively rich way
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of meaning-making, allowing learners to track their own evolution
in perspective. However, even though the design fostered high
engagement and thoughtful reflection, its generalizability may
be affected in some contexts due to requirements of VTS-trained
faculty. Yet, this may be addressed through brief, targeted faculty
development workshops or even by invited trained museum
educators, especially in high-resource settings. A limitation of the
evaluation of our activity is that increased student confidence
cannot be attributed exclusively to the artwork. The activity
incorporated multiple active learning elements, each of which
may have contributed to the observed outcomes. In the absence
of a comparison group without the visual component, causal
attribution to artwork alone remains limited.

Looking ahead, this educational approach shows strong
promise for wider use in medical education. Even though it was
implemented in the context of biochemistry, the same model can
be adapted for other foundational science and clinical subjects.
Such an approach will provide benefit by helping students
connect scientific content with patient emotions, social contexts,
and ethical challenges. Additionally, this activity was conducted
within a single institutional context, and certain implementation
elements may be context specific. For example, students were
permitted access to a shared physical biochemistry textbook
during role-play preparation, whereas other institutions may
rely primarily on electronic resources. Although this logistical
difference does not alter the core pedagogical design, adaptation
may be required across settings.

In our future iterations, we intend to explore and evaluate how
repeated exposure to such sessions shapes long-term skills
like empathy, observation, and reflective thinking (level 3 of
Kirkpatrick’s evaluation). With appropriate support, this approach
offers a meaningful way to bring humanism into scientific learning
and to prepare students to not only know the science of illness
but also understand what it means to care for those who live
with it.
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