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Abstract

Large Language Models (LLMs) are expected to enhance medical
education through personalized clinical skills training. However,
their practical application from the student user experience perspec-
tive remains underexplored. This gap is critical because without
understanding students’ needs, LLM-based tools risk poor adoption
and suboptimal learning outcomes. This study explores medical
students’ challenges and expectations when using LLM-based clini-
cal skills training through a two-phase investigation involving 14
medical students. We integrated five Type 2 Diabetes cases into
a probe platform and conducted probe-based studies followed by
co-design workshops. We identified challenges across three cate-
gories: dialogue content (lack of realism, insufficient knowledge
depth differentiation); dialogue presentation (information overload,
single modality limitations); and dialogue interaction (inadequate
guidance and feedback). Co-design workshops revealed expecta-
tions for enhanced patient modeling, personalized content delivery,
structured presentation frameworks, and collaborative features.
These findings provide design considerations for developing more
effective, user-centered LLM-based medical education systems.
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1 Introduction

Clinical skills training is essential in medical education, shaping
students’ ability to integrate theoretical knowledge with practi-
cal application and ultimately improving the quality of healthcare
services [4, 11, 29]. Traditionally, clinical training relies on two pri-
mary methods: standardized patients (SPs) and clinical internships
[13, 59]. While these approaches provide valuable hands-on experi-
ence, they also present notable limitations. SP-based simulations
often fail to capture the complexity and variability of real-world
clinical scenarios [59], while internships are constrained by limited
resources and opportunities, making it challenging for students to
gain sufficient practical experience [78].

These challenges have motivated Human-Computer Interaction
(HCI) researchers to explore technology-enhanced solutions for pro-
fessional skill development. Early HCI research investigated various
approaches, from surgical simulations [47] to gamified learning
environments [49, 64]. Virtual Reality (VR) and Augmented Real-
ity (AR) technologies create immersive environments for complex
clinical situations, such as virtual surgical procedures or anatomy
courses [27, 47]. However, these technologies remain limited in
authenticity and adaptability, struggling to fully capture the com-
plexities of real-world clinical encounters while often relying on
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fixed training cases that lack flexibility [27]. Large Language Mod-
els (LLMs) emerge as a promising solution for medical education,
offering unprecedented opportunities for personalized, interactive
learning experiences. With their advanced natural language under-
standing and ability to generate contextually relevant responses,
LLMs can dynamically adapt to user inputs, making them well-
suited for simulating real-world clinical dialogues [41, 79]. Recent
HCI research demonstrates LLMs’ potential in educational con-
texts: supporting collaborative reasoning [86], providing adaptive
feedback [45], and serving as intelligent tutoring partners [85].

Despite these promising technical developments, current re-
search primarily focuses on system performance and educational
outcomes, often overlooking learners’ authentic experiences and
specific needs. Without understanding learners’ cognitive processes
during clinical training, systems risk creating barriers rather than
facilitating learning [44]. Clinical education presents unique chal-
lenges requiring not only cognitive skills but also empathetic com-
munication and real-time decision-making in high-stakes environ-
ments [39, 83]. This necessitates user centered design approaches
that systematically explore medical students’ challenges and expec-
tations. Given that existing research has not fully explored LLMs’
potential and limitations in clinical skills training, this study focuses
on the challenges medical students face and their expectations for
LLM-based tools. We chose these two aspects because they directly
reflect the tools’ practical effectiveness and user needs, providing a
clear direction for improving educational technologies. Thus, we
propose the following research questions (RQs):

e What challenges do medical students encounter when
training clinical skills using LLM tools? (RQ1)

e What are medical students’ expectations for improving
LLM-based training tools? (RQ2)

To explore these questions, we designed a two-phase study in
which medical students interacted with an LLM-integrated platform
focused on Type 2 Diabetes (T2D) clinical skills development (Figure
1). Through probe-based studies with 14 participants, we identified
11 challenges across three dimensions: 1) Dialogue Content—lack
of realism, repetitive responses, and insufficient knowledge dif-
ferentiation (C1-C4); 2) Dialogue Presentation—linear structures,
text-heavy outputs, and non-standardized formats (C5-C8); 3) Di-
alogue Interaction—absence of guidance, feedback, and scaffold-
ing (C9-C11). Following challenge identification, we conducted
co-design workshops where medical students collaboratively de-
veloped expectations for LLM-based training tools. For dialogue
content, they suggested enhancing authenticity and personaliza-
tion through enriched patient behavior models, user personas, and
strengthened scenario associations. For presentation, they expected
improved information delivery efficiency through structured frame-
works, information extraction, and multimodal outputs. For inter-
action, they proposed boosting user engagement and learning effec-
tiveness through increased guidance, feedback, and collaborative
features.

Our study offers the following contributions:

e We identify 11 key challenges medical students encounter
when using LLM-based clinical training tools, providing in-
sights into current limitations across content, presentation,
and interaction dimensions.
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o We elicit medical students’ expectations through co-design
workshops, highlighting needs for enhanced authenticity,
personalized experiences, and collaborative mechanisms.

e We propose ten design considerations among three dimen-
sions. We discuss the considerations specific to clinical edu-
cation from those applicable to general LLM-based learning
contexts, and interconnections among design considerations

By addressing these challenges and incorporating user-driven
design principles, our research contributes to the development
of more adaptable and impactful LLM-powered tools for medical
education.

2 Related Work

2.1 The Dilemma and Need for Clinical Skills
Training

Clinical skills training is a cornerstone of medical education, essen-
tial for developing high-quality healthcare professionals [4, 11, 29].
Medical students require extensive clinical skills training to inte-
grate theoretical knowledge with practical skills, fostering com-
prehensive understanding of their profession [8, 54, 60]. However,
several challenges impede this goal. Traditional clinical skills train-
ing typically relies on teacher or peer-simulated patients, which
presents limitations [13, 59]. Such approaches fail to accurately
replicate real-world clinical scenario complexity and lack standard-
ization, impeding effective skill transfer to actual practice. Addi-
tionally, internships provide opportunities to develop clinical skills,
but high demand and limited resources severely constrain exposure
to real clinical practice and meaningful feedback [78].

Current clinical skills training reveals significant deficiencies in
both knowledge transfer and practical skill development. Numerous
assessments [41, 63] show that clinicians and medical students fall
far below expected standards in diabetes management, highlighting
substantial gaps between theoretical knowledge and practical appli-
cation. This gap drives the need for innovative solutions like LLMs,
which can potentially enhance clinical skills training by providing
personalized, interactive, and adaptable learning experiences that
bridge the theory-practice divide.

2.2 Clinical Skills Training Technologies

Prior to the emergence of LLMs, HCI researchers had already devel-
oped various approaches to clinical skills training. From text-based
virtual patients [6, 21] to physical simulators [51, 70] to immersive
platforms leveraging virtual technologies [43, 64], researchers fo-
cused either on reproducing the content of clinical cases, enhancing
the immersiveness of delivery media, or emphasizing interactive
mechanisms for feedback.

In research on text-based virtual patients, scholars primarily
focused on the design of medical case content and interaction work-
flows. Cook et al’s meta-analysis [21] demonstrated that carefully
constructed cases—with varying complexity, cognitive scaffolding,
and timely feedback—achieved effects comparable to traditional
instruction. Critically, their research established the principle that
instructional design quality rather than technological sophistication
drives learning outcomes. Meanwhile, Bateman et al. [6] extended
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Figure 1: Workflow: We designed a two-phase study in which medical students interacted with an LLM-integrated platform
focused on clinical skills development. To build the probe platform, We focused on T2D-related clinical skills, including
interactive patient simulations, diagnostic decision-making, and patient education. Phase 1 shows the probe-based study with
platform interface featuring five T2D clinical scenarios, participant interaction photo, and data collection process. Phase 2
shows the co-design workshop with participant expectations gathering, collaborative activities (discussion, brainstorming,

presentation), and group workshop photo.

this understanding by identifying the components of effective con-
tent: making simulated reasoning processes explicit rather than
merely presenting diagnostic accuracy. This insight highlighted
that novices require visible expert thinking patterns, thereby in-
forming instructional design. This foundation laid the groundwork
for subsequent research focusing on the simulation of reasoning
processes and experiential learning.

However, the text-only presentation modality constrained skill
development. As Kneebone [42] documented, clinical competence
requires recognizing non-verbal cues and cultivating procedural
fluency—dimensions unattainable through text alone. Moreover,
script-bound interaction restricted authentic clinical reasoning prac-
tice, as predetermined decision trees inadequately reflected the
unpredictability of clinical practice [62].

Recognizing these embodiment limitations, researchers employed
physical mannequins, haptic devices, and 3D models to develop
simulators [51, 70]. Research on simulators primarily focused on
advancing presentation fidelity to enhance clinical skills training.
For instance, McGaghie et al. [51] demonstrated that when high-
fidelity presentation was combined with deliberate practice princi-
ples—namely focused repetition, expert feedback, and progressive
difficulty—simulation training produced superior outcomes com-
pared to traditional apprenticeship. However, content adaptability
remained constrained. Most simulators targeted specific skills at
fixed proficiency levels, creating scaffolding dilemmas [37].

Multimodal platforms integrate virtual reality, augmented real-
ity, and gamification elements, with researchers enhancing user
experiences through both interaction modalities and presentation
media. For example, Quail et al. [64] demonstrated how narrative
presentation enhances motivation through emotional engagement.

Similarly, Kneebone et al. [43] employed hybrid simulations com-
bining physical task trainers with trained actors, noting that coordi-
nated presentation modalities simultaneously facilitated technical
and communication skill development—neither of which could be
independently achieved through single-modality approaches. How-
ever, research also highlighted the complexity of coordination: each
content modification necessitated synchronized changes across
physical props, actor scripts, and system logic. As Kneebone et al.
documented, scenarios requiring multidisciplinary team involve-
ment demanded months for development and revision [43]. This
pattern exposed a fundamental paradox: rich, adaptive experiences
required exponential authoring effort [21].

This evolution reveals both cumulative progress and persistent
constraints. Text-based systems established cognitive scaffolding
principles [21], embodied simulators validated deliberate practice
with tactile feedback [51], and multimodal platforms demonstrated
integration of physical, virtual, and social dimensions [43, 64].
These contributions remain foundational for approaching new tech-
nologies. However, despite their respective strengths, these systems
shared a common limitation: script-bound interactions with prede-
termined paths that prevented dynamic adaptation to individual
learning trajectories. LLMs offer potential to address this challenge
through dynamic natural language generation [41, 79].

2.3 LLMs in Practice Education and the
Demands of Clinical Training

LLMs demonstrate broad application prospects in practice-based ed-
ucation across various domains. In software engineering and design
education, LLMs serve as partners providing on-demand advice and
generating practical scenarios, enhancing learner engagement and
efficiency [45, 85]. Business and management education research
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emphasizes LLM potential in supporting case-based reasor86y [

However, these applications reveal common challenges, particu-

larly limitations in aligning generated content with domain norms,
supporting multi-turn reasoning, and fostering user agen@g[86.

Clinical skill training faces even more complex challenges. Un-
like other practice domains, clinical education requires learners
to develop empathetic communication, ethical judgment, and real-
time decision-making skills in high-stakes environments beyond
reasoning tasks§3. Simulated patient interactions, as clinical
training cornerstones, demand both factual accuracy and emotional
authenticity, requiring LLM-driven systems to be highly sensitive
to emotional, interpersonal, and contextual dimensions of medical
encounters [39, 83].

Although existing research has begun exploring learner inter-
actions with LLM tools in medical education, revealing learner

enthusiasm for Al-assisted learning and concerns about trust, trans-

parency, and pedagogical consistendy] these studies primarily
evaluate from technical implementation and educational e ective-
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students for future clinical workP6 3§. To understand how LLM-
based tools may support skill acquisition across these modules, we
designed ve probes grounded in prior research.

Forinteractive simulated patients , we implementedrobe
1 (LLM agent simulate patients) building on Holderried et 883,
assessing whether students can engage in meaningful history-
taking interactions with GPT-based simulated patients. Bizease
decision-making [81], we designedProbe 2 (Testing diabetic
retinopathy screening timing) to examine students' application of
evidence-based DR screening recommendatidith pnd Probe
3 (Chatbot in diabetic foot ulcers) to explore LLM-aided clinical
action selection for diabetic foot ulcers (DFU) cased.[For pa-
tient education [27, we designedProbe 4 (Evaluating obesity in
T2D according to guidelines) to assess students' critical evaluation
of LLM-generated obesity management recommendati@jsgnd
Probe 5 (Develop rehabilitation plans for the elderly) to explore
LLM-supported construction of personalized rehabilitation plans
[53. Table 1 summarizes the design logic, prompt structure, and

ness perspectives, lacking deep understanding of medical students' module alignment for each probe.

authentic experiences and speci ¢ needs as end users. As Yee et al

noted, needs for Al systems in clinical environments are dynami-
cally evolving [7€], suggesting necessity to systematically explore

medical students' challenges and expectations in di erent learning

contexts from a user experience perspective.

Therefore, designing medical education tools that balance Al gen-

erative capabilities with user-centered sca olding, promoting both
realism and pedagogical e ciency, remains an urgent problem. This
study speci cally targets this gap by focusing on medical students'
actual experiences when using LLM-based clinical skill training
tools, exploring the challenges they face and their expectations for
tool improvement.

To ground our investigation in a concrete clinical context, we

focus on Type 2 Diabetes (T2D) as our case study (Appendix A). T2D

represents an ideal domain for exploring LLM-assisted clinical skills
training due to its global health signi cance, complex management
requirements, and well-documented educational gaps in current
medical curricula [41, 78].

3 Phase 1: Probe-based Study
In order to gather insights into the challenges encountered by

medical students when using LLM probes, we conducted a probe-

3.1.2 Probe Implementatioro facilitate the implementation of
the probe try-ons, we integrated all probes into a single platform
and developed an easily accessible user website based on JavaScript.
This platform is designed to promote seamless user navigation and
ensure a consistent experience across all tasks. We designed the
ve probes as separate scenarios rather than continuous work ows

to re ect the current state of LLM-based medical education tools

in practice, which typically exist as discrete modules rather than
integrated systems. We modeled the user interface on the ChatGPT
pagé and leveraged the ChatGPT-40 ARb support LLM-based
conversational functionalities (3). Prior to the interviews, we con-
ducted a pilot test with 3 medical students to validate the platform's
usability and make necessary adjustments. To ensure a standardized
and structured approach, we prepared a detailed interview guide
that outlined the speci c questions and prompts to be used during
the semi-structured interviews. This study is based on custom-
designed prompts, which utilize the existing ChatGPT-40 model
without any additional ne-tuning or retraining. Therefore, instead

of ne-tuning or retraining ChatGPT, we leveraged its existing
capabilities to assess its performance in applications such as sim-
ulated patient interactions, clinical decision-making, and patient
education (Appendix C).

based study, as depicted in phase 1 (Figure2). This phase of the study3.2 ~ Participants

involved the use of the probes for medical education, followed by
semi-structured interviews with 14 medical students. We received
ethical approval from our institution's Ethics Committee to conduct
all procedures involving human subjects. Throughout the research,
we took careful steps to protect participants' rights and privacy.
The following sections detail the types of data collected, participant
recruitment, and data analysis processes.

3.1 Probe Design

3.1.1 Probe Selectidn. T2D clinical skill learning, three core
modules interactive simulated patients, disease decision-making,
and patient education form the foundation for preparing medical

We recruited 14 participants (8 female, 6 male) through word of
mouth. All had completed ve years of clinical medical education,
and most (N=12) were about to begin their clinical internship. Partic-
ipants ranged in age from 22 to 25 years and all had prior experience
using LLMs. Detailed demographic information is provided in Table
2. Each study session lasted approximately 2 hours, and participants
received $50 compensatio.

3.3 Procedure

Each session was conducted in a one-on-one format, allowing for
in-depth exploration of participants' experiences and perceptions.

Lhttps://chat.openai.com/
2https://platform.openai.com/docs/models
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Figure 2: Phase 1:A probe-based study, which included experiencing the probes in clinical skills training, semi-structured
interviews with 14 medical students after they experienced probes.On the right side of the picture, we present a screenshot of
the user using the probe, showing the content of participant's conversation using Probe 1 (simulating patient).

Table 1: Probe details, references, and their alignment with clinical skill training modules in T2D education.

Probe Description Target Ref
Module

1. LLM agent simulate patients This probe aims to test whether GPT can provide afsimulated [33]
propriate responses as a simulated patient and exploRatients
whether doctors can e ectively utilize it in medical sim-
ulation practices.

2. Testing diabetic retinopathy This probe evaluates whether LLM tools can help learrDisease [75]

(DR) screening timing ers apply screening guidelines for DR, assessing clinicBlecision-
reasoning under timing and risk trade-o s. Making

3. Chatbotin diabetic foot ulcers This probe explores whether LLMs can assist in diadisease [72]

(DFUs) nostic and therapeutic decision-making for DFU caseBgecision-

involving management choices and care prioritizationMaking

4. Evaluating obesity in T2D ac-This probe asks students to critically evaluate whethePatient Edu- [3]
cording to guidelines LLM-provided treatment plans for obesity align with cation

clinical guidelines, emphasizing judgment and credibil-

ity assessment.

5. Develop rehabilitation plans This probe assesses whether LLMs can help co-develBatient Edu- [52]
for the elderly personalized rehab plans considering multimorbiditycation

and lifestyle factors, relevant for patient-centered edu-

cation.

Participants were recruited from undergraduate medical students phase, participants were instructed to use the "Think-Aloud" (TA)
transitioning from textbook learning to clinical practice, as well method [L€], in which they verbalize their thoughts and actions
as graduate students undergoing clinical training. Each session while interacting with each probe. This method was used to capture
consisted of three main stages: their spontaneous reactions, challenges encountered, and insights
Introduction First, the researcher explained the study's pur- gained during task execution. The ve probe tasks are described in
pose and background to the participant. Second, after brief mutual Appendix D.
introductions, participants were asked to describe: 1) the duration Semi-structured Interview After completing the probe ex-
of their medical studies; 2) their practical experience with simu- perience, researchers conducted semi-structured interviews. The
lation training; and 3) their prior use of LLM tools. Participants' interview protocol covered four main areas: (1) overall experience
background information, including learning experience, medical with the probes, including perceived advantages and challenges; (2)
discipline, and exposure to medical simulations, is summarized in individual feedback on each probe's strengths and limitations; (3)
Table 2. opinions on the integrated platform's interface design and function-
Experience the Probes Participants were then invited to ex-  ality; and (4) comparisons with existing medical education methods
perience the ve probes we designed, one at a time. During this and tools (see Appendix E for the complete interview guide).






	Abstract
	1 Introduction
	2 Related Work
	2.1 The Dilemma and Need for Clinical Skills Training
	2.2 Clinical Skills Training Technologies
	2.3 LLMs in Practice Education and the Demands of Clinical Training

	3 Phase 1: Probe-based Study
	3.1 Probe Design
	3.2 Participants
	3.3 Procedure
	3.4 Data Collection and Analysis

	4 Probe-based Study Findings
	4.1 Dialogue Content Issues
	4.2 Dialogue Presentation Issues
	4.3 Dialogue Interaction Barriers

	5 Phase 2: Co-design workshop
	5.1 Procedure
	5.2 Data Collection and Analysis

	6 Co-design Findings
	6.1 Expectations for Content Quality
	6.2 Expectations for Content Presentation
	6.3 Expectations for the Dialogue Interaction

	7 Discussion
	7.1 From System Performance to Learner Experience
	7.2 Considering Design Considerations as Interconnected
	7.3 Medical-specific Considerations And Potentially Generalizable Considerations
	7.4 How LLM Tools Might Be Integrated Into Broader Medical Education
	7.5 Limitations

	8 Conclusion
	Acknowledgments
	References
	A Background of Clinical Skills in Type 2 Diabetes
	B Research paper
	C Prompt
	C.1 Prompt 1: Simulated Patients
	C.2 Prompt 2: Testing DR Screening Timing
	C.3 Prompt 3: Chatbot in Diabetic Foot Ulcers
	C.4 Prompt 4: Assessing Obesity in T2D According to Guidelines
	C.5 Prompt 5: Using ChatGPT to Develop Rehabilitation Plans for the Elderly Role: Rehabilitation Specialist

	D Probe-design user task
	E Semi-structure Interview Question Outline
	F Codebook for Phase 1: Probe-based Study
	G Codebook for Phase 2: Co-design Workshop

