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Abstract
Background

Traditional clinical training in family medicine relies on case—based discussions and standardised
patients, which are resource-intensive and limited in scope. We designed and evaluated an artificial
intelligence (Al)-simulated patient tool for family medicine training, focusing on usability, realism, and
educational value.

Methods

We used a two-phase developmental research framework (design and development, and evaluation) to
design a large language model-based conversational agent powered by GPT-40, grounded in case
reports, patient personas, and normal-range databases. To evaluate the tool, we recruited European
family doctors through the European Young Family Doctors’ Movement network and snowball sampling.
Participants interacted with the tool and completed nine 5-point Likert items (ranging from 1/Strongly
disagree to 5/Strongly agree) and three open-ended questions. Quantitative data were analysed
descriptively, while qualitative responses underwent thematic analysis.

Results

The tool was rated by most of the 21 participants as enjoyable, beneficial for clinical practice, giving
evidence-based feedback (all median 4, interquartile range (IQR) 1); easy to use, making appropriate
responses and giving a realistic conversational flow (all median 4, IQR 2). Most participants would
strongly recommend it to their colleagues (median 5, IQR 1). Strengths included its supportive role,
usability, and educational value, while weaknesses involved interaction limitations, realism, and cultural
challenges. Suggested improvements included expanding content, adding multilingual and cultural
adaptations, and enhancing interactiveness.

Conclusion

The Al-simulated patient is feasible, well-received, and holds promise for enhancing family medicine
education. Future work should add speech-to-text, Al avatars, and measurement of the impactin a
randomised controlled trial.

INTRODUCTION

Traditional medical education methods can be costly and time-consuming, and may not effectively cover
very different scenarios [1]. Actor-based standardized patient programs, despite their widespread use,
face the following practical limitations: high costs associated with hiring, training, and scheduling actors;
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performance variability and fatigue in repeated sessions; and limited scalability for large student groups
[2]. Artificial intelligence (Al) technologies incorporating large language models (LLMs) can simulate
complex scenarios, provide real-time, personalized feedback, and reduce costs by generating unlimited,
varied patient interactions [3, 4].

Al-powered chatbots have become widely adopted educational tools in medical training [4]. Early rule-
based chatbots, limited to predetermined responses, lacked flexibility and deeper contextual
understanding. In contrast, LLM-based conversational agents generate more nuanced, context-sensitive
output that better supports learner engagement and clinical reasoning [6—8]. Generative Pretrained
Transformer (GPT)-powered chatbots have been shown to generate 97.9% medically plausible patient
responses, with medical students rating the interactions positively [9], and GPT-4 achieved a “very high
level of” agreement with human feedback raters in history-taking training [10].

Beyond chatbots, virtual patient (VP) systems provide structured, realistic settings in which learners can
practise communication and diagnostic skills [11-13]. A recent study highlights user satisfaction with
VPs' accessibility but emphasises the need for better user-centred design, including faster animations
and improved navigation features [14]. While simulation-based learning is well-established in specialised
fields such as dentistry [15], surgery [16, 17], and radiology [18], there remains a significant gap in
general medicine and primary care training [8]. A recent Al study on general practitioner consultations
reported a 24-84% cost reduction, but it focused on a single structured-exam scenario [19]. Many
existing training tools concentrate on narrow technical skills or tightly defined scenarios, rather than on
open-ended encounters with patients who present with vague or overlapping complaints. Using Al-
simulated patients in primary health care teaching could help by reproducing the complex, ambiguous
problems that family doctors face in daily work [20].

This study had two main objectives: first, to design and build an Al-simulated patient platform driven by a
LLM and structured around both case-based and persona-based databases for clinical training in family
medicine; and second, to assess its usability, perceived realism, and educational value among family
doctors and trainees. Additionally, the study examined user feedback to identify strengths, weaknesses
and suggestions for improving Al-based clinical simulation tools, particularly for communication skills
training.

MEHODOLOGY

We followed a systematic two-phase process comprising (i) the design and development of the Al tool
and (ii) its evaluation with a heterogeneous European cohort of family doctors and trainees, using
quantitative outcome measures and qualitative data subjected to thematic analysis.

Design and Development Phase of the Al Tool
Database Development
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We based the Al-simulated patient tool on three interconnected databases.

Case-Study Database

We compiled case notes from published medical literature using a standardised template that included
demographics, presenting complaint and duration, relevant medical history, examination and
investigations, and the confirmed diagnosis with management plan. (Fig. 1)

Patient Persona Database

To mirror real-world clinical encounters and help users manage the complexity of patient interactions,
we constructed a set of simulated patient personas, each presenting distinct communication challenges
and representing different patient backgrounds. (Fig. 1) The design of these personas was informed by
the “difficult patient” examples presented in a standard clinical medicine textbook [21]. Personas varied
by emotional tone, health literacy, and interaction style to support communication-skills training.

Normal Ranges of Findings Database

This database provided reference ranges for laboratory findings, imaging results and physical
examination metrics. The normal ranges, categorised by age group, included paediatric values. The
reference values in this database were drawn from established medical literature and clinical guidelines
to ensure accuracy and relevance.

Development of LLM-based Al-Simulated Patients:

The Al-simulated patient was powered by a Claude-based LLM (Gpt4o, 2024-08-06 version), enabling
natural language processing and generation. The LLM was trained on the combined data from both the
Case Study and Patient Persona databases using PostgreSQL as the database management system. Al
Patient Simulator used a combination of medical case studies and patient personas to create realistic,
interactive simulations.

Prompt Engineering

In the development of Al-simulated patients for clinical training, ‘prompt engineering’ (the systematic
design and refinement of the textual inputs provided to the LLM model) is essential to ensure realistic,
dynamic and educationally valuable interactions. Our approach to prompt engineering ensured that the
Al system could interact with users in a highly context-aware manner. The prompts used case studies,
guidelines, and databases to create a comprehensive simulation environment.
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System Prompt

The system prompt set the foundational context for the Al's behaviour. It drew information from two key
sources:

Case Articles
These provided the medical context, including patient history, symptoms, and potential diagnoses.
Patient Personas

These defined the Al-simulated patient's communication style and emotional characteristics, ensuring
diverse interaction scenarios.

The system prompt ensured that the Al maintained consistency and realism throughout the interaction,
simulating both medical and interpersonal aspects of a consultation.

Three Key Template Prompts

To guide the Al in its response generation, we designed three distinct prompt templates that
corresponded to different stages of the clinical interaction:

History Taking and Examination Template Prompt

This prompt guided the Al in the examination phase. It drew heavily from the case study to provide
detailed information on the patient's current state, symptoms, and medical history. The Al used this to
simulate the physical examination process, including vital signs and relevant findings.

Analysis Template Prompt

This template was divided into several parts, each drawing from specific sources to simulate a well-
rounded clinical analysis

e History Taking. This section drew on clinical guidelines to ensure thorough, accurate history-taking
procedures are followed in line with best practices.

* Diagnosis and Treatment. The Al drew from the case articles to generate a differential diagnosis and
treatment based on the patient’s presentation.

* Red Flags: Using guidelines, the Al identified and highlighted critical red flags that might indicate
serious underlying conditions.

e Communication Skills: The Al used specific guidelines for communication, helping doctors develop
effective strategies to engage patients with empathy, patience, and professionalism.

Normal Ranges Template Prompt
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For inquiries related to laboratory results or physical findings, this prompt pulled data from the Normal
Ranges Database. The Al checked these values against the case data to determine if any findings fell
outside the normal range, providing instant feedback to the user.

Figure 2 illustrates the core architecture of the LLM-based Al patient framework. The LLM generates
patient dialogue conditioned on a selected case (clinical data/history) and persona
(communication/emotional traits), optionally consulting reference databases (e.g., normal
ranges/analysis), and it returns interactive responses and feedback (e.g., diagnostic and management
suggestions) to the user.

Evaluation Phase
Participants

We recruited family doctors and trainees from European countries through the European Young Family
Doctors’ Movement (EYFDM). The study invitation was disseminated through EYFDM WhatsApp groups
and the EYFDM newsletter, and recipients were encouraged to share the survey link with colleagues in
their local and national networks to expand participation.

Data Collection

After a 15—-20-minute hands-on interaction with the Al-simulated patient tool (myaipatient.com),
participants completed a structured survey comprising three sections, designed to collect evaluation
data (Table 1). The questionnaire had demographic questions, nine Likert-scale questions (1 = Strongly
Disagree, 2 = Disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly Agree) and three open-
ended questions. For this interaction, participants were instructed to work through at least one clinical
case scenario on the platform, enter their responses, and review the feedback generated by the tool
before completing the survey.
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Table 1
Survey Instrument

Demographics

Quantitative Study:

5-point Likert Scale Questions

(Please indicate your level of agreement with the following
Statements about the Al-simulated patient tool, where: 1 =

Strongly Disagree, 2 = Disagree, 3 = Neither agree nor disagree, 4
=Agree, 5 = Strongly A greeg

Qualitative Study:

Open-ended Questions

- Country
- Age
- Sex

- Resident or Specialist in family
medicine

- Years of work experience from
graduation

- Years of work experience in
the field of family medicine

1. The Al-simulated patient tool
is easy to use.

2. The Al-simulated patient tool
is enjoyable to use.

3. The Al-simulated patient tool
is beneficial for my clinical
practice.

4. Al-generated feedback is
evidence-based.

5. Al-patient responses are
medically plausible.

6. The Al patient was able to
make an appropriate response
to open-ended questions.

7. Al-simulated interactions are
realistic in terms of
conversation flow.

8. 1 would like to use this app in
my daily postgraduate medical
education activities.

9. I would like to recommend
this application to my
colleagues.

1. In your opinion, what are the
strengths of this application?

2. In your opinion, what are the
weaknesses of this application?

3. How could this app be
improved?
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Analysis

Continuous variables are presented as medians with interquartile ranges (IQR). Data from open-ended
questions were analysed using thematic analysis with manual coding. Three researchers (SHA, IHA, GO)
independently familiarised themselves with the data, generated initial codes, and organised codes into
candidate themes. The individual coding frameworks were compared in consensus meetings where
discrepancies were discussed and resolved through iterative dialogue. Themes were reviewed against
coded extracts and the full dataset for coherence. A fourth researcher (RA) reviewed the final thematic
structure for credibility. To enhance trustworthiness, we maintained an audit trail of coding decisions
and employed investigator triangulation across coders from different clinical and cultural backgrounds.
The resulting codes and categories were subsequently merged and presented under overarching
themes.

RESULTS

This study included 21 participants from 8 countries in the World Health Organisation (WHO) European
Region. Of the participants, 17 were female and 4 were male, with 10 family medicine trainees and 11
qualified family doctors. (Appendix 1)

Quantitative Findings

The results from the participants in relation to their experience with the Al-based simulation instrument
are presented in Table 2.

Most of the 21 participants rated the tool as enjoyable, beneficial for clinical practice, and giving
evidence-based feedback (all median 4, IQR 1). The majority found it easy to use, with appropriate
responses, and giving a realistic conversational flow (all median 4, IQR 2). Most participants would
strongly recommend it to their colleagues (median 5, IQR 1).
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Table 2
Participants' ratings of their opinions about the artificial intelligence-based tool

1 Variable Median IQR* Range
The Al-simulated patient tool is easy to use. 4 2 2-5

2 The Al-simulated patient tool is enjoyable to use. 4 1 2-5

3  The Al-simulated patient tool is beneficial for my clinical practice. 4 1 3-5

4  Al-generated feedbacks are evidence-based. 4 1 2-5

5 The Al-patient responses are medically plausible. 4 1 2-5

6 The Al-patient was able to make an appropriate response to open- 4 2 1-5
ended questions.

7  Al-simulated interactions are realistic in terms of conversation flow. 4 2 1-5

8 I would like to use this app in my daily postgraduate medical 4 2 2-5
education activities.

9 | would like to recommend this application to my colleagues. 5 1 3-5

*IQR: inter-quartile range.

Qualitative findings

The strengths, weaknesses, and improvement suggestions were categorised and coded under the
following headings: strengths, weaknesses and suggestions for improvement.

Strengths included its supportive role, usability and educational value, while weaknesses involved
interaction limitations, realism and cultural challenges. Suggested improvements included expanding
content, adding multilingual and cultural adaptations, and enhancing interactiveness. Figure 3 presents a
mind map of our findings, with illustrative quotes.

DISCUSSION
Principal Findings

We designed and evaluated an LLM-based virtual patient platform among trainees and general
practitioners from several European countries. Usability, realism, and perceived clinical benefit were
generally rated positively, with all items achieving high median scores.

Comparison With Previous Work

Since our initial work, two systematic reviews have confirmed the rapid growth of this field [22, 23].
Recent developments include multi-agent systems grounded in real patient data, web-based prototypes
with Al-assisted case generation and multi-LLM comparison, and platforms that provide automated
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feedback on communication skills [24]. Our findings align with earlier studies reporting that chatbot-
based virtual patients are perceived as engaging and easy to use, and with prior demonstrations of high
medical plausibility and agreement with human raters [9-10, 25-26]. However, our study extends this
evidence to a multinational primary care context, a setting where communication demands are
heterogeneous and highly sensitive to cultural and systemic variation.

While the tool we used was entirely text-based, it still achieved positive user perceptions of usability and
plausibility. By comparison, recent studies that combined an LLM with a social robotic interface reported
even higher authenticity ratings [27]. This contrast suggests that while text-only platforms can
demonstrate feasibility at lower cost and complexity, future multimodal approaches should enhance
immersion and emotional realism.

Our findings should also be considered alongside commercially available platforms. A recent
randomised crossover trial comparing an Al-driven virtual patient simulator with actor-based training
among 274 medical students found no significant difference in self-reported communication skills
attainment, while the Al platform achieved 24-84% cost reductions [28]. However, most commercial
platforms are designed for undergraduate OSCE preparation with scripted scenarios, whereas our tool
targets postgraduate family medicine training, uses published case reports, and incorporates diverse
patient personas reflecting the communication complexity of primary care. The only GP-specific
evaluation to date tested a conversational Al on a single scenario without persona selection or
structured diagnostic feedback [19]. Furthermore, studies using commercial platforms typically cannot
disclose the underlying system architecture, prompt design, or feedback algorithms due to proprietary
restrictions. In contrast, our tool was developed entirely by the research team, allowing us to describe the
full technical pipeline, including database structure, prompt engineering strategy, and feedback
generation logic, thereby supporting transparency and reproducibility.

Large-scale deployment has also been demonstrated on a scripted platform with over 45,000
consultations [29]. That study identified hallucinations and off-topic responses as significant challenges.
In our open-ended system, hallucinations were not prominent; instead, slower interactions were reported
as barriers. This suggests that adoption barriers may differ across design approaches: scripted systems
risk accuracy problems such as hallucinations, whereas structured open-prompt systems like ours
reduce these risks but can feel less fluid to use.

The automated feedback was perceived positively, consistent with recent studies identifying immediate
Al-generated feedback as a highly valued feature of simulated patient platforms [6, 30]. However,
participants noted that feedback could be more specific to national guidelines, suggesting that future
iterations should incorporate regional context selection.

Work on predefined communication archetypes, such as the “accuser” and “rationaliser” personas [31],
demonstrated that LLMs can reproduce specific conversational and emotional styles with fidelity. Our
approach differed by developing a broader persona database that included grieving, aggressive, talkative,
distrustful, medically knowledgeable, and linguistically limited patients. This wider range reflects real-
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world primary care challenges. It may offer broader training value than narrowly defined archetypes, with
the potential to expand access to communication skills training, which currently varies substantially
across institutions and countries [32].

Strengths and limitations

Previous research emphasises the potential of LLM-driven patients to enhance realism, interactivity, and
scenario diversity. Our contribution lies in testing such a tool on a heterogeneous European family
medicine cohort, highlighting its feasibility and identifying practical barriers that have not been
prominent in earlier work.

The small, predominantly female sample and single-session, self-reported outcomes limit
generalisability and preclude conclusions about learning gains. The qualitative component, while
providing valuable exploratory insights, was limited to three brief open-ended questions rather than in-
depth interviews, constraining the richness of qualitative data. Future studies should consider semi-
structured interviews or focus groups to explore user experiences in greater depth. While our results
suggest broad acceptability, the restricted score range raises concerns about ceiling effects, limiting the
ability to differentiate between tool features or detect incremental improvements. The text-based format
may have reduced conversational naturalness. Differences in guidelines and medications across
countries complicated judgments of correctness.

Future Research

Future research should move beyond feasibility and assess whether these tools improve communication
and clinical reasoning skills. There is a need for randomised controlled trials with objective performance
outcomes, longitudinal exposure, and cost-effectiveness analyses. While technical enhancements (e.qg.,
speech input, avatars) warrant evaluation, claims of skills improvement should remain cautious until
supported by controlled evidence.

CONCLUSION

Using a two-phase developmental design with quantitative outcome measures and supplementary
thematic analysis of open-ended responses in a heterogeneous European cohort, we found that the tool
was generally feasible, acceptable, and experienced as being realistic and educationally useful.
Participants also identified barriers such as time demands, challenges in prompt formulation, and
variation in international guidelines that should be addressed in future refinements. Overall, our findings
suggest that LLM-based virtual patients can serve as a scalable, user-friendly, and relatively low-cost
adjunct to traditional communication skills training in GP education, warranting further optimisation and
evaluation in routine practice.
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“Languages should change and maybe use

I different vartations, or even non-verbal
Itural L “Difficulty In
Cultural empathy due to cultural differences”

“Adapt it
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ntent patients and situations” “Lack of images,
Col gap Jq routine appointments for GP training”
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roality”

Limitations
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“It takes a while to wrile the answers. A tool
that allows to ‘speak” out loud your answers

and it transcripts them would be helpful.”
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Interaction and Functional .—‘ “There were no categories to choose from, |



