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Abstract

Effective communication training is essential
to preparing nurses for high-quality patient
care. While standardized patient (SP) simu-
lations provide valuable experiential learning,
they are often costly and inflexible. Virtual pa-
tient (VP) systems offer a scalable alternative,
but most fail to adapt to the varying commu-
nication skills of trainees. In particular, when
trainees respond ineffectively, VPs should esca-
late in hostility or become uncooperative—yet
this level of adaptive interaction remains largely
unsupported. To address this gap, we intro-
duce Adaptive-VP!, a VP dialogue generation
framework that leverages large language mod-
els (LLMs) to dynamically adapt VP behavior
based on trainee input. The framework features
a pipeline for constructing clinically grounded
yet flexible VP scenarios and a modular sys-
tem for assessing trainee communication and
adjusting VP responses in real time, while en-
suring learner safety. We validated Adaptive-
VP by simulating challenging patient conver-
sations. Automated evaluation using a corpus
from practicing nurses showed that our commu-
nication skill evaluation mechanism reflected
real-world proficiency levels. Expert nurses
further confirmed that Adaptive-VP produced
more natural and realistic interactions than ex-
isting approaches, demonstrating its potential
as a scalable and effective tool for nursing com-
munication training.

1 Introduction

Effective nurse-patient communication is crucial
for enhancing treatment adherence and health out-
comes (Patak et al., 2009; Chochinov et al., 2013;
Peimani et al., 2020). Conversely, poor communi-
cation can lead to medical errors, increased patient
dissatisfaction, and heightened provider stress (Dit-
hole et al., 2016; Banerjee et al., 2016).

'Code and data available at:
keyeun/adaptive-vp

https://github.com/

Traditionally, simulation-based training with
standardized patients (SPs) has been central to
nursing education (MacLean et al., 2017; Nestel
and Bearman, 2014). However, it often prioritizes
procedural skills over communication, incurs high
costs, and scripted interactions limit its ability to re-
flect the dynamic nature of real clinical encounters
(Elendu et al., 2024; Wallace et al., 2002).

Virtual patients (VPs) have emerged as a scal-
able alternative for clinical training (Barrows, 1993;
Ziv et al., 2006; McGaghie et al., 2010; Pascucci
et al., 2014). Recent advances in large language
models (LLMs) enhance VPs by enabling more nat-
ural, context-aware interactions (Li et al., 2024; Fan
et al., 2025; Chen et al., 2023). However, most VP
systems still lack a natural feedback loop—when
trainees use ineffective communication strategies,
the VP should respond accordingly (e.g., by escalat-
ing frustration), and vice versa (e.g., de-escalating
when communication improves) (Graf et al., 2024).

To address these limitations, we develop
Adaptive-VP (see Figure 1), a LLM-based VP
framework to dynamically adapt VP behavior
based on trainee input. Our approach begins with
the VP case development pipeline, which guides
the creation of clinically grounded yet customiz-
able VP-based training scenarios by incorporat-
ing detailed patient personas and clinical contexts
aligned with specific training goals.

Dialogue adaptation is managed by four core
modules that collaboratively adjust the VP’s behav-
ior based on trainee performance (e.g., escalating
problematic behavior when trainees’ response is
ineffective and de-escalating when it is appropri-
ate). First, the Evaluation Module assesses trainee
utterances using a multi-agent evaluation process
based on criteria informed by best practices and
literature in nursing communication. Based on
this assessment, the Dynamic Adaptation Module
then determines the direction of the VP’s next re-
sponse and passes this to the Dialogue Generation
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«— VP Case Development Pipeline

(Raising voice) Go get the medicine
right now! I'm dying from pain!

Moving around and shouting will Trainee

make it hurt more. You're straining @
your abdomen. A
Evaluating and Scoring Trainee Utterence
Evaluation
Tone: Good Empathy: E Strategy: E Module
EvalScore: 2
Setting Direction based on EvalScore
Dynamic
If EvalScore==2: Adjustment
Comm trait: “Moderate to high intensity of ...", Module
Response Patterns: “Minimal acknowledgment ...",
.
Dialogue
(Shouting angrily) Are you deaf?! Generation
You're useless! Module
Doesn't
meet
Evaluating Response safety
Learner Safety: E Monitoring
Role Consistency: Good Module

o

What?! Bring it now or | will scream!
(Voice getting louder) You don’t
understand me at all ...

Figure 1: Overview of the Adaptive-VP framework

Module, which generates a contextually appropri-
ate VP dialogue. Finally, the Safety Monitoring
Module reviews the generated VP dialogue before
presenting it to trainees, ensuring learner safety by
filtering harmful content (e.g., extreme toxicity),
while preserving the realism of interaction.

As a testbed for refining and validating Adaptive-
VP, we focused on simulating challenging patient
interactions, which encompass a range of encoun-
ters where communication difficulties disrupt ther-
apeutic relationships between patients and health-
care providers (Hardavella et al., 2017; Marcum,
2015). Such challenges often stem from patient
characteristics such as aggression, non-cooperation,
or demanding attitudes (Groves et al., 1978; Har-
davella et al., 2017), which can lead to emotional
exhaustion for providers and strain the patient-
provider relationship (Serour et al., 2010). Studies
estimate that approximately 15% of clinical en-
counters are perceived by physicians as “difficult”
(Hahn et al., 1996; Hinchey and Jackson, 2011),
yet targeted VP-based training for handling such
interactions remains limited. By focusing on these
challenging interactions, we intend to demonstrate

Adaptive-VP’s potential to support scalable, realis-
tic, and adaptive communication training.

To apply the Adaptive-VP framework to train-
ing for challenging patient interactions, we con-
ducted a series of validation studies. First, we eval-
uated the quality and realism of cases generated by
the VP Case Development Pipeline through con-
sultations with 10 nursing professionals. Second,
we validated the Evaluation Module using conver-
sation corpora collected from expert and novice
nurses (15 each). Finally, we conducted a between-
subjects experiment with 28 nursing professionals
to assess the realism and role consistency of VP
responses from the Adaptive-VP framework.

Results demonstrated that Adaptive-VP gener-
ated highly adaptive and contextually grounded
VP behavior, significantly improving the perceived
realism of VP interactions compared to existing
approaches. These findings highlight the frame-
work’s potential to support scalable communica-
tion training across healthcare domains. Moreover,
Adaptive-VP offers a promising approach for gener-
ating diverse clinical dialogue corpora—especially
in areas where real-world data collection is con-
strained by privacy regulations and policy restric-
tions (Wang et al., 2024a).

2 Related Work

LLM-based agents are increasingly used as vir-
tual patients (VPs) for communication training in
healthcare education (Fan et al., 2025). These
agents have been applied to a range of clini-
cal scenarios, including diagnostic training (Chen
et al., 2023), patient interviewing (Li et al., 2024),
and history-taking simulations (Holderried et al.,
2024b; Sardesai et al., 2024), demonstrating their
ability to generate clinically relevant VP dialogues.
Some frameworks further integrate multi-agent in-
teractions (Bao et al., 2024; Fan et al., 2025) and
cognitive modeling to support mental health train-
ing and psychiatric evaluations (Chen et al., 2023;
Louie et al., 2024; Gabriel et al., 2024).

While these systems have advanced the use of
LLMs in healthcare training, many remain lim-
ited in their ability to reflect the adaptive nature
of human communication. In real-world interac-
tions, speakers continuously adjust their behavior
in response to their conversation partner’s cues and
signals (Kraut et al., 1982). In contrast, existing
LLM-based VP systems often focus on maintaining
pre-defined role fidelity and scenario consistency
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Table 1: Comparison of LLM-based Virtual Patient Systems

. o Expert- Real-time Adaptive Learner
Study Target Trainee VP System Objective verified VP Evaluation Behavior Safety
Wang et al. (2024b) Counseling trainees ~ CBT skill training v X X X
Steenstra et al. (2025) Counselors Motivational interviewing skill X v v X
training (substance misuse con-
text)
Louie et al. (2024) Novice counselors Mental health counseling skill v X X v
training
Hicke et al. (2025) Medical students History taking and physi- v X X X
cian—patient ~ communication
training
Bao et al. (2025) Not training-focused ~Nurse—patient outpatient recep- X W) X X
tion dialogue generation (for data
creation and model development)
Holderried et al. (2024a) Medical students History taking skill training W) X X X
Our Work Nurse trainees Communication skill training v v v v

across diverse clinical scenarios

(Jiang et al., 2025; Wang et al., 2024b; Louie et al.,
2024), which can constrain their ability to simulate
dynamic patient-provider exchanges. Additionally,
rigid, scenario-specific designs may reduce scala-
bility across varied training goals and communica-
tion competencies.

To better contextualize our approach in relation
to existing systems, Table 1 provides a comparative
overview of recent LLM-based VP frameworks.
We summarize each system’s target trainees, train-
ing objectives, and the presence of four core ca-
pabilities that also define the design goals of our
framework: expert-verified VP personas, real-time
response evaluation, adaptive VP behavior, and
learner safety mechanisms.

As shown in Table 1, existing systems vary in
their coverage of the four core capabilities we iden-
tify. While many incorporate one or two of these
dimensions, few integrate all four. For example,
several systems maintain consistent role personas
and structured scenarios but do not adapt their be-
havior based on trainee input. Others often lack
safeguards to support learner well-being. These pat-
terns highlight opportunities for more comprehen-
sive and flexible VP frameworks that not only adapt
dynamically to trainee performance, but also incor-
porate safeguards to support learner well-being and
ensure realistic, pedagogically sound interactions.

Our framework, Adaptive-VP, is designed to
address these gaps through a structured, modu-
lar approach. It integrates all four core capabili-
ties identified in Table 1, enabling the creation of
diverse, clinically grounded VP cases tailored to

a range of communication training goals. At its
core, Adaptive-VP implements a four-module ar-
chitecture that dynamically adjusts VP behavior in
real time based on trainee performance, supporting
training experiences that are realistic, responsive,
and pedagogically effective.

3 Overview of Adaptive-VP Framework

In developing the Adaptive-VP framework, we
identified four core challenges in creating adaptive
VP dialogues and developed targeted approaches
to address them, as outlined below.

3.1 Challenge 1: Developing Clinically
Grounded yet Adaptable VP cases

In SP simulation training, detailed case protocols
are essential, encompassing patient demographics,
clinical content (e.g., present symptoms, medical
history), psychosocial background, situational de-
tails, and SP-specific complaints (INACSL, 2023;
ASPE, 2022). While existing SP protocol struc-
tures and developed cases offer a strong founda-
tion for VP case design, their highly scripted and
context-specific nature often limits reusability and
adaptability across diverse clinical training scenar-
ios (Elendu et al., 2024; Wallace et al., 2002).

Our Approach To address this, we developed
the VP Case Development Pipeline, ensuring clin-
ical validity while allowing flexibility in tailoring
educational goals and contexts.

Our pipeline consists of five stages. First, it is
necessary to 1) clarify the training goal, identi-
fying key communication challenges and training
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goals, such as managing challenging patient in-
teractions. Second, we 2) incorporate relevant
literature by integrating evidence-based insights
from nursing communication literature and best
practices. Third, we 3) specify the training con-
text, including geographical, cultural, and trainee-
specific factors that shape the learning scenario.
By inputting this information into LLMs, the
pipeline 4) generates draft VP cases, developing
VP profiles and clinical scenarios aligned with the
training focus and SP protocol standards (INACSL,
2023; ASPE, 2022). To promote consistency in
VP behavior, the pipeline also specifies detailed
communication traits of VP (De Vries et al., 2009),
guiding LL.Ms in generating coherent response pat-
terns. Finally, 5) expert validation involves clini-
cal educators and experienced practitioners review-
ing the generated profiles and scenarios. Their feed-
back on clinical accuracy and educational value
informs the refinement of the draft VP cases.

3.2 Challenge 2: Robustly Evaluating Nurse
Communication Efficiency

Traditional approaches to evaluating nurse commu-
nication effectiveness have relied on standardized
tools such as observation checklists and question-
naires (Bialer et al., 2011; Cannity et al., 2021).
While these methods offer structured assessment
frameworks, they often depend on a small number
of human evaluators, including self-assessments or
expert reviews, which can introduce subjectivity
and inconsistencies (Podsakoff et al., 2003; Hoyt
and Kerns, 1999).

More recently, large language models (LLMs)
have been adopted for automated evaluation. How-
ever, single-agent assessments can exhibit several
known biases, including positional bias (Wang
et al., 2023; Liusie et al., 2024), self-preference
bias (Koo et al., 2024; Liu et al., 2024), and incon-
sistencies in knowledge or formatting (Zhu et al.,
2023). These challenges highlight the need for
more robust and reliable evaluation mechanisms
for communication training.

Our Approach To enable robust evaluation of
trainee communication effectiveness, we draw on
well-established guidelines and criteria from nurs-
ing literature and best practice frameworks. While
specific metrics may vary depending on training
goals and contexts, the underlying structure re-
mains consistent: assessing communication at both
the utterance and conversation levels.

Accordingly, our Evaluation Module, operates
at two levels: (1) the utterance level, assessing
qualities such as tone and empathy, and (2) the con-
versation level, evaluating context-specific strate-
gies—for example, the use of de-escalation tech-
niques when managing difficult patient interactions
(Price et al., 2024).

Furthermore, to enhance evaluation reliability,
we adopt a multi-agent evaluation, as described
in (Chan et al., 2023). Systematic evaluation re-
sults (e.g., communication efficiency score) derived
from this process guide how the VP dynamically
adapts its responses based on trainee performance.

3.3 Challenge 3: Dynamically Adjusting VP
Responses

Static VP behaviors throughout training can be
ineffective, as patient behavior in real-world set-
tings is dynamic and responsive to the healthcare
provider’s communication (Pines et al., 2021).

Our Approach To adjust VP responses based
on trainee performance, the Dynamic Adjustment
Module determines the direction of VP responses
to the trainee’s utterance based on evaluation results
from the Evaluation Module. These evaluation
results, represented as a score, guide modifications
to the communication traits defined in the VP cases
and influence how the VP responds to nurses, di-
recting the Dialogue Generation Module to pro-
duce contextually appropriate responses.

3.4 Challenge 4: Ensuring Learner Safety

While realism in VP behavior is essential, an
overly combative or hostile VP dialogue may cause
emotional distress and reduce learner confidence
(Kardong-Edgren et al., 2024; Stephen et al., 2020).

Our Approach To ensure learner safety, the
Safety Monitoring Module evaluates each VP ut-
terance before presenting it to the trainee. The ini-
tial VP response, generated by the Dialogue Gen-
eration Module, is assessed against four criteria.
First, “safety assurance” detects overly hostile or
derogatory language. Next, it verifies “alignment
with the training goal,” ensuring that the response
is relevant to the intended communication training
objectives. It also examines “consistency” with the
patient case details and “adherence” to behavioral
directions from the Dynamic Adjustment Module.
If the utterance fails to meet any of these criteria,
it is returned to the Dialogue Generation Module
with feedback for revision.
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3.5 Test Case: Creating VPs Demonstrating
Challenging Patient Traits

We applied the Adaptive-VP framework to simulate
challenging patient interactions, a particularly
complex domain within nursing communication
(Groves et al., 1978; Townsley et al., 2023). These
scenarios involve patients exhibiting behaviors that
hinder effective therapeutic communication, such
as being overdependent, authoritative, aggressive,
or uncooperative (Groves et al., 1978). Below, we
detail the implementation and validation process
for developing VPs that realistically portray these
challenging traits, providing guidance for applying
the framework across diverse nursing communica-
tion training contexts.

4 Developing VP Cases for Challenging
Patients

We applied the VP Case Development Pipeline
to generate challenging patient cases that reflect
nurses’ communication challenges in specific clini-
cal settings following the five steps below.

1) Clarifying the Training Goal Our focus was
on providing training on handling challenging pa-
tient interactions since this is widely recognized as
one of the most difficult aspects of nursing commu-
nication (Stein et al., 2022).

2) Incorporating Relevant Literature We first
identified four prevalent types of challenging pa-
tients along with their corresponding traits: overde-
pendent, overly authoritative, threatening, and non-
cooperative toward treatment, based on a review
of nurse-patient communication literature (Colson
et al., 1985; Groves et al., 1978; Kits, 1990) (See
A.1 for details on each challenging patient type).

3) Specifying the Training Context In South Ko-
rea, nurses frequently face emotional labor when
managing challenging patients, leading to stress
and burnout (Hankyung, 2020; KN News, 2016).
This challenge is particularly critical for novice
nurses, who often feel unprepared for real-world
practice, leading to strained patient relationships
(Ho et al., 2021; Kim et al., 2020). Notably, 57.4%
of novice nurses in South Korea resign within their
first year (Yonhap News, 2024), with conflicts in-
volving patients and caregivers cited as a major
contributing factor (Son et al., 2017). Given this,
we specified our training contexts as targeting early-
career nurses in South Korea, with the goal of

strengthening their communication skills for man-
aging challenging patient interactions through VP-
based training.

4) Generate Draft VP Cases Based on the spec-
ified training goals and context, we used Claude-
3.5 Sonnet to generate two distinct scenarios for
each of the four challenging patient types, yield-
ing a total of eight scenarios. Claude-3.5 Sonnet
was used throughout, given its strong performance
in Korean and clinical dialogue (Jang and Jung,
2024; Kim et al., 2024; Schmidgall et al., 2024).
We then prompted the LLM to construct detailed
patient profiles in accordance with international SP-
based training protocols (INACSL, 2023; ASPE,
2022), including demographics, medical history,
and situational details (see A.3). To ensure realistic
and consistent communication behavior, we further
prompted the model to generate communication
traits based on seven empirically grounded styles
(e.g., threateningness) (De Vries et al., 2009), guid-
ing it to tailor each patient’s tone and expressions
to their persona type, scenario, and demographic
attributes (see A.4).

5) Expert Validation To validate the clinical va-
lidity of the eight draft VP cases, we conducted an
expert evaluation with 10 practicing nurses (avg.
7.0 years of experience). On a 5-point scale, partic-
ipants rated the scenarios moderately high in both
realism (M = 3.81, SD = 0.97) and accuracy in
reflecting patient characteristics (M = 4.00, SD =
0.94). Follow-up interviews provided additional
feedback that informed revisions. For example, one
nurse (EV2) remarked, “Patients often complain
about hospital food, but rarely become violent over
it,” prompting us to replace the original scenario
with a more contextually grounded case involving
patient aggression triggered by scheduling changes
for medical examinations (see B for the finalized
VP cases refined through expert validation).

S Evaluating Trainee Communication
Efficiency with Challenging Patients

We implemented an evaluation module aligned
with established nursing communication strategies
(Price et al., 2024; Ernstmeyer et al., 2022; Hallett
and Dickens, 2017; Sheldon, 2009; TMLT, 2022a),
assessing nurses’ communication at both the utter-
ance level (Tone, Empathy, and Prohibited Com-
municative Behaviors) and the conversation level
(De-escalation for tension management). Further,
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Component

Evaluation Unit Subcomponent Scoring Condition

Max Min Example Nurse Utterance (Max / Min)

Max: "Could you tell me where you

Calm feel uncomfortable?"
Tone Utterance Clear Ifcalm AND clear, +1 1 0 e wyeah . T get it, but that’s just
how things are."
Max: "I’m so sorry you're feeling this
Empathy way."
E h If hy level > 1 1 . .
mpathy Utterance level (0-6) empathy level > 3, + 0 Min: "It’s not a big deal. Just deal with
it
Premature M?x: ,(,NO prerr}zl,ture empathy) .
Min: "I know it’s tough, but let’s just
empathy . i
get it done.
Prohibitefi . Invalidatin Max: (No invalidation)
Comm.unlcatlve Utterance beliefs g If any behavior present, -1 0 -1 Min: "That’s not true. You’re just
Behavior imagining things."
. Max: (No dismissiveness)
Dismissive . .. .
Min: "Stop whining and just do what I
commands o
say.
Max: "Would you like to take a break
i or keep talking?"
Autonomy If used at least once, +1 Min: "Just do as I say. You have no
choice."
Max: "I need you to stay seated for
De-escalation Conversation P ; now."
Strategy Limit-setting ~ If used at least once,+1 3 0 Min: "If you don’t sit down, T won't
talk to you."
Problem Max: eI;:ite rs fgilioi \:vay to make this
solvmg/. If used at least once, +1 Min: "There’s nothing we can do. Just
Reframing

accept it."

Table 2: Evaluation criteria with example utterances for maximum and minimum scores.

to enhance the reliability of these assessments, we
adopted a multi-agent evaluation process to miti-
gate biases commonly found in single-agent judg-
ments. Based on this process, each trainee utter-
ance is scored for communication efficiency based
on this evaluation framework (see Table 2).

5.1 Evaluation Criterion and Scoring
Mechanism

Utterance-level Evaluation 7one plays a cru-
cial role in nurse-patient communication (Sheldon,
2009), so we assess whether the trainee’s utterance
is Calm and Clear, awarding 1 point if both criteria
are met.

Empathy enhances patient well-being, satisfac-
tion (Howick et al., 2018; Madula et al., 2018),
and therapeutic communication (Blake and Blake,
2019; Brown and Bylund, 2008). Using the Em-
pathic Communication Coding System (Kleinsmith
et al., 2015), which classifies healthcare profession-
als” empathy levels on a 0-6 scale, we designated
level 3 or higher as empathetic, awarding 1 point.

Prohibited Communicative Behaviors disrupt
rapport and effective intervention. Based on TMLT
(2022b), we penalize the following behaviors (1-
point deduction per utterance, regardless of fre-
quency): (1) Premature claims of empathy, (2) In-
validating beliefs, and (3) Dismissive commands.

Conversation-level Evaluation De-escalation is
a critical communication strategy for managing ten-
sion while preserving patient autonomy (Spencer
et al., 2018; Hallett and Dickens, 2017). Origi-
nally developed for handling aggressive behavior,
de-escalation techniques have also demonstrated
effectiveness in managing broader forms of chal-
lenging patient encounters (Richmond et al., 2012;
Accinni et al., 2021).

In our evaluation, we focused on three core
de-escalation strategies identified by Price et al.
(2024): Autonomy, which engages patients in
decision-making to enhance their sense of control;
Limit-setting, which establishes behavioral bound-
aries for safety; and Problem-solving & Reframing,
which facilitates constructive dialogue by reinter-
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preting the situation collaboratively. Each strategy
is scored with 1 point if it is observed at least once
during the conversation.

5.2 Multi-agent Evaluation

To ensure both rigorous and comprehensive eval-
uation of trainee performance, we implement a
multi-agent pipeline following role-based evalua-
tion approaches in prior work (Zhang et al., 2023;
Wu et al., 2023; Zhu et al., 2024). To minimize
false positives and improve reliability, a response is
only considered valid when all agents reach unani-
mous agreement. We define three specialized eval-
uator roles, each reflecting a critical perspective
in communication training: a Nursing Professor,
a Communication Skills Trainer, and a Clinical
Psychologist (See C.1, C.2, and C.3 for role de-
scriptions and prompting details).

5.3 Validating Evaluation Rigor

We assessed our evaluation module’s rigor by fo-
cusing on two questions: 1) Does it effectively dis-
tinguish between expert and novice communication
efficiency?, and 2) Do differences in multi-agent
scores reflect meaningful role-based perspectives
rather than random variation?

Distinguishing Expert from Novice Performance
We analyzed dialogue corpora from two groups:
novice (N = 15; ten with <3 years of experience,
five pre-licensure students) and experienced nurses
(N = 15; mean tenure = 12.5 years). Each partici-
pant engaged in eight interactions with VP agents
generated solely from our validated VP cases (see
B), excluding the evaluation module during data
collection. We then applied our multi-agent eval-
uation pipeline (see C) to assess their utterances.
The average conversation length was 7.45 turns
for experienced nurses vs. 5.3 turns for novices.
For consistency, only the first five utterances per
session were analyzed.

We first examined whether the evaluation scores
captured meaningful differences in communication
performance between groups. As the Shapiro—Wilk
tests indicated non-normal score distributions, we
applied the non-parametric Mann—Whitney U test
to compare total scores. Figure 2 shows the turn-by-
turn mean scores (with 95% confidence intervals
(CI)) for both groups.

Overall, experienced nurses achieved signifi-
cantly higher scores (U = 160960.0, p = 0.001)
with notably stronger performance in tone man-

Novice vs. Expert Nurse Scores

Novice Nurses & Students (N=15)
—$— Expert Nurses (N=15)

1 2 3 4 5
Conversation Turn

Figure 2: Turn-by-turn mean evaluation scores (with
95% CI) for expert (N=15) and novice/students (N=15)

agement and use of de-escalation strategies. This
result suggested that our evaluation module reliably
distinguished effective communication behaviors.
A detailed subcomponent analysis is provided in
Appendix G.1.

Reliability and Role-Based Differences in Multi-
Agent Evaluation Next, we assessed whether
the multi-agent evaluation framework yielded con-
sistent scores and whether observed differences
among raters reflected legitimate role-based per-
spectives rather than random variability. Using
Fleiss’ kappa to measure overall consistency across
the three evaluators yielded high inter-rater agree-
ment (Fleiss’ k > 0.75).

To further examine the source of rating varia-
tion, we conducted a mixed-effects analysis using
Generalized Estimating Equations (GEE), model-
ing evaluator role as a fixed effect and controlling
for textual variation as a random effect.

The results showed that score variations were not
random but systematically reflected role-specific
perspectives. Both the Communication Skills
Trainer and the Nursing Professor consistently
assigned lower scores for tone-related attributes
than the Clinical Psychologist (all p < 0.001).
These two roles also gave significantly lower rat-
ings for limit-setting (p < 0.001) and problem-
solving and reframing strategies (p < 0.001 and
p < 0.05 respectively), while no significant role-
based differences emerged for autonomy. Con-
versely, they rated the presence of prohibited be-
haviors—specifically invalidating beliefs and dis-
missive commands—significantly higher than the
Clinical Psychologist (both p < 0.001). Full re-
sults are provided in Appendix G.2.
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6 Dynamically Adjusting Dialogue Based
on Evaluation

6.1 Dynamic Adjustment Module

Building on the communication efficiency score
(ranging from O to 5) produced by the Evaluation
Module, the Dynamic Adjustment Module mod-
ulates the VP’s behavior in real time. Specifically,
it adjusts three key aspects of the VP’s responses:
“communication style”, “complaint intensity”’, and
“response to the nurse”. In general, higher scores re-
sult in more cooperative and composed responses,
while lower scores lead to increased resistance,
emotional intensity, or confrontational behavior.

To ensure role fidelity, the system constrains be-
havioral shifts within a defined range, maintaining
consistency with each VP’s core persona. This
preserves the realism and coherence of the interac-
tion while allowing meaningful adaptation based
on trainee performance. Full response logic based
on score thresholds is detailed in Appendix D.

6.2 Dialogue Generation Module

To implement the response directions specified by
the Dynamic Adjustment Module, the Dialogue
Generation Module leverages the LLM to gener-
ate contextually appropriate VP utterances. The
generation process follows a set of General Re-
sponse Rules and a predefined Response Structure
to maintain consistency, realism, and alignment
with training goals, while enabling dynamic adap-
tation throughout the dialogue. (see Appendix E
for details).

General Response Generation Rules To gener-
ate realistic and appropriate responses, we imple-
mented five key rules for the LLM: (1) adherence
to predefined patient profiles and clinical situations
defined in each VP case, (2) use of natural Korean
conversational style, (3) inclusion of non-verbal
cues, (4) appropriate incorporation of rude expres-
sions, and (5) restriction of references to higher
authorities to encourage interaction.

Response Structure Each response consists of
three components: (1) inner monologue capturing
patient reasoning (hidden from trainees), (2) verbal
response reflecting cognitive and emotional states,
and (3) non-verbal cue annotations (e.g., “sighs)”).
This tripartite response structure ensures coherent
patient behavior by aligning internal states with ver-
bal and non-verbal expressions (Zhou et al., 2024).

Aggresive VP

“Give me painkillers right now. I'm literally dying here!”

Are you experiencing a lot of

discomfort at the surgical site? It

hasn't even been an hour since

your last dose, so | don't think we

can give you more medication

right away. On a pain scale of 0 to

10, how would you rate your pain Trainee

right now? O
Evaluation Score 5 )

(Shouting) Hey! What
the hell are you
talking about, rating

(Raising voice) "Oh
come on! 10! It's 10!
Do you think I'm

my pain? Have you X \
STATIC e\;veffelt pain mxe DYNAMIC | 1y ing? If you're not
VP this? I'm telling you | VP gO{ngAto give me
@ feel like I'm about to @ ggznkﬂlers, Just say
~ die! aa :
Please, try to calm down for a
moment. We want to keep your
pain under control too, but if we
don't follow the prescribed
dosage, your liver functions could
be affected. Let me check with .
your doctor, and I'll get back to Trainee
you right away. (@)
Evaluation Score 4 V)
(Trying to lower voice)
(Yelling) "Hey! 0 "
~ 00k, I mean... I'min
m//gf;i Z’L;g"fe;gg‘l’,:n unbearable pain right
7 > DYNAMIC |Now.. Is it really that
STATIC dying here! (Voice hard to just give me
getting "’“def) Get VP the painkillers? | feel
Y the doctor! Right P ;
© ’ , 9 ) like I'm going to lose
I now! Argh! A my mind...

Figure 3: Static vs Dynamic Dialogue Example

Static vs Dynamic VP Dialogues To illustrate
how our approach dynamically adjusts VP dia-
logue, Figure 3 contrasts Static and Dynamic VP
dialogues, both initialized with identical patient
profiles. The key distinction is that the Dynamic
VP integrates the Evaluation and Dynamic Adjust-
ment Modules, which are absent in the Static VP.
In the Static dialogue, the VP maintains a rigidly
confrontational tone throughout, even in response
to effective communication strategies (Evaluation
Score >= 4). In contrast, the dynamic VP, while
still agitated, acknowledges the trainee’s attempt to
engage (“Oh come on! 10! It’s 10!”) and gradually
deescalates as the conversation progresses.

7 Balancing Realism with Learner Safety

The Safety Monitoring Module evaluates each VP
response against four criteria before presenting it
to trainees: (1) Safety Assurance—ensuring pro-
fessional boundaries without excessive hostility;
(2) Alignment with the training goal—confirming
meaningful learning rather than redundant or off-
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target content; (3) Consistency with Patient Pro-
file—verifying the alignment with the predefined
persona; and (4) Direction Adherence—checking
compliance with assigned intensity levels and traits
(See F for details).

8 Human Evaluation

To assess the impact of dynamic adaptation on sim-
ulation realism, we conducted a comparative study
where experienced nurses evaluated VP agents un-
der two conditions: Static and Dynamic VPs.

Evaluation Procedure We recruited 28 experi-
enced nurses (>3 years of clinical experience) and
randomly assigned them to one of two conditions:
Static (n = 14) or Dynamic VP (n = 14). Each par-
ticipant interacted with eight VP agents and then
rated their perceived realism using a six-item ques-
tionnaire adapted from prior work (Wind et al.,
2004), scored on a five-point Likert scale (1 = Not
realistic at all, 5 = Highly realistic).

An exploratory factor analysis (EFA) revealed
that these six items grouped into two distinct fac-
tors: Role Fidelity (Cronbach’s o = 0.96) and Con-
versational Realism (Cronbach’s o = 0.97). Role
Fidelity measured how well the VP maintained its
designated persona and enacted relevant behavioral
traits. Conversational Realism assessed dialogue
authenticity and coherence.

To analyze the effects of Condition (Static
vs. Dynamic) and Patient Type on these two di-
mensions, we fitted a linear mixed-effects model
(LMM). The model included fixed effects for Con-
dition, Patient Type, and their interaction, with
a random intercept for Subject ID to account for
within-subject variability.

Results Omnibus tests revealed a significant
main effect of Condition for both Role Fidelity,
F(1,25.4)=4.52, p =.043, 7712) =0.151, and Con-
versational Realism, F(1, 24.7) = 8.421, p = .008,
7]2 = 0.254. Dynamic VPs were rated significantly
higher than Static VPs on both dimensions (see
Figure 4). In contrast, no significant main effect
of Patient Type was found, indicating perceived
realism was consistent across scenarios.
Open-ended feedback further supported these
results. One nurse in the Dynamic Condition (D6)
commented, “The VP felt very realistic. I've heard
similar responses from real patients before. This
will be really useful for novice nurses.” Conversely,
several nurses in the Static Condition found the

Role Conversation
Fidelity Realism

XYY

|

Score

N w = (4]
-

o
B
scom

Static Dynamic Static Dynamic

<+ Mean

Figure 4: Human Evaluation Result

VPs unrealistic due to their rigid and unresponsive
nature. S2 noted, “If my responses are efficient, the
patient should calm down, but they don’t.” Others
raised concerns about trainee motivation and confi-
dence: “If the patient never calms down, it might
discourage novice nurses.” (S9).

9 Conclusion and Future Directions

In this study, we introduced Adaptive-VP, an LLM-
based virtual patient framework designed to en-
hance nurse communication training by address-
ing four key challenges: (1) generating clinically
grounded yet adaptable VP cases, (2) implement-
ing a structured evaluation of trainee communica-
tion, (3) dynamically adjusting VP responses in
real time, and (4) balancing realism with learner
safety. In doing so, our framework integrates a
structured VP case pipeline tailored to educational
goals and training contexts, alongside a modular
structure that adapts VP utterances based on evalu-
ation results while ensuring learner safety.

Specifically, we applied this framework to sim-
ulate challenging patient interactions for training
novice nurses in South Korea. Through this pro-
cess, we validated the clinical authenticity and
realism of VP cases, the validity of the evalua-
tion mechanism, and the perceived realism of VP
conversations, involving over 50 practicing nurses.
These findings suggest that Adaptive-VP has the
potential to enhance nursing communication train-
ing, providing a scalable and adaptable approach
to VP-based communication training.

Building on these findings, Adaptive-VP can be
extended to diverse communication training con-
texts. Also, its evaluation modules can be cus-
tomized for varied assessment goals and roles, and
the framework may also support generating clinical
dialogue corpora where data collection is limited
by privacy or resources (Wang et al., 2024a).
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10 Limitations

While Adaptive-VP demonstrates promise as a scal-
able and adaptable approach for VP-based commu-
nication training, it has several limitations.

First, our application and validation focused on
the Korean context, specifically targeting challeng-
ing patient encounters as a key training area. This
contextual focus enhances cultural and situational
relevance, ensuring that the generated VP inter-
actions align with real-world challenges faced by
local healthcare professionals. However, this em-
phasis may limit the generalizability of our findings
to other healthcare systems, cultural contexts, or
training domains that present different communica-
tion dynamics and expectations.

Furthermore, our human evaluation involved a
relatively small sample of nursing students and
professionals based in South Korea. Although the
results demonstrated statistical significance, the
limited sample size and demographic scope may
affect the broader applicability of our framework
and findings. Future research should investigate
how Adaptive-VP performs in more diverse clini-
cal environments and assess whether its adaptive
framework remains effective across varied patient-
provider interaction scenarios.

Additionally, our framework primarily utilized
Claude 3.5 Sonnet, selected for its strong perfor-
mance in Korean language generation and contex-
tual alignment with clinical scenarios. However,
alternative LLMs such as GPT-4 or LLaMA may
also offer viable capabilities for simulating virtual
patient interactions. Future research should sys-
tematically compare the performance of different
LLMs to identify which models are best suited for
generating realistic and adaptable VP dialogues
across various languages and training settings.

Another limitation of our approach is its exclu-
sive focus on generating textual dialogue, which
constrains the multimodal realism of VP-based
training. Although dynamic text generation allows
for adaptive conversational flow, effective nurse-
patient communication depends heavily on non-
verbal cues such as tone, facial expressions, and
gestures. The absence of these modalities limits
both immersion and the authenticity of training sce-
narios. Future work should explore multimodal VP
systems that incorporate speech synthesis, visual
expressions, and interactive behaviors to more ac-
curately simulate real-world clinical interactions,
as highlighted by Louie et al. (2024).

Lastly, our evaluation prioritized the realism of
patient utterances over directly measuring the train-
ing effectiveness of newly hired nurses (Tanana
et al., 2019; Wang et al., 2024b). We made this
decision based on the premise that realistic patient
dialogue is a foundational prerequisite for effective
simulation-based training. Accordingly, our focus
was on ensuring that VP-generated speech closely
mirrors real-world interactions. Future studies will
extend this work by evaluating its impact on learn-
ers’ skill development and long-term educational
outcomes among novice nurses.

11 Ethical Consideration

This study aims to advance the use of LLMs in VP
agents for nursing communication training, while
firmly recognizing that it should supplement rather
than replace hands-on training with experienced
professionals in real-world clinical settings. We
also acknowledge the broader ethical risks asso-
ciated with Al-driven simulations. These include
potential misuse for impersonation, deception, or
the generation of misleading or harmful content.

Human Evaluation All human evaluation pro-
cedures were approved by the Institutional Review
Board (IRB) of Seoul National University. Par-
ticipants provided informed consent prior to par-
ticipation and were informed that VP interactions
might include emotionally challenging scenarios.
Participants were free to withdraw at any point. All
collected data were anonymized, and access was
restricted to authorized research personnel.

Participant Recruitment and Compensation
Participants across all studies were recruited us-
ing a combination of purposive and snowball sam-
pling methods. Initial participants were identified
through professional nursing networks, university
mailing lists, and relevant online forums. These
individuals were then invited to refer colleagues
who met the study’s eligibility criteria.

For the VP case expert validation (Section 4),
which was conducted in person, ten experienced
nurses were compensated $35 (50,000 KRW) for
their time. For the dialogue corpus collection in-
volving both expert and novice nurses (15 each;
Section 5.3), they completed the task online and
received $20 (30,000 KRW) as compensation. For
the human evaluation study (Section 8), 28 partici-
pants completed the task online and were compen-
sated $20 (30,000 KRW) for their participation.
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A VP Case Development Pipeline
A.1 4 Types of Challenging Patients (Groves et al. 1978)

Type Description

Overdependent  Relies heavily on nurses to alleviate anxiety about illness
Frequently calls nurses or seeks reassurance for every concern

Authoritative Attempts to exploit healthcare providers through intimidation or guilt
Believes excessive anger and unreasonable demands are justified as a defense mechanism

Aggressive Openly displays anger and hostility
Threatens or resorts to violent behavior toward nurses

Uncooperative ~ Remains overly pessimistic about treatment or actively impedes care
Sometimes displays dependent behaviors while denying the possibility of recovery

Table 3: Types of Challenging Patient Interactions

A.2 Incorporating Literature

The following describes types of problematic patients who create difficulties in
nurse-patient communication:

Type 1: Overly Dependent Patients

Attempt to resolve psychological fears about their illness by becoming excessively
dependent on nurses

Individuals who worry excessively about their illness or use the nurse call button
too frequently

Type 2: Overly Authoritative Patients
Attempt to manipulate doctors through threats or inducing guilt

Feel threatened by nurses having power over their life and death, and thus believe
they have the right to express anger and make excessive or inappropriate demands
as a defense mechanism

Patients who never praise or thank nurses, are obsessed with filing lawsuits
against nurses, or constantly complain

Type 3: Threatening and Violent Patients
Patients who argue with others
Patients who express anger and hostility
Patients who are violent towards their family members or objects
Patients who threaten or show violent behavior towards nurses
Type 4: Non-compliant Patients

Patients who are excessively pessimistic about treatment or directly engage in
behaviors that interfere with treatment
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Continued smoking by lung cancer patients
Continued drinking by alcoholic patients

While overly dependent, they use defense mechanisms to deny their chances of survival
Give up hope of being treated and take pride in self-destructive behaviors
Actually derive satisfaction from interfering with treatment

Background: We plan to conduct simulation training for nurse-patient communication
for new nurses.

Task: For each of the four patient types above, describe 5 specific situations in
Korean where these patients create problems in nurse-patient communication in Korean
medical and surgical general wards.

A.3 Basic Profile Generation

Create highly detailed, realistic, and vivid patient profiles for the 5 situations
of the specified type. Focus on making the 5 patients as diverse as possible while
keeping them realistic for Korean ward settings.

<patient_type_description>

{PATIENT_TYPE_DESCRIPTION}
</patient_type_description>

<rule>

— Write in JSON format
— Keys should be in English, Values should be in Korean
— Add "type" as a key to all patient profiles with a value of 1

</rule>
For each patient profile, include the following information:
- Brief description of client
- name
- gender
- age
- religion
- height
- weight
- Chief complaint: 1-2 Quotes
- History of present illness
- social history

- past medical history
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past surgical history & date
family medical history
allergies

immunization

medication

primary diagnosis

communication style

A.4 Communication Traits Generation

You are tasked with analyzing a virtual patient’s profile for a nursing communication
training simulation. The patient profile is provided below:

<patient_profile> {PATIENT_PROFILE} </patient_profile>

Please follow these steps:

1.

Carefully review the patient profile, paying special attention to the
communication style section.

. Summarize the patient’s communication style in five sentences or fewer in Korean.

Focus on the key characteristics that define how this patient interacts with
healthcare providers.

. Within your summary, make sure to highlight the problematic aspects of the

patient’s communication style. These are behaviors or tendencies that may pose
challenges for nurses during interactions.

. Do not specify a numerical scale. Instead, focus on describing how these

communication characteristics manifest in actual conversations.

. Write two example expressions that the patient might use when first addressing a

passing nurse. The expressions should clearly convey the patient’s needs. These
should be direct quotes that illustrate the patient’s communication style. Make
sure to write realistic and natural Korean expressions that the patient would
likely use in real-life situations. Avoid overly dramatic expressions.

. Focus on portraying a realistic patient image for this research-based simulation.

However, exclude any content about complaining to higher authorities such as the
hospital director or head nurse.

. Present your analysis in the following format:

<analysis>

<summary>
{Your five-sentence summary of the patient’s communication style,
including problematic aspects?}

</summary>

<example_expressions>

1. "[First example expression]”

2. "[Second example expression]”
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</example_expressions>
</analysis

Remember to base your analysis solely on the information provided in the patient
profile. Do not invent or assume details that are not present in the given
information.

B Generated VP Cases

The following are the example cases of 4 different types of virtual patient agents.

B.1 Type 1: Overdependent

Information Prompt

ID 0

Type overdependent

Name Lee Mikyung
A highly dependent patient repeatedly calls for nurses during night shifts expressing anxiety. Despite it

L being sleep time, they press the call button every 30 minutes, constantly demand attention and conversation

Situation . . .
even when nurses need to focus on other patients. Whenever nurses try to leave after completing their
tasks, the patient becomes anxious and repeatedly asks them to stay.
" : . 3 ’ ’ 3 9

Chief Complaint (with tearful voice) My heart keeps p.oun:img and I can’t sleep... I'm not getting worse, am [? Could you
please stay and talk with me for a while?

Gender Female

Age 55

Religion None

Height 162cm

Weight 58kg

Main Symptom

Anxiety and insomnia due to breast cancer

History of Present Illness

Breast mass discovered 2 weeks ago, diagnosed as malignant after biopsy, awaiting surgery

Social History

Freelance designer, divorced, no children

Past Medical History

Depression (5 years)

Past Surgical History & Date

Appendectomy (20 years ago)

Family Medical History

Sister - Breast cancer

Allergies Latex
Immunization Shingles vaccine (1 year ago)
Medication Escitalopram 10mg qd

Primary Diagnosis

Stage 2 right breast cancer

Communication Summary

The patient shows highly dependent tendencies, strongly requiring continuous interaction and emotional
support from medical staff. Due to high anxiety, they repeatedly express the same concerns and constantly
seek attention and reassurance from nurses. While scattered and inconsistent in conversation, they
maintain a very polite and compliant attitude. Their frequent night-time calls and excessive demands for
staff time and attention can interfere with care for other patients. They show high levels of anxiety and
worry, consistently trying to express their symptoms and discomfort.

First Statement

"Could we talk for a moment while you’re passing by? My chest feels tight, could you please stay with
me a little longer?"

Table 4: Generated case example of the overdependent VP
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B.2 Type 2: Overly Authoritative

Information Prompt

ID 2

Type overly authoriative

Name Park Jeongho
An authoritative patient, assigned to a four-bed ward due to unavailability of private rooms, expresses
excessive complaints about room temperature, noise, meal quality, and cleaning conditions, demanding

Situation immediate action. Mentioning their connections with corporate executives and familiarity with the hospital
director, they demand special treatment and disparage nurses’ professionalism and service quality. Without
considering other patients’ comfort, they demand room environment improvements based solely on their
standards and threaten to complain to the head nurse if their demands aren’t immediately met.
"Miss, what kind of room is this? Both the room and nurses are substandard... The patient next door keeps

. . coughing, visitors are noisy... What kind of cleaning is this? There’s dust everywhere. Why is the air

Chief Complaint o . . .
conditioning so weak? I play golf with the vice president of 00 Group. Both the room and nurses are
really below standard..."

Gender Male

Age 62

Religion Buddhist

Height 172cm

Weight 80kg

Main Symptom

Abdominal discomfort and increased environmental sensitivity due to acute pancreatitis

History of Present Illness

Admitted 3 days ago with acute pancreatitis

Social History

Retired CEO of small-medium enterprise, married, 2 children

Past Medical History

Hypertension (15 years), Diabetes (10 years)

Past Surgical History & Date

Appendectomy (30 years ago)

Family Medical History

Father: Diabetes

Allergies None
Immunization Shingles vaccine (2 years ago), Pneumococcal vaccine (3 years ago)
Medication Metformin 1000mg bid, Telmisartan 40mg qd

Primary Diagnosis

Acute pancreatitis

Communication Summary

This patient emphasizes their social status and connections while expressing opinions in an intimidating
manner. They list complaints in specific detail while unilaterally demanding their own standards be met.
While attempting to maintain basic courtesy, they often use sarcastic tones that make others uncomfortable.
They prioritize their own convenience without considering other patients’ discomfort. While showing
some acceptance of rational explanations, they generally display an attitude of not acknowledging medical
staff’s expertise.

First Statement

"Nurse, please check the temperature here. Do I look like someone who should receive treatment in these
conditions?"

Table 5: Generated case example of the overly authoritative VP
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B.3 Type 3: Aggressive

Information Prompt

ID 4

Type Aggressive

Name Oh Sanghun
An aggressive patient repeatedly demands additional pain medication, disregarding scheduled adminis-
tration times. When explained that current pain medication cannot be given due to regulated intervals,

Situation they display threatening behavior with loud shouting and profanity, causing disturbance that makes other
patients anxious. Their aggressive attitude escalates each time nurses refuse pain medication, showing
signs of potential physical threats.

Chief Complaint "I'm dying.in Pain! Give”me some proper pain medication! You say I got it 2 hours ago? So what! I'm in
extreme pain right now!

Gender Male

Age 37

Religion Catholic

Height 175cm

Weight 80kg

Main Symptom

Severe pain after cervical disc herniation surgery

History of Present Illness

Recovering from anterior decompression and fusion surgery for C5-6 disc herniation performed 3 days
ago

Social History

Self-employed, married, 1 child

Past Medical History

None

Past Surgical History & Date

Current appendectomy (2 days ago)

Family Medical History None significant

Allergies None

Immunization Hepatitis A vaccine (completed)

Medication Tramadol 50mg IV q6h prn, Ketorolac 30mg IV q8h prn

Primary Diagnosis

Cervical disc herniation, post-operative state

Communication Summary

This patient has difficulty controlling emotions due to severe pain and communicates aggressively with
medical staff using informal speech and loud voices to express demands. Though typically kind-natured,
current pain leads to very rude and threatening behavior, showing unwillingness to listen to or accept
medical staff explanations. They become increasingly aggressive when immediate pain relief demands
are not met, creating disturbances that cause anxiety among other patients. Due to pain, they cannot
objectively recognize their behavior and tend to ignore medical staff’s professional judgment and regulated
medication intervals. Their communication is characterized by emotional expression rather than clear
delivery of intent, often leading to threatening behavior.

First Statement

"The effects of the last injection are gone. Give me pain medication right now! I'm dying!"

Table 6: Generated case example of the aggressive VP
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B.4 Type 4: Uncooperative

Information Prompt

ID 6

Type uncooperative

Name Choi Byungguk
A patient admitted for diabetic foot care shows extremely uncooperative attitudes toward wound dressing

Situation changes. They delay or refuse daily wound cleaning citing pain, and cover themselves with blankets
avoiding nurse observation of wounds. When nurses visit for pre-meal blood sugar checks, they pretend
to be asleep or stay in the bathroom for extended periods, intentionally avoiding procedures.

Chief Complaint "(turning ’head awz?y) Sigh... here you are.again i~n the morning... We did thfit yesﬂterday... It’s too painful
now. Can’t we do it later? Would something terrible really happen if we skip it?

Gender Male

Age 63

Religion Christian

Height 170cm

Weight 88kg

Main Symptom

Diabetic foot ulcer, poor blood sugar control

History of Present Illness

Diagnosed with diabetes 10 years ago but due to irregular management, recently developed diabetic ulcer
on right foot. Admitted 2 weeks ago. Poor blood sugar control.

Social History

Retired taxi driver, married, 3 children

Past Medical History

Diabetes (10 years), Hypertension (5 years)

Past Surgical History & Date

None

Family Medical History Father: Diabetes

Allergies None

Immunization Pneumococcal vaccine (3 years ago), Flu vaccine (yearly)

Medication Insulin glargine 20U qd, Insulin lispro 6U tid ac, Metformin 1000mg bid, Amlodipine Smg qd

Primary Diagnosis

Diabetic foot ulcer, poor glycemic control

Communication Summary

This patient expresses uncooperative attitudes through passive methods like making excuses or delaying
rather than direct refusal. Avoids explanations about the necessity of procedures and tends to give vague
answers about their condition or symptoms. Shows passive aggression through behaviors like pretending
to sleep to avoid blood sugar checks or using pain as an excuse to delay dressing changes. Displays
excessive anxiety and aversion to treatment and nursing procedures, sometimes expressing irritation.
Shows lack of awareness about how their uncooperative attitude negatively affects their health, with very
low motivation for diabetes management.

First Statement

"(under the blanket) Foot dressing? You did that yesterday... It’s too painful now. Please come back a
little later..."

Table 7: Generated case example of the uncooperative VP

C Evaluation Module Prompt

For multi-agent evaluation, three different roles are assigned to three corresponding LLM agents: Clinical
Psychologist, Nursing Professor, and Communication Skills Trainer.
Following are the prompt template of the evaluator agents.

C.1 Clinical Psychologist System Prompt

You are a clinical psychologist with

15 years of experience, specializing in

abnormal psychology within healthcare settings. Your expertise lies in understanding

2339



the complex psychological dynamics and behavioral patterns that emerge during
medical interactions. You excel at identifying underlying psychological factors
in communication breakdowns and understanding how mental health conditions impact
patient-provider interactions.

C.2 Nursing Professor System Prompt

You are a nursing professor with 20 years of combined clinical and academic
experience, specializing in healthcare communication. Your work bridges theoretical
knowledge with practical application, allowing you to evaluate communication
patterns through both research-based and practical lenses. You bring expertise in
evidence-based communication practices and their implementation in clinical settings.

C.3 Communication Skills Trainer System Prompt

You are a communication skills trainer with 10 years of experience in conflict
mediation, including 8 years focused specifically on healthcare settings. You
specialize in analyzing communication patterns and transforming challenges into
opportunities for improvement. Your expertise combines practical conflict resolution
techniques with a deep understanding of healthcare dynamics, making you particularly
effective at developing solutions for communication breakdowns.

C.4 Common evaluation Prompt

You are tasked with analyzing a nurse’s response in a patient interaction. Follow
these steps carefully: 1. Review the patient profile:

<patient_profile> {PATIENT_PROFILE} </patient_profile>
2. Examine the conversation between the patient and the nurse:
<conversation> {CONVERSATION}</conversation>

3. Analyze the nurse’s last response in the conversation, considering the patient’s
profile. Focus on the following aspects:

1) Tone Assessment
Evaluate whether the nurse’s tone was calm and clear, while avoiding negative
emotions such as contempt, frustration, anger, or anxiety. Use these guidelines:
Calm:

Evaluate whether the nurse’s tone was calm. Assess if the nurse sufficiently
suppressed contempt, frustration, anger, or anxiety.

Clear:

Evaluate whether the nurse’s tone was clear. Assess if the nurse used clear
sentences to reduce confusion or prevent escalation.

2) Empathy Evaluation
Analyze the nurse’s level of empathy using the following scale:
Level 6: Explicitly shares feelings or experiences.

e.g. "I remember feeling the same way when I went through something similar.”

Level 5: Confirms the patient’s expressed emotion.

2340



3)

4)

e.g. "I'm very sorry you’re upset by what’s happened.”; "I see you’re
struggling.”

Level 4: Acknowledges the main issue and pursues it further.

e.g. "Tell me why this is important to you.", "That’s upsetting to hear.
Would you say more about that?”

Level 3: Acknowledges the main issue without follow-up.
e.g. "I'm here to listen.”, "That’s a difficult situation to be in."
Level 2: Implicit recognition of a secondary issue.

e.g. "Oh really? I didn’t realize that.”, "This is what I’ve heard you say
so far.”

Level 1: Gives a backchannel response.
e.g. "Uh-huh.", "I see.”
Level @: Ignores or denies the patient’s empathetic opportunity entirely.

e.g. "You’re overreacting; it’s not that bad.” Completely ignoring the
patient’s comment or changing the subject abruptly, "Anyway, let’s move on
to something else.”

De-escalation Techniques
Evaluate whether the nurse applied the following de-escalation techniques:
Autonomy:

Did the nurse involve the patient in decision-making, offer options, or use
techniques like seeking permission or providing emotional space?

e.g. "We can proceed with either X or Y-what do you prefer?”, "Would it be
okay if we talk about this further after you’ve had a moment to think?"

Limit-Setting:

Did the nurse establish clear behavioral boundaries or explain consequences?

e.g. "I understand you’re upset, but I cannot allow yelling during this
conversation.”, "If this continues, I may need to step away for a moment
until we can discuss this calmly.”

Problem-Solving and Reframing:

Did the nurse clarify the issue, redirect focus, or encourage a broader
perspective?

e.g."It seems like you’re feeling frustrated because you’ve been waiting
for a long time—am I understanding that correctly?”, "I know this feels
overwhelming, but remember, your family is looking forward to seeing you
healthy again.”

Prohibited Behaviors Check
Determine if the nurse avoided the following mistakes:
Premature Claims of Empathy:

Avoid phrases like "I understand” unless fully justified.
Invalidating Beliefs:

Avoid dismissing the patient’s feelings or beliefs as untrue.
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Dismissive Commands:

]

Avoid phrases like "Calm down,"” which can escalate emotions.

4. Present your analysis in the following format:

<analysis>

<tone>
<calm> [Yes/No] </calm>
<clear> [Yes/No] </clear>
<explanation> [Your brief explanation in 1-2 sentences] </explanation>
</tone>
<empathy>
<level> [0-6] </level>
<explanation> [Your brief explanation in 1-2 sentences] </explanation>
</empathy>
<de_escalation>
<autonomy>
<used> [Yes/No] </used>
<explanation> [Your brief explanation in 1-2 sentences] </explanation>
</autonomy>
<limit_setting>
<used> [Yes/No] </used>
<explanation> [Your brief explanation in 1-2 sentences] </explanation>
</limit_setting>
<problem_solving_and_reframing>
<used> [Yes/No] </used>
<explanation> [Your brief explanation in 1-2 sentences] </explanation>
</problem_solving_and_reframing>
</de_escalation>
<prohibited_behaviors>
<premature_empathy> [Yes/No] </premature_empathy>
<invalidating_beliefs> [Yes/No] </invalidating_beliefs>
<dismissive_commands> [Yes/No] </dismissive_commands>
<explanation> [Your brief explanation in 1-2 sentences] </explanation>
</prohibited_behaviors>

</analysis>
5. Final Instructions:

- Be objective. Base your analysis solely on the provided patient profile and
conversation.

- Avoid assumptions or interpretations beyond what is explicitly stated or clearly
implied.

- Evaluate based on strict criteria.
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D Dynamic Adjustment Module

The following are the specific response directions based on communication efficiency score.

Score Direction

0 Communication Style: Maximum intensification of negative communication traits specified in the profile
Complaint Intensity: Extremely exaggerated complaints with personal attacks and irrelevant accusations
Responsiveness to nurse: Complete refusal to accept any intervention or explanation from the nurse

1 Communication Style: High intensity of negative communication traits specified in the profile
Complaint Intensity: Frequent complaints with unrelated grievances and strong exaggerations
Responsiveness to nurse: Strong resistance to interventions with occasional brief pauses between reactions

2 Communication Style: Moderate to high intensity of negative communication traits specified in the profile
Complaint Intensity: Persistent complaints with reduced exaggeration, shifting toward specific issues
Responsiveness to nurse: Minimal acknowledgment of nurse’s input with occasional moments of clarity

3 Communication Style: Moderate intensity of negative communication traits specified in the profile
Complaint Intensity: Continued complaints about specific issues with reduced accusatory tone
Responsiveness to nurse: Brief periods of listening, though quick to return to resistant behavior

4 Communication Style: Low intensity of negative communication traits specified in the profile
Complaint Intensity: Focused criticism on specific issues with measured emotional expression
Responsiveness to nurse: Cautious consideration of nurse’s input with intermittent resistance

5 Communication Style: Slight display of negative communication traits specified in the profile
Complaint Intensity: Practical concerns expressed with restraint while maintaining skepticism
Responsiveness to nurse: Basic cooperation while preserving noticeable resistance

Table 8: Directions based on communication efficiency score.

E Dialogue Generation Module Prompt

The following are the prompt templates used for Adaptive-VP agent.

E.1 System Prompt

Your role is to act as a patient with a specific profile, engaging in a challenging
conversation with a nurse.

E.2 User Prompt

You are participating in a nurse-patient communication training simulation. Your
task is to act as a patient in a realistic and difficult communication scenario. This
simulation aims to create challenging situations for training nurses in effective
patient communication.

First, carefully read and internalize the following patient profile:
<patient_profile> {PATIENT_PROFILE} </patient_profile>

Follow these rules and guidelines for the conversation:

1. Understand and embody the demographic characteristics, symptoms, and
communication style presented in the patient profile.

2. Use natural, conversational Korean language. Avoid textbook-like dialogue and
overdramatization.
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3

. Include non-verbal communication (voice tone, facial expressions, gestures) in
your responses.

If appropriate for the patient’s communication style and situation, include
rude or problematic expressions in the patient’s speech. Focus on portraying a
realistic patient image for this research-based simulation.

. Expressions about complaining to the "Head of hospital”, "Head nurse”, or
"Customer center” should not be used.

For each response, provide three components:

To

1.

Ge
En
ci
th

. <inner_monologue>: Write the patient’s internal thoughts and reactions to the
nurse’s response. </inner_monologue>

. <conversation>: Write the patient’s actual verbal response to the nurse.
</conversation>

. <non_verbal>: Write any non-verbal communication or actions you would take.
</non_verbal>

generate your response, follow these steps:

Review the patient profile carefully, ensuring your response aligns with the
described demographic characteristics and communication style.

. Read the entire conversation you had with the nurse before:

<nurse_response> {NURSE_RESPONSE} </nurse_response>

Follow the director’s direction:

<direction> {DIRECTION} </direction>

. Think about how this patient would internally react and externally respond based
on their profile and the current situation.

. Following the direction given, craft an appropriate response to the nurse’s words
that you can give in the current situation:

+ {SAFETY_AGENT_WARNING}

nerate only one Korean response from the patient for each nurse interaction.
sure your response is realistic and consistent with the patient profile. Under no
rcumstances should the actor mention details that contradict the profile. Emphasize
e importance of consistency to maintain the realism and integrity of the simulation.

Always double-check that you speak natural, everyday Korean.

Be

gin your response now:

if safety agent rejects the output:

{SAFETY_AGENT_WARNING} =

6. Avoid responses like the following inappropriate example and explanation:

Inappropriate Example: {INAPPROPRIATE_RESPONSE}
Reason: {REASON_FOR_INAPPROPRIATENESS}
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F Safety Monitoring Module Prompt

The following are the prompt template to evaluate the safety of candidate responses of Adaptive-VP agent.

F.1 System Prompt

You are a Supervisory Agent responsible for evaluating the appropriateness,
accuracy, and training effectiveness of the last dialogue entry made by a virtual
patient in a nurse-patient communication simulation. Your task is to assess the
patient’s last utterance based on specific criteria and provide a detailed evaluation.

For each criterion, consider the following:

1. Consistency with Patient Profile:
Does the response reflect the patient’s information as described in the profile?

Are the complaints aligned with the profile’s description of the patient’s
concerns?

2. Direction Adherence:
Does the response follow the communication direction provided?

Does the intensity and type of communication exhibited in the response match the
required level (e.g., maximum, moderate) as outlined in the direction, without
deviating from the patient’s profile traits?

3. Training Effectiveness:

Does the utterance provide a meaningful challenge for the nurse trainee?

Is new or relevant information introduced, or is it repetitive/ineffective?
4. Nurse Safety Assurance:

Does the response remain within professional boundaries?

Is it free from excessive hostility or abuse that could compromise the training’s
purpose?

Ensure your evaluation is thorough, objective, and provides constructive feedback
to improve the quality of the nurse-patient communication simulation.

F.2 User Prompt

First, carefully review the following information: Carefully read the patient
profile, communication direction, and the entire conversation.

Patient Profile:
<profile>
{PROFILE}
</profile>

Communication Direction:
<direction>
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{DIRECTION}
</direction>

Patient-Nurse Conversation:
<conversation>
{CONVERSATION}
</conversation>

Next, evaluate the patient’s last utterance based on the following criteria:

Consistency with Patient Profile
Direction Adherence

. Training Effectiveness

Nurse Safety Assurance

S w N =

Next, present your evaluation in the following format:
<evaluation>

<profile_alignment>
<judge>True/False</judge>
<explanation> [Brief assessment and justification
</explanation>

</profile_alignment>

<direction_adherence>
<judge>True/False</judge>
<explanation> [Brief assessment and justification
</explanation>

</direction_adherence>

<dialogue_effectiveness>
<judge>True/False</judge>
<explanation> [Brief assessment and justification
</explanation>

</dialogue_effectiveness>

<nurse_safety>
<judge>True/False</judge>
<explanation> [Brief assessment and justification
</explanation>

</nurse_safety>

</evaluation>

G Validation studies of evaluation modules: detailed finding

G.1 Sub Component Analysis

Binary subcomponents were assessed via chi-square, and empathy level (ordinal scale 0-6) was ana-
lyzed using both Welch’s #-test and the Mann—Whitney U test. For tone, experienced nurses produced
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Figure 5: Proportion of utterances exhibiting different communication subcomponents between experienced and
new/student nurses

significantly more calm and clear utterances (tone.calm: x2(1) = 12.9341, p = 0.0003; tone.clear:
x2(1) = 13.3849, p = 0.0003). By contrast, empathy.level differences were marginal and did not
reach statistical significance (Welch’s ¢-test: ¢ = 1.8542, p = 0.0640; Mann—Whitney U = 190974.0,
p = 0.0587).

In de-escalation strategies, experienced nurses were significantly more likely to employ autonomy
strategies (x2(1) = 5.5561, p = 0.0184) as well as problem-solving/reframing strategies (x2(1) =
4.7535, p = 0.0292). Limit-setting usage did not differ significantly (x?(1) = 2.0609, p = 0.1511).
Among prohibited behaviors, only invalidating beliefs appeared significantly less in the experienced
group (x?(1) = 8.4373, p = 0.0037); no differences arose for premature empathy (x%(1) = 0.0000,
p = 1.0000) or dismissive commands (x?(1) = 3.2966, p = 0.0694) (Figure 5).

G.2 Evaluation of Multiple Agent Personas

Table 9: Inter-rater Agreement: Fleiss’ Kappa Values

Evaluation Item Kappa
tone.calm 0.881
tone.clear 0.885
de_escalation.autonomy 0.908
de_escalation.limit_setting 0.889
de_escalation.problem_solving_and_reframing  0.876
prohibitedbehaviors.premature_empathy 0.776
prohibitedbehaviors.invalidating_beliefs 0.893
prohibitedbehaviors.dismissive_commands 0.876

The overall inter-rater agreement was generally high, as evidenced by Fleiss’ kappa values
exceeding 0.88 for items such as tone.calm and tone.clear; however, some items, such as
prohibited_behaviors.premature_empathy (x = 0.776), exhibited relatively lower agreement (See
Table 9). These findings suggest that while there is substantial consensus among evaluators overall, dis-
crepancies in specific areas warrant further investigation into potential systematic differences attributable
to evaluator roles.

To this end, we recoded the binary evaluation outcomes as 1/0 and employed mixed-effects logistic
regression analyses using Generalized Estimating Equations (GEE) to model the effects of evaluator
persona (fixed effects) while accounting for text-level variability (random effects). The results indicate that,
even in the presence of generally high inter-rater agreement, the evaluator roles systematically influenced
the ratings (Detail in Table 10). For instance, in the case of tone attributes (tone.calm and tone.clear),
both the Communication Skills Trainer and Nursing Professor evaluators yielded significantly lower ratings
compared to the reference evaluator (e.g., for tone.calm, 8 = —0.2696, p < 0.001 and 8 = —0.2846,
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Outcome Parameter Coefficient SE z p CI Lower  CI Upper

Intercept 0.9778 0.092 10.674 < 0.001 0.798 1.157
tone_calm Communication Skills Trainer —0.2696 0.048 —5.644 < 0.001 —0.363 —0.176
Nursing Professor —0.2846 0.046 —6.168 < 0.001 —0.375 —0.194
Intercept 0.7691 0.088 8.764 < 0.001 0.597 0.941
tone_clear Communication Skills Trainer ~ —0.2369  0.042 —5.618 < 0.001 —0.320 —0.154
Nursing Professor —0.2154  0.043 —4.993 < 0.001  —0.300 —0.131
Intercept —1.0031  0.092 —10.887 < 0.001 —1.184 —0.823
de-escalation_autonomy Communication Skills Trainer —0.0778  0.043 —1.804 0.071 —0.162 0.007
Nursing Professor —0.0429 0.037 —1.148 0.251 —0.116 0.030
Intercept —0.6411  0.086 —7.465 < 0.001 —0.809 —0.473
de-escalation_limit_setting Communication Skills Trainer —0.1358  0.041 —-3.314 0.001 —0.216 —0.055
Nursing Professor —0.1358  0.042  —3.207 0.001 —0.219 —0.053
Intercept —0.2517  0.082  —3.056 0.002 —0.413 —0.090
de-escalation_problem_solving_and_reframing ~ Communication Skills Trainer —0.2139  0.041 —5.176 < 0.001 —0.295 —0.133
Nursing Professor —0.0847  0.041 —2.072 0.038 —0.165 —0.005
Intercept —4.5951 0410 -11.199 <0.001  —5.399 -3.791
prohibited_behaviors_premature_empathy Communication Skills Trainer ~ —0.1840  0.319  —0.577 0.564 —0.809 0.441
Nursing Professor 0.1558 0.270 0.577 0.564 —0.374 0.685
Intercept —0.6264 008 —7.310 <0.001 —0.794 —0.458
prohibited_behaviors_invalidating_beliefs Communication Skills Trainer 0.1650 0.041 4.054 < 0.001 0.085 0.245
Nursing Professor 0.1368 0.038 3.563 < 0.001 0.062 0.212
Intercept —1.1896  0.097 —-12.324 < 0.001 —1.379 —1.000
prohibited_behaviors_dismissive_commands Communication Skills Trainer 0.1609 0.050 3.206 0.001 0.063 0.259
Nursing Professor 0.1349 0.045 3.020 0.003 0.047 0.222

Table 10: Detailed GEE Regression Results for Evaluator Role Effects across Outcome Variables.

p < 0.001, respectively; for tone.clear, § = —0.2369, p < 0.001 and 8 = —0.2154, p < 0.001,
respectively). Similar systematic differences are observed in the de-escalation subcomponents: while
the limit setting and problem solving and reframing components are rated significantly lower by
these evaluator personas (all p < 0.05), no significant differences emerge for the autonomy subcomponent
(p > 0.05). In contrast, evaluations of prohibited behaviors show that, although ratings for premature
empathy do not differ significantly across evaluator roles (p > 0.05), both invalidating beliefs and
dismissive commands are rated significantly higher by the Communication Skills Trainer and Nursing
Professor (all p < 0.001).
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H Human Evaluation

The following are the protocols and screenshot examples of the human evaluation on Adaptive-VP.

H.1 Human Evaluation Protocol

Research Description and Consent

Validation Study on the Realism of Virtual Patients

Thank you for your interest in our research.

We have developed virtual patients using Al to simulate patients with various complaints for nurse-patient communication training.
We would like to hear nurses' opinions on how realistic these virtual patients are.

Research Process
First, we will collect demographic and career-related information. Then, you will engage in conversations with 8 virtual patients. The
conversations may be terminated if they become too lengthy. Please interact naturally with the patients as you would in your regular

clinical practice.

Privacy Protection
All collected data will be processed anonymously and used only for research purposes.

Voluntary Participation
Participation in this research is entirely voluntary, and you may withdraw at any time. We assure you that there will be no
disadvantages if you choose to discontinue your participation.

I have fully understood the above information and agree to participate in this research.

| agree | do not agree

NEXT

Figure 6: A screenshot of getting consent from human evaluation participants
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Virtual Patient 1 Profile

Patient Situation

A patient hospitalized for diabetic foot care shows extremely uncooperative behavior during wound
dressing changes. During daily necessary wound disinfection, they postpone or refuse dressing times
citing pain, and whenever nurses try to observe the wound, they cover themselves with a blanket and turn
away. When visited for pre-meal blood glucose checks, they pretend to be sleeping or intentionally avoid
treatment by staying in the bathroom for extended periods.

Basic Information

Name
Gender
Age
Religion
Height
Weight

Medical Information

Primary Condition
Current lliness

Past Medical History
Surgical History
Family History
Allergies
Vaccinations
Current Medications

Primary Diagnosis

Choi Byung-guk
Male

63

Christianity
170cm

88kg

Diabetic foot ulcer, Poor blood glucose control

Diagnosed with diabetes 10 years ago but due to irregular management, recently
developed diabetic ulcer on right foot and was hospitalized 2 weeks ago. Blood
glucose control is poor.

Diabetes (10 years), Hypertension (5 years)

None

Father: Diabetes

None

Pneumococcal vaccine (3 years ago), Flu vaccine (annually)

Insulin Glargine 20U gd, Insulin Lispro 6U tid ac, Metformin 1000mg bid,
Amlodipine 5mg qd

Diabetic foot ulcer, Poor glycemic control

Figure 7: A screenshot of providing virtual patient’s profile for human evaluation participants
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Conversation with Virtual Patient 1

(While covered with a blanket) Foot dressing? You did it yesterday... | can't do it now because it
hurts too much. Please come back later...

| understand it's painful. However, we need to change the dressing regularly for wound

treatment.

(In an irritated voice) "Oh, come on... | told you it was done yesterday. | can't do it now because
it's too painful. Can't we do it in the evening? Why does it have to be now? Stop bothering
people first thing in the morning... come back later.

As you mentioned, we did change the dressing yesterday, but wound care is very important
and needs to be checked and changed at scheduled times. Regular care is essential,
especially for preventing infection and ensuring quick recovery.

(Sighing) Ah... when you put it that way, what can | say? But it really hurts, even more than
yesterday... Couldn't we use some anesthetic cream? And please do it more slowly. You were
too rough last time...

I'll try to be as gentle as possible when doing the dressing. | sincerely apologize for any
discomfort from last time.

(In a slightly softened voice) Ah... okay. | guess we have to do it. But if it really hurts, you'll let
me take breaks, right? And... is there any anesthetic cream? It hurts more than yesterday...

I'll apply the anesthetic cream and give it enough time to work before we start the dressing. If

it becomes too painful at any point, please let me know.

(In a slightly tense voice) Okay... alright. But you really need to wait long enough after applying
the anesthetic cream. Don't start after waiting less than 5 minutes like last time... And when |
say 'it hurts,' you really need to stop right away. You promise?

Yes, | absolutely promise. When you say 'it hurts,' I'll imnmediately stop the dressing procedure

and let you take a break.

Hah... (hesitating for a moment) Okay. But you really promise? You'll wait long enough after
applying the anesthetic cream... and when | say it hurts, you'll really stop... you'll do that?
Everyone said they would before, but then...

Figure 8: A screenshot of virtual patient and human evaluation participant having conversation

2351



Validation Study on the Realistic Virtual Patients

Survey on Virtual Patient Experience

1. Please respond about your experience with this type of Virtual Patient.

Have you encountered patient similar to the type of Virtual Patient 1 (uncooperative)?

Yes © No O

How often do you encounter uncooperative patients like Virtual Patient 1?

Several times a week  Once or twice a month  Once or twice a year Never met before Almost daily

O ® O O O

Uncooperative patients like Virtual Patient 1 are commonly seen in actual clinical settings.
Strongly disagree Strongly agree

O @ O

2. Please rate your level of agreement with the following questions about the Virtual Patient's dialogue.

Virtual Patient 1 was consistent in their role as a patient throughout the conversation.
Strongly disagree Strongly agree

O O O ®

Virtual Patient 1 maintained the character throughout the entire conversation.
Strongly disagree Strongly agree

O O O ®

Virtual Patient 1 expressed their complaints in a realistic manner.
Strongly disagree Strongly agree

O O @ O O

Virtual Patient 1's way of speaking was natural.
Strongly disagree Strongly agree

O O O ® O

The conversation flow with Virtual Patient 1 was natural.
Strongly disagree Strongly agree

O O O] O

Virtual Patient 1's responses to my statements accurately reflected the characteristics of an
uncooperative patient.

Strongly disagree Strongly agree

O O O ® O

Please briefly explain your evaluation:

[The conversation felt similar to interactions with real patients. ]

If there were any aspects of Virtual Patient 1 that felt unrealistic, please describe what needs
improvement:

[It was realistic. ]

Figure 9: A screenshot of survey questions for human evaluation participants after a conversation
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