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Abstract
High-quality medical history is essential for accurate clini-
cal diagnosis. However, traditional consultations often face
barriers such as time limits, low patient expressiveness, and
weak emotional connection. In recent years, the combina-
tion of large language models (LLMs) and Virtual Avatar
technologies has provided new possibilities to enhance the
efficiency and user experience of medical history taking. This
study investigates the impact of virtual characters with dif-
ferent anthropomorphic levels on user behaviour and data
quality in AI-driven medical history taking.

In this study, a virtual consultation system was developed,
integrating GPT-based dialogue capabilities, and three vir-
tual human characters with different anthropomorphism
levels were designed: low anthropomorphism (static icons),
medium anthropomorphism (stylised characters), and high
anthropomorphism (realistic characters). Through a within-
group experimental design, a total of 25 participants com-
pleted the medical history taking task with each of the three
personas, and quantitative data such as user response qual-
ity, usability, and experience of use, as well as qualitative
feedback such as semi-structured interviews, were collected.
The results showed that the medium-high anthropomor-

phic characters significantly increased users’ emotional com-
fort, trust, and motivation to express information. However,
the overly realistic appearance may cause discomfort due
to the ‘Uncanny Valley effect’, which may inhibit natural
expression. Behavioural synchronisation, emotional respon-
siveness and social role setting are the key design dimensions
that affect user engagement. Based on this, this study pro-
poses a multidimensional, context-sensitive anthropomor-
phic design framework that emphasises the balance between
visual realism and interaction quality.

This study provides empirical insights into anthropomor-
phic design strategies for virtual health assistants and offers
guidance for building more empathetic digital agents..

Keywords: Digital people; virtual characters; anthropomor-
phic design; medical history taking; user experience; large
languagemodelling; healthcare human-computer interaction

1 Introduction
1.1 Research Background
Even in today’s highly developed era of medical imaging and 
genetic testing, detailed and accurate medical history infor-
mation remains an indispensable key component of clinical 
diagnosis. Research indicates that accurate diagnosis relies 
on comprehensive and precise medical history information; 
incomplete or inadequately recorded medical histories may 
lead to inappropriate treatment decisions[5], which could 
even jeopardize patient safety. However, in actual clinical 
practice, the collection of high-quality medical history infor-
mation faces numerous challenges: unclear patient expres-
sion, communication barriers, time constraints, and heavy 
workloads for doctors can all lead to missing or low-quality 
information. These issues prompt us to consider whether 
new technological tools can be used to assist in this process. 
The Prospects of Artificial Intelligence Chatbots and Virtual 
Avatars in Clinical Consultations In recent years, the develop-
ment of large language models (LLMs) has enabled chatbots 
to demonstrate significant capabilities in understanding nat-
ural language, probing for details, and generating structured 
information [12] [1] . When these systems are combined 
with virtual avatars—digital humans capable of expressing 
natural speech, facial expressions, and body language—they 
have the potential to create more approachable and immer-
sive interactive experiences, thereby potentially alleviating 
patients’ psychological stress and facilitating the disclosure 
of sensitive information[15][25]. The integration of LLMs 
with virtual avatars holds promise for faster, more compre-
hensive, and patient-centered solutions for medical history 
collection.

1.2 Research Motivation
As artificial intelligence and Virtual Avatar technology con-
tinue to advance in medical settings, their “human-like de-
gree” has been shown to influence users’ trust, intimacy, and 
willingness to disclose information[25]. Highly human-like 
characters may enhance interactivity but may also trigger 
the “uncanny valley” effect[27]; while simplified characters 
may be safer, they may reduce expression willingness and 
interaction efficiency[21]. Therefore, balancing the human-
like degree is a key issue in the design of digital medical 
systems. However, existing research has primarily focused 
on single character styles, lacking systematic comparisons
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of characters with different levels of anthropomorphism un-
der unified tasks.[6]. Additionally, there have been few at-
tempts to evaluate chat engines and virtual avatars as an
integrated system[10]. This study builds upon this founda-
tion, systematically examining the impact of different levels
of anthropomorphism on user behavior and data quality.

1.3 Research Objectives and Contributions
Building on prior exploratory findings, this study designed
and developed a medical history collection system integrat-
ing large language models with virtual Virtual Avatars, aim-
ing to enhance the efficiency and quality of information
collection while providing users with a natural and seamless
experience. To systematically evaluate the effects of differ-
ent levels of anthropomorphism, this study designed three
distinct Virtual Avatar interfaces:

a High-fidelity, expressive, and animated anthropomor-
phic virtual avatars;

b Stylized 3D characters with basic body movements;
c Simplified static avatars with voice feedback.

Therefore, I propose two research questions:
• RQ1: In AI chatbot-driven conversations for collecting
medical history information, how does the quality of
user responses differ between characters with different
levels of anthropomorphism?

• RQ2: In AI chatbot-driven conversations for collecting
medical history information, how does the user expe-
rience differ between characters with different levels
of anthropomorphism?

The main contributions of this study include:
• Designing a functional LLM-driven virtual medical
history collection system and applying it to real-user
testing;

• Comparing three different levels of anthropomorphism
through experiments to reveal their specific impacts
on user information disclosure and experience;

• Summarizing users’ expectations and feedback regard-
ing AI-based consultations to provide suggestions for
future optimizations

• Providing a reference model and data support for de-
signing smarter, more user-friendly medical commu-
nication tools in the future.

2 Related Work
In recent years, the integration of medical informatics and
human-computer interaction technology has been driving
a new revolution: the capabilities of intelligent systems are
no longer limited to “judging right from wrong,” but have
begun to “generate content”; interaction interfaces are no
longer cold tables or text, but have begun to become concrete
and humanized[10]. Against this backdrop, medical history
collection, a fundamental clinical process, has also ushered

in a new definition and research perspective. This section
reviews three areas of work closely related to this study: (1)
the development of medical chatbots and voice assistants;
(2) intelligent dialogue systems aimed at information collec-
tion; and (3) the exploration of Virtual Avatar technology
applications in medical dialogue. It further identifies gaps
and shortcomings in current research, outlines the prelimi-
nary explorations conducted under the PFMP program, and
explains the research focus and significance of this paper.

2.1 The Evolution of Medical Chatbots and Voice
Assistants

The earliest medical chatbots are more like “voice-enabled
questionnaare forms”—the system could only ask questions
along a predefined path, and patients could only respond
selectively[6]. Once the conversation deviated from the script,
the process was likely to be interrupted. While this highly
structured approach could control risks, it also limited users’
freedom of expression and the authenticity of the conversa-
tion.

With the development of natural language processing tech-
nology, especially breakthroughs in semantic understanding
through deep learning, medical AI systems have begun to
develop stronger contextual understanding capabilities. For
example, tools like Ada Health and Buoy Health can extract
keywords from user expressions and dynamically adjust
follow-up questions based on semantic content, enhancing
the flexibility and specificity of conversations.
The true turning point came with the rise of large lan-

guage models (LLMs). Researchers such as Fadhil and Schi-
avo [10] demonstrated the high adaptability of LLMs to med-
ical contexts; Athotaathota2020chatbotintegrated generative
dialogue into triage systems, enabling automatic summariza-
tion and integration with electronic health records, thereby
reducing the burden of manual record-keeping.

The addition of voice assistants has further expanded inter-
actionmethods. Platforms like Google Assistant and Amazon
Alexa have launched voice features for medical scenarios,
allowing users to record health data such as blood sugar and
blood pressure using spoken language. This method is par-
ticularly suitable for users with visual impairments or those
unfamiliar with text. Research shows that in chronic disease
management, voice input increased follow-up completion
rates from less than 50 percent to nearly 70 percent [12].
However, most voice assistants currently rely on pre-set

scripts, offering conservative diagnostic suggestions and of-
ten responding with a generic “I recommend you seek med-
ical attention.” Additionally, they lack the ability to under-
stand and respond to emotions: when users express anxiety,
fear, or confusion, the system typically cannot provide com-
forting responses, which remains a significant barrier to their
deeper integration into clinical settings.
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2.2 Intelligent Dialogue Systems Focused on
Information Collection

Unlike systems aimed at providing treatment recommen-
dations, information collection-oriented chatbots focus on
enabling users to “speak more, speak accurately, and speak
truthfully.” Traditional form-filling methods are relatively
mechanical, often limiting users to fixed options and making
it difficult to express their true circumstances.

Semi-structured dialogue[12], however, offers a more flex-
ible approach—users can start by discussing the issues they
are most concerned about, and the system then supplements
the information through follow-up questions. For example,
Chen[20] found in their study on adverse drug reaction re-
porting that, compared to traditional methods, conversa-
tional interfaces can enhance the effectiveness of reports,
particularly in capturing more details related to daily life in
free-text fields.
The advantage of such systems lies in their ability to un-

derstand users’ language in real time and map free-form nar-
ratives to standard medical coding systems (e.g., SNOMED
CT[16]), thereby reducing manual data entry time and work-
load.
However, most such systems currently use anonymous

text or voice formats, lack concrete character imagery, and
do not have a clear “questioner” presence. In scenarios in-
volving sensitive topics (such as mental health or sexual
health), whether the questioner is trustworthy and has so-
cial attributes may directly affect whether users are willing
to speak up.
This leads to the next direction worth exploring: the in-

troduction of Virtual Avatars.

2.3 Virtual Avatars and the Role of
Anthropomorphic Design

Virtual Avatars—animated avatars capable of speech, gaze,
and facial expression—introduce a visual and social dimen-
sion to health dialogues. Kurniawan[11][9]found that even
2D avatars with emotional voice increased user trust in
health advice. Stock[25]reported that animated facial ex-
pressions helped reduce embarrassment thresholds in sexual
health consultations, promoting richer self-disclosure. Users
often unconsciously apply social norms when interacting
with anthropomorphic agents, as explained by the Media
Equation theory [22]and the CASA paradigm[19].So behav-
ioral cues such as nodding or brow furrowing have been
shown to signal active listening, increasing perceived em-
pathy and prolonging user engagement in psychological
counseling contexts.
However, more realism does not always lead to better

outcomes. Robertson[23]highlighted the "uncanny valley"
effect[18][13]: when avatars appear realistic but lack syn-
chronized expressions or natural behavior, users may experi-
ence discomfort or even aversion. Similar effects occur with

desynchronized lip movements—delays beyond 240ms can
significantly lower perceived professionalism.
In the context of this study, anthropomorphism refers to

the extent to which a digital character exhibits human-like
characteristics. This includes visual realism, behavioral traits,
and emotional cues. Prior work[7, 11] has shown that these
dimensions collectively influence how users perceive and
engage with digital agents. While prior research has tested
avatars with different levels of realism, studies often focus on
single styles , lacking direct comparison across a spectrum
of anthropomorphism within the same task and user group.

This study addresses that gap by systematically comparing
three levels of avatar anthropomorphism—abstract, stylized,
and realistic—within a unified system for medical history
collection. By holding task structure and user population
constant, it investigates how the degree of anthropomor-
phic design affects user experience, and the completeness of
medical disclosure.

3 Overall Research Approach and Process
This project adopts a Research through Design (RtD) metho-
dology[29], combining iterative prototyping, user testing,
and reflection to generate insights into human-avatar inter-
action in medical contexts. The process also results in a final
design outcome, which embodies the validated interaction
principles and user-centered features identified during the
study.As shown in Figure 1.

Figure 1. Overall Research Process

3.1 Problem Identification Needs Analysis
I began by identifying challenges with the current patient
history taking interface, such as lack of engagement, poor
completeness of responses and limited emotional connection.
A literature review and expert interviews guided this stage.

3.2 Design Exploration
I conducted a small-scale design exploration by prototyping
early chatbot interfaces with different interaction modalities
(with avatar and without avatar). This stage helped reveal
user preferences and guided the initial design space.

3.3 Research Question Refinement
Based on insights from exploration, I refined the core re-
search question: How does the degree of anthropomorphism
in Virtual Avatars affect user experience and the quality of
user responses?
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3.4 System Design Prototyping
A virtual avatar interface was developed in Unity, integrat-
ing GPT dialogue, voice interaction, expression, gestures,
and structured data collection. Three levels of anthropomor-
phism are implemented.

3.5 Experimental Design Deployment
I analyzed quantitative (e.g., data completeness, user ratings)
and qualitative (e.g., interview themes) results to evaluate
the effects of anthropomorphism. Insights are used to refine
both system and design recommendations.

3.6 Data Analysis Insight
I analyzed quantitative (e.g., data completeness, user ratings)
and qualitative (e.g., interview themes) results to evaluate
the effects of anthropomorphism. Insights are used to refine
both system and design recommendations.

3.7 Final Design
Based on the study results, design optimization suggestions
are proposed, leading to a round of prototype iteration. Re-
visions are made to areas identified by users as needing
improvement, culminating in the final version of the design.

4 Exploration: PFMP work summary
4.1 Problem Identification Needs Analysis
During the discovery phase, interviews with healthcare pro-
fessionals and a review of relevant literature highlighted key
issues in traditional history taking: limited patient expres-
siveness, inefficient data collection, and a lack of emotional
connection during communication. Healthcare professionals
emphasized that they wanted a system that would encourage
patients to share information while organizing the collected
data in a structured format they are familiar with. Based on
these insights, three primary design goals are defined:

a Improve the Efficiency of History Taking Chatbot should
use patient-centered communicationmethods (Deveugele
et al., 2005) to promote positive patient response. And
A structured history report is then generated to inform
the physician’s diagnosis (Grice et al., 2017).

b Providing a Good Interactive Experience Face-to-face
counselling through the use of verbal and non-verbal
behaviors such as empathy and immediacy can in-
crease trust and satisfaction between patients, thus
promoting better health communication and under-
standing (Berman Chutka, 2016). As Ill as creating a
more immersive experience through the introduction
of avatars, increasing user willingness to use (Stock et
al. 2023).

c Promoting Precision Medicine Ensure the complete-
ness and accuracy of medical history data to provide
physicians with reliable decision support (Peterson et

al., 1992). Encourage patients to give more comprehen-
sive answers through multiple rounds of questioning
to detect potential symptoms and hidden problems
and avoid missing key information (Burt et al., 2017).

4.2 Exploratory Design Study 1
To achieve the design objectives, this phase adopted the
“rapid prototyping-initial testing” method to complete the
design of two prototype versions. Both Version 1 and Version
2 systems integrate large language models, supporting the
collection of medical history information through dialogue
and the generation of structured medical history reports.
The difference lies in the presentation form of the dialogue
interface:

• Version 1: A traditional chat box input interface with
a 2D virtual avatar, featuring a clear interface structure
that aligns with current user habits for chatbot usage;
As shown in Figure 2.

• Version 2: A voice input interface with a full-body
virtual avatar, providing a stronger sense of immersion
through natural language, facial expressions, and voice
intonation, which better aligns with users’ natural
conversation. As shown in Figure 3.

Figure 2. Chat box based GUI
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Figure 3. meeting-style GUI

This not only enables the collection of complete and struc-
tured symptom information but also offers amore empathetic
and engaging user experience. This combination aims to sim-
ulate realworld medical consultations, helping users feel
more connected and natural during interactions. Addition-
ally, avatar design plays a crucial role in user engagement. A
young male doctor was selected, who appears calm and pro-
fessional and can synchronize voice through text-to-speech
(TTS) technology.

4.3 Preliminary User study
4.3.1 Procedure. To evaluate the initial effectiveness of
the two prototypes, a small-scale user study was conducted
with six participants aged 20–30, all of whom had prior medi-
cal consultation experience. Each participant completed two
interaction sessions—one with each version—within a simu-
lated consultation scenario involving persistent headaches.
Sessions lasted approximately five minutes, during which
participants described their symptoms and responded to the
system’s questions. Post-session data are collected through
semi-structured interviews and open-ended feedback.

4.3.2 Data Collection. The following data sources are
used:

• Observational logs: including response length, turn-
taking behavior, and interaction time;

• Interviews: covering user experience, emotional re-
sponses, and perceptions of the avatar;

• Open-ended feedback: focused on system design,
voice interaction, and visual preferences.

4.3.3 Key Findings and Research Focus. The results re-
vealed clear differences between the two interaction modes.
All participants showed greater initial engagement with the
voice-based interface, expressing curiosity about the speak-
ing avatar. Version 2 elicited longer, more emotionally expres-
sive responses, with users often speaking in full sentences

and using descriptive language. In contrast, Version 1 in-
teractions tended to be shorter and more concise, though
occasionally more efficient. Participants appreciated the sys-
tem’s structured question flow and polite tone in both ver-
sions. The dynamic follow-up questions driven by the LLM
improved the completeness of symptom reporting. Feed-
back on the avatar was generally positive—users described
it as professional and reassuring—but some noted its lack
of emotional variability and expressed interest in more cus-
tomizable features. These findings highlight the potential of
more human-like interfaces to stimulate user expression and
foster trust. While previous studies have shown that anthro-
pomorphic design elements can enhance communication,
the specific effects of varying degrees of anthropomorphism
remain underexplored. With this as a basis, the research
questions for this project are further defined.

5 Design and Implementation
5.1 Design Objectives and Constraints Under

Research-Driven Design
The system was developed not as a final product but as an
experimental platform to test how avatar anthropomorphism
influences user behavior in medical consultations. Accord-
ingly, the design followed three key principles:

• Structural consistency: All versions of the system
share identical task flow, dialogue logic, and data han-
dling, ensuring comparability across conditions.

• Variable control: Anthropomorphism is the only
manipulated factor. Interaction rhythm, question con-
tent, and voice input mechanisms remain constant.

• Data traceability: All user responses are automati-
cally converted into structured fields, supporting quan-
titative analysis of response completeness and clarity.

This setup enables a controlled environment for evaluating
behavioral and perceptual differences between avatar styles.

5.2 virtual avatar Construction and Unified Settings
To ensure that virtual avatars under different anthropomor-
phization conditions have a unified basic setting while main-
taining operational style tiers, this study designed and con-
structed three visually distinct virtual avatars (as shown in
Figure 6-1) centered on the role identity of a “female medical
assistant.”

5.2.1 Unified Character Settings. All three characters
are set as female medical assistants in their 30s, with a uni-
fied attare style (white coat + light blue shirt) to create a pro-
fessional, approachable, and culturally neutral image. This
setting aims to create a professional yet trustworthy, non-
authoritarian medical interaction atmosphere, facilitating
users’ trust and willingness to express themselves during
virtual consultations. The selection of female characters is
based on common findings in health communication and
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virtual assistant research: users tend to trust female char-
acters more in health-related interactions, especially when
it comes to symptom description and emotional expression,
as female characters are more likely to elicit openness from
users [26][2]. The character’s age is set in the middle-to-
young adult range to strike a balance between “professional
credibility” and “communication friendliness,” avoiding the
sense of distance that comes with an older age and the lack of
authority that comes with excessive youthfulness [? ]. The fa-
cial design style avoids excessive cultural characteristics and
personalized elements, with simple, neutral hairstyles and
makeup to reduce cognitive interference caused by physical
features and ensure the universality of the image. .

Figure 4. Visual comparison of three avatar anthropomor-
phism levels.

5.2.2 Three expressions of anthropomorphic level.
The three virtual characters in this study are developed based
on a unified design framework, forming a hierarchical struc-
ture in terms of anthropomorphism—from abstract icons to
stylized cartoons to realistic human-like models.

a :Low-anthropomorphic characters (left) are represented
by two-dimensional static icon-style abstract images.
These avatars lack facial, limb, or gender features and
adopt a blue-green iconographic design with promi-
nent medical symbols (e.g., nurse caps, cross marks).
Their purpose is to convey a basic “medical identity”
while eliminating emotional or social cues, thereby
emphasizing the tool-like nature of the interaction.

b : Medium-anthropomorphic characters (center) take
the form of stylized 3D female doctor figures, fea-
turing large eyes, simplified facial traits, and smooth
animated contours. With exaggerated hairstyles and
soft expressions, these avatars offer a friendly and ap-
proachable visual impression. Although the human
form is preserved, the overall presentation is cartoon-
ish and deliberately low in realism.

c : High-anthropomorphic characters (right) are highly
realistic 3D female models created using Character
Creator 4. These avatars feature natural facial propor-
tions, detailed skin texture, and lifelike eye movement,
closely resembling real medical professionals in ap-
pearance. The design emphasizes visual realism and
emotional naturalness to maximize user immersion.

To systematically manipulate the core variable—degree of
anthropomorphism—this stratification was not limited to
visual appearance alone. Following the operational model
proposed[11], the design further incorporated layered differ-
ences in speech expression and non-verbal behavior, such
as emotional voice variation, facial motion, and gesture re-
sponsiveness. Rather than simply categorizing the interface
as “with or without a virtual avatar,” this layered strategy
finely adjusts multiple factors related to social presence and
interactive performance.[8] This enables more precise con-
trol of the experimental variable and enhances the internal
validity of the comparative study.

Figure 5. Three expressions of anthropomorphic level

5.3 Consultation Process Design and Interaction
Strategy

The system draws inspiration from Stewart and Levenstein’s
“patient-centered six-step interviewmethod” [17]in consulta-
tion process design, and has been localized to accommodate
the characteristics of virtual avatar interaction. The overall
design adopts a semi-structured dialogue mechanism, balanc-
ing openness and structure. The system guides users to freely
state their thoughts through open-ended questions; if the
system identifies missing key information, it automatically
switches to closed-ended follow-up questions to ensure the
continuity and completeness of information. Based on the
field-filling status, the system evaluates information cover-
age in real-time and triggers a dialogue closure prompt once
the predefined standards are met, actively asking users, “Is
there anything else you’d like to add?” to ensure a balanced
structure between structured and open-ended elements in
the consultation process.

5.4 voice input system and Interface Strategy
To support natural and low-friction voice interaction, the
system uses a “click-to-start + silence detection” input mech-
anism. Users initiate recording by tapping a central button,
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and the system automatically stops recording after two sec-
onds of silence, minimizing manual effort and enabling ac-
curate segmentation for backend processing. The user inter-
face adopts a minimalist and status-aware design. A single,
centrally located button changes dynamically to reflect inter-
action states—for example, “Start” before recording and “Lis-
tening...” during input. This provides clear feedback across
all interaction stages, helping users understand the system’s
status and maintain control. This design ensures accessibility
for users with diverse backgrounds and supports a seamless,
voice-first consultation experience.

5.5 Module Structure and Technology Selection
Research Adaptability Description

The system prototype was developed using the Unity engine,
chosen for its support of 3D virtual avatar models, real-time
rendering, and flexible animation control. All avatars adopt
the HDRP pipeline for consistent visual quality, with anima-
tion controlled via Unity’s Animator and Timeline systems
for gesture and lip-sync coordination. The voice interaction
system integrates Unity’s built-in module with a silence de-
tection mechanism, enabling smooth, pause-sensitive speech
input. Language understanding and response generation are
handled by GPTmodels, with identical dialogue logic applied
across all avatar conditions to ensure fairness. Speech syn-
thesis varies by condition: high-anthropomorphism avatars
use Azure Text-to-Speech with emotion styles (e.g., cheerful,
empathetic), while medium and low use neutral-tone engines
to avoid emotional bias. The architecture follows a modular
design, enabling independent deployment and orchestration
of core components—including speech recognition, dialogue
management, semantic extraction, emotion analysis, and
avatar control. This structure ensures adaptability, scala-
bility, and reusability for future research or deployment in
varied consultation contexts.

Figure 6. System architecture.

6 Experiment
To assess the impact of the degree of anthropomorphism in
virtual avatars on user experience and the quality of medical
history information, I designed a user experiment based on

a virtual consultation scenario. The experiment utilized the
virtual avatar medical history collection system I developed
as its platform, combining a standardized task scenario with
system functionality. Participants are invited to engage in
a complete online consultation simulation with the virtual
avatar. During the experiment, the “degree of anthropomor-
phism” controlling the virtual avatar’s appearance and be-
havior was manipulated to observe the effects of different
presentation methods on user behavior and attitudes.

6.1 Scenario Setup and Experimental Tasks
The experiment simulated a real online medical consultation
scenario. Under system guidance, participants sequentially
completed medical history collection tasks with three vir-
tual avatars of different anthropomorphism levels. The tasks
included describing symptoms (e.g., headache, cold, etc.) and
answering system-generated questions, covering key details
such as the onset time, location, severity, accompanying
symptoms, and past medical history of the symptoms. The
content of the virtual avatar consultation tasks remained
consistent across all avatars, with differences only in their
appearance and interaction styles to ensure experimental
comparability.

Figure 7. A participant interacting with the virtual consul-
tation system during the experiment.

6.2 Experimental Variables and Grouping Strategy
This experiment employed a single-factor between-subjects
design, with the independent variable being the “anthropo-
morphism level of virtual digital avatars.” Three levels are
defined. Dependent variables (Measured Variables) include:

a Information quality of responses, which include infor-
mation quantity, specificity, relevance, clarity.

b User experience
Information quality is assessed through a combination of
structured data and human scoring, while user experience is
analyzed using standardized questionnaares (BUS-11, God-
speed, UEQ-S) and interviews. This experiment employed
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a single-factor within-subject design. Each participant com-
pleted the same consultation task across three avatar con-
ditions (low, medium, high anthropomorphism), with brief
breaks between rounds to reduce fatigue. Although the pre-
sentation order of avatars was not strictly counterbalanced,
Kruskal-Wallis H test for order effects should no significant
influence on key outcome variables (p > 0.05), supporting
the validity of the results.

6.3 Experimental Sample Design and Statistical
Power Analysis

Sample size estimation was conducted using the G*power
3.1 tool, with an effect size f = 0.3, = 0.05, statistical power =
0.80, and a repeated measures one-way ANOVA model. The
results indicated that the minimum required sample size was
20 participants. A total of 27 participants are recruited for this
study. After screening the data for completeness and validity
during the experiment, 25 valid samples are ultimately re-
tained. The participants are primarily college students aged
18–30, all of whom possessed good communication skills
and basic digital device operation abilities. All participants
signed informed consent forms prior to the experiment and
received a standardized experiment task description.

6.4 Experimental Process and Data Collection
The complete experimental process is as follows: 1. Partici-
pant Recruitment and Grouping: Participants are recruited
through campus channels, completed online registration and
eligibility screening, and are randomly assigned interaction
sequences. 2. Experiment Task Execution: Each participant
independently completed three rounds of virtual doctor con-
sultation tasks. The system automatically recorded all inter-
action processes, including user input and system responses.
After completing each round of tasks, participants are re-
quired to fill out a questionnaare. Following the comple-
tion of three rounds of simulated consultation tasks, a semi-
structured interview was conducted. The entare process took
approximately 40 minutes. 3. Data Collection and Recording:
Data are collected from multiple sources:

• System logs: All user-system dialogues are saved for
later evaluation of response quality (informativeness,
specificity, relevance, and clarity).

• Observation notes :Observation notes: Researchers
recorded notable user behaviors such as hesitation,
repetition, and emotional cues during interaction.

• Questionnaare : After each interaction, participants
completed standardized instruments including BUS-
11[4], UEQ-S[24], and the Godspeed[14]. BUS-11 as-
sesses chatbot usability, UEQ-S captures both prag-
matic and hedonic aspects of user experience, and
the Godspeed scale evaluates perceived anthropomor-
phism and related social traits.

• Interviews : Semi-structured interviews explored
participants’ subjective impressions, emotional reac-
tions, and suggestions for system improvement.

These data sources enabled both quantitative and qualitative
evaluation of user experience and interaction effectiveness.

7 Results
This section combines quantitative questionnaare data with
qualitative interview content to analyze the differences in
user experience and expression quality among the three
types of virtual avatars. By comparing the scoring results
with user feedback, key design insights are extracted to pro-
vide a basis for optimizing virtual avatar imagery and inter-
action.

7.1 Quantitative result
7.1.1 Comparison of PerformanceDifferencesAmong
Groups A, B, and C. To investigate differences in social per-
ception among different virtual avatars, a Friedman paared
samples test was conducted to statistically analyze the scores
of the three groups (A, B, C) across four key dimensions:
anthropomorphism, animacy, likeability, and perceived in-
telligence. The results show:

• Anthropomorphism: There were significant differ-
ences among the three avatars, 2(2) = 32.435, p < .001.
Wilcoxon signed-rank tests showed significant pair-
wise differences between A and B (p < .001), A and C
(p < .001), and B and C (p = .009), following the pattern
C > B > A.

• Animacy :Significant differences were observed, 2(2)
= 34.758, p < .001. Pairwise comparisons revealed sig-
nificant differences between A and B (p < .001), and A
and C (p < .001), but no significant difference between
B and C (p = .162).

• Likeability : The Friedman test indicated signifi-
cant differences, 2(2) = 18.149, p < .001. Avatar A dif-
fered significantly from both B (p = .006) and C (p =
.004), while B and C showed no significant difference
(p = .336).

• Perceived Intelligence :Significant differences
were found, 2(2) = 7.267, p = .026. A significant dif-
ference was found between A and C (p = .005), while
comparisons between A and B (p = .077) and B and C
(p = .249) were not significant.

• Perceived Safety : The Friedman test did not reach
statistical significance, 2(2) = 5.092, p = .078. However,
post-hoc tests showed that A differed significantly
from both B (p = .016) and C (p = .019), while no dif-
ference was observed between B and C (p = .872).

In summary, Role A scored significantly lower than B and
C across all four dimensions, while B and C had similar
scores across most dimensions with no statistically signifi-
cant differences. This result indicates that although the three
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digital characters share a unified functional structure, their
differences in emotional characteristics and social appear-
ance design are sufficient to significantly influence users’
subjective perceptual experiences.

Figure 8. Comparison of social perception scores across
three avatars (A, B, C).

7.1.2 Differences in user experience (UX) and usabil-
ity between different Virtual Avatar characters. To in-
vestigate the differences in performance between different
Virtual Avatar characters in terms of user experience (UX)
and usability (Useability), Friedman paared sample tests and
subsequent pairwise comparisons are conducted on the sub-
jective evaluation data of each participant for characters A,
B, and C.

• User Experience Dimension The results of the
Friedman test should significant differences among the
three groups of characters in the UX user experience
dimension, 2(2) = 14.990, p = .0006. Further Wilcoxon
paared tests indicated that Avatar C achieved signifi-
cantly higher user experience scores than both Avatar
A (p = 0.0006) and Avatar B (p = 0.0032), while no
significant difference was observed between Avatar
B and C (p = 0.47). The average scores for the three
groups are: A (M = 3.01, SD = 0.68), B (M = 3.47, SD =
0.68), and C (M = 3.55, SD = 0.63). These results sug-
gest that Avatar C is perceived more positively overall,
though its advantage over Avatar B is not statistically
conclusive.

• satisfaction with the chatbot Dimension In the
satisfaction with the chatbot dimension, the Friedman
test did not reveal any significant differences, 2(2) =
2.571, p = 0.213, indicating that there Iis no significant
differences in users’ ratings of the three characters in
terms of comprehensibility, operability, and efficiency.

This suggests that Avatar C is superior on the emotional and
perceptual dimensions of the user, rather than just being
more functional or efficient to interact with.

Figure 9. User experience scores (UEQ-S) for each avatar.

7.1.3 The correlation between anthropomorphism
and satisfaction with the chatbot and overall user ex-
perience. To examine the relationship between the “anthro-
pomorphism” scores of Virtual Avatars and user experience
dimensions, this study first conducted a normality test on
the distribution of variables. The Shapiro-Wilk test was used
to assess the “anthropomorphism scores” and all user ex-
perience dimensions (including UX items and satisfaction
with the chatbot evaluation items). The results showed that,
except for the dependent variable, most independent vari-
ables deviated significantly from normal distribution (p <
0.05). Given this, to enhance the robustness of the analy-
sis results, the non-parametric Spearman’s rank correlation
analysis was employed to assess the relationship between
anthropomorphism scores and UX/satisfaction items. Per-
sonification scores showed a moderately strong positive cor-
relation with users’ overall system experience (UX) and are
also significantly correlated with satisfaction with the chat-
bot evaluations, indicating that users who perceive higher
system satisfaction are more likely to perceive its personifica-
tion characteristics. This suggests that the system’s “human
touch” has an interactive enhancement effect with multiple
factors such as “usability,” “pleasure,” and “trust.” More specif-
ically, the results of the Spearman correlation analysis show
that “anthropomorphism scores” are significantly positively
correlated with multiple user experience dimensions. Among
these, attractiveness (Attractive, = 0.547, p < 0.001), pleas-
antness (Pleasant, = 0.520, p < 0.001), and innovativeness
(Inventive, = 0.556, p < 0.001), and willingness to use again
(Willing to use again, = 0.539, p < 0.001) are the strongest
correlated items. Additionally, users’ trust in the chatbot,
perceived intuitiveness, and perceived efficiency are also sig-
nificantly positively correlated with anthropomorphism (all
p < 0.01), indicating that anthropomorphic characteristics of
the role may enhance users’ overall evaluation of its func-
tionality and emotional experience. A few variables (such
as “system response speed” and “ease of understanding chat
content”) did not reach significant correlation, suggesting
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that these satisfaction sub-dimensions may not be directly
influenced by anthropomorphic perception.

Figure 10. Correlation between perceived anthropomor-
phism and chatbot evaluation items.

7.1.4 User Response Quality Analysis. This analysis is
based on the question-and-answer data from three groups of
users, totaling about 800 user responses, and statistically an-
alyzed the performance of responses across four dimensions:
information content (log2(Informativeness + 1) processing),
subjective specificity, relevance, and clarity.[? ? ? ? ] Inter-
group nonparametric tests are conducted to assess the impact
of different conditions on user expression quality.
To assess the quality of user responses, we adopted a

simplified version of the scoring framework from Stock[28].
Each response was evaluated across four dimensions:

• Informativeness: Automatically calculated based on
the number of structured medical fields successfully
filled in each response. We applied a log transforma-
tion (log(n + 1)) to reduce the effect of outliers.

• Relevance,Specificity,Clarity: Be rated on a 0–2 scale,
reflecting how precise and concrete the user’s expres-
sion was.

Specificity, relevance, and clarity were manually scored by
the author. A total quality score was obtained by summing
the four dimensions, resulting in a maximum possible score
of 8 per response.

• Average Response Quality Score (by Group) The in-
formativeness dimension uses log2(Informativeness +
1) for logarithmic compression to align with the 0–2
interval of the subjective scoring dimension.

Figure 11. Average Response Quality Score

Group C had the highest scores in all three dimen-
sions (log information content and subjective ratings);
Group A had the loIst scores, with significant differ-
ences in performance.

• Normality Test: Shapiro-Wilk Results The p-values for
the Shapiro-Wilk normality test are all far less than
0.05 (almost 0) across all dimensions and groups, in-
dicating: • The four-dimensional scoring data does
not follow a normal distribution • Therefore, para-
metric methods are abandoned, and more robust non-
parametric test methods are adopted

• Kruskal-Wallis multi-group test results

Figure 12. Kruskal-Wallis multi-group test results

This indicates that there are statistically significant
differences among the three groups across all dimen-
sions.

• Mann-Whitney two-group comparison test results

Figure 13. Mann-Whitney two-group comparison test re-
sults

The results show that Group C significantly outperforms
Group A, demonstrating the best performance; Group A
exhibits a clear disadvantage compared to the other two
groups. Although there is no significant difference between
Groups B and C, marginal differences are observed across all
four metrics (p-values ranging from 0.07 to 0.1), suggesting
that Group C users may have a slight advantage in terms of
expression.
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7.2 Qualitative resultsThematic Analysis of
Interviews

7.2.1 Theme 1: Character Style Shapes Trust and Tone.
Participants consistently linked avatar appearance to how
seriously they engaged in the consultation. The highly an-
thropomorphic avatar was often described as “doctor-like,”
leading many to adopt a more formal, structured tone when
speaking. One user explained, “The third character looks
most like a doctor, so I speak to her most seriously” (P24).
This avatar’s professional image appeared to promote cogni-
tive framing of the task as a real medical consultation.
However, over half the participants noted discomfort re-

lated to this avatar’s facial expressions or timing. Several
described the mouth movements and voice as “out of sync,”
evoking terms like “robotic,” “mannequin-like,” or “uncanny.”
One user remarked, “It’s too realistic, but something’s off—it
made me nervous” (P22).
By contrast, the medium (cartoon) avatar received the

most consistent praise. Twenty-one users called it “approach-
able,” “non-threatening,” or “easy to talk to,” citing its relaxed
style and friendly gestures. Static icons were widely consid-
ered disengaging, with multiple users comparing them to
“speaking to a wall.”

This suggests that users favor avatars that strike a balance
between credibility and emotional comfort—supporting a
middle-ground approach in avatar realism.

7.2.2 Theme 2: Feedback Behaviors Influence Expres-
sionWillingness. A strong recurring theme was the impor-
tance of dynamic, responsive feedback in creating a sense
of being heard. Participants mentioned gestures like nod-
ding, blinking, or brief affirmations (e.g., “I see”) as cues
that encouraged further disclosure. “The cartoon avatar nod-
ded when I spoke—I felt more comfortable going on,” said
one user (P03). Such nonverbal signals appeared to lower
inhibition and sustain conversational flow.
Conversely, feedback that was delayed, inconsistent, or

mismatched with speech (e.g., emotionless facial expression
while saying “I understand”) undermined trust. These issues
were most frequently reported for the highly realistic avatar,
with participants expecting greater behavioral consistency
due to its lifelike appearance. As one user noted, “The face
didn’t move at all while talking. That made me feel like it
wasn’t really listening” (P17).

Mid- and low-fidelity avatars elicited fewer expectations
in this regard, leading to greater tolerance of limited feed-
back. Still, users consistently rated avatars higher when they
exhibited timely, coordinated responses.
This highlights the importance of multimodal behavior

alignment as a key driver of perceived responsiveness and
expression quality.

7.2.3 Theme 3: Rhythm and Interaction Flow Affect
Comfort. Many users identified interaction rhythm—including

system pace, pause recognition, and transition timing—as
central to a natural consultation experience. Several partici-
pants expressed frustration with being cut off mid-sentence
or not receiving cues when to speak. “It skipped ahead before
I was done,” said one user (P20). Another added, “Sometimes I
just didn’t know if it was still listening or had already moved
on” (P19).
Short but natural pauses for reflection were often mis-

interpreted by the system as the end of a turn, resulting
in premature transitions. These disruptions not only made
users feel rushed, but also reduced the completeness of their
responses.
Users generally preferred systems that provided explicit

conversational cues—such as slight delays, backchanneling
gestures, or summary confirmations—to help them gauge
timing. Highly anthropomorphic avatars were particularly
prone to breaking immersion when their rhythm didn’t
match the conversational flow.

This suggests that interaction timing should be explicitly
managed at both the system and avatar levels to ensure
natural pacing and reduce communication friction.

7.2.4 Theme 4: Emotional Safety Supports Disclosure.
The emotional tone projected by the avatar was found to
significantly influence users’ willingness to share sensitive
or personal details. Especially when participants reported
feeling unwell or anxious, they preferred avatars with a
softer demeanor. The cartoon avatar was widely praised for
being “gentle,” “friendly,” and “not judgmental.” One user
shared, “When I feel sick or low, I don’t want a serious face
looking at me—I want something warm” (P08).

Highly realistic avatars occasionally triggered discomfort
due to overly intense eye contact or lack of warmth in ex-
pression. “It kept staring at me—I didn’t like that,” said one
participant (P35). Meanwhile, the static avatar was perceived
by some as emotionally neutral, and by others as simply
disconnected.

A few participants expressed a desare to choose the avatar
style based on their mood or consultation type, suggesting
the value of customizable options.

This indicates that emotional comfort—not visual fidelity—may
be the most important factor in promoting self-disclosure in
healthcare interactions.

7.3 Insights and Design Inspirations
This project focuses on the impact of the degree of anthropo-
morphism in virtual avatars on user experience and expres-
sive behavior. Through a systematic analysis of user inter-
view data, I have identified four key themes: user preferences,
behavioral feedback, task collaboration, and technological
evolution. These themes are discussed in the context of real-
world usage scenarios, and targeted design recommendations
are summarized. These insights not only provide theoretical
support for the design of anthropomorphic virtual avatars
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but also offer practical guidance for future product iterations
and role-based functional divisions.

7.3.1 Insight 1: AnthropomorphismShouldBeTreated
as a Multi-Dimensional and Context-Sensitive Design
Strategy. This study reveals that avatar anthropomorphism
is not a linear spectrum from low to high. Rather, it comprises
multiple intersecting dimensions—visual realism, behavioral
coordination, emotional expression, and perceived social
role. Users do not respond to anthropomorphism in isolation,
but to how these cues work together within the interaction
context. High realism may convey professionalism but can
break immersion if behavioral coordination is lacking. Mod-
erate anthropomorphism enhances comfort but may reduce
task seriousness. Therefore, anthropomorphism should not
be seen as a fixed design choice, but as a flexible, adaptive
strategy that evolves with user profiles, task phases, and
interaction goals

7.3.2 Insight 2: Behavioral FeedbackConsistency Shapes
Perceived Responsiveness. Across all avatar types, the
strongest predictor of trust and expressive willingness was
behavioral synchrony—whether voice, gesture, and facial
feedback aligned in timing and tone. Users did not necessar-
ily care about visual fidelity but are highly sensitive to the
perceived presence and “listening quality” of the avatar.

7.3.3 Insight 3: Expressiveness is not just about com-
fort, but characterisation is also key. While friendly
avatars can ease users’ nerves, they don’t necessarily lead to
more complete or valuable clinical information. Some users
admitted that they tend to be more relaxed and casual when
confronted with cartoon avatars, while they are more serious
and articulate when the avatar looks more like a real doctor.
This illustrates the importance of characterization: users

subconsciously adjust their expressions according to the
characterization conveyed by the avatar - whether it is a
“doctor”, “friend”, “voice assistant”, “friend”, “friend”, “friend”,
or “voice assistant”. or ‘voice assistant’.

7.3.4 Insight 4: Emotional temperature is an indepen-
dent and important design dimension in health sce-
narios. In situations of discomfort, anxiety or vulnerability,
users particularly value the ability of an avatar to convey
warmth and empathy. It is worth noting that this ‘emotional
security’ does not come from the realism of the appearance,
but from the details of the design, such as a soft tone of voice,
gentle eyes, and a relaxed and non-oppressive posture.
Many users mentioned that their ideal digital persona

would be ‘friendly’, “supportive” or ‘reassuring’ - even if
they knew it was an AI. -even if they knew it was AI.
This further suggests that emotional warmth does not

depend on whether an image is realistic or not, but is a
separate dimension that deserves specialised design.

7.3.5 Design recommendations. Based on the above in-
sights, the following design implications and recommenda-
tions are provided:

• Anthropomorphism is not a level to be chosen, but a
dynamic composition to be tuned.

• Behavioral synchrony is the foundation of perceived
presence and trust.

• Visual framing shapes how users position themselves
in the interaction.

• Emotional warmth is not a byproduct of realism, but a
deliberate design choice.

• virtual avatars should adapt their form and function
to match the phase and emotional tone of the task.

8 Final Design
Based on the experimental results and design insights, I
gradually optimized the product during the design process
to address these issues, ultimately creating a usable, realistic,
and deployable virtual avatar medical history consultation
system prototype.

8.1 Design Iteration Focus
In response to the user interviews in the previous chapter,
I identified multiple pain points related to interaction and
trust, and the iterations will focus on these key dimensions. I
focused on three core objectives: enhancing the naturalness
of the conversation; strengthening user trust; and optimizing
the interface and interaction rhythm. The system design was
improved in the following areas:

8.1.1 Interaction Rhythm and Process Prompts. To
avoid users feeling abrupt at the beginning of the conversa-
tion, the system uses natural small talk as an opening. The
voice input method is also optimized, allowing users to start
and end conversations without clicking buttons. And an auto-
matic mute detection mechanism is introduced: when users
stop speaking for a certain period of time, the system auto-
matically ends voice input, enhancing the natural rhythm
of voice interaction. Additionally, the system provides di-
verse feedback statements when recognition fails, reducing
frustration and mechanical feel.

8.1.2 Feedback Mechanisms and Information Confir-
mation. Users prefer more transparent feedback and clearer
confirmation of understanding. Therefore, I designed dia-
logue information display and natural language repetition
confirmation to help users understand which information
the system has “understood,” thereby enhancing users’ trust
in the system’s judgments. The system also supports display-
ing a unified field confirmation page before the consultation
ends, improving information transparency and a sense of
control.

8.1.3 Emotional Perception and virtual avatarResponses.
Multiple users expect the system to provide understanding
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and response when they express discomfort or negative emo-
tions. Based on this, I have enhanced emotion recognition
and emotional feedback mechanisms that include both lin-
guistic and non-linguistic cues, making the virtual avatar
more empathetic.

8.1.4 Privacy and Role Identity Prompts. Considering
that some users may have sensitive concerns about being
monitored and the use of their data, the system clearly states
the role identity and scope of data usage at the beginning, and
offers two types of Virtual Avatar characters—low-fidelity
and high-fidelity—to accommodate different users’ accep-
tance thresholds for anthropomorphism and privacy expo-
sure.

8.2 Final System Design
8.2.1 virtual avatar Performance andHumanized Feed-
back. The system integrates two styles of virtual avatars
to accommodate users’ varying preferences for anthropo-
morphism. The high-anthropomorphism version is based on
HDRP high-quality models, featuring voice emotional ex-
pression, eye contact, and nodding, among other facial and
body movements, to create a more immersive companion-
like experience for users; the medium-anthropo- morphism
version uses stylized characters with a friendly and lively
style, suitable for users seeking stress relief or those sen-
sitive to photorealistic Virtual Avatars. The system incor-
porates a semantic-level emotion recognition mechanism,
utilizing emotion recognition APIs to automatically assess
users’ emotional tendencies based on their spoken content. It
then provides appropriate voice style feedback and triggers
corresponding facial expressions and movements, such as
nodding, frowning, or gazing. This multi-channel feedback
approach enhances the virtual avatar’s ability to “under-
stand” users.

Figure 14. human-like character motions

Figure 15. Stylised character motions

8.2.2 Interface Design and voice input system. In inter-
face design, the system adheres to minimalist principles, em-
phasizing clear operations, transparent information, and vi-
sual accessibility. The entare consultation interface is highly
intuitive, driven by voice commands, eliminating the need
for frequent button clicks. Users can respond directly after
the virtual avatar poses a question, and the system automati-
cally detects the start and end of voice input, providing rapid
feedback upon completion, typically within approximately
one second. Additionally, to enhance the perceptibility of
voice interaction, the system incorporates a subtitle syn-
chronization display mechanism. During user speech, the
system generates real-time text from voice recognition and
presents it in bubble subtitle format, helping users confirm
whether the system accurately understood their statements.
Considering that some users may find bubble subtitles dis-
tracting or disruptive to the conversation experience, users
can choose whether to enable subtitles. Furthermore, the
system incorporates dynamic progress indicators, using a
progress bar to display the current status of the consulta-
tion process, thereby enhancing predictability of the overall
workflow. At the conclusion of the process, the system dis-
plays a field confirmation page to guide users through final
verification and confirmation, ensuring data completeness
and user satisfaction. This mechanism not only enhances
user engagement but also provides reliable assurance for
subsequent data output and utilization. Different versions all
feature stable voice response mechanisms and basic feedback
functions in their interaction performance, while maintain-
ing consistent UI presentation visually, ensuring consistency
and switchability in the user experience.

Figure 16. User interface sequence of the virtual consulta-
tion system
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Figure 17. Dialogue flow with structured field extraction
and emotional feedback.

8.2.3 System Response and Deployment Feasibility.
Although the core focus of this study is on user interaction
and experience design, to ensure consistency in system be-
havior and experimental controllability, I have constructed
a complete technical closed-loop system, with the specific
architecture shown in the figure below: The system runs on
the Unity platform, leveraging efficient collaboration among
multiple functional modules to complete the entare work-
flow of voice input, language understanding, virtual avatar
response, field extraction, and data export. The system archi-
tecture is modular and clear, facilitating future customization
and expansion based on device performance or usage sce-
narios (e.g., tablet devices, remote consultations, etc.). The
overall response is smooth, with voice recognition and gen-
eration latency controlled within 1–1.5 seconds, making it
suitable for medical scenario experiments requiring rapid
response. The voice synthesis module supports changes in
tone and style, while the language understanding module
can output structured JSON-formatted fields, facilitating in-
tegration with subsequent systems.

Figure 18. Final architecture of the consultation systemwith
structured output generation.

8.3 Evaluation
I invited 24 users to evaluate the user experience of the
final design. The system was evaluated using the simplified
version of the UEQ (UEQ-S, User Experience Questionnaare
- Simplified), which consists of two dimensions: pragmatic
quality and hedonic quality to measure the system’s usability
and emotional appeal, respectively. Participants completed
the questionnaare immediately after interacting with the
system. Ratings are made on a 5-point scale (1 = strongly
disagree, 5 = strongly agree). The test results should that
the mean scores for both dimensions are above 4.0, with a
utility quality score of 4.25 and a hedonic quality score of
4.30, indicating that the system was positively evaluated by
users in terms of both functional usability and emotional
experience. The final design effectively achieves the expected
user experience goals and lays a solid foundation for the
subsequent application and promotion of the system.

9 Discussion
9.1 Theoretical Contributions: How

Anthropomorphic Design Influences User
Expressive Behavior

This study employs the “Research through Design” (RtD)
methodology and finds that virtual characters with higher
levels of anthropomorphism are more likely to stimulate
users’ willingness to express themselves, thereby enhanc-
ing their level of seriousness and the completeness of in-
formation in communication. This finding aligns with the
Cognitive-Affective-Social Interaction (CASA) theory and
the Media Equation theory, which suggest that users instinc-
tively perceive “human-like” systems as social interaction
partners, thereby altering their expression methods, emo-
tional investment, and trust levels. It is worth emphasizing
that in the healthcare context, which heavily relies on trust
and information authenticity, moderate anthropomorphism
not only helps establish rapport but also enhances the sys-
tem’s professionalism and credibility, laying the foundation
for more effective data collection and health assessments.
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9.2 Design Reflection: Balancing Professionalism
and Social Pressure

User feedback indicates that highly anthropomorphic charac-
ters do not always lead to positive experiences. On one hand,
their lifelike voices and appearances enhance the immersion
and professionalism of communication; on the other hand,
overly realistic expressions or gaze behaviors may cause user
discomfort or even inhibit expression. This phenomenon sug-
gests that anthropomorphic design should aim for “just right”
rather than “as realistic as possible.” An ideal virtual avatar
should strike a balance between warmth and pressure, con-
veying trust and professionalism without overly infringing
on users’ psychological comfort zones. virtual avatars with
“style adjustment capabilities” will be able to adapt to dif-
ferent user characteristics and task contexts, dynamically
adjusting tone, expressions, speech rate, and eye contact to
provide a more comfortable and natural interaction experi-
ence.

9.3 System Limitations and Improvement directions
Although this study has achieved preliminary results in sys-
tem implementation and user testing, it also has some lim-
itations: First, the system has not yet fully overcome tech-
nical bottlenecks in terms of performance. Currently, the
voice, expressions, and movements of virtual Virtual Avatars
are primarily controlled through a combination of prede-
fined animations, script logic, and emotion recognition re-
sults. Although the system has basic emotion recognition
and tone adaptation capabilities, enabling it to partially uti-
lize matching voice tones and facial expressions, its overall
performance still relies on limited predefined resources. The
system has not yet achieved truly semantically driven dy-
namic behavior generation and natural coordination, leading
to user perceptions such as “natural voice but stiff move-
ments” and “lack of eye contact” in highly anthropomorphic
characters. This indicates that the system still struggles to
achieve a truly unified “human-like” experience between
visual presentation and behavioral performance. Secondly,
the system’s interactive adaptability remains insufficient. Al-
though it possesses basic emotion analysis capabilities, it
is still unable to continuously perceive users’ tone of voice,
language rhythm, or non-verbal feedback, and adjust the
Virtual Avatar’s behavioral style or response strategy in real
time accordingly. This makes some interactions feel stiff or
inflexible, limiting users’ expressive space and the comfort of
interaction. More importantly, the sample size in this experi-
ment was limited, with participants primarily concentrated
in specific demographics (such as college students and young
users), resulting in relatively homogeneous age structures,
cultural backgrounds, and actual medical experiences. This
sample composition restricts the external applicability of
the research conclusions. For example, different age groups,
cultural groups, or real patients may have varying degrees of

acceptance and expression strategies when encountering an-
thropomorphic characters. Therefore, future research should
expand in two directions: on the one hand, continue to en-
hance the system’s capabilities in multimodal coordination,
contextual adaptation, and behavioral consistency; on the
other hand, expand the sample coverage to include more au-
thentic and diverse user groups to validate the universality
and effectiveness of anthropomorphic strategies in complex
medical contexts. These observations also suggest that the
current system and design strategies are still in their infancy
and requare further integration of AI capabilities with user
feedback to expand the design space.

9.4 Future Possibilities for Virtual Avatars: The
Potential Role and Challenges of AI Generation
Technology

Although this study did not directly employ generative AI
technologies, the technical limitations encountered—such as
rigid facial expressions, unsynchronized gestures, and lim-
ited adaptive feedback—highlight the current bottlenecks in
building truly human-like virtual agents[7]. These are pre-
cisely the areas where generative technologies may play a
transformative role in the near future. Advancements in mul-
timodal large language models, real-time emotional voice
synthesis, and generative facial animation are paving theway
for Virtual Avatars that can dynamically align speech content
with appropriate tone, facial expressions, and gestures. Such
capabilities would enable virtual agents to respond not only
with accurate information but also with social-emotional co-
herence, greatly enhancing realism and user engagement.[?
? ] In this view, generative AI may represent the next step in
the evolution of avatars - transforming them from ‘by-the-
book’ information transmitters to emotionally responsive
intelligent companions in healthcare interactions.

However, this transition comes with significant challenges:

• Risk of trust and miscalculation: As avatars
become more and more realistic, users may overes-
timate their expertise or even mistake them for real
healthcare practitioners. In this context, it becomes
particularly important to clarify role definition and
communication boundaries to prevent over-reliance
in clinical situations.

• Aligning functional goals with expressive
style: The generative and expressive capabilities of
avatars should serve the core task of helping to achieve
clear, organised, and empathetic communication, rather
than merely pursuing a ‘human-like’ appearance. In
healthcare, accuracy and professionalism of informa-
tion always come first.

• Ethical and adaptive design considerations:
Freely generated content must be subject to rigorous
controls, especially when dealing with sensitive or
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emotional dialogue. Future systems should be context-
aware, able to flexibly adjust tone and presentation
according to different users and scenarios.

In summary, generative AI cannot replace thoughtful design
work, but it can allow avatars to behave more naturally,
consistently, and with greater emotional responsiveness. If
combined with clear ethical boundaries and purpose-driven
interaction design, it will lay a solid foundation for the next
generation of trusted, intelligent virtual healthcare agents
while breaking through current limitations.

10 Conclusion
This study investigated how different levels of avatar an-
thropomorphism affect user experience and response quality
during medical history taking. By comparing three avatar
styles—abstract icons, stylized figures, and highly realistic
models—the research systematically examined differences
in behavioral interaction, emotional engagement, and com-
munication outcomes.
In response to RQ1, results suggest that virtual avatars

with a high degree of anthropomorphisation have a ten-
dency to enhance the quality of user responses in AI-driven
questioning. Participants were more expressive and better
at using complete sentences and detailed descriptions when
confronted with more humanised characters.Regarding RQ2,
user experience also improvedwith the level of anthropomor-
phisation, particularly in terms of emotional engagement,
trust[3]|[7] and empathy perception. However, overly real-
istic avatars may trigger user discomfort in cases of poor
behavioural coordination, instead of affecting natural expres-
sion. Therefore, moderate anthropomorphisation is more
effective in achieving a good user experience than simply
pursuing a high degree of realism.
These findings emphasise that avatar design should go

beyond the pursuit of physical realism and be more flexi-
ble in integrating social cues to respond to the cognitive
and emotional needs of users.[22][19] Anthropomorphism
should be viewed as a task-oriented, adaptive and socially
meaningful interaction strategy rather than a fixed choice
of visual style.
Methodologically, this study combines user testing and

system prototyping; conceptually, a three-component structural-
behavioural-emotional incarnation design framework is pro-
posed; and practically, functional prototypes for healthcare
scenarios are constructed. These results provide theoretical
support and practical experience for building more adaptive
and human-centred digital health interfaces in the future.

With the continuous progress of AI in behaviour genera-
tion, voice interaction and personalised regulation, avatars
will increasingly have stronger expressiveness, intelligence
and emotional responsiveness. The adaptive anthropomor-
phisation strategy proposed in this study is not only appli-
cable to medical consultation, but also has the potential for

wide application in digital therapy, mental health support
and health education, which indicates that the virtual avatar
is shifting from a functional tool to an intelligent partner
with cognitive support and social awareness.
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Appendix A: Questionnaire Items
.1 BUS-11

• The chatbot was easy to use.
• The chatbot is trustworthy.
• The chatbot responded quickly.
• I have confidence when I talk to chatbot
• I could easily understand the chatbot’s responses.
• The chatbot helped me complete my task.

• I would be willing to use this chatbot again.
• The information provided by the chatbot was relevant.
• Interacting with the chatbot was pleasant.
• The chatbot’s interface was intuitive.
• The chatbot did not confuse me during the interaction.
• The chatbot offered the functionalities I expected.
• I felt the interaction with the chatbot was efficient.

.2 Godspeed
• Fake-Natural
• Machinelike-Humanlike
• Unconscious-Conscious
• Artificial-Lifelike
• Moving rigidly-Moving elegantly
• Dead-Alive
• Stagnant-Lively
• Mechanical-Organic
• Inert-Interactive
• Apathetic-Responsive
• Dislike-Like
• Unfriendly-Friendly
• Unkind-Kind
• Unpleasant-Pleasant
• Awful-Nice
• Incompetent-Competent
• Ignorant-Knowledgeable
• Irresponsible-Responsible
• Unintelligent-Intelligent
• Foolish-Sensible
• Anxious-Relaxed
• Calm-Agitated
• Still-Surprised

.3 UEQ-S
• Boring-Exciting
• Confusing-Clear
• Conventional-inventive
• Not practical-Practical
• Unattractive-Attractive
• Complicated-Efficient
• Annoying-Pleasant
• Slow-Fast

Appendix B: Interview Guide
We’d like to briefly talk (5–10minutes) about your experience
using the virtual consultation system. There are no right or
wrong answers—please feel free to share your thoughts and
feelings.

• Can you describe how the entire interaction process
felt for you?

• How did the virtual person’s appearance, voice, or
movements influence your willingness to talk?

https://doi.org/10.1016/j.jbi.2022.104166
https://doi.org/10.3390/s24154809
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• In your opinion, in what ways did the virtual human
seem “human-like”? And in what ways did it still feel
artificial or machine-like?

• Today, you interacted with one version of the virtual
human. Now thinking about the three versions (with
different levels of realism and expressiveness),how do
you think these differences might affect your willing-
ness to interact or how natural the conversation feels?

• Imagine this system was really implemented in hospi-
tals or health apps—would you feel comfortable using
it? Why or why not?

• Is there anything you think could be improved to en-
hance the experience? This could be anything—how it
speaks, the speed, how it asks questions, or even how
it looks.

• You experienced one version of the virtual human to-
day. If you had to choose between them, which one
would you prefer for a healthconsultation, and why
do you think that version would work better for you?

• Is there anything else you’d like to share about your
experience—something we didn’t ask, but you think is
important?
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