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Abstract

Virtual agents powered by large language models are increasingly deployed in digital mental health
services, yet the influence of avatar appearance on users’ emotional, cognitive, and physiological
responses remains insufficiently understood. This study examined how three avatar designs—
animal-like, human-like, and object-like—shape affective experience, user evaluation, autonomic
activity, and attentional allocation during virtual doctor interactions. Forty-two participants
completed a within-subjects experiment involving self-reported affect ratings, multidimensional
user-experience assessments, heart rate variability (HRV) measures, and eye-tracking indicators.
Avatar type did not significantly affect changes in positive or negative affect. However, physiological
data revealed clear divergences. The animal-like avatar elicited the strongest parasympathetic
activation, reflected by significant increases in RMSSD and HF power, whereas the object-like avatar
produced a sympathetic-dominant response. Across six user-experience dimensions, the animal-like
avatar consistently received the highest evaluations. Eye-tracking results showed faster first fixation
and longer face-directed fixation duration for the animal-like avatar, indicating stronger social
attention. The human-like avatar demonstrated slightly delayed initial fixation, consistent with subtle
yet nonsignificant uncanny-valley tendencies. These findings underscore the critical role of avatar
visual design in shaping emotional safety, engagement, and social processing in virtual mental-health
interactions.

Keywords: virtual doctor avatars; large language models; user experience; emotional responses;
social presence; digital mental health

1. Introduction

The rapid evolution of large language models (LLMs), including GPT-4, Gemini, and Llama, has
significantly advanced the capabilities of conversational artificial intelligence and accelerated its
integration into mental-health services (Lawrence et al., 2024; Guo et al., 2024). Beyond the functional,
task-oriented chatbots of earlier decades, contemporary LLM-based agents are designed to sustain
naturalistic dialogue, provide emotional support, and facilitate long-term relational communication
(Haensch, 2025; Sakhrani et al., 2021). These developments have heightened the relevance of virtual
conversational agents in psychological interventions, where access barriers, stigma, and a global
shortage of mental-health professionals continue to limit service availability (Mohammed, 2023).
Consequently, LLM-based virtual doctors are increasingly deployed to provide low-threshold,
empathetic, and personalized support, offering an alternative pathway to timely emotional assistance
(Cho et al., 2023; Wang et al., 2024). Given the rapid clinical uptake of such systems, understanding
how design features shape user responses has become a central scientific and practical concern
(Haensch, 2025).
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Among the many design variables that shape human—AlI interaction, the visual embodiment of
a virtual agent—including its appearance, degree of anthropomorphism, and expressive cues —plays
a critical role in users’ emotional experiences, trust formation, and sense of interpersonal safety
(Thaler et al., 2021; Lim et al., 2024). According to the Computers as Social Actors (CASA) framework,
users naturally apply social norms and interpersonal expectations to conversational agents, even
when they are aware that the agent is artificial (Riek, 2015). In therapeutic contexts, such socio-
cognitive responses are particularly meaningful because visual cues can facilitate (Lim et al., 2024) or
hinder the establishment of emotional safety and perceived therapeutic alliance (Bilalpur et al., 2024).

Different forms of avatar embodiment elicit distinct psychological reactions. Human-like avatars
may enhance social presence, but their effectiveness depends on the naturalness of their facial
features and expressions (Thaler et al., 2021). When human-like avatars approach a high degree of
realism but fail to fully match natural human facial qualities, users may experience discomfort
associated with the Uncanny Valley, a phenomenon shown to reduce trust, suppress social gaze, and
impair rapport (De Borst & De Gelder, 2015; Cheetham, 2011; Fraser et al., 2025). By contrast, animal-
like avatars are often perceived as warm, safe, and emotionally approachable (Lim et al., 2024).
Research from evolutionary psychology and human—animal interaction shows that animal figures
can attenuate defensive behavior, lower anxiety, and promote emotional openness (Artemiou et al.,
2021), suggesting that animal-like virtual doctors may enhance users’ willingness to express personal
concerns (Sestino & D’Angelo, 2023; Schneider & Bubeck, 2025). Conversely, object-like avatars lack
salient social cues such as faces and eyes, which may limit emotional engagement and reduce users’
willingness to relate to the agent as a social partner (Mazerant et al., 2025). Despite these theoretical
distinctions, empirical comparisons of human-like, animal-like, and object-like virtual doctors in
mental-health contexts remain scarce.

Visual attention provides a behavioral window into these psychological processes (Cheng et al.,
2023; Capozzi & Kingstone, 2024). Eye-tracking research demonstrates that users’ facial fixations
reflect social interest, emotional involvement, and trust (Bhattacharya & Gwizdka, 2018; Tsang, 2018;
Kohout et al., 2023). Reduced or delayed attention toward an agent’s face can signal discomfort, threat
appraisal, or early cognitive avoidance (Lim et al.,, 2024). These processes are particularly salient
when interacting with near-human avatars (Thaler et al., 2021). However, research has yet to establish
how different avatar embodiments systematically shape gaze patterns in therapeutic human-Al
interactions.

Physiological responses offer another critical dimension. Heart rate variability (HRV) is a well-
established index of autonomic nervous system regulation and emotional arousal (Mccraty & Shaffer,
2015; Gullett et al., 2023). Higher HRV, particularly elevated RMSSD and HF power, reflects
parasympathetic activation associated with calmness and emotional safety, whereas lower HRV
indicates heightened stress or vigilance (Shaffer & Ginsberg, 2017; Kim et al., 2018; Stephenson et al.,
2021). Studies in HCI and social robotics have shown that avatar appearance can modulate
physiological responses: designs perceived as threatening or uncanny increase sympathetic
activation, whereas warm and friendly designs support relaxation and stress reduction (Llanes-
Jurado et al., 2024). However, the physiological effects of different virtual-doctor embodiments in
LLM-mediated mental-health consultations remain underexplored.

Synthesizing behavioral, attentional, and physiological evidence reveals three major gaps. First,
few studies have directly compared human-like, animal-like, and object-like virtual doctors, despite
theoretical predictions that these avatars elicit distinct perceptions of warmth, threat, social presence,
and emotional safety. Second, existing research seldom integrates multimodal indicators such as self-
reported affect, PANAS scores, user-experience ratings, HRV, and gaze behavior within a single
experimental paradigm. Third, the mechanisms linking visual embodiment to emotional and
physiological responses, particularly the explanatory role of social attention, remain insufficiently
understood in LLM-based mental-health interactions.

To address these gaps, the present study examines how three avatar types of influence users’
emotional experience, physiological states, and visual attention during interactions with an LLM-
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based virtual doctor. Specifically, we ask: RQ1, whether avatar design affects emotional experience
and user evaluation; RQ2, whether avatar design evokes distinct physiological patterns, especially
HRYV indicators related to emotional safety; and RQ3, whether avatar design induces different visual-
attention patterns and whether these patterns help explain emotional or physiological differences.

Drawing on prior theoretical frameworks, we propose the following hypotheses.

H1: Avatar design significantly shapes emotional experience and subjective evaluation, with
animal-like avatars eliciting the most positive emotional responses and user ratings, followed by
human-like avatars, and object-like avatars receiving the lowest evaluations.

H2: Avatar design modulates physiological responses, such that animal-like avatars elicit greater
parasympathetic activation (higher RMSSD, SDNN, and HF) compared with human-like or object-
like avatars, while object-like avatars elicit higher LE/HF ratios indicative of elevated stress.

H3: Avatar design affects visual-attention patterns: animal-like avatars will elicit more facial
fixations, longer fixation durations, and shorter first-fixation latencies; human-like avatars will
exhibit early avoidance characterized by longer first-fixation latency; and object-like avatars will
receive the lowest overall gaze allocation to facial regions.

By integrating subjective, physiological, and attentional measures within a unified experimental
framework, this study advances understanding of how visual embodiment shapes user experiences
with virtual clinicians and provides evidence-based guidance for designing emotionally supportive
and trustworthy digital mental-health systems.

2. Materials and Methods

2.1. Participants

Before data collection, a power analysis was conducted using G*Power 3.1 to determine the
minimum required sample size. Following recommendations from Cohen and related
methodological literature (Kang, 2021), a medium effect size (f = 0.25) was selected, resulting in a
required minimum of 35 participants.

A total of 42 university students completed all experimental tasks. Participants were between 19
and 27 years old (M = 21.10, SD = 1.86), including 16 males (M = 23.4, SD = 3.5) and 26 females (M =
21.6, SD = 2.8). All participants had basic computer literacy and no prior experience interacting with
virtual doctors or digital mental-health interventions. Recruitment was conducted through university
advertisements, social media, and personal communication channels. Prior to participation,
individuals completed a mental-health screening questionnaire to ensure that none had severe
psychological conditions that could be adversely affected by the study.

Ethical approval for this study was obtained from the institutional ethics committee (Approval
No. CCNU-IRB-202306002a). All participants provided written informed consent and were informed
of the study objectives, procedures, potential risks (e.g., emotional discomfort triggered by discussing
personal stress), and their right to withdraw at any time. Data were anonymized and handled in
accordance with the Personal Information Protection Law (PIPL) of China.

2.2. Materials

2.2.1. Virtual Doctor Platform

The virtual doctor platform was developed using Unreal Engine 4 (UE4) and OpenAl’s ChatGPT
to enable natural language-based psychological consultation. As shown in Figure 1, the system
integrates speech recognition, natural-language generation, and text-to-speech technologies to
support seamless interaction through both voice and text (Cuadrado et al., 2020). Azure Speech
Services handled speech-to-text processing, ChatGPT generated natural responses, and a text-to-
speech module produced corresponding voice output. Mouth movements were synchronized with
synthesized speech to enhance audiovisual coherence and user immersion (Bickmore & Picard, 2005).
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Three avatar embodiments were created: a human-like doctor, a cat-like doctor, and an object-
like doctor. Guided by the CASA framework, which suggests that people naturally attribute social
characteristics to virtual agents (Nass et al., 1994; Xu et al., 2022), each avatar was designed to reflect
a distinct social presence profile. The human-like avatar was modeled as an Asian female clinician to
convey professionalism and warmth, consistent with literature suggesting that human-like avatars
can enhance trust in therapeutic settings (Rehm et al., 2016; Jang et al., 2025). The animal-like avatar,
inspired by a Chinese rural cat, was designed to reduce anxiety and foster a relaxed atmosphere,
consistent with research on the comfort-enhancing role of non-human avatars (Ichikawa et al., 2023).
The object-like avatar adopted a sphere-based design with eyes and hands to retain minimal social
expressiveness while providing a non-threatening and playful experience.

Avatar modeling and animation were completed using MAYA, followed by animation blueprint
configuration in Unreal Engine. Each avatar featured idle animations aligned with its persona. These
behaviors included subtle book-reading animations for the human-like avatar, grooming movements
for the cat avatar, and soft bouncing for the object-like avatar, enhancing social presence without
introducing exaggerated or unnatural motion. (Oh et al., 2018; Sinatra et al., 2021).

The interaction environment was designed as a quiet, warmly lit consultation room furnished
with books and comfortable seating to enhance trust and emotional comfort. Literature suggests that
environmental cues significantly influence emotional safety and user trust in digital mental-health
settings (Reuben et al., 2022; Lawrance et al., 2022; Werkmeister et al., 2024).
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Figure 1. Virtual Doctor Platform.

2.2.2. Measures

User Experience Scale: User experience was assessed using a 24-item multidimensional User
Experience Scale specifically designed to capture participants’ perceptions of the virtual doctor
during interaction. The scale comprises six dimensions, each containing four items: Emotional
Resonance, Competence, Presence, Affiliation, Appearance Evaluation, and Satisfaction. All items
were rated on a five-point Likert scale (1 = strongly disagree, 5 = strongly agree). The scale structure
is consistent with validated frameworks commonly used in human-computer interaction and virtual
agent research (Nowak & Biocca, 2003;Schuetzler et al.,, 2018). This scale demonstrated excellent
internal consistency in the present study (Cronbach’s a = .93), and each subscale showed acceptable
reliability (a values ranging from .82 to .90).

Uncanny Valley Questionnaire: To assess the potential uncanny effect of the human-like avatar,
the Uncanny Valley Questionnaire (Mori et al., 2012) was administered only in the human-avatar
condition. The 9-item scale evaluates perceived eeriness, human-likeness, and emotional distance,
using a five-point rating format. Internal consistency for this scale was good (Cronbach’s o = .88).

Positive and negative Affect Scale (PANAS): Participants’ immediate emotional responses were
measured using the Chinese version of the Positive and Negative Affect Schedule (Watson et al., 1988;
(Liu et al., 2020)). The scale includes 20 items (10 positive, 10 negative), each rated on a five-point
scale (1 = very slightly, 5 = extremely). Reliability was high in this study (Positive Affect o = .89;
Negative Affect a = .87).
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Eye movements were recorded using a Tobii Fusion Pro desktop eye tracker with a 120 Hz
sampling rate, allowing continuous tracking of visual attention during the interaction with the virtual
doctor. Based on the goals of social-cognitive analysis, two primary visual regions were defined as
Areas of Interest (AOls). Face AOI encompassed the avatar’s facial region, including the eyes, mouth,
and overall facial contour, which are essential for decoding social cues, interpreting emotional
expressions, and assessing interpersonal intent as noted in previous social attention research (Itier &
Batty, 2009). Text AOI included the dialog text bubbles and user-input area, capturing the extent to
which participants allocated attention to conversational content during the interaction. For each AOL
three commonly used gaze indicators were extracted to characterize visual-attention patterns:
fixation count, total fixation duration, and time to first fixation.

Heart rate variability (HRV) was collected using a Polar H10 chest-strap device at 250 Hz across
the three-minute resting baseline (T1), the entire interaction period, and an immediate post-
interaction measurement (T2). HRV analysis was performed in Kubios HRV Premium with automatic
artifact correction using a medium threshold, following established psychophysiological guidelines
(Tarvainen et al., 2014). RR intervals exceeding physiological plausibility or deviating substantially
from adjacent intervals were flagged and corrected, and recordings requiring more than 10%
correction were excluded to maintain signal reliability. Standard psychophysiological parameters
were computed, including SDNN and RMSSD as time-domain indicators, LF and HF as frequency-
domain indicators, and LF/HF as an index of autonomic balance. All preprocessing followed
established guidelines for short-term HRV measurement (Laborde et al., 2017).

2.2.3. Experiments Procedures

The experiment followed a within-subjects design in which each participant completed
interactions with all three avatars. To minimize order effects, avatar presentation was
counterbalanced using a Latin-square arrangement. Upon arrival, participants signed consent forms,
completed demographic materials, calibrated the eye tracker, and were fitted with the HRV sensor.

Before each avatar interaction, participants underwent a three-minute resting baseline (T1). Each
interaction consisted of two phases. In the structured phase, participants discussed standardized
psychological topics to ensure consistency in conversational content. In the free-interaction phase,
participants engaged spontaneously with the avatar, and both eye-tracking and HRV data were
continuously recorded. Immediately after each interaction, a short HRV measurement (T2) was taken
without any intervening rest to capture the immediate autonomic response to the interaction.
Participants then completed the PANAS, the User Experience Scale, and the Uncanny Valley
Questionnaire when appropriate. A neutral low-arousal video lasting approximately five minutes
was presented between conditions to minimize emotional carryover.

After completing all interactions, participants participated in a short open-ended interview to
describe their preferences and perceptions. The full experiment lasted approximately ninety minutes
per participant.

Experimental stimulus 1
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»> .
PANAS Experimental
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Uncanny Valley
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Figure 2. Experimental procedure.

2.2.4. Data Analysis
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Data analyses were performed using SPSS 26.0 and Python 3.12.7. All variables were inspected
for missing data, outliers, and distributional assumptions. Internal consistency of all questionnaire
measures was assessed using Cronbach’s a.

Repeated-measures ANOVA was used to analyze the effects of avatar type on PANAS scores,
user-experience ratings, uncanny valley responses, eye-tracking variables, and HRV indicators.
Greenhouse-Geisser corrections were applied when sphericity assumptions were violated, and
Bonferroni-adjusted comparisons were used to examine significant effects.

Eye-tracking analyses focused on contrasts among avatar types within each AOI, and HRV
analyses examined both immediate post-interaction responses (T2) and their change from baseline
(T1). Pearson correlations were computed to explore relationships among HRV, PANAS scores, and
user-experience dimensions.

3. Results

3.1. Effects of Avatar Type on Emotional Responses

3.1.1. Subjective Emotional Responses

A repeated-measures ANOVA was conducted to examine whether avatar type (Cat, Human,
Object) influenced participants’” emotional responses. Changes in positive affect (APA) did not differ
significantly across the three conditions, F(2, 82) = 2.06, p = .135, n?p = .048. Likewise, changes in
negative affect (ANA) showed no significant effect of avatar type, F(2, 82) = 0.42, p = .658, n?p = .010.
Analyses of post-interaction affect scores yielded consistent patterns: neither post-interaction positive
affect nor post-interaction negative affect varied significantly by avatar type (both Fs =2.06 and 0.42,
respectively). As shown in Figure 3, distributions of APA and ANA were largely overlapping across
the Cat, Human, and Object avatars, indicating that the avatar’s visual embodiment did not
significantly modulate self-reported affect.

Changes in Positive and Negative Affect by Avatar Type
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Figure 3. Boxplots of changes in positive affect (APA) and negative affect (ANA) across the three avatar
conditions (Cat, Human, Object).

3.1.2. Physiological Responses

To assess whether avatar embodiment influenced autonomic activity, heart rate variability
(HRV) indices were compared between baseline (T1) and the immediate post-interaction period (T2)
across the three avatar conditions. Significant effects of avatar type emerged across multiple HRV
metrics (Figure 4).

For SDNN, a general index of overall autonomic variability, a significant main effect of avatar
type was observed, F(2, 82) = 11.92, p <.001, n? = .33. SDNN increased notably in both the Cat and
Human conditions, with the Cat avatar producing the largest increase, whereas the Object avatar
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elicited a decrease. Post-hoc comparisons indicated that SDNN was significantly higher in the Cat
condition than in both the Human (p = .001) and Object (p < .001) conditions, suggesting a more
relaxed physiological state during interactions with the Cat avatar.

RMSSD, a parasympathetic indicator, also revealed a significant effect of avatar type, F(2, 82) =
13.56, p <.001, n2 = .36. RMSSD increased substantially in the Cat condition, whereas it showed only
minimal change in the Human condition and a slight decrease in the Object condition. Post-hoc tests
confirmed significantly higher RMSSD responses in the Cat condition relative to the Human (p =.001)
and Object (p <.001) conditions.

LF power, reflecting sympathetic activation, varied significantly across avatar types, F(2, 82) =
15.47, p <.001, n? = .38. LF gains were greatest under the Cat condition, significantly exceeding those
in the Human (p = .001) and Object (p <.001) conditions. These increases suggest heightened —but
non-stressful —arousal, consistent with adaptive engagement.

HF power, a parasympathetic index, also differed significantly among avatar types, F(2, 82) =
13.23, p <.001, n? = .35. HF increased most strongly in the Cat condition but declined slightly in the
Object condition. Post-hoc comparisons indicated that HF was significantly higher in the Cat than in
both the Human (p =.002) and Object (p = .001) conditions.

For LF/HF ratio, an index of sympathetic-parasympathetic balance, a significant effect of avatar
type emerged, F(2, 82) = 10.02, p <.001, n? = .29. The Object condition produced the highest LF/HF
ratio, indicating a sympathetic-dominant response and suggesting elevated stress. Significant
differences were observed between Cat vs. Object (p = .001) and Human vs. Object (p = .001).

Further inspection of temporal changes (Figure 5) revealed distinct autonomic response patterns.
The Cat avatar elicited robust increases in both parasympathetic (RMSSD, HF) and sympathetic (LF)
activity from T1 to T2, reflecting a relaxed but engaged physiological profile. The Human avatar
produced a mixed pattern, with increases in LF but modest reductions in RMSSD. In contrast, the
Object avatar induced minimal HRV changes and an elevated LF/HF ratio, indicating comparatively
higher physiological stress.

Individual response patterns (Figure 6) further highlighted these differences. Most participants
displayed increased RMSSD in the Cat condition, whereas several participants exhibited pronounced
RMSSD decreases in the Object condition, suggesting that the Object avatar may evoke stress
responses in some individuals.
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Figure 4. Box plots and scatter plots showing HRV changes (mean + SE) for SODNN, RMSSD, LF, HF, and LE/HF
ratio from baseline (T1) to post-interaction (T2) across three avatar types (Cat, Human, Object). Repeated-
measures ANOVA revealed significant differences between avatar conditions, with the Cat avatar eliciting the

highest HRV responses. Asterisks indicate significant pairwise differences (*p <.05, **p <.01, **p <.001).
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Figure 5. Line plots showing HRV metrics (mean + SE) at baseline (T1) and post-interaction (T2) across three
avatar types (Cat, Human, Object). Repeated-measures ANOVA revealed significant changes over time, with
the Cat avatar showing the most pronounced HRV changes. Asterisks indicate significant pairwise differences
(*p <.05, **p <.01, ***p <.001).
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Figure 6. Bar plots showing individual ARMSSD (T2 - T1) for each participant, with color-coded bars indicating
increased (green) or decreased (red) parasympathetic activity. The Cat avatar condition primarily elicited
parasympathetic activation, while the Object avatar prompted stress responses. Asterisks indicate significant

differences between avatar conditions.

3.2. Effects of Avatar Type on User Experience

A series of repeated-measures ANOVAs was conducted to evaluate whether avatar type (Cat,
Human, Object) influenced participants’ evaluations across six user-experience dimensions:
Emotional Resonance, Competence, Presence, Affiliation, Appearance Evaluation, and Satisfaction.
As shown in Figure 7, consistent and robust effects of avatar type were observed across all
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dimensions. Unless otherwise noted, all F statistics reflect uncorrected degrees of freedom; the
application of Greenhouse—Geisser corrections did not alter the significance patterns.

For Emotional Resonance, avatar type exerted a significant main effect, F(2, 82) = 9.34, p =.0002,
partial N2 = .19. Participants reported the highest emotional resonance with the Cat avatar (M = 3.38,
SE = 0.14), followed by the Human avatar (M = 2.90, SE = 0.12), and the lowest ratings for the Object
avatar (M = 2.68, SE = 0.15).

A similar pattern emerged for Competence, F(2, 82) =6.58, p =.0022, partial 2 =.14, with the Cat
avatar rated as most competent (M = 3.41, SE = 0.13), followed by the Human (M =3.06, SE=0.11) and
Object (M = 2.84, SE = 0.14) avatars.

For Presence, the main effect of avatar type was significant, F(2, 82) = 5.32, p =.0067, partial n)? =
.11. Presence ratings were highest for the Cat avatar (M = 3.21, SE = 0.15), moderate for the Human
avatar (M =2.93, SE = 0.14), and lowest for the Object avatar (M =2.70, SE = 0.15).

The same directional trend was observed for Affiliation, F(2, 82) =4.76, p = .0110, partial n2=.10.
Participants rated the Cat avatar highest in warmth and interpersonal affinity (M = 3.75, SE = 0.14),
followed by the Human avatar (M = 3.14, SE = 0.14) and the Object avatar (M = 3.02, SE = 0.23).

For Appearance Evaluation, avatar type again yielded a significant effect, F(2, 82) = 8.47, p =
.00045, partial n? =.17. Participants rated the Cat avatar as the most visually appealing (M = 3.61, SE
= 0.12), with substantially lower ratings for the Human (M = 3.00, SE = 0.11) and Object avatars (M =
2.94, SE =0.16).

Finally, Satisfaction differed significantly across avatar types, F(2, 82) = 8.70, p = .00037, partial
n? = .18. Satisfaction was highest in the Cat condition (M = 3.49, SE = 0.15), followed by the Human
(M =2.88, SE = 0.13) and Object conditions (M =2.61, SE = 0.19).

Across all six user-experience dimensions, a highly consistent pattern emerged: Cat > Human >
Object, with moderate-to-large effect sizes (partial n> approximately .10-.19). These results provide
strong support for the hypothesis that animal-like avatars elicit more positive subjective experiences
across emotional, social, and aesthetic domains compared to human-like and object-like avatars.
Notably, the Human avatar did not show reliable advantages over the Object avatar, suggesting that
moderate anthropomorphism does not necessarily guarantee superior user experience.
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Figure 7. Comparison of user-experience ratings (mean + SE) across six evaluative dimensions for the Cat,
Human, and Object avatars. Repeated-measures ANOVA revealed consistent effects of avatar type, with the Cat
avatar rated highest on all dimensions. Asterisks denote significant pairwise differences (p < .05, *p < .01, p <
.001).

3.3. Uncanny Valley Effect in Human-like Virtual Doctors
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To assess whether the human-like virtual doctor elicited an uncanny valley response, we
examined the associations between three uncanny valley indicators — Eeriness, Human-likeness, and
Expressiveness—and participants” user-experience ratings. Descriptive statistics indicated moderate
levels of eeriness (M = 3.14), relatively low human-likeness (M = 2.87), and moderate expressiveness
(M = 3.31). These values suggest that the avatar was perceived as somewhat human-like but not
sufficiently realistic to generate pronounced discomfort.

Correlation analyses revealed only weak and nonsignificant associations between uncanny
valley responses and user-experience outcomes (Figure 8). Eeriness showed small negative
correlations with Emotional Resonance (r = —.19), Competence (r = —.19), and Presence (r = —-.11),
whereas Human-likeness and Expressiveness showed small positive correlations with Competence
and Appearance (0.10 < r < 0.23). None of these correlations reached statistical significance (all p >
.23), indicating that participants’ subjective evaluations were largely independent of their uncanny
valley perceptions.

Regression analyses further tested whether uncanny valley indicators predicted user experience.
Across all models, standardized regression coefficients were small (If3| < .23), and confidence
intervals consistently crossed zero. Human-likeness showed a modest but nonsignificant positive
trend in predicting Appearance (3 =.228, p =.146), whereas Eeriness showed nonsignificant negative
trends for Emotional Resonance (3 = —.188, p = .234) and Competence (3 = —.189, p = .231). These
findings reinforce the conclusion that uncanny valley perceptions did not meaningfully influence
evaluations of the human-like avatar.

Taken together, the results provide no strong evidence that the human-like virtual doctor elicited
an uncanny valley effect. Although some effects were directionally consistent with uncanny valley
theory —such as greater eeriness predicting lower social evaluations—the magnitudes were small,
and none reached statistical significance. Overall, the human-like avatar appeared to fall short of the
realism threshold necessary to trigger a pronounced uncanny valley response.
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Figure 8. Correlation heatmap between uncanny valley indicators and user-experience dimensions for the

human-like avatar.

3.4. The Impact of Visual Imagery on User Attention

To evaluate how avatar appearance influenced users’ attentional allocation during interaction,
we analyzed eye-tracking data across the three avatar types, namely Cat (animal-like), Human
(human-like), and Object (object-like). Attention was examined within two Areas of Interest (AOIs),
which were the facial region (Face AOI) and the dialog text region (Textbox AOI). The results
demonstrated clear and systematic effects of avatar visual design on users’ gaze behavior, as
presented in Table 1 and Figures 9a-f.

For Face AQ], significant main effects of avatar type were found for all facial attention metrics.
These included fixation count, F(2, 82) = 86.87, p = 5.58 x 10721, n?p = 0.609; total fixation duration, F(2,

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0332.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 December 2025

doi:10.20944/preprints202512.0332.v1

11 of 19

82) =249.23, p = 1.42 x 107, n?p = 0.789; and time to first fixation (TFF), F(2, 82) = 235.01, p = 1.11 x
10734, n?p = 0.803. Post-hoc comparisons indicated that the Cat avatar received significantly more
fixations and longer viewing durations than both the Human and Object avatars, with all p values
below .001. The Object avatar consistently received the lowest level of facial attention.

Although the Human avatar attracted more facial fixations than the Object avatar, it was
associated with a longer TFF compared with the Cat avatar. This result suggests a delayed initial gaze
response toward the Human avatar, a pattern that aligns with mild avoidance tendencies described
in uncanny-valley research. Raincloud plots in Appendix Figure Al further illustrate the strong
separation among avatar conditions. The Cat avatar produced the most concentrated distribution of
facial attention, while the Human and Object avatars produced wider variability. Kaplan-Meier
survival curves in Appendix Figure A2 also showed that participants oriented to the Cat avatar’s face
the fastest, followed by the Human avatar, with the Object avatar displaying the slowest orientation
times.

Table 1. Bonferroni-corrected pairwise comparisons between avatar types for Face AOI and Text AOI

measures.
Face fixation count Textbox fixation count
Comparison T(df) p (Bonf.) Hedges'g T(df) p (Bonf.) Hedges'g
Catvs Human  3.54 (41) 0.00304 0.815 5.17 (41) 3.34e-05 0.771
Cat vs Object 14.95 (41)  1.02e-17 3.442 9.15 (41) 5.32e-11 1.708
Human vs Object  8.74 (41) 1.99e-10 1.932 4.38 (41) 0.711
Face fixation duration Textbox fixation duration
Catvs Human  6.74 (41) 1.16e-07 1.133 3.37 (41) 0.00414 0.617
Cat vs Object 19.85 (41)  3.69e-22 4.738 7.64 (41) 1.09e-08 1.436
Human vs Object 13.11 (41)  7.86e-16 2.412 4.27 (41) 2.92e-04 0.805
Time to first fixation (face) Time to first fixation (textbox)
Catvs Human -6.80 (41)  8.24e-08 -1.134 1.20 (41) 0.694 0.209
Cat vs Object  -22.18 (41) 1.02e-24 -4.857 -2.87 (41) 0.0166 -0.461
Human vs Object -10.91 (41) 1.19e-12 -2.008 -1.76 (41) 0.264 -0.289

Avatar type also exerted a significant influence on attention directed toward the text region.
Fixation count differed significantly across conditions, F(2, 82) = 55.15, p = 6.67 x 10716, n)?p = 0.440, as
did total fixation duration, F(2, 82) = 24.40, p = 4.85 x 107, n?p = 0.286. Participants devoted more
visual attention to the text region when interacting with the Cat avatar compared with both the
Human and Object avatars, with all p values below .01.

For TFF in the Textbox AOL avatar type showed a smaller but significant effect, F(2, 82) = 3.33,
p = .0408, n?p = 0.050. Post-hoc comparisons indicated that participants oriented to the text more
rapidly in the Object condition than in the Cat condition (p = .016). This suggests that when social
cues are minimal, as in the Object avatar condition, users may shift their attention to textual
information more quickly.
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Figure 9. Eye-tracking metrics across avatar conditions for Face and Textbox AQIs. (a—f) Mean values (+ s.e.m.)
of fixation count, total fixation duration, and time to first fixation (TFF) for Cat, Human, and Object avatars
across two areas of interest (AOI-Face and AOI-Textbox). Significant pairwise differences were assessed using
Bonferroni-corrected paired t-tests, with asterisks indicating significance (*P <0.05; **P < 0.01; ***P < 0.001). Error

bars represent the standard error of the mean.

Across both AOISs, the Cat avatar consistently elicited the strongest and most rapid attentional
engagement. The Human avatar produced moderate levels of facial engagement but showed delayed
initial attention, consistent with subtle avoidance patterns. The Object avatar drew the least social
attention and prompted the quickest transition toward text-based information, reflecting its low level
of social cue richness.

These findings collectively indicate that visual design plays a critical role in shaping attentional
strategies during digital mental-health interactions. Avatars with stronger socio-emotional cues, as
illustrated by the Cat design, are more effective in capturing and sustaining users’ visual attention.

4. Discussion

The present study integrated subjective affect ratings, user-experience evaluations, physiological
measures of autonomic activity, and eye-tracking indicators to investigate how different virtual
doctor embodiments shape users” emotional, cognitive, and attentional responses during LLM-based
mental-health interactions. Across these multimodal measures, two central observations emerged.
First, avatar appearance exerted a systematic influence on social processing and attention allocation,
although emotional self-reports and physiological reactions exhibited partially dissociated patterns.
Second, the animal-like avatar consistently produced more favorable subjective and objective
outcomes, whereas the human-like avatar elicited moderate social engagement without clear
evidence of a strong uncanny valley response. This constellation of findings refines existing
theoretical perspectives of human—agent interaction by suggesting that emotional safety and socio-
affiliative affordances play a more decisive role than anthropomorphism alone in shaping responses
to virtual clinicians.

A key contribution of this study concerns the divergence between subjective emotional reports
and physiological responses. Although positive and negative affect ratings did not vary significantly
across avatar types, HRV indices showed robust differences. Interactions with the animal-like avatar
were associated with enhanced parasympathetic activation and more balanced autonomic regulation,
whereas the object-like avatar was linked with reduced HRV and elevated sympathetic dominance.
These results should be interpreted with caution, as HRV is influenced by multiple contextual factors
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including cognitive load, posture, and speech-related respiration, which may partially contribute to
the observed differences (Laborde et al., 2017). Even so, the dissociation between self-reported affect
and HRYV aligns with dual-systems perspectives suggesting that subjective feelings and physiological
states can be governed by distinct regulatory mechanisms (Mauss & Robinson, 2009). The fact that
participants were engaged in cognitively demanding linguistic interaction may have dampened
conscious emotional awareness, whereas autonomic indices continued to reflect subtle variations in
emotional safety or arousal associated with avatar appearance (Shaffer & Ginsberg, 2017). These
findings underscore the value of incorporating psychophysiological measures such as HRV,
electrodermal activity, or pupil dilation into future digital mental-health research, particularly when
emotional shifts may be implicit or not accessible to self-report.

User-experience evaluations further demonstrated a robust and consistent pattern: the animal-
like avatar was rated highest across emotional resonance, presence, appearance, and satisfaction,
followed by the human-like avatar, with the object-like avatar receiving the lowest evaluations. While
this pattern partially aligns with CASA predictions that more socially expressive agents elicit stronger
social responses (Ho et al., 2018; Klein, 2025), the superior performance of the animal-like avatar
suggests that anthropomorphism alone does not determine user experience. Instead, these results
resonate with research on cross-species social affinity, which suggests that non-threatening animals
can evoke strong feelings of safety, warmth, and social openness (Premathilake & Li, 2024). Such
affective affordances may enhance emotional resonance and reduce social defensiveness —a desirable
characteristic for mental-health applications. Consistent with findings from human-animal
interaction literature (Beetz et al., 2012; Ahmed et al., 2024). The findings imply that cross-species
social affinity and perceived emotional safety may constitute critical determinants of user comfort in
virtual mental-health interactions, potentially overriding the effects of human resemblance.

By contrast, although the human-like avatar contained clear social cues, it did not provide
experiential advantages over the animal-like design. Its moderate realism may not have been
sufficient to activate human-like social schemas fully (S. Schneider et al., 2022; Dubois-Sage et al.,
2023), while limitations in facial expressiveness or micro-behavioral dynamics may have introduced
subtle inconsistencies. These features could result in mild perceptual discomfort, consistent with
research showing that mid-realism avatars often lack the expressive coherence required to sustain
trust and comfort (Baake et al., 2025; Huang et al., 2025). However, it is notable that the human-like
avatar in this study did not elicit a strong uncanny valley effect. Correlation and regression analyses
showed no significant relationships between eeriness, human-likeness, and user-experience ratings,
suggesting that the avatar did not surpass the “realism threshold” required to evoke intense uncanny
sensations (Mori et al.,, 2012; Thaler et al., 2021). Nevertheless, the delayed first fixation toward the
human-like avatar’s face indicates subtle early perceptual hesitation, consistent with prior findings
showing that early visual avoidance may occur prior to conscious reports of eeriness (Cheetham,
2011) . Importantly, this avoidance effect was mild and did not translate into negative experiential
evaluations.

Eye-tracking findings revealed that avatar appearance had a profound influence on attention
allocation. The animal-like avatar attracted the highest number of fixations, the longest viewing
durations, and the fastest initial attention toward the face, indicating strong social cue engagement.
These results align with theories of social attention, which posit that faces with warm or affiliative
features preferentially capture visual processing (End & Gamer, 2017; Kawakami et al., 2024). The
human-like avatar produced moderate but less immediate social attention, reflecting the interplay
between positive social cues and subtle perceptual inconsistencies. In contrast, the object-like avatar
drew minimal facial attention and prompted participants to shift more quickly toward task-relevant
textual information, a pattern consistent with models of attention allocation during low-social-
content tasks. These findings reinforce the theoretical view that the visual design of virtual agents
influences not only affective impressions but also fundamental attentional strategies, which can alter
the depth and quality of user engagement.
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Taken together, the multimodal findings show that virtual doctor appearance shapes user
experience through interconnected emotional, cognitive, and physiological pathways. The results
extend CASA and uncanny valley frameworks by demonstrating that emotional safety, affiliative
design cues, and perceptual fluency are critical moderators of human-agent interaction, particularly
in mental-health settings. From an applied perspective, the consistent advantages of the animal-like
avatar suggest that designs emphasizing warmth, low threat, and socio-emotional comfort may be
especially suitable for digital counseling or early intervention contexts. Human-like avatars remain
promising but require advances in expressive fidelity and naturalistic micro-behaviors to avoid
subtle perceptual inconsistencies. Object-like avatars, while simple to implement, appear limited in
their ability to foster therapeutic engagement.

Clinically, these findings provide actionable insights for the design of virtual mental-health
systems. Animal-like embodiments may help reduce initial anxiety, increase willingness to disclose
personal information, and support emotional regulation, making them well suited for triage systems,
youth mental-health services, or supportive check-ins. Human-like embodiments may be preferred
for psychoeducation or structured guidance, if realism is sufficiently high to avoid perceptual
anomalies. Furthermore, incorporating adaptive avatar systems capable of adjusting visual cues
based on real-time physiological or attentional feedback represents a promising direction for
personalized digital therapeutic tools.Future work should examine how these design principles
generalize across cultures, age groups, and clinical populations, and whether long-term exposure to
different avatar types influences therapeutic outcomes, adherence, or emotional resilience.

5. Conclusions

The present study examined how three types of virtual doctor embodiments influence users’
emotional reactions, physiological regulation, user experience, and visual attention during mental
health interactions. By integrating subjective reports, physiological signals, and gaze behavior, the
findings demonstrate that avatar appearance exerts measurable effects on both experiential and
behavioral outcomes in digital therapeutic settings.

Across multiple indicators, the animal-like avatar produced the most favorable interaction
outcomes. It was associated with more positive user experience evaluations, stronger autonomic
regulation, and greater social attention. The human-like avatar elicited moderate levels of
engagement but did not show strong signs of uncanny valley effects. The object-like avatar
consistently produced the lowest levels of emotional and social involvement. These patterns indicate
that avatar design influences user comfort and engagement and that effective virtual clinicians
should align with users’ preferences for emotional safety and social clarity.

The results also underscore the value of incorporating multimodal measurements when
evaluating digital mental health systems. Physiological indicators and visual attention patterns were
particularly sensitive to differences between avatar types, highlighting the importance of integrating
objective behavioral measures alongside self-report data when assessing emotional and cognitive
engagement.

Future research should investigate how avatar appearance interacts with verbal style, emotional
expressiveness, and dynamic behavioral cues. Additional studies are needed to explore long-term
effects on therapeutic alliance, emotional regulation, and treatment adherence. Furthermore,
adaptive avatar systems may be developed to tailor visual embodiment to individual user profiles or
psychological needs. Together, these directions will support the development of virtual clinicians
that are both emotionally supportive and effective in mental health interventions.
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Figure Al. Distribution of Face AQI attention across avatar conditions. (a-c) Raincloud plots showing the
distribution, kernel density estimates, and individual data points for fixation count, total fixation duration, and
time to first fixation on the avatar’s face. Cat, Human, and Object avatar conditions are visualized using violin,

box, and jittered point components. All data represent repeated-measures observations.
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Figure A2. Kaplan—-Meier survival curves for time to first fixation on the avatar’s face. Survival curves represent
the probability that participants had not yet fixated the avatar’s face over time during the interaction task.
Separate curves are shown for Cat, Human, and Object avatars. Curves were estimated using the Kaplan-Meier
method, with shaded bands indicating 95% confidence intervals. A steeper decline indicates faster initial visual

engagement.
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