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Figure 1: VR consultation with virtual coach varied in facial expressions (neutral/warm) and affirmative nods (with/without).

Abstract

Virtual coaches in virtual reality (VR) offer scalable mental health
treatment without an on-site therapist, yet their impact on psy-
chophysiological responses remains unclear. We examine how VR
content and coach design influence physiological measures, such
as heart rate (HR) and electrodermal activity (EDA), in a thera-
peutic setting. 120 participants with a fear of heights interacted
with a virtual coach that varied in facial warmth (with/without)
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and affirmative nods (with/without) during a virtual consultation,
followed by a virtual height exposure. Physiological responses were
recorded. Virtual heights exposure elicited significantly higher HR
(p < 0.001,r = 0.347) and EDA (p = 0.003,r = 0.292), but also in-
creased heart rate variability (HRV, p = 0.005, r = 0.272) compared
to the VR consultation. Warm facial expressions increased EDA
peak amplitudes (p = 0.043, 7712, = 0.574) during the consultation
and raised HRV during height exposure (p = 0.036, r]f, = 0.041).
This study highlights VR coach design’s impact on physiological
responses, emphasising the need for thoughtful emotional design
to enhance therapeutic outcomes in automated VR therapies.
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1 Introduction

Virtual reality (VR) has emerged as a powerful tool in mental health
research, offering immersive environments where individuals can
confront and practise managing psychological challenges in con-
trolled settings. A key advancement in this field is the integration of
physiological monitoring, which offers real-time, objective insights
into users’ emotional states [26]. Physiological measures, such as
heart rate (HR) and skin conductance, have been widely used to
assess people’s general affective states (e.g. happiness, sadness, and
fear) in VR scenarios [21, 41, 47]. By complementing subjective
self-reports, physiological monitoring captures subtle emotional
changes, revealing psychological states users may not consciously
recognise [6, 24]. This continuous and objective data could enhance
VR mental health applications by assessing the effectiveness of
interventions and adapting scenarios to individual needs [4].

A notable application in mental health VR is automated VR
therapy, where a VR coach guides users through virtual scenarios.
As demonstrated in the automated VR fear of heights programme
developed for individuals with acrophobia [11], a VR coach provides
structured guidance to help users confront and reassess their fears in
height-related scenarios. Users engage in progressively challenging
exposure tasks, such as standing on virtual platforms at increasing
heights, while receiving encouragement and coping techniques
from the VR coach. The emergence of virtual coaches could offer
reassurance, prompt self-reflection, and reinforces coping strategies
without an on-site clinician. By addressing the shortage of clinical
psychologists and overcoming logistical barriers, such as time and
location constraints, virtual coaches offer a scalable solution to
expand access to evidence-based treatments [11, 12, 36].

Developing effective VR coaches requires a multidisciplinary
approach, involving expertise from psychology, computer science,
and 3D design [31, 36]. While research has shown that non-verbal
behaviours, such as facial expressions and head movements, from
VR characters influence users’ psychophysiological and behavioural
responses [16, 41, 43], little is known about their effects on physio-
logical responses during VR therapy. Understanding these effects is
crucial for optimising virtual coaches to enhance therapy engage-
ment and support individuals in confronting their phobias.

To address this gap, our study examines how a VR coach’s emo-
tional attributes—specifically warm facial expressions and affirma-
tive nods—affect users’ physiological responses. Acrophobia was
chosen as the focused condition due to its prevalence in non-clinical
populations, facilitating participant recruitment. As a "sequel” to
our previous study [44], we utilised our two-part VR scenario featur-
ing a consultation with a virtual coach followed by a virtual heights
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exposure, to explore the following research questions: RQ1: Does
the VR heights scenario elicit changes in physiological responses in
individuals with fears of heights? RQ2: Do the emotional attributes
of a virtual coach affect participants’ physiological responses during
a VR consultation and subsequent virtual heights exposure?

We provide novel insights into how the content design of VR
and virtual human (VH) influences physiological responses. By re-
vealing the physiological impact of VH emotional attributes, our
findings can help inform the development of more effective and em-
pathetic virtual agents, potentially enhancing therapy engagement
and outcomes.

2 Related Work

2.1 Physiological Responses in Stressful VR
Scene

VR mental health studies have incorporated physiological measures,
commonly cardiac and electrodermal activity (EDA), to assess affec-
tive states in phobia-related scenarios [14, 25, 29]. Mithlberger and
colleagues [29] examined the effects of repeated VR flight exposure
on individuals with a fear of flying, showing that such exposures
elicited subjective and physiological fear responses characterized
by elevated HR and skin conductance levels (SCL). Repeated ses-
sions led to gradual reductions in these responses. Martens et al.
[25] assessed stress responses during an open-platform lift ride out-
side a tall building compared to a controlled indoor lift condition.
Participants stepping off the virtual platform showed significantly
increased SCL and pulse, indicating strong physiological arousal.
Similarly, a fear of spiders study [27] found that greater skin conduc-
tance responses (SCR) were associated with higher subjective fear
ratings, demonstrating VR’s ability to evoke phobia-specific fear re-
sponses. Beyond phobias, VR has been used to simulate other stress-
ful environments, such as war zones to study trauma responses [23]
and public speaking scenarios to assess anxiety-induced physiolog-
ical changes [19, 20]. These studies provide evidence that VR can
elicit physiological responses comparable to real-life stressors, sup-
porting its potential for assessment and treatment through virtual
exposure therapy.

2.2 Physiological Responses to Virtual Humans

VR mental health studies have focused on the physiological re-
sponses to VHs in social interactions, offering a relevant basis for
investigating the emotional cues of a virtual coach. These studies
primarily use VHs as stressors to study the changes in people’s
physiological reactions. Brinkman et al. [3] exposed participants
from the general population to varying crowd densities and differ-
ent ethnic appearances of VHs. They found that exposure to dense
crowds or characters of different ethnicities led to stronger fluc-
tuations in HR and SCR. Also, Reichenberger et al. [35] compared
responses to VR human exposure between patients with social anx-
iety disorder (SAD) and healthy controls. While SAD group showed
higher subjective fear, there were no significant group differences
in SCL and HR.

Furthermore, researchers have begun investigating the potential
benefits of supportive VHs in stressful scenarios, with mixed results.
Kothgassner et al. [18] found that receiving social support from a
VH in VR prior to a stressor could reduce stress indicators, such as
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lower HR. However, Stallmann et al. [39] reported that while sup-
port from a virtual agent improved self-reported emotional states,
it did not alter stress responses, as indicated by unchanged heart
rate variability (HRV) and SCL. Although research has examined
VHs as stressors, the effect of detailed characteristics in supportive
VHs, such as a virtual coach, on physiological responses remains
unexplored.

3 Method
3.1 Study Design

We used a 2x2 between-subjects design with two factors: warm fa-

cial expressions (with/without) and affirmative head nods (with/without).

Participants were randomly assigned to one of four virtual coach
versions: (1) neutral face, (2) neutral face with nods, (3) warm ex-
pressions, or (4) warm expressions with nods (shown in Fig 1). All
coaches exhibited baseline behaviours (e.g. blinking, lip-syncing).
The study was single-blind, with participants unaware of coach
variations. Ethical approval was obtained from the university ethics
committee, and all participants provided written informed consent
following relevant guidelines.

3.2 VR Scenario

VR coach animations were created using motion capture (from a
female psychologist) and blend-shape in iClone7' to achieve realis-
tic facial expressions and nods. The head movements were further
adjusted according to real-life psychotherapy patterns [15]. The VR
experience, developed in Unity 2020.3.22, was run on a Meta Quest
2 headset via Air Link. Physiological data were collected using an
Empatica E4 wristband. The experience consisted of two stages: an
indoor consultation and an outdoor heights exposure.

Indoor VR: Participants engaged in an introductory session
with a virtual coach, following a script adapted from a VR fear of
heights clinical trial [11]. The coach explained the cognitive ap-
proach to understanding the fear (e.g. “The reason we’re afraid of
heights is because we think something bad is going to happen...then
we end up avoiding heights because they feel so scary”). Partici-
pants were asked about their fears and provided responses. This
interactive session lasted approximately four minutes at the partic-
ipant’s own pace.

Outdoor VR: Participants walked along an elevated virtual walk-
way. Starting at the centre of a terrace, they received instructions
from the coach, then proceeded to walk to a circular platform at the
far end and return to the starting point by themselves. The scene
concluded either upon completion of the task or if participants
chose to end it early.

3.3 Participants

120 participants (female = 66, male = 50, non-binary = 4; mean age =
44.4, SD = 16.4) were recruited out of 705 screened via social media.
Eligibility required a fear of height score > 29, in the Heights Inter-
pretation Questionnaire [40]. Exclusion criteria included age < 18,
photosensitive epilepsy, significant sensory/mobility impairments,
or medication that causes motion sickness. Participant characteris-
tics are summarized in Table 1.

Ihttps://www.reallusion.com/iclone/
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3.4 Measures

3.4.1 Physiological Data. We recorded participants’ cardiac activ-
ity and EDA using the Empatica E4 wristband during the baseline,
indoor VR, and outdoor VR sessions. Data were collected via the
E4 streaming server mode, with a Unity-integrated script, ensuring
all signals were synchronised with the VR experience.

3.4.2  Subjective Measures. We collected participants’ subjective
ratings of therapeutic alliance by the Virtual Therapist Alliance
Scale [28] and treatment credibility/expectancy [7] after the VR
indoor consultation. The sense of presence was measured separately
after both the VR indoor and VR outdoor sessions. Detailed results
on subjective measures can be found in [44].

3.5 Experimental Procedure

Participants attended a single session at our VR lab to try the intro-
ductory part of a VR therapy for fear of heights. Heart rate and skin
conductance data were recorded using the Empatica E4 wristband,
with a five-minute baseline recorded first. Participants were then fit-
ted with the VR headset and experienced the indoor scene, tailored
to their allocated experimental group. After the indoor scene, partic-
ipants removed the headset and completed measures on therapeutic
alliance, treatment credibility/expectancy, and presence. They then
re-entered VR for the outdoor scene, with the option to stop at any
time. Following the outdoor scene, participants completed presence
questionnaires before being debriefed. The entire session lasted
approximately 45 minutes, and participants were reimbursed for
their time. Figure 2 provides an overview of the procedure.

3.6 Physiological Data Processing

3.6.1 Data pre-processing. Raw cardiac (from a photoplethysmog-
raphy sensor) (64 Hz) and EDA (4 Hz) data were cleaned via visual
inspection, filtering, and outlier screening. Participants were ex-
cluded if >15% of their data were missing, and EDA data were
removed if >15% contained zero or negative values, indicating poor
sensor contact. To minimise edge artifacts, the first and last 3 sec-
onds of all signals were trimmed. Cardiac signals were processed
using a 2nd-order Butterworth bandpass filter (0.6875-10 Hz) and
Stationary Wavelet Transform (SWT) with a 7th-level Daubechies
mother wavelet [30]. EDA signals underwent 2nd-order low-pass
filtering (0.25 Hz) for noise reduction [9].

3.6.2  Feature Extraction. We used Neurokit2 [22] to extract key
physiological features commonly used in affective VR research
[9, 21, 25, 47].

e Cardiac metrics: Mean HR, HRV indices (RMSSD, LF/HF
ratio).

e EDA metrics: Continuous decomposition analysis [2] was
applied to separate tonic SCL (baseline activity) from pha-
sic SCR (stimulus-driven peaks). We calculated mean SCL,
PeaksPerMin (average SCR occurrences), and PeakAmp
(SCR peak amplitude).
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Table 1: Participant characteristics by randomisation group.

Neutral Face (n=30) Neutral Face with Nod (n=30) Warm Face (n=30) Warm Face with Nod (n=30)

Age in years, Mean (SD), range 40.7 (16.6), 18-70

48.2 (16.4), 18-72

41.1(17), 19-77 47.8 (14.9), 24-74

Gender 15 F/13 M/2 NB 15 F/15 M 18 F/12 M 18 F/10 M/2 NB
female (F), male (M), non-binary (NB)

Fear of Heights Scores (HIQ scores) 43.8 (10.5) 43.7 (10.8) 43.9 (11.2) 43.8 (11.0)

VR Experience 1.97 (0.85) 1.63 (0.72) 1.80 (0.96) 1.80 (0.85)

120/705

Participant number

44 .4

43.8

Fear of heights (cut-off: 29)

66/50/4

Gender (F/M/Non-binary)

ALLOCATION

lN=30

Neutral face

lN=30

Neutral face with
affirmative noding

Warm facial
expressions

lN=30 lN=30

Warm facial
expressions with
affirmative noding

Baseline (5 min)

Physiological data
- Cardiac activity (from PPG sensor)
- Electrodermal activity (EDA)

4 Results
4.1 RQ1: Physiological Responses in Indoor vs.
Outdoor VR

For within-subject comparisons, data were excluded if one session
was missing, leaving 104 out of 120 valid pairs. Pairwise differences
between indoor and outdoor VR sessions were analysed using the
Wilcoxon Rank Sum Test following the non-normally distributed
results of a Shapiro-Wilk test (p < 0.01). Table 2 summarises the
results.

For cardiac responses, HR was significantly higher in outdoor
VR than indoor VR (N = 104, W = 1639, p < 0.001, r = 0.347), and
HRV (RMSSD) was greater outdoors (N = 105, W = 1912, p = 0.005,
r = 0.272). For EDA, SCL was significantly higher in outdoor VR (W
= 1848, p = 0.003, r = 0.292), while PeaksPerMin was lower (W =
3124, p = 0.013, r = 0.244) and PeakAmp was higher (W = 1859, p =
0.005, r = 0.277).

VR indoor consultation (4 min)
[
|::| R
=V o

Figure 2: Physiological response during indoor VR consultation.

4.2 RQ2: Physiological Responses Towards the
VR coach

A Shapiro-Wilk test showed all the physiological responses (HR,
RMSSD, LF/HF, SCL, PeaksPerMin, PeakAmp) as not normally dis-
tributed (p < 0.01). We therefore conducted Aligned Rank Transform
(ART) [45] test to analyse the effects of warm facial expressions,
affirmative head nods, and their interaction, by comparing values
from different virtual coach condition groups. Full results are shown
in Supplementary Material A.

Indoor VR: For cardiac responses, no significant effects were
found for HR, RMSSD, or LF/HF. For EDA, warm facial expressions
significantly increased PeakAmp (F(1, 104) = 4.207, p = 0.043, tyf, =
0.040), with significant pairwise differences between the neutral
face with nod and warm face (p-adj < 0.001), and between the
neutral face with nod and warm face with nod (p-adj = 0.033).

Outdoor VR: For cardiac responses, warm facial expressions sig-
nificantly increased LF/HF (F(1, 105) = 4.512, p = 0.036, 1712, = 0.041).
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Table 2: Physiological data in indoor and outdoor VR, including mean, median, and interquartile range (IQR = Q3 - Q1).

Physiological Measures Indoors Outdoors Stats
Mean Median IQR  Mean Median IQR p r

HR (% Baseline) 105% 104% 9% 106% 106% 8% < 0.001 0.347
RMSSD (% Baseline) 106% 94% 58%  122% 105% 57% 0.005 0.272
LF/HF (% Baseline) 224% 102% 151% 166% 86% 120%  0.052 0.192
SCL (% Baseline) 297% 153% 157% 414% 215% 262% 0.003 0.292
PeaksPerMin (% Baseline) 124%  105% 87%  108% 79% 70% 0.013  0.244
PeakAmp (% Baseline) 191% 76% 140%  349% 103%  223%  0.005 0.277

Post-hoc analysis revealed a significant difference between the neu-
tral face with nod and warm face (p-adj = 0.017). No significant
effects were observed for HR and HMSSD. For EDA, there were no
significant effects for SCL, PeaksPerMin, or Peak Amp.

4.3 Correlation between physiological and
subjective measures

Table 3 summarises the correlation results between physiologi-
cal responses during indoor VR consultation and subjective mea-
sures. HR was positively correlated with treatment credibility (p =
0.307, pagj = 0.006) and expectancy (p = 0.361, p = 0.001). SCL cor-
related positively with therapeutic alliance (p = 0.277, pagj = 0.015).
No significant correlations were found for RMSSD or other subjec-
tive measures.

5 Discussion

This study examined the physiological effects of VR and VR coach
design in mental health therapy, including an indoor consultation
and outdoor heights exposure. For RQ1, the outdoor heights expo-
sure elicited higher HR and EDA, but also increased HRV (RMSSD)
compared to the indoor VR. For RQ2, the VR coach’s positive emo-
tional attributes heightened physiological arousal, increasing EDA
during consultation. However, no significant effects were found
during heights exposure, except for higher LF/HF with warm facial
expressions. These findings reinforce VR as an affective stimulus
and highlight the impact of VH emotional attributes on psychophys-
iological responses, potentially improving therapeutic outcomes in
mental health VR.

5.1 VR Environments as Affective Stimuli

As a validation test of the outdoor VR scenario, the results of RQ1
verified that the virtual heights effectively triggered physiological
changes, most of which were similar to the fearful responses in
real life. Our findings partially align with previous VR studies on
acrophobia, where individuals showed immediate physiological
arousal, with increased HR and elevated EDA (tonic SCL and phasic
SCR) during the exposure [8, 21, 32]. This supports the evidence
that VR environments linked to specific phobias can elicit physi-
ological reactions that are compatible with fear and stress, which
are common responses to the virtual heights scenario, although
contrasting outcomes have been reported in other studies [32, 33].

Notably, we observed an unexpected increase in HRV, specifi-
cally RMSSD, during heights exposure. While higher RMSSD typ-
ically indicates parasympathetic dominance and relaxation [38],
this pattern contrasts with the heightened HR and EDA results, and
the expected effects from the heights simulation. Similar findings
have been reported when comparing calm VR environments to
more stimulating ones [25], suggesting that RMSSD in short-term
recordings (<5 minutes) may have more nuanced or non-linear
relationships with stress responses. This could reflect a complex
interaction within the autonomic nervous system (ANS) under high-
stress conditions, where an increased parasympathetic response
may act as a protective mechanism against excessive sympathetic
activation. Further research is needed to explore the implications
of these findings for autonomic flexibility and stress resilience in
VR.

Furthermore, we found no significant correlation between par-
ticipants’ fear of heights scores and their physiological responses
during either the indoor consultation or outdoor exposure. This
finding mirrors results from other studies, where individuals ex-
hibited elevated HR and EDA despite reporting no subjective fear
[8] or showing no physiological arousal despite having a fear of
heights [46]. In summary, while the VR heights scenario effectively
induces physiological responses, the dynamics in HRV patterns
and the lack of correlation with subjective fear scores highlight the
complexity of psychophysiological responses in VR.

5.2 The Impact of VR coach’s Emotional
Attributes

To our knowledge, this is the first randomised controlled study to
examine the physiological effects of VR coach design. RQ2 results
indicated that the coach’s positive emotional attributes increased
EDA during the introductory consultation, which provided general
information (e.g. rationale behind the fear of height). Warm facial
expressions led to fewer but larger SCR peaks, indicating more
intense but less frequent arousal bursts, while affirmative nods
trended toward higher SCL, suggesting potential sustained arousal.
Cardiac responses were unaffected.

Existing research on consultation scenarios has yielded mixed
findings. While some studies suggest that positive communication
styles (e.g. permissiveness, reassurance) reduce EDA by providing
relief [34, 37], our results align with studies where compassionate
communication increased arousal (higher SCL, larger SCR ampli-
tude) [10, 24]. This may be because our VR consultation was general
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Table 3: Correlation between physiological and subjective measures during Indoor VR.

Subjective Measures HR (N = 106) RMSSD (N = 106) SCL (N = 108) PeakAmp (N = 107)
rho  Adj-p value  rho  Adj-p value  rho  Adj-p value  rho Adj-p value
VirtualCoachAlliance 0.109 1.000 -0.014 1.000 0.277 0.015* 0.158 0.412
Credibility 0.307 0.006** 0.050 1.000 0.070 1.000 -0.052 1.000
Expectancy 0.361 0.001** -0.034 1.000 -0.005 1.000 -0.106 1.000
Presencelndoor 0.216 0.107 -0.136 0.667 0.078 1.000 0.122 0.847

and introductory, addressing a less severe condition rather than
deep personal concerns (e.g. life-threatening illness). The increased
arousal may reflect positive appraisals or excitement from inter-
acting with an empathetic VR character, as indicated by higher
therapeutic alliance, confidence in VR treatment, and the positive
correlation between SCL and therapeutic alliance (4.3 results). An-
other possibility is that the VR coach’s enhanced non-verbal be-
haviours, which were programmed with additional animation and
details, heightened attention focus and cognitive engagement, lead-
ing to greater physiological activity. Previous research showed that
non-verbal cues, such as facial expressions and gestures, increased
attention and cognitive load, both of which correlate with height-
ened physiological responses [41]. The lack of significant effects
on HR and HRV may stem from their sensitivity to multiple factors
(e.g. respiratory patterns, motion artefacts, individual autonomic
differences) [17], whereas EDA, being more directly influenced by
emotional and attentional demands, showed significant changes.

Interestingly, positive non-verbal behaviours had no significant
effect on physiological responses during outdoor heights exposure,
except for an increase in the LF/HF ratio associated with warm fa-
cial expressions. Governed by the ANS, physiological signals reflect
the balance between the sympathetic nervous system (SNS) (‘fight
or flight’) and parasympathetic nervous system (PNS) (‘rest and
digest’) [26]. The observed LF/HF increase suggests greater sympa-
thetic activation, linked to heightened emotional arousal. However,
HR and EDA remained unaffected by the positive emotional at-
tributes. This discrepancy may be due to the brief consultation
duration and the absence of coach support during outdoor expo-
sure, limiting sustained effects. Another explanation lies in the
SNS-PNS interaction. In highly stressful scenarios such as heights
exposure, SNS dominance may override the influence of positive
non-verbal cues from the consultation. This effect was most pro-
nounced in participants who interacted with a VR coach displaying
warm facial expressions.

To further apply these insights in digital health and human-
computer interaction, future research could explore how a VR coach
might adapt in real-time to users’ physiological changes to offer per-
sonalized therapy. Integrating machine learning algorithms could
enable the VR coach to modify its responses based on real-time
physiological data, enhancing user engagement and therapeutic
outcomes. Additionally, intersecting these objective measures with
subjective assessments, such as self-reported anxiety and nervous-
ness, could provide a comprehensive understanding of the interplay
between physiological and psychological responses during phobia
exposure. Such insights are crucial for optimising VR scenarios and
character design to improve therapeutic effectiveness.

5.3 Limitations

This study has several limitations. Measuring arousal without va-
lence limits our ability to fully interpret physiological changes,
especially during the consultation where tension and relief may co-
exist [1, 5, 42]. Although therapeutic alliance served as a proxy for
positive emotions, subjective stress or fear measures after heights
exposure were not collected. We also did not look at moment-to-
moment physiological changes during the consultation or responses
to specific coach dialogue, hindering a detailed analysis of affective
shifts [13]. Lastly, the absence of post-task physiological recovery
measures limits insights into the after-effects of the coach design.
These limitations highlight the complexity of physiological data
and the potential for misinterpretation, underscoring the need for
cautious analysis of our results.

6 Conclusions

We explored the effects of a VR coach’s design on participants’
physiological responses. We found that specific positive non-verbal
cues, such as affirmative nods and warm facial expressions, signifi-
cantly increased EDA, which was potentially linked to heightened
emotional engagement during the VR consultation. However, the
positive cues did not sustain their influence during the subsequent
VR heights exposure apart from the HRV-LF/HF. These results high-
light the psychophysical impacts of carefully considering the VR
coach’s emotional attributes in automated VR therapy. Future re-
search should systematically examine the physiological impact of
VH design in VR-based interventions to better leverage physiologi-
cal data for personalised VR experiences and therapies.
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