Qualitative exploration of physiological mannerisms
of acrophobia during virtual reality heights exposure
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Abstract—Virtual reality (VR) exposure therapy (ET) has
demonstrated invaluable therapeutic outcomes for phobic pa-
tients, particularly when supplemented with physiological sensors
for internal user insights. Although much of the existing research
in VR ET adopts machine learning predictions for incidental
categories of affect, we believe that a more intricate and qualita-
tive understanding of direct phobic behavioural patterns has the
potential to augment these approaches and drive more informed
VR ET development.

By gathering a dataset through user studies, we qualitatively
explore the fine-grained physiological differences between self-
reported acrophobic and non-acrophobic individuals during VR
exposure to heights. Through a rigorous, complementary com-
bination of statistical analysis and graphical visualisation, we
identify several key distinctions in structural and chronological
characteristics between groups, particularly in autonomic re-
sponses and facial activations. Notably, mouth movements such as
lip funnelling and jaw thrusting emerge as the most practically
significant indicators of acrophobic tendencies, with increasing
trends and fluctuation patterns over time.

Our analysis deeply and intricately explores these key be-
haviours as potential biomarkers of acrophobia, contributing to a
more developed understanding of acrophobia-specific responses
by offering insights that extend beyond quantitative measures
of affect categorisation. Moving forward, progressive approaches
can utilise a more direct and thorough understanding of acro-
phobia during treatment, which can augment the design and
development of existing VR ET methods.

Index Terms—yvirtual reality, human activity recognition, sta-
tistical analysis, data visualisation

I. INTRODUCTION

Virtual reality (VR) exposure therapy (ET) is an emerging
psychological treatment approach which simulates real-life
scenarios in a controlled and repeatable manner [1]-[3]. These
techniques are employed to safely expose individuals to feared
stimuli through gradual and repeated desensitisation to phobic
triggers [1], [4], such as heights for acrophobia. By integrating
multimodal sensors, affective user responses may be monitored
in real time, not only to provide clinicians with a more in-
depth understanding of users, but also to dynamically adapt
the virtual environment and tailor therapeutic exposure.

Due to the heavily machine learning oriented nature of the
affective computing field, existing research often focuses on
predictive accuracy for affective states [5], such that qualitative
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behavioural intricacies — particularly for individual phobias
— appear to be lesser known. Tactics of explainability such
as SHapley Additive exPlanations (SHAP) [6] are beneficial
in highlighting meaningful features throughout model predic-
tions, however the underlying data patterns are represented in
limited forms, often denoting thresholds under which feature
values correspond to a particular predictive outcome. Impor-
tant behavioural information may be neglected as a result, such
as unique structural characteristics or chronological trends.
Pinpointing acrophobia, we work towards mapping the
subtleties in physiological differences between self-reported
acrophobic and non-acrophobic individuals when faced with
heights in VR. Utilising a combination of statistical tests
and graph visualisations, we present a descriptive analysis of
behavioural differences between groups. Our findings show
that while autonomic and eye-based features demonstrate
statistical, distributional and chronological differences, mouth
movements — such as increasing and fluctuating lip funnelling
or jaw thrusting — reveal the highest practical significance on
average. By thoroughly understanding these intrinsic acropho-
bic signatures, progressive approaches can utilise a more direct
and intricate understanding of acrophobia during treatment,
which can be pursued alongside incidental categories of affect.

II. RELATED WORK

Due to the immersive, engaging and adaptable qualities of
VR, virtual therapy has demonstrated enhanced therapeutic
outcomes [1], [7], and generates more natural user responses
than traditional laboratory environments [8]. These advantages
are applied to a wide variety of phobic scenarios such as
heights [9], confined spaces [10] and public speaking [11], and
while these systems may support interactivity, positive results
can also be achieved through passive 360° video experiences
[12].

VR ET is often supplemented with physiological sensors
to provide an otherwise unseen insight into users’ internal
affective responses. Given the therapeutic importance of psy-
chological fear activation [1], [13], anxiety, stress and fear are
commonly targeted detection states. Overlapping modalities
primarily include a combination of heart rate, heart rate vari-
ability (HRV), skin conductivity, skin temperature, respiration



and motor movement behaviours [14]—-[21]. Sophisticated se-
tups alternatively utilise electroencephalogram (EEG) devices,
which can achieve accurate results in isolation [22]-[24].

This widespread emphasis on machine learning and pre-
dictive results hones its focus on classifying categories of
affect, typically as a method of automated exposure adaptation
[5]. While explainability techniques such as SHAP feature
importance have been used to identify (1) salient modalities
and (2) margins in which datapoints contribute towards a
certain prediction [6], there is limited qualitative insight on
the tangible behavioural intricacies that pertain to individual
phobias, particularly over structural patterns and chronological
trends. We argue that such insights are additionally valuable
in ET research, supporting an enriched human understanding
of phobic responses that complements existing approaches to
VR therapy.

Leaning away from machine learning analysis and cate-
gorical emotion recognition, we examine the physiological
mannerisms pertaining specifically to acrophobic individuals
when faced with heights in VR. Our statistical-driven approach
drives an exploration into patterns and tendencies that are
disparate from non-acrophobic users.

III. METHODOLOGY

To explore VR behaviours pertaining to acrophobia, we
(1) create a ‘VR experiences’ prototype that incorporates
physiological sensors for data collection, (2) run user studies
with this prototype to form a comprehensive dataset, and (3)
analyse the physiological variations between users who self-
report a high and low fear of heights. A combination of
statistical tests and graph visualisations support our qualitative
analysis of distinct acrophobic tendencies.

A. Virtual reality prototype

Our VR experiences’ prototype was developed for the Meta
Quest Pro' which, alongside the typical VR capabilities of
head and handheld controller tracking, natively supports face
and eye tracking. These additional sensors are built into the
headset, such that no additional devices are required. We
supplemented these modalities with a wireless medical grade
finger-clip sensor (eVu-TPS?), with in-built tracking capabil-
ities for heart rate, HRV, blood volume, skin conductivity
and skin temperature, given their importance across affective
computing literature.

Although this work addresses acrophobia, our full dataset
comprises physiological data for a wide range of VR expe-
riences. To invoke a variety of responses, we integrated 10
publicly available 360° videos that are each designed for a
particular affective experience. User comfort and attention are
managed by clipping all videos to a standardised length of
1:20, and presenting a random subset of just six videos during
one interactive session. Two of the total 10 videos are designed
around acrophobia, and so our analysis focuses on all instances
in which participants encounter these videos.

Uhttps://www.meta.com/gb/quest/quest-pro/
Zhttps://thoughttechnology.com/evu-tps-package-t4500/

An instructional splash screen prefaces the application
during sensor calibration, additionally demonstrating a skip
function by which participants can bypass any video that
causes discomfort. Sensor data is then captured passively at
a fixed rate of 50Hz throughout video playback, and upon
completion, instructions to remove the headset and sensor are
displayed.

B. User study

A total of 41 participants took part in the VR user study,
primarily recruited by university advertisement. The popula-
tion comprised various ages (13 aged 18-24; 22 aged 25-34;
6 aged 35+) and genders (28 male; 12 female; 1 non-binary),
as well as a diverse range of VR experience and self-reported
acrophobia levels. Acrophobia was reported using a five-point
Likert scale of heights-related disturbance level (1 = not at all;
5 = very much), based on the Fear Survey Schedule (FSS-III)
format [25]. Eighteen participants self-reported a significant
fear of heights, scoring either four or five on the Likert scale,
while the remaining 23 participants rated their fear as three or
below. Of the 18 participants with high fear, 15 experienced at
least one acrophobia video, and four experienced both videos.
Similarly, 18 participants with low fear experienced at least
one video, while eight encountered both.

Studies were held as one-to-one sessions in a quiet, isolated
and spacious room. Each session lasted approximately 20
minutes in total, incorporating (1) a demographic questionnaire
and study briefing, (2) headset and sensor setup, followed
by engagement with the prototype while sensors capture
physiological data, and (3) a post-study interview regarding
overall experience and emotional responses. This study and
its resources were approved by the Research and Ethics
Committee at Swansea University.

C. Analysis

Encompassing all physiological sensors, our dataset con-
tains 123 features for 45 video instances, each containing 4025
sequential datapoints over time. We first reduced the dimen-
sionality of this data, initially by removing all unchanging
and non-comportmental variables, and secondly by combining
composite features through feature engineering. Specifically,
bi-lateral facial features have been averaged into a single value,
while 3D movement and rotation are combined into univariate
velocity. These approaches condensed the original 123 features
into a more manageable and coherent 50, outlined in Table I.

Splitting the dataset into two groups of high (FSS>4) and
low (FSS<4) self-reported acrophobia, we perform statistical
tests to compare potential variations for every feature. For the
features with highest statistical differences and effect sizes,
we explore fine-grained behaviours in more detail using box
plots and time series graph visualisations. As such, we provide
a qualitative exploration of specific mannerisms pertaining to
acrophobia, which differ to the non-acrophobic group.

IV. RESULTS

As many statistical tests assume a normal distribution of the
data, we first run a Shapiro-Wilk test [26] on all features in
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TABLE I
OVERVIEW OF PHYSIOLOGICAL FEATURES IN THE CONDENSED DATASET,
CAPTURED FROM SENSORS IN THE META QUEST PRO AND EVU-TPS.

Meta Quest Pro
Headset tracking
(position and rotation velocity)

eVu-TPS
Heart rate (bpm)

Heart rate variability (ms)

Controller tracking
(position and rotation velocity:

Skin conductance

left and right) (1S)
Facial feature tracking Skin temperature
(33 facial activation units) °
0
~ Eye tracking ) Blood volume
(position and rotation velocity: (Sp02)

left and right)

each group to determine which statistical tests to use. Given
the naturally skewed pattern of most features — particularly
facial action units that rarely deviate from neutral expressions
— the test confirms that no features are sufficiently normally
distributed, as expected. As such, this data requires a non-
parametric test that does not rely on assumptions about the
underlying data distribution.

We therefore choose a Kolmogorov-Smirnov (KS) test [27]
to compare distributional characteristics between the two
groups, such as their shapes and spreads, as well as a Mann-
Whitney U (MWU) test [28] to compare central tendencies
surrounding the median. Using both techniques provides com-
plementary insights into the behavioural differences between
acrophobic and non-acrophobic participants.

A. Kolmogorov-Smirnov test

The KS test reveals significant differences between the two
groups across all physiological features with highly significant
p-values (p<0.05 [29]), establishing that each feature differs
between groups in terms of overall distribution. However,
approximated Cohen’s d effect sizes indicate that these dif-
ferences are consistently small, with values ranging from
0.000028 to 0.00066. As a result, the practical significance
of these differences is limited due to small effect sizes
(d<0.2 [30]), despite statistical significance. Notable features
containing the largest test statistics and effect sizes include
skin temperature, lip and cheek features, jaw thrust and heart
rate, summarised in Table II.

TABLE II
ToP 10 KOLMOGOROV-SMIRNOV TEST RESULTS ORDERED BY
ESTIMATED EFFECT SIZE

Feature Test Statistic ~ P-Value  Effect Size
temperature 0.29298 <0.001 0.000660
lipPressor 0.28791 <0.001 0.000648
lipTightener 0.25651 <0.001 0.000578
lipFunnelerB 0.23314 <0.001 0.000525
cheekPuff 0.21836 <0.001 0.000492
lipFunnelerT 0.20787 <0.001 0.000468
cheekSuck 0.19079 <0.001 0.000430
jawThrust 0.17589 <0.001 0.000396
lowerLipDepressor 0.17364 <0.001 0.000391
heart rate 0.16879 <0.001 0.000380

TABLE III
ToP 10 MANN-WHITNEY U TEST RESULTS ORDERED BY EFFECT SIZE

Feature Test Statistic P-Value  Effect Size
lipFunnelerB 3.0894 x 107 <0.001 -0.27924
lipTightener 3.2116 x 10°  <0.001  -0.25691
lipFunnelerT 3.2858 x 109 <0.001 -0.24334
cheekPuff 3.4385 x 109 <0.001 -0.21543
jawThrust 3.5191 x 109  <0.001 -0.20071
lowerLipDepressor ~ 3.5379 x 102  <0.001 -0.19726
lipPressor 3.5983 x 109 <0.001 -0.18623
heart rate 5.5898 x 109  <0.001 0.17778
lipsToward 5.5349 x 10°  <0.001 0.16775
upperLidRaiser 3.9487 x 10°  <0.001 -0.12218
TABLE IV
Top 10 MANN-WHITNEY U TEST RESULTS ORDERED BY TEST STATISTIC
Feature Test Statistic P-Value  Effect Size
heart rate 5.5898 x 109 <0.001 0.17778
lipsToward 5.5349 x 10°  <0.001 0.16775
innerBrowRaiser  5.2571 x 109 <0.001 0.11697
eyesLookDown 5.2002 x 10°  <0.001 0.10657
lipSuckB 5.1836 x 10°  <0.001 0.10353
temperature 5.1439 x 109  <0.001 0.09628
eyesClosed 4.9983 x 10°  <0.001 0.06966
noseWrinkler 4.8751 x 109 <0.001 0.04715
upperLipRaiser 4.8697 x 10°  <0.001 0.04616
high freq HRV 4.8548 x 10°  <0.001 0.04344

B. Mann-Whitney U test

The MWU test further confirmed significant differences
across most features (all except eye rotation velocities and
eyebrow lowering) such that the typical, central values in
each group are distinct, with many features reaching highly
significant p-values (p<<0.05 [29]) and large test statistics.
While rank-biseral correlation effect sizes generally remained
small, 16 demonstrated moderate practical significance (r>0.1
[30]). Similarly to the KS test results, lip features appear
among the highest effect sizes, along with jaw thrust and
cheek puffing. When comparing the highest test statistics that
signify the largest group differences, autonomic data, including
heart rate, temperature and high-frequency HRV (HF-HRV),
emerges more commonly alongside additional lip features and
eye behaviours, such as looking down, eyes closing and inner
brow raising. Of these features, heart rate and ‘lips toward” —
upper and lower lip contact — have the highest combination of
test statistic and effect size, appearing in both Table III and
Table IV.

C. Graphical analysis

To further investigate the trends between contrasting be-
haviours, we take the previous statistical results to group a
selection of the highest scoring features by autonomic (Figures
1 and 2), mouth (Figures 4 and 5) and eye (Figures 7 and 8)
categories, visualising the differences between groups through
box plots and time series graphs.

1) Autonomic features: Plots comparing temperature indi-
cate a notable difference in central tendencies between the two
groups. The box plot shows that acrophobic participants have
an exceedingly lower median temperature with a much wider
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Fig. 1. Box plots comparing the distribution of temperature, high frequency heart rate variability and heart rate between acrophobic and non-acrophobic
groups.
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Fig. 2. Time series graphs comparing the average temperature, high frequency heart rate variability and heart rate between acrophobic and non-acrophobic

groups, where the shaded areas denote interquartile range.

interquartile range (IQR) and therefore greater variability,
leaning towards lower temperatures. Similarly, the average
temperature remains consistently higher for non-acrophobic
participants in the average time series graph, with a smaller
IQR that indicates more stable temperatures compared to the
large variation of the acrophobic group. These graphs correlate
with statistical test results, where significant differences were
found for both distribution and centric values.

The box plot comparing HF-HRV shows minor differences
in the median and quartiles, where the acrophobic group has
lower HF-HRV overall. The time series graph shows more
distinctive results, where acrophobic participants’ HF-HRV
tends to lower over time with more acrophobia exposure.
This line is surpassed by the non-acrophobic group around
halfway through, who start with lower HF-HRV on average
and gradually increase. As the MWU test produced more
significant results than the KS test, these graphs highlight
that there are more noticeable differences in central tendencies
compared to overall distributions.

In contrast, the respective box plot and time series graphs
denote a higher overall heart rate in non-acrophobic partici-
pants, regarding both central tendencies and group distribution
as seen in the statistical test results. However, corresponding to
the time series graph of HF-HRV results, the acrophobic group
has much more fluctuation in their average heart rate over time

compared to non-acrophobic participants. Of all autonomic
features, heart rate had the highest effect sizes, implying these
contrasts are realistic in practice.

2) Mouth features: Various mouth-related features were
common across the top significant statistical results, with top
and bottom lip funnelling, as well as lip tightening, demon-
strating the highest MWU practical significance. Minimal
activation of these features is shown through box plots, where
the median of both groups are near zero for each feature.
However, while the non-acrophobic group has no IQR, data
from the acrophobic group contains many more instances of
lip movement. This difference is clear when graphing average
values over time, particularly for upper lip movement and lip
tightening, which are consistently higher in the acrophobic
group with more frequent and extreme fluctuations. The acro-
phobic group additionally trends upwards throughout the latter
half of exposure, whereas the non-acrophobic group has little
rate of change outside of fluctuations. Lower lip funnelling
has similar tendencies, however they are on a much smaller
scale.

Jaw thrust activity visualisations also demonstrate results
similar to the statistical tests, with clear differences in both dis-
tribution and central tendencies between groups. As with the
previous mouth features, acrophobic participants have a larger
IQR, showing a greater tendency for jaw movements despite



Fig. 3.
nelerT, lipTightener and jawThrust respectively.
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the median of both groups surrounding zero. Additionally, this
group has a consistently higher average across the time series
graph, with a larger range of fluctuations compared to the non-
acrophobic group. As the IQR surrounds this average, higher
values are centrally more common in acrophobic participants.

3) Eye features: Plots for inner brow raising show a slightly
higher central tendency in non-acrophobic participants. The
box plot denotes a marginally higher median with a substantial
IQR and maximum, while the time series graph indicates a
consistently higher average over the duration of exposure. In
contrast, the acrophobic group typically exhibits less expres-
sive inner brow raising on average despite some repeated areas
of accelerated activation in the second half, with a smaller IQR
that rarely surpasses the mean and therefore suggests more
stationary expressions in comparison.

While there is little difference in the distribution and
patterns of eye closure between each group, non-acrophobic
participants appear to have slightly higher values overall, with
a higher median, IQR and time series trend. However, non-
acrophobic participants exhibit a marginally wider, positive
range of downward gazes, with a slightly higher median
compared to the near-zero median of the acrophobic group.
This difference in central tendency is further supported by
the time series graph, in which non-acrophobic averages are
slightly higher over time with periods of increased lower
quartiles.

While the box plot for upper eyelid raising shows a small
median value for both groups, the acrophobic group has a
distinctly higher IQR, therefore suggesting more frequent eye
widening behaviours. This tendency is also clearly demon-
strated when visualising averages over time, with consistently
larger values and ranges, as well as stronger, distinctive
peaks compared to the more stable trends found in the non-
acrophobic group. While not appearing in Table III’s top 10
effect sizes, each of these eye-related features additionally
attained MWU practical significance, which suggests the iden-
tified differences are applicable in practice.

V. DISCUSSION

Overall, we examined a number of physiological behaviour
responses to VR height exposure, comparing self-reported
acrophobic individuals to those without a distinct fear of
heights. Results of the KS test indicate that, for every feature,
the two groups differ significantly in terms of their over-
all distributional characteristics, while complementary results
from the MWU test further support a statistically significant
difference in central tendencies for almost every feature.
Although effect sizes and therefore the magnitude of these

differences are typically small, 16 features produced substan-
tial practical MWU significance between groups, highlighting
potential signatures associated with acrophobia. We explored
categorisable subsets of these most significant features, within
groups representing autonomic, mouth and eye activations.

Regarding autonomic features, the acrophobic group exhib-
ited decreasing HF-HRV over time, alongside lower, more
variable skin temperatures compared to the non-acrophobic
group. As HF-HRYV is consistent with heightened parasympa-
thetic activity and a reduced sympathetic response [31]-[33],
lower ratings are typically associated with stress and difficulty
managing the body’s ‘fight-or-flight’ response. Conversely,
higher ratings reflect better emotion regulation and decision-
making capabilities [32], [33]. The acrophobic group’s HF-
HRV decrease over time may therefore suggest a worsening
struggle to cope with exposure, as opposed to the successful
regulatory responses of non-acrophobic participants.

Reduced skin temperatures may be similarly representa-
tive of such reactions. Peripheral vasoconstriction commonly
occurs during fear, redirecting blood flow to increase core
temperature and consequently decrease external temperature
[34]. These reactions manifest as sensations of ‘chills’ and
‘cold sweat’, and are often indicative of psychological fear
responses [35].

While the heart rate of acrophobic participants appeared
lower on average, visualisations show less stability and much
more fluctuation over time. Erratic heart rate can be a causal
factor of decreasing HF-HRYV, further suggesting a dysregula-
tion of the ‘fight-or-flight’ autonomic balance caused during
exposure [32].

Facial activation units were also highlighted to portray sig-
nificant and practical differences between groups, especially in
mouth-related features. Acrophobic participants demonstrated
more dynamic and irregular lip and jaw movements, with
noticeable intermittent peaks and increased activity during the
latter stages of exposure. Upper lip funnelling, lip tightening
and jaw thrusting were particularly salient over time, in com-
parison to the more static behaviours of the non-acrophobic
group.

Lip tightening and jaw thrusting are commonly affiliated
with anger [36], [37], aggression and concentration [38] — such
that a more strained expression indicates physical struggle, or
efforts of emotional regulation — while upper lip funnelling
has been associated with disgust and aversive responses [39],
[40], often reflecting a snarl or grimace. As with HF-HRYV,
the latter upward trend may represent an increasing struggle
with psychological and biological ‘fight-or-flight’ symptoms,
with twitching, fluctuating mouth movements presenting as an
indication of frustration or difficulty.

Of the eye-related behaviours that produced interesting
distinctions between groups, non-acrophobic individuals ex-
hibited more expressive inner brow movements, typically
associated with sympathetic social engagement such as sur-
prise and curiosity [36], whereas acrophobic participants are
less likely to gaze downwards, and more commonly express
widened eyes. Alongside wide eyes being a key characteristic
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Fig. 4. Box plots comparing the distribution of lipFunnellerT, lipFunnellerB, lipTightener and jawThrust between acrophobic and non-acrophobic groups.
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Fig. 6. Illustrations showing the behaviours of innerBrowRaiser, eyesClosed,
eyesLookDown and upperLidRaiser respectively.

of heightened vigilance and fear [36], [38], gaze results
support psychological research that demonstrates restricted eye
movements and reductions in visually explorative behaviours
in acrophobic individuals faced with heights [41], [42]. As
such, these findings suggest that acrophobic individuals engage
in avoidance behaviours, thereby mitigating their exposure to
height-related stimuli.

Among all observed features, subtle mouth-related be-
haviours exhibited the highest levels of practical significance
according to MWU effect sizes, and warrant further inves-
tigation into how their central tendencies may serve as po-
tential biomarkers for acrophobic responses. Our qualitative
exploration of behavioural intricacies details these structural
and chronological characteristics of acrophobia, supporting
an enriched human understanding of physiological phobic
responses that complements existing approaches to VR ther-
apy. Alongside prevalent works, which utilise affect classifi-
cation as a means to adapt exposure, our findings augment

a direct and intricate understanding of acrophobia responses
during treatment. In practice, developments may be designed
with these telltale responses in mind, for instance, reducing
exposure intensity when fluctuating lip movements start to
increase over time, as this appears to represent unsuccessful
management of the body’s ‘fight-or-flight’ response.

We only presented this analysis over a small number of
features in our dataset, based on a subset of the most signif-
icant differences. However, other features — including those
with small practical significance — produced interesting char-
acteristics and distinctions between users. As such, there are
further opportunities to investigate alternative physiological
tendencies of acrophobia, such as in head and hand motions.

Additional research must conclusively discern whether such
behaviours are driven by phobic implications, or reflect alter-
native psychological mechanisms. While our sample size and
range of acrophobic VR scenarios limit the certainty of gen-
eralisability in our findings, future work should seek to recruit
larger cohorts that include clinically diagnosed acrophobic in-
dividuals, implementing a broader array of heights-related VR
environments that accurately represent therapeutic contexts.
There is also scope to thoroughly investigate individual users
through a wider range of visualisation and analytic tools, as
we have amalgamated participant data into two groups for
introductory purposes. The distinct contribution of our findings
instead work towards a more tangible and practical knowledge
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Fig. 8. Time series graphs comparing the average innerBrowRaiser, eyesClose,

groups, where the shaded areas denote interquartile range.

of the nuanced behavioural cues of acrophobia, prompting
future work to adopt a more qualitative understanding to
drive the development of affect-sensitive ET systems. Moving
forward, we believe that VR acrophobia exposure may benefit
from a focus on autonomic and facial dynamics in order to
distinguish direct acrophobic traits, in addition to incidental
affect classification.

VI. CONCLUSION

This study introduced a prototype ‘VR experiences’ appli-
cation, which incorporated two acrophobia scenarios along-
side physiological data capture through integrated multimodal
sensors. User studies with 41 participants revealed statis-
tically significant differences between acrophobic and non-
acrophobic individuals for the majority of features, both in
terms of distributional characteristics and central tendencies.
Practical significance was observed in several attributes —
notably mouth movements such as lip funnelling, lip tightening
and jaw thrusting — which were intermittently and increasingly
frequent in the acrophobic group, while more static in the non-
acrophobic group.

Additional distinctions were noted in autonomic responses
and eye behaviours, advocating these measures as potential
indicators of acrophobic reactions. These findings provide
introductory insights into how acrophobia itself — surpassing
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Time (frames)

0 500 1000 1500 2000 2500 3000 3500 4000 0
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eyesLookDown and upperLidRaiser between acrophobic and non-acrophobic

incidental categories of affect — manifests in VR contexts,
laying the foundations for qualitative intricacies to be con-
sidered in future ET research. Expanding the dataset, both in
participant numbers and VR scenarios, could improve the gen-
eralisability of findings, working to deepen our understanding
of acrophobia responses and better inform the development of
adaptive, behavioural-driven VR therapy.

ETHICAL IMPACT STATEMENT

Our research involved human participants who engaged
in various VR experiences. Participants were provided with
a detailed information sheet and verbal briefing, and gave
informed consent via signature to evidence an understanding of
the study procedure, our research, data usage and their rights.
Demographic data was anonymised and aggregated, while
physiological data was securely stored on university-approved
systems after anonymisation. All resources and methods were
approved by the Research and Ethics Committee at Swansea
University.

Given the sensitive nature of phobia treatment, several eth-
ical considerations must be addressed. To enhance reliability,
generalisability and fairness, our findings must be validated on
larger, representative sample sizes across diverse populations
and backgrounds, including a range of VR experiences that
accurately reflect clinical contexts. Transparency in methodol-



ogy is vital to avoid or identify potential biases and strengthen
the validity of the results.

Deployment of VR therapy must be handled responsibly, (1)
prioritising the privacy and security of data and clinical out-
comes, (2) ensuring that therapeutic interventions are effective,
validating the reliability of findings to prevent misdiagnosis
or harmful exposure, and (3) considering the broader clinical
implications for both patients and healthcare providers when
integrating such technology into practical workflows.
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