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Social anxiety disorder (SAD) is a prevalent mental health condition that often begins in child-
hood or adolescence and can persist into adulthood if untreated. Virtual reality exposure therapy
(VRET) has proven to be an effective and acceptable intervention. However, the use of social
settings such as restaurants and cafeterias in VRET targeting adolescents is rare. This study
aimed to evaluate the feasibility of a 3D Virtual Reality (VR) restaurant-themed application proto-
type. The application is designed with three exposure levels (mild, moderate, and intense) as a
therapeutic tool for clinical use. The objectives were to determine whether the application could
provide stimuli to induce anxiety necessary for exposure therapy and evaluate the user experi-
ence.

Eleven young participants, mostly socially anxious, evaluated the VR prototype, providing both
quantitative and qualitative data through the Subjective Units of Distress Scale (SUDS), the Igroup
Presence Questionnaire (IPQ), the User Experience Questionnaire Plus (UEQ+), and a semi-
structured interview. The VR prototype induced varied anxiety levels, with minimal anxiety re-
ported at the Intense level and mild-to-moderate anxiety prevalent across all exposure levels.

Participants experienced a high sense of general presence despite lower realism in their VR
experience. While the exposure levels had an impact on participants’ subjective anxiety, no effect
of presence was observed. The prototype had higher ratings for usefulness in the user experience
evaluation, though visual aesthetics received the lowest ratings.

The study findings emphasise the potential of VRET for social anxiety disorder treatment and
highlight key design considerations for implementing exposure hierarchy for more anxiety-induc-
ing effects.

Keywords: social anxiety disorder, virtual reality, exposure therapy, VR, VRET, mental
health, adolescents
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1.INTRODUCTION

Social Anxiety Disorder (SAD) or social phobia is a mental health condition relating to a
person perceiving social situations, such as interacting with other people, mostly unfa-
miliar in fear. According to the World Health Organisation (2023), SAD is one of the
world’s most common mental health disorders. Social phobia is characterised by intense
fear or discomfort in social situations. This fear can be limited to one specific situation,
such as eating in front of others or can occur in broader situations in general social set-
tings. Individuals with this type of anxiety fear embarrassment in these situations, which
often include fear of being ridiculed, laughed at or disliked by peers (Crozier et al., 2011,
p. 11). SAD can significantly impair individuals’ functioning in work, school, and relation-
ship contexts (Aderka et al., 2012).

In children, SAD symptoms typically persist for at least six months, leading to significant
interference in social functioning (American Psychiatric Association [APA], 2013). These
symptoms can result in the child refusing to go to school or participate in family social
activities. Social phobia in children and adolescents, if not promptly addressed, can lead
to long-term adverse effects, including developing the habit of substance use (Marmor-
stein et al., 2010), negatively affecting their psychological development, professional life,

and contribution to society.

Exposure-based therapy is the gold standard treatment for anxiety disorders such as
specific phobia, social anxiety, posttraumatic stress disorder (PTSD), and obsessive-
compulsive disorder (OCD) (Steinman et al., 2016). It is a psychological treatment that
helps people face and overcome the things, activities, or situations that cause them fear
or anxiety by confronting those situations. By confronting their fears rather than avoiding
them, patients gradually observe a reduction in their anxiety and fear, allowing them to
develop effective strategies to manage their emotional reactions. Existing research
(Ramsey et al., 2023; Khan et al., 2021; Wang et al., 2021) shows that exposure therapy
can be an effective and efficacious treatment for children and adolescents with anxiety
disorders. Therefore, exposure therapy is recommended as a first-line treatment for

youngsters (Walter et al., 2020).

Stefaniak et al. (2022) note three approaches to implementing exposure therapy for per-

sons suffering from social anxiety disorders: in vivo exposure, imaginal exposure, and



virtual reality exposure. The first involves exposure to the actual fear in real life, the sec-
ond involves the individual using imagination to recreate their feared situation, and the
third involves exposure to the fear in a simulated virtual environment. Despite the efficacy
of the first two exposure therapy methods, in vivo and imaginal, some exposure stimuli
or social situations may be challenging to replicate or set up in a therapist’s office. For
instance, Ramsey et al. (2023) pointed out that setting up a public speaking exposure
with an audience of 50 strangers for youth experiencing social anxiety may be impossible
for a clinician in an outpatient setting. The third approach, virtual reality exposure, pro-
vides the accessibility and personalisation for different situations necessary to create

stimuli needed for patient treatment.

Exposure therapy delivered through virtual reality technology (VRT), referred to as Vir-
tual Reality Exposure Therapy (VRET), has been reported as a promising and potentially
valuable option for the treatment of various mental health disorders (Riva & Serino, 2021;
Maple-Keller et al., 2017). By using technology to mimic real-world scenarios in a con-
trollable environment, different social settings can be created and exposed to the patient,
such as classrooms, parties, and public speaking situations. With the rapid advance-
ments in technology, the quality of images produced in the virtual environment keeps
improving, and the cost of acquiring the gadgets is reducing. Hence, VR is becoming a
less expensive and accessible alternative mode of treatment compared to traditional

psychotherapy.

In the research space, the use of VR as an exposure therapy for social anxiety disorder
has primarily targeted the adult population, with fewer studies examining its application
for children and adolescents (Shahid et al., 2024). Possible reasons for this may be due
to ethical issues and concerns for the overall development of this young population with
their use of modern technologies, as brought up by Kaimara et al. (2022). Furthermore,
a review of existing literature on the use of social settings, such as restaurants and caf-

eterias in VRET aimed at adolescents, reveals limited research.

The potential benefits of VRET for both therapists and patients have been recognised in
earlier studies. This thesis explores the feasibility of implementing VR exposure therapy
at Tampere University Hospital (Tays) Adolescent Psychiatric Clinic as a supplement
treatment for youngsters with social anxiety disorder. The decision to use a restaurant-
based virtual environment for exposure therapy is based on practical and developmental
considerations. While the frequency of visits and access to restaurants may vary among
adolescents due to socioeconomic factors, cultural backgrounds, and individual prefer-

ences, these settings still hold significant importance. Restaurant scenarios play an



important role in social skills development and exposure to anxious encounters. For one,
restaurant settings present social environments involving multiple anxiety-triggering sit-
uations for individuals with SAD, such as eating in public, interacting with peers and
strangers (e.g., the attendants), and facing possible scrutiny from others. Moreover, the
activities performed in restaurants, such as ordering food, engaging in conversations,
navigating spaces, and handling money are skills useful in other social contexts. In ad-
dition, the use of a three-dimension (3D) environment for exposure therapy allows for
user engagement and performance of activities, making the interaction dynamic and the

experience more immersive.

The purpose of this thesis was to obtain and analyse primary data to understand whether
virtual social environments, such as restaurants or cafeterias, with specific stimuli pre-
sent, affect anxiety levels and whether such environments could be used for exposure

therapy before real-life exposures as part of the treatment process.

For this thesis, a 3D virtual reality application prototype depicting a fast-food restaurant
was developed with three exposure levels: Mild, Moderate, and Intense. The prototype
was designed to simulate social situations and enable interaction. The prototype offers
a prudent way of assessing the virtual environment’s applicability. Evaluations such as
this can be done before making significant financial investments in acquiring more ad-
vanced, commercially available VRET-tailored applications. The results of the evaluation

could be considered for future applications.
An experimental study was conducted to address the following research question (RQ):

RQ: “To what extent can the developed 3D VR restaurant prototype provide stimuli to

induce anxiety or distress during exposure?”

Adapting terminologies from the famous IDEQO’s Desirability, Viability, and Feasibility
(DVF) framework, the study had two objectives:

1. Feasibility: To explore the feasibility of the VR application prototype, i.e., the pro-

totype’s capacity to induce anxiety

2. Desirability: To evaluate the user experience, assessing the acceptability of the

prototype and noting areas for improvement

The author hypothesised that participants would report some level of subjective distress

during exposure to the VR application, although the extent was uncertain. If supported,



the hypothesis would inform future research concerning the development of virtual social

environments for SAD aimed at adolescents.

In the study, a subjective minimal anxiety/distress was observed at the Intense level, and
mild-to-moderate anxiety was recorded across all levels. Participants reported having a
high sense of general presence but low realism in their VR experience, as assessed by
the Igroup Presence Questionnaire. It was found that the effect of the exposure levels
on subjective anxiety levels was significant; however, none was found for the sense of
presence. The VR application’s usefulness received the highest ratings, while the visual
aesthetics received the lowest ratings in the user experience evaluation. These findings
stress the potential of VR exposure therapy in providing controlled stimuli for SAD treat-
ment. Key aspects, such as visual appeal and interaction capabilities, were also identi-
fied, which should be further investigated and improved in the design of VRET systems

to meet therapeutic goals.

The thesis structure is presented as follows: firstly, in Chapter 2, “Theoretical Back-
ground”, a review of existing literature on social anxiety disorder and the application and
feasibility of virtual reality for social anxiety and related disorders treatment are dis-
cussed. Chapter 3, “Methodology and Materials”, gives details of the materials and meth-
ods used in the study. Specifically, it focuses on the VR prototype development, the user
study design, participants’ demographics, measures used, procedures of the experi-
ment, and data analysis methods. In Chapter 4, “Results”, an explanation of the results
of the study is given. The main findings of the study, its implications for VRET systems
design, and limitations are discussed in Chapter 5, “Discussion”. Lastly, the conclusion
of the paper, summarising the study findings and suggestions for future research, is pre-

sented in Chapter 6, “Conclusion”.



2. THEORETICAL BACKGROUND

This chapter examines existing literature on social anxiety disorder and its treatment,
with an emphasis on VR applications. Section 2.1 defines social anxiety disorder and
explores its developmental risk factors specific to the younger population. Section 2.2
discusses the prevalence and impact of the disorder in children and adolescents. In Sec-
tion 2.3, various methods for assessing SAD symptoms are described. Section 2.4 out-
lines the two treatment approaches for SAD: pharmacotherapy and psychotherapy. Ex-
posure-based treatments are introduced in 2.5, comparing Virtual Reality Exposure
Therapy with traditional exposures. Section 2.6 discusses the role of VR in clinical prac-
tice, and its implications on child development are presented in Section 2.7. 3D and 360°
video virtual social environments are explored in Section 2.8. VRET for SAD and related
mental health conditions are discussed in Section 2.9. Lastly, Section 2.10 explores stud-

ies of VRET assessments and treatments aimed at children and adolescents.

2.1. Social Anxiety Disorder: Definition and Development
Factors

The Diagnostic and Statistical Manual of Mental Disorders (DSM-5; APA, 2013) defines
social anxiety disorder with nine criteria: (1) marked, or intense fear or anxiety of social
situations in which the individual may be scrutinised by others. In children, the fear or
anxiety must occur in peer settings and not just during interactions with adults; (2) the
fear or anxiety is out of proportion to the actual threat posed by the social situation and
to the sociocultural context; (3) the social situations almost always evoke fear or anxiety;
(4) the child or adolescent avoids or endures the social situation with intense fear or
anxiety; (5) when exposed to these situations, the child or adolescent experiences clini-
cally significant distress or impairment in social, occupational, or other important areas
of functioning; (6) the fear lasts for at least six months; (7) the fear, anxiety or avoidance
cannot be attributed to effects caused by drug use or another medical condition; (8) the
emotional distress is not better explained by symptoms present in other mental disorders;
(9) if another medical condition is present in the individual, the distress is not related or

is more.

The revision of the DSM-5 (APA, 2013) included a SAD specifier that denotes “perfor-
mance only” fears (APA, 2013, p. 203), such as public speaking. Individuals with the
performance-only type of SAD typically are most impaired in professional lives (e.g., mu-

sicians, dancers, performers, athletes) or work, school, or academic settings requiring



regular public presentations. These individuals are not fearful of or avoid social situations

that do not involve performance.

In an updated meta-analysis by Spence and Rapee (2016), factors contributing to the
development and maintenance of SAD, children inclusive, were examined. Two groups
of factors were identified: intrinsic and extrinsic. Related to intrinsic factors, there are
links of SAD development related to genetics, biological influences, temperament, cog-
nition, safety behaviours, and poor social performance. According to the reviewed stud-
ies, evidence shows that children whose parents had SAD have a higher risk of devel-
oping the condition. Likewise, parents of children with SAD may experience the condition
as well. Earlier brain imaging studies between socially anxious young people and their
non-socially anxious counterparts show increased amygdala activation in the brain in
response to social threats. Children with behavioural inhibition temperament are at a
greater risk of developing SAD. More negative expectations of social tasks, one's own
performance evaluations, and pre- and post-event processing are evident in children and
adolescents with high social anxiety. Furthermore, as a way to remove themselves from
social situations, children with SAD adopt behaviours such as avoiding eye contact and

speaking less.

A few external factors have been reported to influence the risk of SAD in young people,
as examined by Spence and Rapee (2016). These factors include peer relationships,
parenting styles, and traumatic life experiences. Particularly in school environments,
negative social experiences with peers, such as teasing, bullying, and performing in front
of the class, can lead to fear and avoidance, thereby increasing the risk of social anxiety.
Parent styles involving threat, over-protection and control could also heighten the devel-
opment of the condition. The experience of adverse life events during childhood, such
as abuse of all forms, family issues (separation, neglect, discord, violence), and iliness,
may contribute to the manifestation of SAD. The findings emphasise the role biological,
psychological, and environmental factors play in the onset of social anxiety in young

individuals.

2.2. Prevalence and Impact of Social Anxiety in Adolescents

Social anxiety disorder is one of the most common anxiety problems in adults as well as
youth. A meta-analysis of the global prevalence of social anxiety disorder by Salari et al.
(2024) found that the prevalence was estimated to be 4.7% in children, 8.3% in adoles-
cents, and 17% in young adults, suggesting a rise in SAD as individuals transition

through these developmental stages. A gender difference is also clearly visible in



adolescents with social anxiety. The study by Ranta et al. (2024) on social anxiety symp-
toms prevalence in young Finns aged 13 - 20 from 2013 to 2021 reported higher rates
in females (32.7%) compared to males (17.1%). For adolescents, social anxiety impacts
different areas of their lives, including school withdrawal, getting lower grades, having
fewer friends and quality relationships, and poor social skills. Besides, youths face the
risk of becoming victims of bullying (Acquah et al., 2016). The situation may grow with

them into adulthood, further impairing their quality of life.

Two studies examined the impact of social anxiety on the quality of life in school-age
youths. In the first study, Alsamghan (2020) assessed the presence of social anxiety
symptoms and their impact on the quality of life among students in four Saudi Arabian
secondary schools. The researchers used the Social Phobia Inventory (SPIN) and World
Health Organisation Quality of Life (WHOQOL) questionnaires. The study results re-
vealed that almost half (45%) of the participants showed SAD symptoms, and some con-
tributing factors included personal health conditions, family income and status. Addition-
ally, the quality of life was significantly lower in participants with social anxiety symptoms
across the domains of physical health, environment, social relationships and psycholog-

ical health.

In a similar localised study, Yang and Lu (2022) investigated the relationship between
social anxiety, subjective quality of life, and the role of social support among left-behind
children in five Chinese junior high schools. Assessment measures included the Social
Anxiety Scale for children, the Social Support Rating Scale for Adolescents, and the In-
ventory of Subjective Life Quality (SQOL). Results showed that higher social anxiety
levels were associated with lower SQOL levels, and an increase in social support posi-
tively correlated with higher levels of SQOL. The outcomes of both studies suggest the
need for support and adequate management to improve the quality of life of affected

youths.

Despite the prevalence and impact of SAD, the disorder often goes unnoticed and un-
treated, partly because it is underestimated by parents and teachers (Masia et al., 2001).
Social anxiety disorder usually coexists with other mental health conditions, including
other anxiety disorders, mood disorders, major depressive disorders, and substance use
disorders, with SAD typically preceding the onset of these other conditions (DSM-5; APA,
2013). Koyuncu et al. (2019) noted that this comorbidity leads to difficulties in diagnosis

and treatment, making assessment key for early detection and effective intervention.



2.3. Assessment of SAD Symptoms

As social anxiety is a widespread condition, careful and thorough assessment is essen-
tial for effective treatment planning. Various assessment methods have been developed
to diagnose the presence and severity of social anxiety in adults and children. Some of
these methods include clinical interviews, interviewer-rated scales, self-report question-

naires, self-monitoring techniques, and thought-listing procedures (Herbert et al., 2014).

2.3.1.The Clinical Interview

The clinical interview is by far the most common assessment method for SAD and is the
first point of contact between the patient and the therapist or researcher (Herbert et al.,
2014, p. 46). The interview has three goals: (1) establishing rapport, (2) ensuring an
accurate diagnosis, and (3) assessing symptom patterns, phobic stimuli, and impairment

in functioning.

Herbert et al. (2014) recommend seven strategies for interviewing individuals with social
anxiety. They advised clinicians to start with small talk as an icebreaker and use a mix
of open- and closed-ended questions while maintaining a slow pace without an interrog-
ative tone. The interviewer should avoid showing disapproval of patients’ statements,
and with children or adolescents, it may help to begin with a naturalistic activity outside
the consultation room. Additionally, gathering information from parents and teachers can
be valuable for the interview process. Herbert et al. (2014) also noted that clinical inter-
views can either be unstructured or structured — the former are common in clinical prac-
tice while the latter are more appropriate for research due to their higher diagnostic rates
for SAD (pp. 47-48).

Wong et al. (2016) conducted a review of clinician-administered and self-report scales
used for diagnosing and measuring symptoms of SAD. For youths, two widely used semi-
structured interviews are the Anxiety Disorder Interview Schedule for DSM-5 (ADIS-IV)
and the Kiddie Schedule for Affective Disorders and Schizophrenia (K-SADS). The ADIS-
IV, now revised to ADIS-5, includes parent and child versions (ADIS-5 P/C), which allow
clinicians to rate the severity of SAD using a Clinician Severity Rating (CSR). The social
phobia module in these interviews includes presence or absence ratings of avoidance
and symptoms. Both ADIS and K-SADS require separate interviews with the child/ado-

lescent and parent that the clinician relies on to make a diagnostic decision.

In the same study, Wong et al. (2016) examined two popular structured interviews for

SAD in youth: The National Institute of Mental Health Diagnostic Interview Schedule for



Children IV (DISC-1V) and the Development and Well-Being Assessment (DAWBA). Sim-
ilar to the semi-structured interviews, the DISC-IV includes parent and youth versions
and the social phobia sections. The authors identified a major challenge in diagnostic
interviews for youth, which is the frequent inconsistency between parent and child re-
ports. They further explained that in most cases, the parent-reported symptoms hold

more weight since the reports are based on observations rather than feelings.

2.3.2.Interviewer-rated Scales

Numerous rating scales have been developed for measuring the severity of SAD symp-
toms, with different consistency and stability reported. The Paediatric Anxiety Rating
Scales (PARS) and the Liebowitz Social Anxiety Scales for Children and Adolescents
(LSAS-CA) are two useful clinical-rated instruments for assessing SAD in youth (Wong
et al., 2016). The PARS consists of 50 items that assess the severity of anxiety symp-
toms of SAD, including other anxieties identified in the DSM-5 within the past week. The
scale is administered to both children and their parents individually (Freidl et al., 2017).
The LSAS-CA, adapted from its adult version, measures anxiety and avoidance of inter-
action and performance in social situations involving children, such as responding to
questions in the classroom or participating in social activities. The instrument is also
known to have higher accuracy in identifying the presence of social anxiety (Wong et al.,
2016).

2.3.3.Self-report measures

The use of self-report questionnaires in the assessment of social anxiety has many ben-
efits, such as efficiency, repeated use for treatment effects, easy data comparison, and
less time required to administer and score (Herbert et al., 2014). Several children and
adolescents self-report measures have been developed and validated to assess symp-
toms of social anxiety. Common measurement scales include the Social Phobia and
Anxiety Inventory for Children (SPAI-C), the Social Anxiety Scale for Children-Revised
(SASC-R), the Social Anxiety Scale for Adolescents (SAS-A), Social Phobia Inventory
(SPIN), and the LSAS-CA (Wong et al., 2016). The SPAI-C is a 26-item scale measuring
SAD symptoms based on the DSM criteria and assesses responses across different age-
relevant social settings. Both SASC-R (22-item) and SAS-A (18-item, original version)
assess the fear of negative evaluation (FNE), social avoidance and distress in new situ-

ations or with unfamiliar peers, and general social avoidance and distress.
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2.4. Treatment Approaches

Treatments for SAD include both psychotherapy (psychological approaches) and phar-
macotherapy (pharmacological approaches). The treatment decision is dependent on a
thorough clinical assessment of the patient, their choice, recommendations from clini-

cians, and other factors.

2.4.1.Pharmacotherapy

Blanco et al. (2014) provided evidence to demonstrate that pharmacological approaches
to social anxiety disorder can substantially reduce avoidance and psychological distress.
Powers et al. (2014, p. 755) argue that in contrast to cognitive behavioural therapy (CBT),
pharmacological interventions aim to directly target the biochemical pathways responsi-

ble for anxiety triggered by disorder-specific cues such as social scrutiny in SAD.

The use of medications such as selective serotonin reuptake inhibitors (SSRIs) and ser-
otonin-norepinephrine reuptake inhibitors (SNRIs) are first-line treatments for SAD (Ban-
delow et al., 2017; Blanco et al., 2013). For children and adolescents, however, nonphar-
macological approaches are preferred (Creswell et al., 2014), even though studies have

shown efficacy of the above-mentioned medications.

Strawn et al. (2023) examined the adverse effects of antidepressant medications and
their management in children and adolescents, assessed using physical symptoms
checklists. In the review, Strawn et al. (2023) identified several side effects that surface
early during treatment, such as activation, gastrointestinal symptoms, insomnia, fatigue,
and sedation. Side effects such as weight gain, headaches, increased sweating, vivid
dreams, and sexual dysfunction occur much later. Similarly, there are withdrawal symp-
toms when medications are suddenly discontinued. They recommend that clinicians
should discuss the potential side effects of the medication with patients and their families
prior to treatment, and for managing withdrawal caused by antidepressants, adherence

to dosage and slowly discontinuing the medication were suggested.

2.4.2.Psychotherapy

The current psychosocial treatment of choice for SAD is cognitive behavioural therapy,
a family of learning-based approaches that help patients eliminate the core fears, asso-
ciated avoidance, and anticipatory anxiety in anxiety disorders (Powers et al., 2014, p.
753). Otto et al. (2004) emphasised that the focus of CBT is helping patients relearn a

sense of safety rather than simply coping with feared situations and events. According
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to Rowa et al. (2014, p. 498), CBT for SAD includes core strategies, such as psychoedu-
cation, behavioural experiments, cognitive strategies, exposure-based strategies, social

skills training, applied relaxation, and other methods.

de Ponti et al. (2024) conducted a meta-analysis of 66 studies involving 5,560 partici-
pants, revealing numerous findings about the efficacy of psychotherapy treatments for
SAD symptoms. Large effects of the therapy approach were observed for all types of
psychotherapy, including CBT and exposure, and delivery formats, such as individual,
guided, and group-based. This finding, in particular, suggests that different forms of psy-
chotherapy are acceptable treatment options and could be tailored to patient prefer-
ences, further improving the willingness to seek and receive treatment. In addition, they
found significant effects of guided and group self-help treatment delivery formats in re-
ducing symptoms. Furthermore, the analysis found sizeable effects of psychotherapy in
clinically recruited participants compared to those recruited via other affiliations, support-
ing the importance of clinical assessments. While the study reported the effects of un-
guided self-help as being minimal, the authors proposed that the treatment option may

be a viable choice in areas where mental health facilities are inaccessible.

2.5. Exposure-based treatment

Exposure is one of the key treatment ingredients leading to symptom improvement for
SAD (Khan et al., 2021). The goal of exposure-based treatment for SAD is to educate
individuals so that they can face their fears of embarrassment and negative evaluation.
Further, the treatment mode allows the patient to cope with the discomfort associated
with the anxiety rather than just avoiding it, which provides no benefit in the long term.
By confronting the feared stimuli or responses and integrating corrective information in

the fear memory, fear is expected to decrease (Kaczkurkin & Foa, 2015).

The American Psychological Association (APA, 2017) highlights various forms of expo-
sure therapy and their pace of delivery. For the exposure forms, they include in vivo,
imaginal, virtual reality, and interoceptive exposure. The delivery pace can be done

through graded exposure, flooding, or systematic desensitisation.

Although exposure-based treatment is regarded as effective in reducing reactions to
feared situations, this therapy approach is less used in clinical practice (Pittig et al.,
2019). Many adults, youths, and children with anxiety disorders do not receive exposure-
based treatment, or there is less use of it for their case. The study by Wolitzky-Taylor et

al. (2015) involving a large community mental health centre revealed that nearly 90% of
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their patients received drug treatments while only less than 4% benefited from exposure-
based treatment for their anxiety disorder. de Jong et al. (2020) highlighted some rea-
sons for the underutilisation of exposure therapy, such as therapists’ negative beliefs
about exposure-based therapy, therapists’ age, and lack of CBT orientation. Patients’
perceived threat of direct engagement and real-life confrontation with the feared stimuli
could also be a factor, given that health professionals are obligated to respect patients’

concerns and preferences in treatment decisions.

2.5.1.Virtual Reality Exposure vs Traditional Exposures

In vivo exposure, a form of traditional exposure therapy, involves an individual physically
confronting their feared situation. This exposure is regarded as more effective for treating
phobias such as public speaking (Reeves et al., 2022). However, virtual reality could
increase the acceptability of exposure-based treatments for patients seeking and receiv-
ing treatment (Scheveneels et al., 2023). To corroborate this claim, Scheveneels et al.
(2023) examined the acceptability of virtual reality and in vivo exposure treatments
among 186 fearful participants. They found that virtual reality exposure was considered
more acceptable (58%) and associated with fewer negative beliefs than in vivo exposure
therapy (35%).

The survey conducted by Levy et al. (2023) involving 184 respondents explored the per-
ceptions of individuals with anxiety disorders regarding both in vivo exposure and VRET.
The findings revealed that participants were slightly more inclined to opt for VRET
(90.2%) over in vivo exposure (82%). They also expressed higher levels of interest, com-
fort, enthusiasm, and perceived effectiveness for VRET. Despite these preferences, con-
cerns were raised for both methods. For in vivo, concerns included heightened anxiety,
embarrassment, and worsening of conditions. For VRET, participants cited concerns
about side effects, uncertainty surrounding its effectiveness, and issues related to health
insurance coverage. Nonetheless, participants professed several advantages of VRET,
such as increased privacy, safety, exposure control, comfort, lack of real-world conse-

quences, effectiveness, and adaptability to a wider range of exposure scenarios.

In addition, the possibility of targeting specific cognitive systems of interest to specialist
therapists makes VR beneficial over other traditional exposures. Riva et al. (2015) cited
different therapists’ use cases for VR exposure. For example, a behavioural therapist
may use a virtual environment to activate fear responses in fearful patients through con-
frontation with the feared stimuli. Cognitive therapists may apply VR situations to assess

situational memories or alter patterns of selective attention in patients. An experiential
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therapist may adopt VR to help patients practice certain actions by isolating them from
the physical world. Psychodynamic therapists may leverage virtual environments as

complex symbolic systems for evoking and releasing effects (p. 288).

Cost is another aspect where VR proves beneficial over in vivo and imaginal exposures,
as described by Riva et al. (2015). In vivo often necessitates multiple visits by the thera-
pist to the feared place. Still, therapist-absent exposure treatment, though available, is
scarce, and patients are hesitant to participate in such interventions. Sometimes, the
location is also inaccessible. Furthermore, imaginal exposure is less effective and can
be impaired by individual patients' imaginative abilities to recreate the feared situation.
VR can address these challenges through the generation of different settings, which
would otherwise be impossible within the therapist’s office (p. 293). Moreover, VRET can
make exposure therapy well-suited for patients and the clinicians administering treat-
ments, particularly in the aspects of changing the VR experience in real-time with the
use of data gathered by sensors which record patients’ reactions via signals (Ferreira et
al., 2022).

Finally, treatment discontinuation can be lesser in VRET when compared to in vivo as
exposure to social situations is done virtually rather than in real life (Emmelkamp et al.,
2020). These advantages of VR offer a promising option to enhance the implementation
and effectiveness of exposure therapy, improving patient engagement and treatment

outcomes.

2.6. Virtual Reality in Clinical Practice

In recent times, VR technology has gained traction within clinical research circles as a
viable alternative for treatment. Riva (2022) provides an overview of VR’s role in clinical
practice. From a technical perspective, VR consists of a set of technologies, including
computers with (3D) visualisation capabilities, controllers and a head-mounted display

(HMD) equipped with trackers to view computer-generated environments.

Schultheis and Rizzo (as cited in Riva, 2022) define VR as an advanced form of human-
computer interface that allows users to immerse themselves in and interact with a com-
puter-generated environment in a natural way. VR, a form of media, is distinguished by
its sense of presence, a concept described as the extent to which an individual perceives
being in a virtual environment (Slater & Sanchez-Vives, 2005) and is an important aspect

of VR experiences.
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As described by Riva (2022), VR technology can be categorised into two types: immer-
sive and non-immersive. Immersive VR systems mostly use HMDs to separate the user
from the physical world, replacing their view with that of the computer-generated envi-
ronment, and adapting the environment to the user's perspective. Non-immersive VR
systems, on the other hand, use high-resolution screens to present the virtual environ-
ment to the user without fully occluding the user's physical view and offer less interaction

capabilities.

According to Riva (2022), usability and cost of VR systems have been the main obstacles
for VR applications in clinical practices. Older generation of VR devices were heavy,
expensive, uncomfortable to use, and required technical expertise for the environment
design and operation. However, advancements in VR technology have led to the devel-
opment of more affordable, compact, and user-friendly systems. Modern VR systems, in

addition to visual and auditory feedback, can provide olfactory and haptic responses.

Riva (2022) identifies three technological characteristics of VR as an effective clinical
tool: simulative, cognitive, and embodied. Firstly, as VR is used to simulate scenarios of
the physical world in the virtual environment, it is suitable for experiential learning, where
patients learn by doing. Likewise, it has emotional response-inducing effects. VR is a
cognitive technology that provides users with the ability to manipulate and explore the
virtual world as if they are physically present in it. This attribute makes it possible to
predict human sensory reactions similar to the real world if experienced. Lastly, the ability
of VR technology to make individuals perceive virtual experiences as real offers innova-
tive ways for clinical research to further improve health and wellbeing through structured,

augmented, and/or replaced body experiences.

Maples-Keller et al. (2017) outline the treatment course to achieve effective VR exposure
therapy. The initial sessions include psychoeducation, relaxation techniques, psychoso-
cial and avoidance behaviour awareness. The concepts of exposure therapy are also
introduced before discussing the process of the VR-based exposures. In subsequent
sessions, the patient is exposed to the VR-based intervention and allowed to progress
at their own pace. In quality VREs, exposure hierarchy needs to be personalised such
that patients can be repeatedly exposed to the feared stimuli until anxiety decreases.
Additionally, the VR content should match the patient's fear hierarchy. Furthermore, the
therapist needs to work closely with the patient to activate the fear structure while en-
couraging emotional engagement during the VR exposures. They also discuss the im-
portance of avoiding safety behaviours to ensure the patient fully experiences the expo-

sures.
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Many studies, including clinical randomised controlled trials (RCTs), some of which are
described later in subsequent sections support the potential for VR as a viable clinical
tool. Newer generations of VR systems which are low-cost, commercially available, and
smartphone-compatible makes the development of self-help VR applications feasible,

further expanding the access to mental health treatment.

2.7. Implications of VR in Child Development

With the adoption of emerging technologies, there arises ethical issues and concerns
that can affect the user or their environment. VR is no exception, especially when it in-
volves children and adolescents. The possible worries of parents, educators, medical
professionals, and the technology industry's contributions require attention. Kaimara et
al. (2022) extensively examined the impact of VRTs on child development across the
physical, cognitive, and psychological domains, also noting that bioethics of human re-

search was a key research problem.

Regarding the domain of physical development, most concerns were related to cyber-
sickness, visual symptoms, obesity, radiation, cardio-metabolic deficiencies, and sleep
disorders. Some of these risks develop as a result of others already manifested. For
instance, obesity can lead to sleep disorders. In the case of cybersickness associated
with the use of virtual environments in HMDs, large screens, and curved systems, its
symptoms include nausea, dizziness, and temporary loss of focus. However, these side
effects wear off after a while once out of the virtual world. Roettl and Telutter (as cited in
Kaimara et al., 2022) found VR to cause higher levels of dizziness and motion sickness
compared to 3D and 2D games. A major worry was the effects of VR on children's visual
systems, particularly its impacts on the visuomotor system, accommodation, vergence,
stereoscopic vision and visual-motor coordination. Myopia, a common vision condition,
is not only caused by the use of screens, but also activities performed close to the eyes,
including reading physical books, may affect vision (American Academy of Ophthalmol-

ogy, as cited in Kaimara et al., 2022).

As discussed by Kaimara et al. (2022), the problem of obesity is far more than a conse-
quence of using VRT, as it relates to living a sedentary lifestyle, although the time spent
on digital technology can contribute. Many games developed in VR encourage players
to engage in physical activities, thus preventing the development of obesity. The authors
stated that the use of computers with bright screens at night has been shown to nega-
tively affect sleep, and less sleep could lead to obesity and vice-versa. Another identified

risk to children is radiation resulting from constant exposure to wireless devices,
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including VR. However, the authors clarified that radiation-related health risks are still
unclear due to a lack of research information. Suggested approaches to addressing
these concerns include having breaks between sessions to ease the side effects, limiting

screen time, restricting device use, and adult supervision.

Kaimara et al. (2022) presented possible risks of VRTs' impact on children's mental abil-
ities, i.e., cognitive development arises in areas such as attention, learning, and both
spatial and general cognition. While studies and surveys offer evidence that the use of
digital media, particularly with games, can promote positive learning outcomes, research
on the learning effectiveness of 2D and 3D displays revealed that the former is consid-
ered more effective. One study argues that non-immersive VR systems such as 2D help
to improve students’ learning achievements, motivation and problem-solving, while an-
other claims realism, a component of VRT, is not promising for games aimed at improv-
ing learning outcomes. Conversely, according to Kaimara et al. (2022), a number of stud-
ies they cited conclude that 3D simulated environments are effective in altering children's
learning outcomes. Those studies investigating VR use by children with Autism Spectrum
Disorder (ASD) provide evidence that VR promotes learning outcomes, reduces disrup-
tive behaviours, social anxiety and fosters collaborative learning in classrooms. Another
area of concern is the potential confusion for children to mix the virtual and real world. In
this case, adults play an important role in helping children distinguish between real and
virtual worlds. Additionally, caution should be taken regarding the overuse of virtual en-

vironments for children during their development period.

For psychological development, Kaimara et al. (2022) identify the main worries to be
about addiction, anxiety, and social isolation. Although children with ASD have been the
focus of most studies. In some of the studies, children have reported a high level of
presence and engagement. They have also found the VR device and experience to be
enjoyable, comfortable and easy to use. However, there is a word of caution that not all
persons with ASD would find the HMDs tolerable. Hence, supervision during use is re-
quired, and general safety needs to be evaluated with more studies. Gaming addiction
in children is also a pressing concern. However, as the authors point out, all conclusions
cannot be generalised to the use of technology. Other factors come into play, such as
low social competence, poor emotional regulation skills, and family issues. Games can
promote collaboration, relaxation, and prosocial behaviours in children, which was
needed during the COVID-19 pandemic social isolation period. To engage in social in-

teractions in virtual communities, quick decisions need to be made regarding whom to
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trust and avoid, and for effective group leadership. Regardless of these benefits, a bal-

ance in screentime exposure and gaming is recommended.

Related to ethical issues, Kaimara et al. (2022) conclude that screen time is what harms
children's health and wellbeing the most, not VRT. The authors suggested a Family Me-
dia Plan tailored to each child, teenager, and family needs. Further, they stated that news
agencies and parent magazines disseminate non-evidence-based information about the
harms of technology use, thereby misinforming parents. To counter this misinformation,
they called for more investigation to help concerned parents, teachers, and other stake-

holders better understand the good and bad aspects of the technology for children.

2.8. Virtual Social Environments: 3D and 360° videos

Several studies have investigated the potential of manipulating virtual social environ-
ments for therapeutic purposes. Some of the studies, mostly with adults, used environ-
ments such as conference rooms with audiences, supermarkets, job interviews, restau-
rants, and cafes. In their study, Emmelkamp et al. (2020) reviewed the methods and
essential components to consider when adopting virtual worlds for SAD treatment. Spe-
cifically, these components include virtual audiences, facial expressions, dialogue situa-
tions and verbal interactions between patients and virtual avatars. Results of the re-
viewed studies conclude that exposure to virtual social worlds and virtual humans led to
high self-reported anxiety feelings, less eye gaze, and increased physiological arousal.
Similarly, some studies found that both positive and negative dialogue feedback and
audiences had considerable effects on participants. The authors conclude that more in-

teractive virtual environments can enhance participants’ perceived immersion.

Two technologies (or media) that provide immersive experiences of social situations are
3D and 360° videos. 3D virtual reality environments are immersive, computer-generated
spaces that allow a user to move, manipulate, and actively engage with avatars using
devices such as a joystick, offering autonomy and user choices within the virtual envi-
ronment (Nason et al., 2020). 360° video is another technology which offers a fully im-
mersive experience through a headset, but the user is more of a passive observer in a
realistic, movie-like scenario without the ability to move and engage with the environment
(Nason et al., 2020).

The effectiveness of 360° video and 3D virtual environments in the treatment of health-
related conditions were compared in two studies. In Nason et al. (2020), grocery store

360° video and 3D virtual environments were exposed to 12 veteran soldiers with SAD
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and PTSD symptoms as treatment and to examine their reactions. Participants in both
environments reported being immersed, had minimal side effects of virtual environment
exposure, and anxiety levels were moderate to strong. Powers et al. (2021) conducted
a randomised controlled trial to investigate the efficacy of Computer-Generated Imagery
(CGI) VR and Video Capture VR (360° video) of the same nature-themed scenes for
pain reduction in inpatient participants (n = 703). Both VR conditions reduced pain by
about 50% and improved relaxation, mood, and anxiety. Video capture VR was preferred

over CGI due to its realistic features; however, the preference ratio was minimal.

While both VR and 360° environments have immersive effects, they differ in certain fac-
tors which should be considered based on the goal of the exposure treatment. These

factors are described below:

Photorealism: Powers et al. (2021) stated that as the quality of computer-generated
images in 3D VR improves, making them more lifelike, including the avatars, there is a
high tendency for users to perceive the simulated world as unsettling, a term referred to
as uncanny valley effect. Video Capture VR, on the other hand, is more realistic, eradi-
cates CGl's eeriness similarity, and can record the minute details of the real-world envi-

ronment, which is almost impossible with CGI.

Interaction and autonomy: With 360° videos, patients have limited engagement with
feared objects (Stevens & Sherrill, 2021). Moreover, it is difficult for the user to "escape”
from the situation as the environments are stitched static images moving at the pace of
the video recording (Nason et al., 2020). In contrast, 3D VR environments allow for the
user’s direct engagement with the environment, which may provide a greater sense of
immersion (Nason et al., 2020). However, as Stevens and Sherrill (2021) note, there are
cases where dynamic interaction is not essential for exposure therapy or where one-way
interaction is sufficient, such as therapy for heights, crowded areas, or claustrophobic

spaces

Anxiety-inducing effects: Nason et al. (2020) observed that while 3D VR computer-
generated images are not entirely realistic like those of the real world, they can simulate
environments that sufficiently evoke anxiety for treatment. Similarly, the absence of user
interaction and control in 360° video environments may stimulate anxiety even more than
in 3D VR.

Cost: Stevens and Sherrill (2021) describe that designing 360° videos is affordable, easy
to set up and use, and can be shared easily on online video platforms. Although both

360° and 3D require some technical know-how, developing environments with 3D
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computer graphics require substantial work hours, advanced technical expertise or pur-

chase of VR software.

Environment Customisation: According to Stevens and Sherrill (2021), with 3D VR, it
is relatively possible to create almost any environment, provided the availability of tech-
nical expertise and concept of the environment. In contrast, 360° video footage has to
be taken in the real world in real situations, making 360° video less practical for some
stimuli, for example, in war zones. Likewise, should the need arise to alter any part of
the environment, such as time of day, weather, or specific location, more 360° videos
that replicate the context are required. Yet another limitation is that the recorded video

may not align with patients’ viewpoints.

Ethics: Stevens and Sherrill (2021) also point out that many 360° videos are filmed in
public spaces, and this recording may capture some people who find it uncomfortable to
be in a third-party's video. Consequently, it introduces the need to seek prior permission.
360° videos directed at anxiety-related treatments may also be publicly available and
may be used by treatment-seeking patients without clinical guidance. While these ethical
concerns are non-existent in 3D VR, usage permission is still needed if the VR environ-

ment is not licensed under Creative Commons.

2.9. VRET for Social Anxiety Disorder and Related Mental
Health Conditions

Adopted for therapy, the use of VR technology can reduce or eliminate many factors that
could hinder the delivery of treatments to patients, such as time, cost, scalability, creation
of traumatic scenarios or feared situations, and location. Studies have highlighted the
efficacy of VR-delivered exposure treatments or assessments for different mental health-
related conditions. For example, Ramsey et al. (2023) study on immersive VR Exposure
(VRE) for the treatment of child anxiety disorders (e.g., spiders, storms, heights) provided

evidence of VR exposure’s feasibility and therapeutic benefits.

Likewise, the results of a combat-related PTSD study by Difede et al. (2022) of a clinical
trial with VRE and prolonged imaginal exposure (PE) suggested VRE was more effective
for depressed participants and PE for non-depressed participants. Primavera et al.
(2024), in their study, found an improvement in the quality of life for individuals with bi-
polar disorder following a VR intervention called CEREBRUM. Similarly, a review and
meta-analysis conducted by Romero-Ayuso et al. (2021) showed that VR-based inter-
ventions are more effective in improving sustained attention in children with attention
deficit hyperactivity disorder (ADHD).



20

For persons with SAD, VRE can be conducted as therapist-led or self-guided but begins
with the therapist directing the treatment process. In controlled trials, both modes of ad-
ministration have been examined for their efficacy, with follow-ups lasting at least six
months. The results of Zainal et al. (2021) using self-guided VRE (vs. wait list) with an
inbuilt virtual therapist showed a greater reduction in SAD symptom severity, job inter-
view fear, and trait worry from pre- to post-treatment. Equally, Rubin et al. (2022) clini-
cian-administered randomised controlled trials of attention guidance of VRE for SAD us-
ing 360° video and eye tracking observed positive effects of their intervention on social

anxiety symptoms.

In a systematic review of selected VR studies involving a total of 808 participants aged
18-65 years, Shahid et al. (2024) explored the evaluation and user experience of VR-
based interventions for SAD in the context of safety, usability, acceptability, and attrition
rates with adults. Their findings suggest that VRET can be a rapidly effective treatment
for SAD with the potential to provide short- and long-term symptom improvement. Con-
cerning user experience, low participant simulator sickness and absence of physical in-
juries were reported, supporting the notion that VR is considered a safe treatment for
SAD. Usability levels were reported to be high in practitioner-delivered VR therapy to
individual participants. Participants learned more about their anxiety and social situations
based on their positive comments. Most of the reviewed studies reported that their par-
ticipants completed the VR intervention and follow-up measurements, along with having

low attrition within acceptable levels (< 20%).

Another systematic review and meta-analysis by Horigome et al. (2020), involving 22
adult population studies of 586 participants examined the efficacy of VR intervention for
SAD, Public Speaking Anxiety (PSA), and FPS (Fear of Public Speaking). Their results
showed that the efficacy of VR as exposure therapy for SAD had a larger effect and
throughout the follow-up time points of 3 months to 6 years, long-lasting effect was rec-
orded. However, there were no significant differences in attrition rates between VR inter-

vention and in vivo exposure.

2.10. VRET Assessments and Treatment for Children and
Adolescents

Research acknowledges VR's potential applications for youth. However, there is a lack
of research on the efficacy of virtual reality exposure therapy (VRET) for anxiety disor-
ders in children and adolescents (Kothgassner & Felnhofer, 2021). The systematic re-

view by Kothgassner and Felnhofer (2021) yielded only 5 studies, which included 2 RCTs
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(for school fears and spider phobia), 2 pre-post evaluations (for public speaking anxiety
and fear of darkness) and 1 feasibility study (that of Parrish et al., 2016). While the re-
viewed studies conclude that VRET was able to reduce fears and is comparable to in
vivo exposure, the authors noted the absence of VRET studies in the treatment of PTSD

in young patients.

In the same way, the scoping review by Blanco et al. (2024) on the assessments and
treatments of mental health conditions for children and adolescents leveraging virtual
environments had just 13 studies, with only one targeted at social anxiety disorder. Ad-
ditionally, based on Blanco et al. (2024) review, only the study of Parrish et al. (2016)
focused on investigating the effects of VR social environments on participants’ anxiety.
Parrish et al. (2016) study included 41 adolescents with and without SAD exposed to
party and public speaking virtual environments, as well as neutral virtual environments.
Socially anxious youth had higher ratings of distress, with both groups experiencing ac-

ceptable levels of presence and immersion in the VR environments.

In an earlier study, Wong Sarver et al. (2014) investigated the feasibility and acceptability
of VR environments for treating SAD in 11 children aged 8 to 12. The study utilised an
interactive virtual school environment in a commercially available VR application devel-
oped by Virtually Better Inc. The children received Social Effectiveness Therapy for Chil-
dren (SET-C), a behavioural treatment which combines group social skills training, peer
generalisation, individual exposure therapy, and homework practice. The children, their
clinicians, and their parents were all satisfied with the virtual treatment, indicating its po-

tential utility in managing SAD and acquiring social skills in younger populations.

Wang et al. (2021) reviewed 33 studies involving the use of VR as an intervention for
children with social skills deficits, a comorbid condition with SAD. Most of the reviewed
studies reported the feasibility and acceptability of the intervention for children with social
skills deficits. Particularly, they identified core social skills, such as social interaction,
emotion recognition, empathy, and perspective-taking, which could be enhanced by VR

intervention.

In summary, existing research on VRET for children and adolescents has demonstrated
that exposure treatment is feasible, acceptable, and effective. However, there is limited
research examining its application for young people with SAD. Additionally, fewer studies
have assessed the effects of virtual social environments on participants’ anxiety levels.
More specifically, the use of a solely restaurant-based virtual environment has yet to be

explored.
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3.METHODOLOGY AND MATERIALS

This chapter delves into the materials and methods used for the study. Section 3.1 details
the VR prototype development, focusing on the virtual environments’ design, the tasks,
and the application’s mode of operation. Section 3.2 describes the design of the study,
highlighting the experimental research method and variables. The demographics of the
study’s participants are given in Section 3.3. In Section 3.4, the descriptions of measures
used in the study are provided. Section 3.5 provides an overview of the study procedure.

Section 3.6 offers an overview of the data analysis approach.

3.1. VR Prototype Development

A desktop-based 3D virtual reality restaurant was developed to provide stimuli such as
crowded spaces, noise, and social interactions that could be beneficial as a therapy sup-
plement for addressing social anxiety in adolescents. The development of the application

spanned 6 months, from the winter to the spring season.

3.1.1.The Virtual Environments

Two virtual environments were used in the prototype, one set in a restaurant and the
other in a natural setting, built using the Unity game engine software (2022). Modifica-
tions to the prototype were made based on feedback from nurses at the Tays Adoles-
cents Psychiatric Clinic after a series of demonstration sessions. The simulated restau-
rant environment was a readymade asset available from the Unity Asset store featuring

a typical setting of a fast-food restaurant.

The VR restaurant environment, shown in Figure 1(p. 23) comprised three different ex-
posure levels (Mild, Moderate, and Intense) with varied characteristics, such as sound,
virtual characters, social interactions, and the scene setup being the same. The variation

of the scene features was in increasing order of exposure level.
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Figure 1. Screenshots oftsturant VR environment and introduction menu
scene: (a) Mild scene. (b) Moderate scene. (c) Intense scene. (d) Intro scene
The virtual characters in the VR environment were 3D models generated using Adobe
Character Generator, Rigmodels, and Reallusion ActorCore online platforms. The char-
acters in the scene were of varying age groups, race. The characters motions repre-
sented similar activities in a real-world fast-food restaurant, such as people chatting,
placing orders, eating, and drinking. In order to make the characters as realistic as pos-
sible and interactive, the Salsa LipSync Suite plugin was used for mouth, eye gaze, and
head movements. Eight of the characters, some of which are shown in Figure 2 (p. 24)
had the roles of fast-food attendants and customers, could engage the player (i.e., the
user) in a one-way verbal interaction based on the player’s entry into a marked trigger
area highlighted in the purple box in Figure 3 (p. 24). For the eight characters, their dia-

logues were as follows:

Attendants: Hello, please place your order using the self-service kiosk over there (point-

ing to the kiosk machine)

Customer 1: Would you like to sit with me? (beckoning with hand)
Customer 2: Hey! Watch where you are going!

Customer 3: Hi, | recommend this cheeseburger

Customer 4/5: The seat is free (this dialogue is initiated based on the selection of “Yes”

button in a popup dialog)



- Flgure 2. Collage screenshot of the virtual characters enabled for /nteractlon (a)
One of the attendants. (b) Customer 1. (c) Customer 3. (d) Customer 2. (e) Teenagers

Figure 3. Marked trigger area in the restaurant VR enwronment

The VR nature environment displayed in Figure 4 (p. 25) included sounds of birds, blow-
ing wind and objects with which the user could interact. The purpose of the nature envi-
ronment in the prototype was to ease the introduction and use of the VR environment
and gadgets to the participants, particularly for those not familiar with the technology, as
nature experiences have shown to have psychological and cognitive benefits (Bratman
et al., 2012). The natural environment was used for practising actions and movements,
such as grabbing or picking objects, selecting user interface (Ul) elements, and teleport-
ing. This served as preparation before exposure to the restaurant environment, the actual
focus of the study.
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Select an option

3B m

Figure 4. Screenshots of the VR nature environment

3.1.2.Tasks in the VR Prototype

The VR application was designed to support carrying out a series of tasks, some of which

include interactions with the virtual characters.

The main tasks include receiving instructions from the “Attendant” on where to place the
food order, placing the order at the kiosk machine, picking up the order (food tray), and

finding a table to sit at. Figure 5 shows the kiosk machine and food tray at the pickup

Place your -

order here
Choose a menu

station.

Figure 5. Scréénshot ofl the kiosk and food tray

3.1.3.0perating the VR Prototype

The VR application prototype was tested with the Meta (formerly Oculus) Quest 2 and 3
headsets and was run on a gaming laptop with an NVIDIA GeForce GTX 3070 graphics
card, an Intel Core i7-11800H CPU (3.60 GHz), and 32 GB of memory. To use the ap-
plication, the Meta Quest headset needs to be connected to the computer running the
VR prototype via a link cable with the Oculus Rift feature enabled on the headset. The

Meta Quest controllers are used to move around in the VR environment and interact with
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objects. The joystick on the controllers was configured for moving forward/back-
ward/left/right and target areas, and the trigger buttons for selecting and grabbing ob-
jects. The first VR scene a user is presented with is the Main Menu, which provides brief
details of all the other VR scenes, which are the exposure levels and the natural envi-
ronment. A user can select and play a particular scene by clicking the checkbox next to

the scene title and pressing the Start button.

3.2. Study Design

The study objectives were to investigate the feasibility of the developed VR prototype
(independent variable). Specifically, it aimed to determine whether the application can
induce any level of anxiety (dependent variable) and to evaluate the user experience.
The selected research method was a within-subjects study, a subset of experimental
research. MacKenzie (2013, p. 130) describes the method as one where each participant
is exposed to all the experiment’s conditions. The research method allows for generali-
sation of the research’s results. It was also a suitable method to adopt due to the partic-
ipant group, teenagers, being challenging to recruit. The experiment took place at the
Tays clinic and in an enclosed room on the university campus. The language of instruc-

tion was mainly in English and partially in Finnish.

The independent variable had three levels: (1) Mild, (2) Moderate, and (3) Intense. These
were the exposure levels in the VR prototype. For the study, different subjective depend-
ent variables were measured with different tools related to distress feelings, virtual real-
ity, and user experience. The measures are the Subjective Units of Distress Scale
(SUDS; Wolpe, 1969), the Igroup Presence Questionnaire (IPQ; Igroup Project Consor-
tium, n.d.), and the User Experience Questionnaire Plus (UEQ+; Schrepp & Thomas-
chewski, 2023). For VR, the variables included Experienced Realism, Involvement, Spa-
tial Presence, General Presence, and Character Realism. The VR-related variables as-
sessed participants’ perception of the virtual restaurant environment. For user experi-
ence, the variables included Attractiveness, Efficiency, Stimulation, Usefulness, Visual
Aesthetics, Intuitive Use, and Social Stimulation. The VR prototype was evaluated based
on these seven user experience attributes. The last variable, “anxiety level”’, examined
participants’ feelings. More information on the measurement tools are provided in Sec-
tion 3.4.
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3.3. Participants

Eleven participants took part in the experiment, and the mean age was 15.8 years.
Ten (male) were recruited through personal affiliations, and 1 (female) by the Tays nurse.
Eight of the participants reported having experienced VR and used VR headsets at some
point, and 3 had no prior VR experience. Of all the participants, only the one provided by
the nurse was undergoing some form of disorder-related therapy at the Tays clinic; the
others had no clinical diagnosis. Consent from parents was sought for participants below

15 years of age to participate in the study after explaining its purpose.

Participants’ social anxiety levels were evaluated using the National Social Anxiety Cen-
tre (2016) format of the Liebowitz Social Anxiety Scale: For Children and Adolescents
(see Appendix A, Figure 12). Seven participants reported having mild social anxiety, 1
reported moderate social anxiety, and 2 reported no social anxiety. A total of 10 partici-
pants completed the LSAS-CA assessment with a mean value of 39.40 (SD = 10.37).

There were no specific selection criteria for the experiment aside from participants being
within the teenage age bracket. Although some participants wore eyeglasses, this did
not pose any challenges for using the VR headset, as it could be adjusted for a comfort-
able fit.

3.4. Measures

Four self-assessment tools and one interview were administered in the current study:
The LSAS-CA, the SUDS, the IPQ, the UEQ+, and a semi-structured interview. All

measures included participant ID number for easy identification.

3.4.1.Liebowitz Social Anxiety Scale: For Children and Ado-
lescents

The LSAS-CA questionnaire assessed respondents on 24 social situations related to
fear and avoidance, commonly occurring in settings such as schools, grocery stores,
restaurants, and public spaces. In the LSAS-CA, the fear category included four options
with corresponding weighted values: None (0), Mild (1), Moderate (2), and Severe (3).
Similarly, the avoidance category had four options with corresponding weighted values:
Never (0), Occasionally (1), Often (2), and Usually (3). The overall score for each re-
spondent determined their level of social anxiety, categorised as follows: 0-29 “You do

not suffer from social anxiety”, 30-49 “Mild social anxiety”, 50-64 “Moderate social
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anxiety”, 65-79 “Marked social anxiety”, 80-94 “Severe social anxiety”, and 95 or higher

“Very severe social anxiety”.

A modified version of the LSAS-CA was created for the experiment to exclude the score
after respondents submitted their responses. This was necessary to prevent unwanted

reactions that could affect participants’ emotions and the experiment’s actualisation.

3.4.2.Subjective Units of Distress Scale

The Subjective Units of Distress Scale can be a useful way for individuals to express to
their clinicians their experience of distress in anticipation of, during, or after a distressing
situation or exposure exercise (Exposure Therapy Consortium, 2024). The SUDS (see
Appendix A, Figure 13) used for the experiment was obtained online and modified to
include emojis and a comment section to make it easier for participants to visually ex-
press and provide more context to their feelings. The subjective distress rating had a

scale of 0 to 10, with corresponding labels.

3.4.3.1group Presence Questionnaire

The Igroup Presence Questionnaire measures the sense of presence experienced in a
virtual environment through subjective ratings (Igroup Project Consortium, n.d.). The
questionnaire comprises 14 items grouped into four scales: General Presence, Spatial
Presence, Involvement, and Realism. Each item is rated on a 7-point scale with different
response anchors and given a score from — 3 to +3. For the purpose of the study, the
questionnaire was also slightly modified by the addition of the Character Realism scale,
containing four questions to assess participants’ perception of the virtual characters in
the VR prototype. It should be pointed out that one of the questions in the Spatial Pres-
ence scale of the IPQ questionnaire was erroneously omitted. The Character Realism

scale included the following questions:

1. How did the characters in the virtual world seem to you?

2. How did the characters’ interaction(s) in the virtual world seem to you?
3. I felt like | was being spoken to by the characters in the virtual world

4. |felt like | was in the midst of people in the virtual world

3.4.4.User Experience Questionnaire Plus

The User Experience Questionnaire Plus is a modular extension of the User Experience

Questionnaire, as stated by Schrepp and Thomaschewski (2023). It consists of both
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pragmatic and hedonic qualities associated with the use of a product. Each scale in the
questionnaire includes opposing pairs of product properties and is rated on a 7-point
scale, with responses assigned a score from 1 to 7. Under each scale, there is the pos-
sibility for respondents to rate the importance of the respective scale for the evaluated
product. The selected attributes for the user experience evaluation were chosen by the

Tays clinic nurse and the researcher.

3.4.5.Semi-structured Interview

Information regarding participants' subjective perceptions of the user study and the VR
prototype was gathered through a one-on-one interview conducted after the study ses-
sion. The interview structure was an open-ended format and aimed to get feedback on
their overall experience and obtain insights into the VR prototype's usability and areas

for improvement. The interview had the following questions:
1. How was your overall experience with the session?
2. How was your experience with the VR world/system?

3. Did you experience any technical problems while using the application and/or
equipment?
4. Would you be interested in using a similar system at some point in the future?

5. Is there something you would like to say about the prototype? e.g., ideas to im-

prove it OR is there anything else you would like to mention?

3.5. Study Procedure

3.5.1.Before the experiment

On arrival at the experiment room, participants were allowed ample time to settle in be-
fore commencing the study procedures. Participants were then briefed on the experiment
and their right to discontinue the study at any time if they wanted. The researcher also
asked if the participants had any questions and answered them prior to signing the con-
sent form. Thereafter, participants were asked to complete the LSAS-CA questionnaire.

Explanations for some of the questions in the questionnaire were given where necessary.

3.5.2.Practice session in the VR prototype

Before commencing the actual experiment, participants were treated to a VR practice

session. The session was conducted in the VR nature environment of the prototype.
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Participants were invited to the experiment area and informed about the different expo-
sure levels available in the application. The researcher gave the participants a brief ex-
planation of how to wear the VR headset and use the hand controllers. They were then
asked to start with the VR nature environment when ready for the practice. The purpose
of practice has been described in section 3.1 of Chapter 3. In the VR nature environment,
participants practised how to move around via teleportation and pick up objects. Once

comfortable with the exercise, participants proceeded to the actual experimental tasks.

3.5.3.During the experimental tasks

The experimental tasks performed by the participants have been previously mentioned
in Section 3.1 of Chapter 3. Participants had to test all three levels of exposure: mild,
moderate, and intense. After each exposure session, participants took off the headset
and completed the SUDS and IPQ measures to rate their experience in the VR restaurant
prototype. For the SUDS, participants were asked to state reasons for their ratings in the
comment section for each exposure level. During the experimental tasks, the research-
er asked the participants about the comfortability of the headset to make adjustments
where necessary. When participants encountered some issues while attempting the

tasks, the researcher helped. Figure 6 shows some participants performing the experi-

mental tasks.

Figure 6. Pictures of some parﬁcipans ring the experiment

3.5.4.After the experimental tasks

After all three tasks had been completed by the participants, they filled out the UEQ+
questionnaire (see Appendix A, Figures 14 and 15). An explanation of how to answer
the questionnaire was provided. The Researcher’s semi-structured interview session
commenced thereafter. The researcher asked the participants 5 questions (see Appen-
dix B, Figure 16) regarding their experience with the experiment setup, the VR prototype,
challenges encountered, and suggestions for improvements. Also included in the discus-
sion was if the participants experienced any simulator sickness. On average, a single

session lasted about 1 hour 30 minutes.
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3.6. Data Analysis

Quantitative and qualitative data were analysed with the statistical package IBM SPSS
Statistics for Windows (version 28) and Excel. Due to the study’s sample size (n =117),
the data collected were not normally distributed. Thus, the Wilcoxon signed-rank test, a
non-parametric test, was used. The effects of the VR prototype on anxiety levels and
sense of presence were determined by post-host tests and pairwise comparisons. Addi-
tionally, correlations between social anxiety assessment and anxiety levels, and between
exposure levels were determined using the Spearman’s rank-order correlation coeffi-
cient, also a non-parametric measure. Significance levels (p-value) less than 0.05 in
these tests are considered statistically significant and values above are deemed not sig-
nificant. If values are significant, a pairwise comparison test was conducted to determine
which of the exposure levels had more effects. Data collected from the interview were
used to identify themes related to participants’ experience of the user study, the proto-

type inclusive.
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4. RESULTS

In this chapter, the results of the analysis of the data collected, both subjective and qual-
itative, are reported. In section 4.1, participants’ subjective anxiety from the SUDS is
presented. Section 4.2 explores the correlation between participants’ baseline social
anxiety, subjective distress, and exposure levels. The results of the VR and user experi-
ence assessments are described in sections 4.3 and 4.4. Qualitative data gathered from

the semi-structured interview are discussed in section 4.5.

4.1. Subjective Anxiety

Figure 7 shows the results of the SUDS measuring the extent of changes in participants’
anxiety across the exposure levels. The Friedman Test showed a statistically significant
effect of the exposure levels on participants’ anxiety levels, x2(2) = 8.267, p < 0.05. Post
hoc pairwise comparison with Wilcoxon signed-ranked tests for the exposure levels
showed that participants perceived the Intense level as having more anxiety-inducing
effects than the Mild level, x2(2) = -2.332, p = 0.020. Other pairwise comparisons were
not statistically significant. The average score and standard deviation (SD) for SUDS for
the exposure levels were Mild 1.18 (0.982), Moderate 1.45 (1.128), and Intense 2.09
(1.136) respectively.

As shown in Table 1 (p. 33), of all the exposure levels, only the Intense level evoked
Minimal anxiety, with a higher Mild-to-moderate anxiety recorded. No anxiety or distress:

Happy and fulfilled occurred mostly in the Mild and Moderate levels.

Mean of SUDS ratings

o

Ilild Woderate Intense

Figure 7. Subjective assessment results of all participants’ anxiety/distress after
each exposure
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Table 1. The frequency count of participants’ anxiety level ratings per exposure level

Anxiety Level Mild Moderate Intense

No anxiety/distress: Happy and fulfilled 3 3 1

No anxiety/distress: Calm

No anxiety/distress: Neutral

Mild-to-moderate anxiety or distress

O [~|W |+
O NI~ N
= (WA N

Minimal anxiety/distress

4.2. Association between Social Anxiety, Subjective Distress
and Exposure Levels

Figure 8 shows the mean of subjective anxiety reported by participants across the expo-
sure levels grouped by the different categories (labels) of social anxiety disorder based
on the LSAS-CA assessment. Results of the Spearman's rank-order correlation pre-
sented in Table 2 (p. 34) show that there was a moderate positive relationship between
the LSAS-CA scores and the Intense exposure level (r(8) = .631, p = .050), and was
statistically significant. The LSAS-CA scores correlations with Mild (r(8) =.290, p = .416)

and Moderate (r(8) = .235, p = .513) exposure levels were not statistically significant.

I iild
Maoderate
M Intense
2 I I I

Mild social anxiety Moderate social anxiety Mo social anxiety

LSAS-CA Label

Mean of Anxiety Ratings across Exposure Levels

[=]

Figure 8. Subjective anxiety across social anxiety (LSAS-CA) assessment
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Table 2. Correlation analysis of LSAS-CA score and Subjective anxiety ratings per
exposure level

LSAS-Score Mild Moderate Intense
LSAS-Score
r 1 0.290 0.235 0.631
p-value _ 416 513 .050
Mild
r 0.290 1 0.779 0.628
p-value 416 - .008 .052
Moderate
r 0.235 0.779 1 0.659
p-value 513 .008 _ .038
Intense
r 0.631 0.628 0.659 1
p-value .050 .052 .038

To determine any correlations between the exposure levels in eliciting anxiety, Spear-
man’s rank-order correlation was also conducted. The results indicate there are positive
relationships and statistical significance between participants’ anxiety ratings across the
different exposure levels. Mild with Moderate (r(9) = .771, p = .005), Moderate with In-
tense (r(9) = .648, p = .031), and Mild with Intense (r(9) = .644, p = .033)

4.3. Sense of Presence in the VR Environment

In Figure 9 (p. 35), the results of the IPQ subjective evaluations are shown, measuring
the sense of presence in the VR environment. A Friedman Test showed that there was
no statistically significant influence of the exposure level participants were exposed to in
relation to their sense of presence. The results are as follows: Involvement (x2(2) =
1.556, p = 0.459), Realism (x2(2) = 1.429, p = 0.490), Spatial Presence (x2(2) = 0.974,
p = 0.614), General Presence (x2(2) = 1.867, p = 0.393), and Character Realism (x2(2)
=0.927, p = 0.629).

In terms of ratings, all three levels had positive and higher ratings on the General Pres-
ence scale. For the other scales, however, most of the ratings were negative, with Real-
ism having the highest negative rating. The General Presence had mean scores of 0.55
(1.97), 1.00 (1.76), and 0.73 (1.66) for the mild, moderate, and intense levels respec-
tively. Realism had mean scores of -0.14 (0.40), -0.36 (0.45), and -0.32 (0.33) across
the exposure levels. For Spatial Presence, the mean scores included -0.23 (0.87), 0.07
(1.03), and -0.07 (1.09). The mean scores for Involvement were 0.09 (0.98), -0.09 (0.81),
and -0.05 (0.86). Character Realism mean scores were 0.34 (0.62), 0.05 (0.72), and -
0.09 (0.59).
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Figure 9. The overall sense of presence evaluation with the IPQ for all participants

4.4. User Experience of the VR Prototype

The results of the UEQ+ evaluation of the prototype based on the seven attributes, At-
tractiveness, Efficiency, Stimulation, Usefulness, Visual Aesthetics, Intuitive Use, and

Social Stimulation, described in section 3.2, are presented in Figure 10.

Scale Means

Figure 10. User Experience evaluation results of the seven selected attributes

Participants rated the VR prototype positively on all scales, with the highest rankings on
Usefulness, followed by Intuitive use, then Stimulation. In contrast, Visual aesthetics re-
ceived the lowest rating. Attractiveness had a mean score of 1.30 (1.53), 1.05 (1.54) for
Efficiency, 1.59 (1.28) for Stimulation, 1.95 (1.15) for Usefulness, 0.64 (1.81) for Visual
Aesthetics, 1.64 (1.60) for Intuitive Use, and 1.36 (1.54) for Social Stimulation. Some
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feedback from participants related to these attributes are discussed in the researcher’s

semi-structured interview responses in the next section.

Furthermore, the results of each item per selected scales provide individual identification
for different aspects of the user experience. The mean scores per item are as follows:
For the Attractiveness scale, the highest-rated item was “good” (1.64 [1.15]), while the
lowest-rated item was on the “annoying/enjoyable” pair but still had a positive score (1.00
[1.86]). For the Efficiency scale, the highest rated item was “practical” (1.73 [0.86]), while
the speed pair “slow/fast” had the lowest rating (0.36 [1.97]). The Usefulness scale had
the highest rating across all items, with “useful” (2.36 [0.88]) and “helpful” (2.27 [0.86])
being the top-rated items. Likewise, the Stimulation scale generally had high ratings per
item; the highest-rated item was “interesting” (1.91 [1.24]), followed by “exciting” (1.64
[1.30]). The Social Stimulation scale as well had high ratings across all items, with “so-
cially encouraging” (1.55 [1.50]) and “socially inclusive” (1.45 [1.30]) having the highest
ratings. Most of the items in the Visual Aesthetics scale had lower ratings, with the style
pair “lacking style/stylish” having a neutral mean score (0.00 [1.65]), though it was con-
sidered “pleasant” (1.18 [1.53]). The Intuitive Use scale had high ratings for “conclusive”
(2.00 [1.04]) and “plausible” (1.91 [0.79]), with lower ratings for the ease-of-use pair “dif-
ficulty/easy” (1.09 [2.07]).

In addition, 10 out of 11 participants completed the scale (attribute) importance part of

the UEQ+. The results are shown in Figure 11.

Importance Ratings

ISERERE

Figure 11. Importance rating results of the 7 User Experience attributes
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After Usefulness, Visual aesthetics was ranked as the next most important attribute for
the VR prototype, according to participants. The data importance ratings had a mean
score of 1.00 (1.41) for Attractiveness, 1.50 (1.20) for Efficiency, 1.40 (1.11) for Stimula-
tion, 2.10 (1.14) for Usefulness, 1.89 (1.20) for Visual Aesthetics, 1.60 (1.43) for Intuitive

Use, and for Social Stimulation, the mean score was 1.40 (1.74).

4.5. Qualitative Results: Interviews

Ten participants provided context into their changes in anxiety levels at different expo-
sure levels via the comment section in the SUDS. Six participants stated that their anxiety
levels changed because of the virtual characters. For instance, P8 said, “/ was calm until
the people started to stare at me and someone said, ‘watch where you are going’...He
was angry”. P7 said, “...when the people started staring at my eyes”. Another change in
anxiety levels occurred due to the increased population and sound. As reported by P6,
“l was at 3 when | saw there were so many people in the restaurant...” and P11 said,
“..same as the last one, but it was a little too loud”. However, two participants reported
not having any changes in anxiety but commented on the realism of some of the expo-
sure levels. For example, P9 mentioned that the intense level was “basically the same

[as the other levels], but this was way more realistic”.

Additionally, after concluding all the test sessions, participants shared their opinions and
feedback on the VR application prototype during the semi-structured interview with the
researcher. The researcher took notes during the discussion and requested elaboration

on comments where necessary.

The participants’ experiences with the user study varied. Eight participants described

their experiences positively, using words such as “calming”, “nice”, “good”, and “incredi-
ble”. Two participants highlighted gaining new experience, with one saying, “It was kind
of new”, and another noting, “It was pretty fun because | hadn't used a VR headset be-
fore”. One participant felt the experience was neutral. None of the participants reported
having simulator sickness, except one who mentioned that they experienced some diz-

ziness due to the noise in the VR environment.

Regarding the VR system experience, 10 participants mentioned having positive experi-
ences with the VR system. Two among them said, “/f | had more time with it, | could get
lost in it”, and “When | took the glasses off, | felt | was in another world. You can get used

to the VR system in 30 minutes”. Another saying, “It looks like a game...”.
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Conversely, participants expressed some negative feelings about the VR system for as-
pects such as less interaction with objects in the virtual environment, unnatural character
speech, the emptiness of VR scene space, not knowing what buttons to press or use,
and unrealistic food order waiting time. For example, P5 noted that the mild level “was
practically empty”; P8 said, “There are not too much specific things to do, like opening
the food to eat”; P9 expressed difficulty with the controller buttons stating they “couldn’t
see them and didn’t know what buttons to use”. P11 commented on the virtual charac-
ters’ gaze and speech, stating, “/t was weird that the characters all looked at me at the
same time” and “The speech felt kind of robotic”. They also said, “The order time was

unreal”.

All 11 participants expressed having some technical issues with the VR prototype. The
most reported issue was the lag in the Intense level. Other issues were the delayed
feedback when the controller buttons were pressed and the inability to recall the right
buttons to use. The button issue was due to the lack of visible cues for the controllers in

the VR prototype when participants had the VR headset on.

When asked about their interest in using a similar system in the future, 10 participants
indicated willingness to try a similar system. P3 responded, “Yes, if it helps”. Likewise,
P8 said, “Yes, you can be more open and honest because you are alone, and you don't
see the reaction of other person”. P7 was uncertain, citing concerns about possible ad-
diction to the VR system, which would hinder successful social anxiety disorder treat-

ments, particularly for youths.

The concluding question asked participants for more information about the prototype and
generated some suggestions for improvement. Four participants suggested improving
the virtual characters’ facial features and user-virtual character (3D) interaction such that
response can be given via dialogue inputs or through other interaction modalities. Two
participants recommended making the characters’ speech natural. As the USB cables
attached to the HMD got in the way for some participants during the experiments, two
participants proposed using a wireless or tethered HMD to increase the level of aware-
ness and presence in the virtual environment. Two participants recommended increasing
the waiting time for the food order, with one of them stating that payment for the order
should also be included. Four participants mentioned increasing the background music,
noise levels, and the number of people and introducing different landscapes outside the
virtual restaurant environment to enhance immersion and realism for more anxiety-in-

ducing experiences.
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5. DISCUSSION

This chapter presents a discussion of the findings obtained from the VR prototype eval-
uation conducted. The chapter is divided into three sections. Firstly, in Section 5.1, the
findings from the assessments of anxiety levels, VR and user experiences are presented.
Secondly, Section 5.2 examines some implications the findings have for the design of
VRET systems aimed at SAD. Finally, Section 5.3 reviews the limitations identified in the

current study, serving as reflections for the author and considerations for future work.

5.1. Main Findings

For the thesis, a restaurant environment 3D VR prototype was developed to explore the
feasibility of using VRET as a therapy supplement for teenagers with SAD receiving
treatment at the Tays Adolescents Psychiatric Clinic. Additionally, the study sought to

evaluate the user experience.

The study’s findings demonstrated that the VR prototype was capable of causing minimal
anxiety, highlighting the system’s potential to create some degree of stimuli during expo-
sure sessions. In the current study, there was a statistical significance of the effect of the
exposure levels on participants’ anxiety levels, with the Intense level having more induc-
ing effects compared to the other two levels. Similarly, a relationship between the LSAS-
CA social anxiety assessment and the Intense level was found to be positive and statis-
tically significant. These findings suggest that the intense level could be used as a base-
line for structuring the exposure hierarchy to elicit anxiety responses. The stimuli within
the intense level environment appeared to trigger anxiety in socially anxious participants.
The strong and positive relationships between the exposure levels further suggest that
most participants had increasing levels of anxiety as they progressed through the expo-
sures. Taken together, these findings align with those of Parrish et al. (2016) in which
socially anxious youths had reported higher anxiety ratings, although the virtual environ-

ments are different.

As reported by participants in the SUDS assessment, a mild-to-moderate distress feeling
was apparent in the Intense level with a frequency count of 3 and 1 count of minimal
distress. Participants’ anxiety levels were mainly neutral and calm in the mild and mod-
erate levels. Qualitative results from participants provided more insights into the findings.
Some of the factors that contributed to changes in anxiety levels were the virtual char-

acters’ appearance and personality, interaction capabilities, and sound in the
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environment, as noted by participants. For an objective assessment of anxiety level
changes, the use of sensors could be helpful for tracking physiological responses, such

as heart rate, along with self-report measures, as suggested by Ferreira et al. (2022).

In the current study, the results of the sense of presence evaluation of the VR restaurant
application across the three exposure levels showed that General Presence had the
highest positive ratings, while Realism received the highest negative ratings. This pre-
sents an interesting contrast between how participants perceived the overall sense of

presence and the specific aspect of realism within the virtual environment.

Some assumptions can be made from this phenomenon. Firstly, higher ratings of Gen-
eral Presence suggest participants still felt a sense of “being there” in the virtual environ-
ment, even if it did not closely match reality. Similarly, the negative ratings of Realism
did not significantly affect the overall feeling of presence. Secondly, there is a possibility
that the VR prototype was engaging on an emotional or cognitive level, which could have
led to an increase in participants’ sense of presence even with less perfection in realism.
As mentioned by some of the participants in section 4.5, the VR exposure study was
their first VR experience. Lastly, it also suggests that a high-quality realism for the VR
prototype’s scenes, i.e., in replicating the real world, is not a major determinant for
achieving a strong sense of presence, although it may contribute to it. This concurs with
the study by Jung and Lindeman (2021) that suggests Preference as a new evaluation
metric for VR experiences. Participants might have considered other aspects of the VR
experience, such as audio, interactions, field of view, environment design, or tasks in the

VR, as engaging enough.

Another interesting finding is the variation in the IPQ scale mean scores across the three
exposure levels. While Involvement and Spatial Presence were almost similar in ratings,
Realism, including Character Realism, declined as intensity increased. As previously
mentioned of the omission of one question in the Spatial Presence scale in the measures
sub-section in Chapter 3, the ratings of the scale may have been different. Nonetheless,
the result suggests that as participants became aware that the VR environment was the
same for all exposure levels, their expectations changed, leading to a decrease in how
they perceived the environment. The influence of the environment’s familiarity was rec-

ognised as a limitation, which is further discussed in section 5.3.

The virtual characters used in the study were realistic 3D models with close-to-natural
expressions and animations. The personalities of some of the characters were grumpy

and cheerful, and others were neutral. Some participants stated that they felt
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uncomfortable with the gaze of some of these characters. A few of them said the speech
of some characters affected their feelings. Yet, other participants expressed that they
were not affected by the appearance of the virtual characters. Another aspect was the
interaction possibilities in the VR environment. A few of the participants expressed their
desire to interact more with objects in the prototype. These findings are in line with the
study outcomes of Emmelkamp et al. (2020) on the effects of virtual characters and dia-
logue on participants in the reviewed studies, including having more interactive virtual

environments.

Regarding user experience, participants found the VR prototype to be useful, stimulating,
and intuitive to use. The social aspects were also considered to be positive. This result
suggests that participants deemed the prototype to be of relevance, evocative, aligning
with mental models in terms of use, and encourages socialisation. However, they noted
significant shortcomings in visual aesthetics and efficiency, specifically in terms of style
and speed. The main issues included the emptiness of the exterior design of the restau-
rant VR environment and technical difficulties experienced, such as delayed response to
button presses on the controllers, and some glitches observed when moving within the
environment. These delays, combined with less visual appeal, led to lower ratings. Given
that youngsters are accustomed to fast, responsive interactions in games, their expec-
tations for similar performance in the VR prototype were not met. The results and obser-
vations indicate the need for enhancements in the design aspects and performance of

the system to improve the overall user experience.

5.2. Implications for VRET Application Design

The study results contribute to research into the use of VR for mental health for children
and adolescents. Although minimal, the VR prototype developed induced some level of
distress, supporting the use of VR technology for exposure therapy. Care should still be
taken in the use of the technology due to identified post-use effects such as dizziness

and eye fatigue.

Based on participants’ views, it was clear that to elicit the anxiety-inducing effects re-
quired for VRET, high-quality visual aesthetics, spatial audio, interaction capabilities, and
performance are crucial and should be prioritised. Naturalistic sounds, which could be
recorded by human voices with realistic visuals, including the ability to interact with virtual
characters and objects in the VR environment, have a significant impact on users’ expe-
rience, enhancing the realism, engagement, and effectiveness of exposure treatment.

Some participants expressed their desire to interact with the virtual characters in different
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ways, such as through speech and text input dialogues. This suggests a need for multi-
modal interaction and consideration of user preferences in such systems to further en-

hance the user experience.

For the treatment of social anxiety disorder using VRET, the exposure hierarchy or level
should be designed with varied scenes and tasks that gradually increase in complexity
and social interaction, thereby reducing the learning effects from previous exposure lev-
els. This was demonstrated in the study by Kim et al. (2017) involving an adult SAD
participant exposed to different social situations in a self-training therapy and that of
Ramsey et al. (2023). For example, a restaurant-themed environment for exposure treat-
ment therapy could progress from a small, low-traffic restaurant to a moderately busy
one and finally to a large, crowded restaurant. Each setting would feature virtual charac-
ters displaying different personalities and behaviours, gradually increasing the intensity

of social interaction.

In VR systems intended for medical interventions, especially for young users, and where
task performance is needed, a practice virtual environment should be included as part of
its features. Integrating a natural environment is recommended to ease and relax partic-
ipants and carry out practice of using the technology. This can be particularly beneficial
for those with no prior VR experience, providing a less frightening introduction before

progressing to challenging scenarios.

5.3. Limitations

A number of limitations were observed in the study, which should be acknowledged and
considered when interpreting the results. First, the initial plan for the study was to eval-
uate the prototype with teenagers with marked social anxiety whom the nurses at the
Tays clinic are working with. As this was not feasible, the study was conducted with
participants not undergoing any SAD-related therapy. The LSAS-CA was used to deter-
mine whether individuals participating in the study had social anxiety. This was merely
to understand if the anxiety influenced their responses and to have somewhat a repre-
sentative characteristic similar to the main target group. The results of the study might
have yielded different results if it had been conducted with clinically diagnosed SAD in-
dividuals. Nevertheless, this could require strict research protocols that could possibly
affect the thesis timeline. Second, the study included participants from diverse national-
ities and cultures residing in Finland, but there was a significant gender imbalance, with
only one female participant. This raises the question of whether gender might influence

anxiety levels with the developed prototype, a factor that remains unexplored.
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Next, both learning and sequence effects (MacKenzie, 2013, p. 177) were observed in
the study. The three exposure levels of the VR prototype had the same features, and
they were evaluated one after the other. Participants were also given the same tasks for
each level. Noticeably, participants completed the experimental tasks rather quickly com-
pared to the first level, where they had to learn how to do the task. Additionally, task
performance degraded over the last two levels as participants skipped some steps in the

tasks once they realised the tasks could still be completed.

Additional limitations were noted in the naming convention of the exposure levels. Par-
ticipants were informed about and shown the names of the levels at the beginning of the
experiment, which may have biased their perception and self-assessment of anxiety lev-
els post-exposure. However, this assumption remains inconclusive, as only the mild-to-
moderate anxiety ratings showed an increasing trend across the levels based on fre-

quency counts, while other ratings did not follow a normal distribution.

A fifth limitation was found in the self-assessment questionnaires administered. Some
participants noted that certain questions in the IPQ measure felt similar, and for the
UEQ+, they encountered new words being non-native English speakers. Although efforts
were made to explain the unclear areas using simple analogies, and the questionnaire
instructions advised the young participants not to overthink their responses, it cannot be
determined whether participants fully grasped the explanations. Moreover, despite being
encouraged to ask for clarification, many participants did not do so, making it difficult to

assess their understanding of the questions.

The VR prototype was developed by the author who had limited technical expertise in
VR development, which resulted in shortcomings in visual design, interaction capabili-
ties, and overall performance. These shortcomings were pointed out by participants and
were already recognised before the experiments commenced but there was constrained

capacity to make significant improvements.

Finally, the involvement of the Tays Adolescents Psychiatric clinic nurses was limited in
this study. The nurses primarily participated during the development and prototyping
phases. Only one experiment session, which included a participant recruited by the
clinic’s contact person, involved a nurse and a health practitioner who assisted with lan-
guage translation and explanation. Although this session included a UEQ+ assessment
for the nurse, it was excluded from the data analysis due to insufficient data. Given that

the VR prototype was designed for exposure therapy administered by therapist nurses,



44

gaining their insights and evaluations could have been valuable. However, the therapist’s

administration setup of the VR prototype was beyond the scope of this study.
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6. CONCLUSION

A restaurant-themed 3D VR application prototype with three exposure levels, Mild, Mod-
erate, and Intense, was developed and evaluated in this thesis. The evaluation focused
on determining the extent to which the prototype could induce anxiety during exposure.
The exposure levels had differing effects on participants' subjective anxiety levels. The
Intense level had a more significant effect, evoking minimal anxiety, while the other levels
had less impact. Similarly, there was a relationship between social anxiety assessments

and post-exposure subjective anxiety ratings.

The sense of presence in the VR prototype and the overall user experience were also
studied in the thesis. For the VR experience, the study found no significant influence of
the sense of presence in the VR application on participants’ anxiety levels. Realism was
the lowest in the VR experience, while General Presence ranked highest. Notwithstand-
ing, the VR system effectively created a perception of “being somewhere else”, even with
less realness to the real world. The user experience evaluation revealed that while the
VR prototype was perceived as useful, stimulating, and intuitive, it was less visually ap-
pealing to participants. Visual aesthetics was ranked the second most important attribute

needed for the prototype after Usefulness.

The study supports existing research on the benefits of VRET for treating social anxiety
disorder. It also emphasises the importance of key design elements such as visual ap-
peal, realism, and interaction capabilities, particularly for the exposure treatment hierar-
chy, which should be prioritised when designing VRET systems for the target user
groups. The study’s outcome, the VR prototype inducing minimal anxiety during expo-
sure and the mostly positive user experience evaluations, addressed the research ques-
tion and fulfilled the study’s objectives. To the best of the author’s knowledge, this study
appears to be the first to specifically explore a solely restaurant-based virtual environ-
ment setting for exposure therapy aimed at adolescents with social anxiety. It is important

to reiterate, however, that the study participants were not clinically diagnosed with SAD.

VRET as a therapy supplement has promising prospects to empower therapists by
providing personalised treatments suited to the specific needs of their patients, enhanc-
ing the effectiveness of care and reducing dropout rates. Future research could explore
the development and evaluation of better-implemented VRET applications with higher
degrees of stimuli and multimodal interaction techniques for user-virtual character inter-

action in the VR environment.
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APPENDIX A: SELF ASSESSMENT QUESTION-

NAIRES

LIEBOWITZ- AL-AMNXIETY-SCALE-FOR-CHILDREN-

Farticipant |0

Situation

1

2

23

Talking te classmates g othars on a teleghone

Participating in wark groups in the dassrcom

Eating in frant of ethers [eg. school, cafeteria, restaurants)

Asking an adult you dont know well, e a store clerk, principal o peliceman, for
heldp (eg. for directions or o explain something that you don't understand)

Giving a verbal report or presentation in class (eg. show and tell for younger
children)

Going 1 partes, dances, or school acvites

wiriting on the chalkboard or in frong of othars

Talking with other kids you don't knaw wel

Starting a corversation with peopla you don't know well

Using school or public bathrooms

G inla & classroom or anather place (eg. chure
court) when athers are already seated

frmicdgue, caleteria, foad

Having people pay close attention to you, or being the center of attention (eg.
your own birthday party)

Asking questions in dass

Arcwerng questions in class

Reading cut loud in class

Taking a test

Saying o’ to others when they ask you to do something that you dont want @ do
{like berroe something o lock at your homewark)

Telling others that you disagrees or thal you are angry with them

Locking at people you dont know well in the eyes

Qaa-l:uu'nng gu.T.e:h.ng in astore

Playing a spoet or parfar ming in front of sther pesple [eg. gym class, dance school
recital. musical concert)
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Figure 12. Recreated online version of the Liebowitz Social Anxiety Scale for Chil-

dren and Adolescents (LSAS-CA)
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Figure 13. Subjective Units of Distress Scale (SUDS)
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Artractiveness

In my opinicn, the product is generally
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unfriendly | © | O | O | © | O | O | O | friendly

| consider the product property described by thess terms as

Completely | o | o | ol ol ol o o | Veryimportant
irrelevant
Efficiency

To achieve my goals, | consider the product as
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Figure 14. User Experience Questionnaire Plus (UEQ+, a)
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Figure 15. User Experience Questionnaire Plus (UEQ+, b)




APPENDIX B: RESEARCHER’S SEMI-STRUC-
TURED INTERVIEW

Pesen rcher's Semi-structured Interview

*  How was your overall experience with the session?

#  How was your axpariance in the VR world! systam?

+ Did you experience any technical problems while using the application andfor equipment?

o Yes/Mo---- If Yes, what was it?

+  Would you ba interested in using a similar systam at some point in the future?
o Yes/MNo---- Why?

# |sthare something you would like to say about the prototype? e.g., ideas o improve it OR s there

anything alze you would like to mention?

Figure 16. Researcher’s Semi-structured Interview Questions



