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Abstract

Background: The role of avatars within virtual reality is increasingly important. Avatars have been introduced with increasing
quality mainly due to historical technological limitations with respect to computer graphics and hardware. The VR community
may assume that with the development of higher quality and therefore more 'lifelike avatars', this implies an advance in avatar
performance, yielding ever better therapeutic outcomes in clinical applications, such as self-compassion therapy. But is that true?
If not then what can be done to optimize human-avatar interactions for therapeutic benefit?

Objective: Considering the use of avatars in VR for self-compassion therapy, we conduct a study which focuses on
improvements to user experience via avoidance of 'excessive realism' with the introduction of low-fidelity avatars, increased
individualization and enhanced embodiment.

Methods: This study has acquired the original VR environment of Halim et al.’s [1] such that work can be done to continue an
investigation into design changes and the effect on user experience and the therapeutic outcomes. This study used the User
Experience Questionnaire (UEQ), Self-Compassion Scale (SCS), and Patient Health Questionnaire depression scale (PHQ-8) to
measure experimental changes.

Results: The results show an improvement to self-compassion outcomes following introduction of greater avatar customisation,
SCS p = 0.03. An increase in user experience and therapeutic outcomes for depression was observed after introducing mirror
techniques to enhance body ownership over a personalized aesthetically low-fidelity avatar; PHQ-8 p = 0.01 and UEQ all
categories p < 0.04 with exception ‘Efficiency’ category. Also, with respect to user experience, significant improvements in
areas pertaining to feelings of dependability suggests avoidance of Uncanny Valley phenomenon.

Conclusions: Our work explores important questions to strengthen the community's knowledge of design decisions surrounding
avatars that lead to optimal therapeutic outcomes when engaging VR therapy. This paper has demonstrated the harmlessness of
low-fidelity avatars in VR therapy, reinforced the importance of individualizing aspects of virtual reality therapy and
demonstrated the importance of virtual mirrors with respect to user experience in such VR therapy applications. Clinical Trial:
This study is not RCT.
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Avatars  in  Individualized  Virtual  Reality:  The  Impact  of  Avatar
Design on Self-Compassion Therapy in VR

Abstract

Background: The role of avatars within virtual reality is increasingly important. Avatars have been
introduced with increasing quality mainly due to historical technological limitations with respect to
computer graphics and hardware. The VR community may assume that with the development of
higher quality and therefore more 'lifelike avatars', this implies an advance in avatar performance,
yielding ever better therapeutic outcomes in clinical applications, such as self-compassion therapy.
But is that true? If not then what can be done to optimize human-avatar interactions for therapeutic
benefit? 
Objective:  Considering the use of avatars in VR for self-compassion therapy, we conduct a study
which focuses on improvements to user experience via avoidance of 'excessive realism' with the
introduction of low-fidelity avatars, increased individualization and enhanced embodiment. 
Methods: This study has acquired the original VR environment of Halim et al.’s [1] such that work
can be done to continue an investigation into design changes and the effect on user experience and
the  therapeutic  outcomes.  This  study  used  the  User  Experience  Questionnaire  (UEQ),  Self-
Compassion Scale (SCS), and Patient Health Questionnaire depression scale (PHQ-8) to measure
experimental changes.
Results:  The results show an improvement to self-compassion outcomes following introduction of
greater avatar customisation, SCS p = 0.03. An increase in user experience and therapeutic outcomes
for depression was observed after introducing mirror techniques to enhance body ownership over a
personalized aesthetically low-fidelity avatar; PHQ-8 p = 0.01 and UEQ all categories p < 0.04 with
exception ‘Efficiency’ category. Also, with respect to user experience, significant improvements in
areas pertaining to feelings of dependability suggests avoidance of Uncanny Valley phenomenon.
Conclusions:  Our work explores important questions to strengthen the community's knowledge of
design decisions surrounding avatars that lead to optimal therapeutic outcomes when engaging VR
therapy.  This  paper  has  demonstrated  the  harmlessness  of  low-fidelity  avatars  in  VR  therapy,
reinforced the importance of individualizing aspects of virtual reality therapy and demonstrated the
importance of virtual mirrors with respect to user experience in such VR therapy applications.
Trial Registration: This study is not RCT.
Keywords:  Avatar  Design;  Virtual  Reality;  Self-Compassion;  Depression;  Mental  Health;
Individualised VR; User experience; Uncanny Valley 
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Figure 1. A participant viewing their customized low-fidelity avatar through a virtual mirror in the
VR Self-Compassion Therapy application.

Introduction

Virtual Reality (VR) is proving a capable tool for therapeutic interventions for depression [2, 3]. In
one application, for example, users embody avatars to both give and receive compassion - leading to
positive self-compassion outcomes. Research has enhanced outcomes further by allowing users to
personalize these experiences,  through choices of avatars and environment  features [1].  To date,
however,  the  role  of  such  factors  has  rarely  been  tested  in  a  systematic  manner,  and  as  a
consequence,  the  impact  of  different  design  decisions  on  therapeutic  outcomes  remains  poorly
understood.

In this paper, we examine the impact of avatar appearance and environmental designs which support
avatar interactions, to improve user experience and self-compassion outcomes in VR therapy. On one
hand, improving personalization of avatars has been shown to improve body ownership, agency, and
immersion [4]. These are all factors that may improve the users experience with the iVR therapy. On
the other hand, research has shown placement of virtual mirrors in VR self-counseling settings to be
beneficial for both therapy and VR conditions which support user experience [5, 6]. The ’conditions’
of interest to this study include; body ownership, agency, presence and immersion. To determine the
feasibility of design changes to optimize therapeutic outcomes we ask the following questions:
• RQ1. Will avatar and environmental design features influence participant experience?
• RQ2.  Will  avatar  and  environmental  design  features  influence  benefits  of  therapy,
operationalized here as self-rated self-compassion.

To better understand the impact of specific design changes on user experience and self-compassion
outcomes in VR therapy, we conducted three studies, exploring the impact of (1) low-fidelity avatars,
(2) customizable low-fidelity avatars, and (3) customizable, low-fidelity avatars with the presence of
a  virtual  mirror.  Our  studies  are  based  on  prior  work  [1],  where  we  varied  only  the  features
mentioned above. We recruited 104 participants in total to take part in three separate studies. To gain
initial insights into whether specific design features do influence therapeutic outcomes, only healthy
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neurotypical individuals were eligible to participate. Our results show that changes in avatar realism
have no impact on user experience or therapeutic outcomes . However,  customization of avatars
improved self-compassion, whilst placement of virtual mirrors improved depression scores and user
experience.

Taken together, our work suggest that the relentless pursuit of realism may not be necessary for VR
therapy, where leveraging simpler, low-fidelity avatars does not result in different outcomes to their
more realistic counterparts. Enhancing VR conditions through customization and the presence of a
mirror, however, does appear to have potential benefits, and it is theorized that this may be because
participants can maintain a greater self-awareness throughout their interactions.

Background

Our work explores the impact of avatar and virtual environment design choices on outcomes in self-
compassion  therapy  in  VR.  To  situate  our  work,  we  discuss  key  theories  that  support  virtual
experiences, including impact on avatar perceptions and use of virtual mirrors. We also, describe the
known benefits of individualized approaches to virtual reality and discuss prior work on compassion
in avatar interactions.

Exploration of Embodiment Conditions and Mirrors

Our study should also consider the concepts of embodiment and body ownership,  presence,  and
avatar agency to foster therapeutic potential, as seen in Falconer et al., who has previously explored
the benefits of providing immersive virtual experiences for self compassion therapy. [7]. Therefore,
this section will explore these concepts as they will be important for supporting the proposed iVR
therapy.

This study will refer to Embodiment and Body Ownership, as it is defined by Kilteni et al.  [8].
According  to  Kilteni  et  al.  historically,  the  definition  of  Embodiment  has  been  the  source  of
confusion within the VR community due to its multidisciplinary use. However, it may be described
as "the sense that emerges when [a body] properties are processed as if they were the properties of
one’s own biological body" [8]. Body ownership "refers to one’s self-attribution of a body" [8] and
can be achieved under the right conditions. These conditions include; self-location, agency and body
ownership [8]. Importantly, if these conditions become strong enough then it is possible for a user to
achieve  embodiment  of  an  avatar  that  is  dissimilar  to  the  user’s  body  in  the  real  world.  As
demonstrated by Slater et al. “The experiment had the unusual goal of attempting to generate a body
ownership illusion where the virtual body did not visually resemble the real body of the participants
and was not even the same gender.” [9]. This understanding will be useful for our study as we will
require participants to embody low-fidelity avatars.

To achieve this the researchers of this study will need to consider support of these ’conditions’.
Starting with Agency, which describes "global motor control, including the subjective experience of
action, control, intention, motor selection and the conscious experience of will" [8, 10]. Whilst the
user experiences VR a “sense of authorship of an action” [11] enables the experience of the body’s
action  in  the  virtual  world  affording  agency.  Banakou  and  Slater  also  described  agency  as  a
participant’s  experience  of  choosing actions  at  freewill  and so body ownership  comes  from the
experience of that action [11]. With respect to providing healthy embodiment, the final condition
which needs consideration is Self-Location, which according to Kilteni et al. can be enhanced via the
use of first person perspective (1PP). It’s important to note that ’self-location’ and ’presence’, though
closely related, are distinct with respect to a relationship with ’the self’; the former is concerned with
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one’s body and the later one’s environment [8]. Therefore, presence also deserves consideration.

Presence has been described as “A human reaction to immersion” [12] which leads to a “sense of
‘being  there’ in  a  virtual  environment”  [13].  Hence  immersion  and  presence  have  also  shared
historical entanglement as according to Grassini et al. "immersion is a concept connected to—but not
equivalent to—presence" [14]. Fortunately some of this ’entanglement’ has been cleared by the work
of Wirth et al. which brought perspectives from communication and psychology to infer that highly
immersive technologies (such as VR) may enable an experience of presence for a user [15].

Immersion is  described as  “The technical  capability  of  the system to deliver  a  surrounding and
convincing environment with which the participant can interact.” [16]. Therefore, in practice, this
means  that  for  a  successful  immersive  experience  the  authors  of  this  study  have  considered
appropriate  technology.  This  study has  used  the  reputable  Meta  Quest  2  head  mounted  display
(HMD) typically used for immersive gaming. Selection of an HMD is justifiable with regard to
promoting immersion as HMDs provide high-immersive multi-sensory stimuli [17].

Facilitating a VR experience which supports these introduced VR concepts will provide support for
the iVR therapy via user acceptance of the virtual environment. This has been seen in previous VR
studies, where the power of body ownership illusion has been explored by Banakou and Slater [11],
based  on  findings  by  Tajadura-Jiménez  et  al.  [18],  which  revealed  that  under  experimental  VR
conditions, adults could embody child avatars, even accepting a child’s voice as their  own. This
powerful, though unusual, finding demonstrates it is possible to create an illusion of agency over a
body even when it is markedly distinct from one’s actual body, providing important proof-of-concept
that VR body ownership can occur over virtually any avatar when conditions allow, making the use
of low-fidelity avatars feasible. Also, Slater et al. was able to demonstrate that participant positioning
of 1PP alone was sufficient to facilitate embodiment for avatars in VR [9], a welcome result for
practicality, as visuo-motor synchrony can be employed to enhance sense of body ownership in VR
effectively [19, 20] which is easily achieved by the chosen HMD.

In the interest of further enhancing embodiment, a virtual mirror [5] is a method of achieving greater
visuo-motor synchrony, allowing the user to observe their own real-time movements within the VR
environment [6] to provoke embodiment leading to increase immersion. In comparison to when only
a 1PP view is provided, this virtual mirror setting allows users to observe all parts of their embodied
avatars, including the face [5]. Furthermore, virtual mirrors can also enhance embodiment in VR
through human’s expectations about mirrors. Humans develop expectations about mirrors based on
their experiences, starting from birth [21], enabling them to associate the reflected image of a virtual
body with  their  own body,  even if  it  differs  from our  biological  body [9],  [22].  Therefore,  the
perceptual cues provided by the virtual mirror, which allow the reflected image to be recognized as a
mirror reflection [21], can also contribute to the embodied process. This includes mirror symmetry
between the reflected image and user’s position and movements, and physical appearance similar to
real-world mirrors.

Individualized Virtual Reality

The previous subsection describes the conditions necessary to support a VR experience with respect
to  embodiment  via;  body ownership,  agency,  presence and immersion.  However,  there are more
ways to  support  a virtual  experience.  Research supports  the use of  individualized virtual  reality
(iVR) as a means of improving user experience [1, 3]. iVR includes the customization of avatars,
which has benefits for users with respect to identity [23]. In this paper ’customization of avatars’
refers to allowing a user to modify an avatar’s appearance (face, body, and clothing) to look like
themselves.  Use  of  customization  has  been  credited  for  improvements  in  other  projects  where
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customization on avatars was permitted [24–26], but also customization and other aspects of the
virtual  experience,  such  as  game  difficulty  [27,  28],  audio  [29],  and  objects  from  virtual
environments [30]. Essentially, these papers are describing the benefit of ‘individualization’ which
can be applied to many aspects of the virtual experience.

iVR, as explored by Halim et al. and Baghaei et al.  provided preliminary evidence that enabling
individualization of the VR experience allows for improvements to user experience and therapeutic
outcomes [1, 3]. With respect to avatars, Freeman et al.  suggested that users perceive avatars as
extensions of themselves in VR, leading to a preference for customized avatars similar to themselves
to achieve a "stronger sense of presence, embodiment, and attachment" [31]. Also, Waltemate et al.
demonstrated the importance of individualization as their study allows participants to adjust a low-
fidelity avatar to look as ‘similar’ to themselves as possible by modifying features such as; clothing,
skin color,  gender,  and figure.  For  a  healthy population,  use of  this  approach led to  significant
improvements for avatar embodiment [4]. 

In summary, it remains to be established whether the iVR-related benefits identified by Halim et al.
also emerge after systematic adjustments to avatar appearance, avatar customization and stronger
embodiment via the introduction of a virtual mirrors. This is an important issue to address, since it
speaks to how specific design features might influence user experience and therapeutic outcomes.
However, the efficacy of iVR in treating depression remains poorly understood.
The  next  section  discussed  what  is  currently  known  about  human-avatar  interaction  and  self-
compassion for treatment of depression.

Compassion & Human-Avatar Interactions

Self-compassion is the ability to “soothe oneself with kindness and non-judgmental understandings
in  times of  difficulty”  [32]  Self-compassion  therapy (CFT) is  an  intervention designed to assist
individuals in developing self-compassion as a skill  to combat depression [33] but also a useful
predictor of depression [34].

For VR depression therapies Falconer et al.  has already gone a long way towards advancing VR
therapy interventions  in  the form of  a  CFT [2,  7].  Without  VR, this  therapy is  performed with
human-to-human interaction but in VR application the intervention is facilitated with non-human
avatar characters, for example [1]. However, contemporary studies into forms of VR therapy tend to
favor high quality avatars as agents as seen in [35, 36]. The use of such avatars with ’excessive
realism’  risks  undermining  the  therapeutic  benefits  for  some  clinical  populations  by  adding
unnecessary cognitive load [37, 38].

Depression is a debilitating disorder which, even in remission, can lead to "moderate impairments in
the domains of executive functioning and attention" [39]. People living with depression therefore
have reduced working memory capacity [40, 41]. CFT is a learning activity and like VR applications
for learning outcomes they tend to be created detailed and realistic [42] to assist immersion.

This  added  immersion  increases  cognitive  load  [43],  which  risks  diminishing  the  learning
experience,  even in  the  healthy  population.  Researchers  in  the  field  of  VR learning discuss  the
importance of considering reductions to cognitive load where possible in line with "The Cognitive
Theory of Multimedia Learning" [44] which is predicated on natural limitations in working memory
capacity [45]. Designers of virtual experiences should therefore consider these risks prior to selection
of virtual assets and reduce cognitive load where possible. This is why in our study we elected to trial
the use of low-fidelity avatars, as reduction of avatar realism should reduce cognitive load.
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“VR has extraordinary potential to help people overcome mental health problems if high levels of
presence are achieved for situations that trouble them.” Freeman et al. [46]. But for iVR “The gaps in
meaningful  applications  to mental  health  are  extensive” [46].  In  addition to reducing ’excessive
realism’, this study will explore enhanced avatar customization and enhanced embodiment via virtual
mirror  placement  to  improve  user  experience  in  the  context  of  self-compassion  therapy.  By
introducing features that should theoretically promote a better user experience, it was hoped that this
might  lead  to  further  benefits  for  participants  engaging  in  iVR  self-compassion  therapy,  and
specifically, even greater self-compassion.

Methods

We replicate and extend the study by Halim et al. on individualized self-compassion therapy in VR
[1]. Halim et al.’s study included an on-boarding lobby for avatar selection, scene selection, and
companion selection. There were six avatars to choose from, three available environments, and two
companion avatars with two behaviors; crying or upset. The virtual therapy consisted of two stages:
Stage 1 involved delivery of compassion to an upset/crying avatar and stage 2 involved receiving of
compassion.

Three studies were conducted to examine the impact of avatar design decisions on User experience
(UX)  and  self-compassion  outcomes.  Study  features  that  were  manipulated  were:  (i)  avatar
appearance (Study 1),  (ii)  avatar  personalization (Study 2),  and (iii)  inclusion of  virtual  mirrors
(Study 3). These studies collectively built upon and meaningfully extend Halim et al.’s work [1]. and
uses a between-subject study design for comparisons to Study 1 between each iteration. We obtained
the  original  Unity  project  files  [1]  and  made  edits  to  include  low-fidelity  avatars,  avatar
customization and virtual mirrors.

Recruitment

Participants for all three studies were recruited via the community through posters, social media, and
word-of-mouth,  with most being students at  The University of Queensland (UQ). To be eligible,
participants  needed to  be at  least  18 years  old  and capable  of  using VR. Ethical  approval  was
obtained from The University of Queensland Human Research Ethics Committee, and all participants
provided informed consent prior to participation.

Measures

Since  our  VR  application  is  intended  for  self-compassion  therapy,  studies  were  compared  via
participants’ responses on the Self-Compassion Scale (SCS) [47] and Patient Health Questionnaire
depression scale (PHQ-8) [48]. SCCS evaluates users’ responses in various scenarios on a 7-point
Likert  Scale,  assessing  both  self-compassion  and  self-criticism  levels,  and  providing  a
comprehensive measurement for this research. The PHQ-8 is an eight-item self-report measure of
depression that asks participants how many days in the past 2 week time-frame that they experienced
specific depressive symptoms. Higher scores indicate greater depression, with scores greater than or
equal to 10 indicative of current depression.

UX data were also collected, through the User Experience Questionnaire (UEQ) [49]. UEQ provides
results from averaged 7-point Likert scale scores and benchmarks these scores against normative
data  across:  Attractiveness,  Perspicuity,  Efficiency,  Dependability,  Stimulation  and  Novelty.  As
discussed previously, a users’ sense of presence has a relationship with support of embodiment. Here,
presence was measured as a part of the UX analysis in study 3, using the presence questionnaire
developed  by  Slater,  Usoh,  and  Steed  (SUS)  [13,  50],  which  includes  a  7-point  scale  with  6
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questions. SUS was chosen over a more direct measurements for embodiment because this type of
questionnaire is more appropriate for detection of the virtual mirror stimuli as it pertains more to user
experiences in a virtual environment. 

In  addition  to  collecting  data  for  the  above  surveys/questionnaires,  we  included  an  additional
questionnaire  to  collect  qualitative  feedback.  To  elicit  responses  related  to  virtual  experience,
dislikes, and impacts of avatars encounters, the questionnaire asked the following:

● What were the top three things that you liked about individualized VR?
● How do you think the next version can be improved?
● (Only in study 1 and 2) How do you feel about your experience with the avatars?
● (Only in study 3) How do you feel about your experience with the mirror? What aspects of

the mirror did you like or dislike?

Studies 1 and 2 included avatar questions but did not include mirror questions as a mirror had not yet
been introduced. Results of the questionnaires were analyzed using Thematic analysis [51].
Study 1 consisted of one experimental session, where Study 2 and Study 3 included 2 experimental
sessions where the following assessments occurred:

Study 1, 2 and 3. Session 1:
1. Baseline SCS Assessment prior to iVR Exposure
2. For Session 2 & 3 only, Baseline PHQ-8 Assessment prior to iVR Exposure
3. iVR Exposure
4. Post Exposure UEQ Assessment
5. Post Exposure SCS Assessment
6. Post Exposure Qualitative questionnaire 

Study 2 & 3. Session 2:
1. iVR Exposure
2. Post Exposure UEQ Assessment
3. Post Exposure SCS Assessment
4. Post Exposure PHQ-8 Assessment
5. Post Exposure SUS Assessment (for Study 3 only)
6. Post Exposure Qualitative questionnaire

Given the unknown consequences of using low-fidelity avatars, Study 1 was included as a pilot study
to test feasibility, the following studies included to accommodate a 2 week interval between VR
therapy exposures due to a condition of the PHQ-8 [48].

Procedure

iVR Experience: On-boarding the participant

Prior to engaging with the virtual environment, participants follow a sequence of menus through
which they can individualize the experience. This process includes selecting an avatar, selecting a
therapeutic environment (Figure 2), and selecting a companion Non-Player Character (NPC).

During the avatar  personalization,  participants  are  encouraged to produce a  character  that  looks
similar  to  themselves  (within  the  scope  of  the  tool).  When  the  participant  is  in  the  therapy
environment, they can observe their surroundings by looking around, however, they are unable to
move from their fixed position. This is a deliberate design choice to keep the participant focusing on
the task of comforting the avatar and allows the participant to believe they are in a large space.
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iVR Experience Stage 1 

Giving Compassion. Once the iVR therapy launches the participant begins the experience in their
chosen environment.  In  that  environment  the  participant  was joined by their  chosen companion
which then acted out the mode selected in the on-boarding stage (crying or upset). To the immediate
left  of the participant,  in their  periphery,  there is an instruction panel that guides the participant
through three compassion delivery methods: ‘validation’, ‘redirection of attention’, and ‘memory
activation’. Each method was attempted in this stage, Stage 1. These three strategies of compassion
delivery are known as the ‘three-stage approach’ for emotional situations [2], and they are defined as:

● "Validation: The aim of this stage is to acknowledge that the other person is upset that you do
not judge them for this, and that it is perfectly acceptable for them to react in this way.

● Redirection  of  Attention:  The  aim  of  this  stage  is  to  direct  the  other  person’s  attention
towards something that is more positive, soothing, and comforting.

● Memory Activation: The aim of this stage is to suggest that the person could try to recall a
memory of a person who loves or is kind to them. This memory is supposed to instill more
positive feelings of warmth, comfort, and safety.” [2].

The participant is expected to navigate through the scene as guided by the instructional panels. After
attempting each strategy of compassion delivery, the participant then enters stage 2.

Figure 2. Individualization of virtual therapy via selection of preferred therapeutic environment.

iVR Experience Stage 2: Receiving Compassion

For the participant this final stage holds the potential for a meaningful therapeutic experience and
forms the primary purpose of the iVR application. The participant enters the same environment as
selected  earlier  but  this  time from a  different  perspective.  The NPC from Stage  1 is  no longer
present,  instead  the  participant  is  in  the  NPC’s  place,  viewing  their  own  character.  From  this
perspective the participant then listens to the sound of their own voice as recorded in the previous
stage.  This  voice  will  also  be  mimed  by ‘their’ avatar.  This  exposes  the  participant  to  hearing
themselves give compassion, which is a key feature of the therapy. This feature of the study aligns
efforts of past VR compassion based therapy interventions [1, 7]. When the scene completes the
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participant  can  exit  and will  reappear  in  the  on-boarding scene,  thus  completing  the  session.  A
second session1 is then scheduled for each participant which is expected to occur approximately two
weeks later.

Analyses

The present series of studies focused on two key comparisons: the internal comparison within each
study itself (whether there were significant changes in levels of self-compassion, depression, and
Usability after completion of the 2 sessions relative to baseline levels), and the comparison between
the three studies with different conditions introduced (whether there were significant differences in
levels of self-compassion, depression, and Usability across the studies at the time of completion).

All analyses were first checked for the normality of the data to be compared using the Shapiro-Wilk
normality test. If the data were determined to be normal, they were further tested for significance
using two-tailed t-test; and if the normality distribution was violated, data was examined using the
Mann-Whitney  U-test.  For  all  analyses,  the  null  hypothesis  was  that  there  were  no  significant
differences between the data being compared.

Results

Study 1: Examining the Effects of low-fidelity Avatars

Figure 3. Low-fidelity (left) versus humanoid (right) avatar appearance.

A total of 20 participants completed Session 1, Session 1 had 12 self-identified Females, 6 self-
identified Males, and 2 undisclosed. To explore RQ1 and RQ2; this study replaced all avatars from
[1] with low-fidelity avatars purchased from SunBox Games [52]. The low-fidelity avatars were
chosen because they would introduce less cognitive load given the reduced avatar realism of the
avatar features, as can be seen in  Figure 3. In this study, a selection of avatars will be offered for
approximate resemblance of the participant, see Figure 4. The purpose of this study is a preliminary
check that UX will not be severely impacted by the introduction of the chosen avatars, but also to
establish preliminary data for further comparisons.

1 Only Study 2 and 3 have 2 sessions.
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Figure 4. Regressed customization of low-fidelity Avatar, i.e. limited choices for user.
Session 1 of Study 1 had 9 Females and 11 Males, hence a total of 20 participants. The participants
were recruited from our institution.

Impact of low-fidelity Avatars on UEQ 

At the time of study 1 analysis, the UEQ comprised of a data set containing 21175 people from 468
studies evaluating technology such as software, websites, and social networks to give researchers
measurable quality  for new technology compared to known products [49].  As can be seen from
Figure 5. UEQ increased in ‘Perspicuity’ by a category from their original positions in Halim et al.
[1]. From this study, it appears that the use of low-fidelity avatars does not meaningfully negatively
impact user experience as all categories are at least ’above average’. Therefore, with respect to RQ1,
there is support for the use of low-fidelity avatars.

Impact of low-fidelity Avatars on SCS

This study has produced a mean score of approximately 3, as seen in Table 1. It’s important to note
that "There has not been norms established for what constitutes low, medium, or high levels of self-
compassion" [53], However according to Neff & Toth-Kiraly a score less than or equal to 2.4 may be
considered low. A score between 2.4 and 3.6 is average, and a score greater or equal to 3.6 is high
[53]. Hence the respondents of study 1 appear to have ’average’ amounts for self-compassion at the
completion of one VR therapy exposure.
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Figure 5. UEQ Study 1. Introduction of low-fidelity avatars.

Study 1: Summary Statistics

Table 1. Summary Statistics for Study 1 (Session 1 n = 20)
UEQ Scale Mean (SD)

SCS
3.11 (1.14)

UEQ
Attractiveness 1.51 (0.97)
Perspicuity 1.91 (1.33)
Efficiency 1.32 (1.11)
Dependability 1.17 (0.86)
Stimulation 1.26 (1.13)
Novelty 1.33 (0.97)

Study 2: low-fidelity Avatar Customization

A total of 49 participants completed Session 1, with 42 of these returning to complete Session 2.
Session 1 had 22 Female, 22 Male and undisclosed 5 and Session 2 had 18, Female, 21 Male and 3
undisclosed. Study 1 results suggests that UX has not been impacted by the introduction of cartoon
avatars, therefore it is safe to retain the low-fidelity avatars. In Study 2, the researchers will use iVR
theory  by enhancing avatar  customization  features.  The feedback from participants  included the
comment that  "options  for avatar  styles could have more variations (e.g.  hairstyle,  colors,  dress
types)". Study 2 therefore included greater personalization of the participants low-fidelity avatar to
help participants achieve greater embodiment (Figure 6). This change occurred in the on-boarding
phase.  Study  2  was  therefore  identical  to  Study  1  except  that  it  included  enhanced  avatar
customization and a second iVR exposure, session 2, 2 weeks after Session 1.
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Figure 6. Enhanced customization of low-fidelity avatar

Impact  of  Avatar  Customization  on  UEQ:  Study  1  &  Benchmark
comparison

At the time of analysis for Study 2, the same UEQ tool was used as there had been no updates since
Study 1. As can be seen in Figure 5 in comparison to Study 1, UEQ decreased in ‘Perspicuity’,
‘Dependability’ and ‘Novelty’ by  one  category  with  only  dependency dropping ‘below average’
against the benchmark. Results of significance tests are reported in the ’cross study comparison’
section of this paper, and reveals the UX comparisons were not significant, hence with respect to
RQ1, the introduction of avatar customization has not impacted UX.

Figure 7. UEQ Study 2. Introduction of avatar customization

Impact of Avatar Customization on SCS: Internal Comparison

With respect to SCS scores, for RQ2 the researchers assume the null hypothesis 𝐻0 : 𝑆2𝐵 = 𝑆 22𝑆

Where the SCS results of Study 2 Baseline is 𝑆2𝐵 and SCS results of Study 2
Session 2 is 𝑆 22𝑆 . Then the alternative is 𝐻1 : 𝑆  2𝐵 ≠ 𝑆 22𝑆 , there is a significant difference between
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the two studies. A test for normality using the Shapiro-Wilk normality test via RStudio statistical
software determined that the data sets are normal, hence t-tests is appropriate.
A two-tailed independent t-test between was used to compare SCS results from Study 1 and Study 2.
As seen in  Table 2,  the  null  hypothesis  was retained,  with  introduction  of  avatar  customization
producing no difference between the two studies. Since the introduction of low-fidelity avatars and
avatar  customization  has  had  no  impact  on  therapeutic  results,  this  result  validates  further
investigation into Study 3.

Impact of Avatar Customization on PHQ-8: Internal Comparison

With respect to PHQ-8 scores, for RQ2 the researchers assume the null hypothesis 𝐻0 : 2 𝑆 𝐵 = 𝑆 22𝑆

Where the PHQ-8 results of Study 2 Baseline is 𝑆2𝐵 and PHQ-8
results of Study 2 Session 2 is 𝑆 22𝑆 . Then the alternative is 𝐻1 : 𝑆2𝐵 ≠ 𝑆 22𝑆 , there is a significant
difference between the Baseline and final intervention (session 2).
A  test  for  normality  using  the  Shapiro-Wilk  normality  test  via  RStudio  statistical  software
determined  that  the  data  sets  are  not  normal.  Hence,  a  Mann-Whitney  U-test  between  two
independent groups was used to test whether there were significant differences between the PHQ-8
results of Study 2 Baseline and Session 2 results. As can be seen in Table 2, no significant difference
was identified. Since introduction of low-fidelity avatars and avatar customization has had no impact
on therapeutic results, this result validates further investigation into Study 3.

Study 2: Summary Statistics.

Table 2. Summary Statistics & Internal Comparisons for Study 2 (Session 1 n=49, Session 2 n=41)
UEQ Scale Mean (SD)

UEQ   
Attractiveness 1.31 (0.85)   
Perspicuity 1.65 (0.96)   
Efficiency 1.19 (0.79)   
Dependability 1.07 (0.81)   
Stimulation 1.18 (0.96)   
Novelty 0.85 (1.01)   

Mean (SD) t test P value
SCS

Baseline 3.05 (0.98)   
Session 2 3.55 (1.16)   
Comparison   t89 = 2.219 .03

Mean Rank Mann-Whitney U z P  value  (2-
tailed)

PHQ-8
Baseline 46.16    
Session 2 44.71    
Comparison  U = 972 0.26 .79

Study 3: Introduction of Mirrors

A total of 38 participants completed Session 1, with 35 of these returning to complete Session 2.
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Session 1 had 20 Females and 18 Males, Session 2 had 16 Females, and 19 Males. Study 3 included
virtual mirrors because these should theoretically strengthen participant’s attachment to their avatar
via strengthened embodiment over the low-fidelity avatar, which may lead to better outcomes.

Figure 8. Mirror positioned for the participant (blue shirt) can see themselves interact with the upset
low-fidelity avatar (red dress).

Virtual mirrors were placed on the right side of the two characters, as this position does not interfere
with the participant’s main task, i.e., comforting the crying companion avatar. From their vantage
point, the participant is also able to observe the real-time reflected as they interact in Stage 1 (Figure
8). As discussed earlier, this was theorized to improve embodiment for the participant.

Impact of Virtual Mirrors on UEQ: Study 2 & Benchmark comparison

At the time of analysis for Study 3, there had been no updates to the UEQ tool since Study 2. As can
be seen from Figure 7 and Figure 9, UEQ increased by at least one category in ‘Attractiveness’,
‘Perspicuity’, ‘Dependability’ and, ‘Stimulation’ in comparison to Study 2. Three of the six scales
achieved ’Excellent’ against the benchmark.

As noted previously, mirrors have been shown in other studies to be of benefit [2], [6], [5], and [21].
For user experience, a comparison between Studies 0 and 3 shows a clear improvement across four
of the six scales. Therefore Study 3 suggests that with respect to RQ1, UX can be improved by
including subtle virtual mirror placement. As noted, with respect to mechanisms, this is thought to be
because  mirrors  should  support  greater  embodiment  and body ownership  in  this  context  of  VR
therapy.
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Figure 9. UEQ Study 3. Introduction of virtual mirrors.

Impact of Virtual Mirrors on SCS: Internal Comparison

Next, comparisons were made between Baseline and Session 2 of Study 3 following two exposures
to the iVR treatment. After removing 5 outlying data points, a test for normality using the Shapiro-
Wilk normality test via RStudio statistical software revealed the data sets are normal, hence analyses
using t-tests is appropriate. 𝐻0 : 𝑆  3𝐵 = 𝑆 23𝑆  Where the SCS results of Baseline is  𝑆3𝐵 and SCS
results of Session 2 are 𝑆
. Then the alternative is 1 :  ≠ 2, where there is a significant difference between the two 𝐻  𝑆3𝐵  𝑆3𝑆
studies.

A two-tailed independent t-test comparison between two means was performed to compare the SCS
results of Study 2 and Study 3. As seen in Table 3 this comparison revealed no significant difference,
indicating that,  with respect  to  RQ3,  the introduction of  virtual  mirrors has not  influenced SCS
outcomes.

Impact of Virtual Mirrors on PHQ-8: Internal Comparison.

With respect to PHQ-8 scores, for RQ2 the null hypothesis being tested is again of no difference 𝐻0 :
𝑆3𝐵

 = 𝑆 23𝑆  Where the PHQ-8 results  of Study 3 Baseline is  𝑆  3𝐵 and PHQ-8 results  of Study 3
Session 2 is 𝑆 23𝑆 . The alternative hypothesis, 𝐻1 : 𝑆3𝐵 ≠ 𝑆 23𝑆  is simply that there is a significant
difference between the Baseline and final intervention (session 2).

A test for normality using the Shapiro-Wilk normality test via RStudio statistical software revealed
the data sets are not normal, so a Mann-Whitney U-test was used to compare the PHQ-8 results of
Study 3 Baseline and Study 3 Session 2. As can be seen in Table 3, the data fails to support the null
hypothesis, as the introduction of virtual mirrors led to a difference between the two groups, such
that pHQ-8 scores are lower following the introduction of mirrors.

Virtual Mirrors: Slater-Usoh-Steed Questionnaire

 As  can  be  seen  in  Table  3  the  mean  SUS score  for  Study  3  was  4.67.  Because  SUS has  no
‘benchmark’ for a mean score comparison, often SUS scores are compared internally over multiple
studies. Since Usoh et al. intended to support the validity of their questionnaire by showing that their
virtual presence questionnaire results did not surpass scores produced by a real experience, here we
can use Usoh et al.’s "reality test" [50] to explore our SUS results. Hence, ideally the results of this
study should not meaningfully surpass mean ‘reality’ scores, but perform better the mean ’virtual’
scores of Usoh et al.

Table 3 presents comparisons between the SUS Mean of this study and the Usoh et al. ‘SUS Means’;
‘SUS Virtual’ and ’SUS Real’. Normal distribution of data is assumed given Usoh et al’s presentation
of results, hence p-value testing via t-tests is used in this case. To formally test SUS results, the
researchers assume the null hypothesis 𝐻0 : 𝑆 3𝑆𝑈𝑆  = 𝑆𝑆𝑈𝑆𝑅 Where the SUS Mean of Study 3 is 𝑆 3𝑆𝑈𝑆
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and  ’SUS Real’ Mean is  𝑆𝑆𝑈𝑆𝑅.  Then the  alternative  is  𝐻1 :  𝑆 3𝑆𝑈𝑆  ≠  𝑆𝑆𝑈𝑆𝑅,  where  there  is  a
significant difference between the two studies.

A two-tailed independent t-test  was used to compare Study 3 SUS Mean and Usoh et  al.  ‘SUS
Virtual’ Mean. As seen in Table 3 this comparison failed to reject the null hypothesis, and therefore
the SUS Mean results of this study have been validated as they do not differ from the reality scores
reported by Usoh et al.

For RQ1 the researchers assume the null hypothesis 𝐻0 : 𝑆 3𝑆𝑈𝑆  = 𝑆𝑆𝑈𝑆𝑉 Where the SUS Mean of
Study  3  is  𝑆 3𝑆𝑈𝑆  and  ’SUS  Virtual’  Mean  is  𝑆𝑆𝑈𝑆𝑉 .  Then  the  alternative  is  𝐻1 :  𝑆 3𝑆𝑈𝑆

≠ 𝑆𝑆𝑈𝑆𝑉 ,where there is a significant difference between the two studies. A two-tailed independent t-
test was used to compare Study 3 SUS Mean and Usoh et al. ‘SUS Virtual’ Mean. As seen in Table 3
this  comparison  yields  an  insignificant  result.  The  null  hypothesis  cannot  be  rejected,  this
comparison again failed to reject the null hypothesis, meaning that the presence of a virtual mirror
does not influence SUS scores.

Study 3: Summary Statistics

Table 3. Summary Statistics & Internal Comparisons for Study 3 (Session 1 n = 35, Session 2 n = 35)
UEQ Scale Mean (SD)

UEQ Scale   
Attractiveness 1.88 (0.92)   
Perspicuity 2.22 (0.65)   
Efficiency 1.42 (1.04)   
Dependability 1.76 (0.75)   
Stimulation 1.65 (1.02)   
Novelty 0.87 (1.04)   

Mean (SD) t test P value
SCS

Baseline 3.88 (1.33)   
Session 2 4.09 (1.05)   
Comparison   t63 = 0.71 .47

Mean Rank Mann-Whitney U z P  value  (2-
tailed)

PHQ-8
Baseline 44.93    
Session 2 32.07    
Comparison  U = 477.5 2.53 .01

Mean (SD) t-test P value
SUS

Slater-Usho-Steed
’Virtual’

3.8 (1.3)   

Virtual  Mirror
Intervention

4.56 (1.58)   

Comparison   t46 = 1.57 .12
Slater-Usho-Steed
’Real’

4.4 (1.5)   
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Virtual  Mirror
Intervention

4.56 (1.58)   

Comparison   t46 = 0.30 .77
Question Analysis Mean (SD) t-test P value

SUS
Question
Breakdown

Slater-Usho-Steed
’Virtual’ Q2

3.6 (1.3)   

Virtual  Mirror
Intervention Q2

4.63 (1.48)   

Comparison   t46 = 2.16 .04
Slater-Usho-Steed
’Virtual’ Q3

2.6 (1.6)   

Virtual  Mirror
Intervention Q3

4.66 (1.56)   

Comparison   t46 = 3.64 < .01

Cross Study Quantitative Comparisons

Significance of User Experience: UEQ

Given  the  UEQ  data,  a  test  for  normality  using  the  Shapiro-Wilk  normality  test  via  RStudio
statistical software determined that most data sets are not of the normal distribution. Hence, a Mann-
Whitney U-test was used to compare the UEQ results displayed in Table 4.

Table 4. Cross Study Comparison: UEQ (Study 1 n = 18, Study 2 n = 47, Study 3 = 34).
Mean Rank Mann-Whitney U z P  value  (2-

tailed)

UEQ Study 1 Vs Study
2:  Significance  of
Avatar Customization
Attractiveness

Study 1 37.69    

Study 2 31.20    

Attractiveness
Comparison

 U = 338.5 1.24 .21

Perspicuity

Study 1 39.14    

Study 2 30.65    

Perspicuity
Comparison

 U = 312.5 1.63 .10

Efficiency

Study 1 37.33    
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Study 2 31.34    

Efficiency
Comparison

 U = 345.0 1.15 .25

Dependability

Study 1 38.00    

Study 2 31.90    

Dependability
Comparison

 U = 333.0 1.33 .18

Stimulation

Study 1 34.86    

Study 2 32.29    

Stimulation
Comparison

 U = 389.50 0.49 .62

Novelty

Study 1 39.36    

Study 2 30.56    

Novelty
Comparison

 U = 308.50 1.69 .09

Mean Rank Mann-Whitney U z P  value  (2-
tailed)

UEQ Study 2 Vs Study
3:  Significance  of
Virtual Mirrors
Attractiveness

Study 2 34.70    

Study 3 49.71    

Attractiveness
Comparison

 U = 1095.00 2.84 .01

Perspicuity

Study 2 34.98    

Study 3 49.32    

Perspicuity
Comparison

 U = 1082.00 2.72 .01

Efficiency

Study 2 37.88    

Study 3 45.31    
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Efficiency
Comparison

 U = 945.50 1.41 .16

Dependability

Study 2 32.89    

Study 3 52.21    

Dependability
Comparison

 U = 1180.00 3.66 < .001

Stimulation

Study 2 36.33    

Study 3 47.46    

Stimulation
Comparison

 U = 1018.50 2.11 .04

Novelty

Study 2 41.28    

Study 3 40.62
Novelty
Comparison

U = 786.00 0.13 .90

Significance  of  low-fidelity  Avatars  on  Self-Compassion:  SCS
Comparison to Halim et al. 

In Study 1, comparisons are made using session 1 data, i.e. data taken after only one exposure to iVR
treatment. For RQ2 the researchers assume the null hypothesis 𝐻0: 𝑆0 = 𝑆1 Where the SCS results of
Halim et al. [1] is 𝑆0 and SCS results of Study 1 is 𝑆1. Then the alternative is 𝐻1 : 𝑆0 ≠ 𝑆1, where
there  is  a  difference  between studies.  A two-tailed  independent  t-test  was  performed to  used  to
compare the SCS results from Halim et al. [1] and Study 1. As seen in Table 5, this test revealed no
significant difference. With respect to RQ2, low-fidelity avatars do not have a measurable impact on
the SCS.

Table 5. Cross Study Comparison: SCS (Study 0 n = 35, Study 1 n = 20)
Mean (SD) t test P value

SCS Study 0 Vs Study 1: Significance
of low-fidelity Avatars

Study 0 3.07 (0.73)   
Study 1 3.11 (1.14)   
Session  1
Comparison

 t53 = 0.14 .89

Cross Study Qualitative Results & Comparisons
This study reports both deductive and inductive thematic analysis and then combined codes to form
themes that might provide insights into user experience between each study. Below there are two
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short lists of codes and corresponding excerpts derived from responses to the survey questions. The
deductive analysis is using the items from the Schrepp et al. paper [49] as a framework for code
referencing. Each of the item pairs form a scale map to an overarching aspect of user experience,
hence use as a framework to analyze the data will produce relevant insights. The scales have been
organized into the list  below. Note that  the UEQ has 6 scales,  but  this  list  only includes scales
relevant to changes observed in the data:

•   Attractiveness  Codes:  annoying,  enjoyable,  good,  bad,  unlikable,  pleasing,  unpleasant,
pleasant, attractive, unattractive, friendly, unfriendly.

•   Perspicuity  Codes:  not  understandable,  understandable,  easy  to  learn,  difficult  to  learn,
complicated, easy, clear, confusing.

•  Dependability Codes: unpredictable, predictable, obstructive, supportive, secure, not secure,
meets expectations, does not meet expectations.

•   Stimulation  Codes:  valuable,  inferior,  boring,  exciting,  not  interesting,  interesting,
motivating, demotivating.

•   Novelty Codes: creative,  dull,  inventive,  conventional,  usual,  leading edge,  conservative,
innovative.

Themes have been identified from the codes above to be used in a deductive thematic analysis. The
themes, codes, and corresponding excerpts may provide insight as to why differences on the UEQ
scales occurred. First, a comparison of feedback from Study 1 and Study 2 is expected to reveal the
impact of low-fidelity avatars and personalization. Using UEQ as a framework will give insights
related to the results which may explain observed changes to the questionnaire:

Table 6. Deductive Analysis: A Cross-Study Performance
Theme Code Study Excerpts

Attractiveness
Engagement Enjoyable 2 & 3 "I can design my own

character,  very  cool",
"the  whole  process.  I
quite like it,  and quite
creative."  and  "good
experience, it’s my first
time to use VR".

Perspicuity
Intuitive Easy All "Simple and easy to go

through"  and  "easy  to
follow instructions"

    Easy to learn All "easy  to  learn"  and
"The  prompts  to  help
you  when  trying  to
calm  the  person
down."

  Experience and
Reflection

Easy to learn 2 "allowed me to explore
different  ways  that  I
could use to phrase my
words  in  those
situations"

    Understandable 2 & 3 "The experience taught
me  that  reassurance
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and  not  talking  about
myself" and "each Step
is easy to understand"

  Context Difficult to learn 1 "Add  some  extra
contexts  pertinent  to
the user" and "Perhaps
there  could  be  a
backstory as to why the
avatar is upset".

    Confusing All "Perhaps  there  could
be  a  backstory  as  to
why  the  avatar  is
upset"  and  "hard  to
provide  compassion
when  I  didn’t  know
what  they  were  so
upset a"

Dependability
Expectations of
Application

Meets
Expectations

All "choice of environment
and avatar and realistic
crying"  and  "It  was
realistic".

  Accuracy Not  Meeting
Expectations

1 & 2 "I  think  the  degree  of
personalisation  can  be
improved  on",  "[more
avatar]  emotions",  and
"it  would  be  nice  for
the  avatar  to  react  to
our dialogue"

  Uncanny
Valley

Secure 2 "they’re all cute"

  Therapy
Expectations

Meets
Expectations

3 "I think this can make
me feel relaxed" and
"[I]  become  more
happy"

  Virtual
Environment

Not  Meeting
Expectations

3 "[scenes]  work  in  a
stylised context, but in
a  [natural]
environment,  like  the
park,  the  immersion
breaks".

Stimulation
Learning
Experience

Valuable 3 "I  see  myself,  I
comfort  myself,  it
really  makes  [feel]
release", "I want to sit
on  the  chair  to  talk
with  someone",  and
"the  scenario  is  very
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good"
  Avatar

Customisation
Interesting 3 "Personal[ising]  your

character  [is]  very
interesting"

Novelty
Customisation Creative 2 & 3 "the  experience

allowed for continuous
creation  and  novel
experiences  through
variations",  "create
your  own  avatar  to
look  like  you,  with
there being a multitude
of options" and "I liked
the  ability  to  create  a
character  that  could
seem like myself"

  New
Experience

Innovative All "It  was  new
experience"  and  "each
scenario  I  engaged  in
was  unique  and  it  did
slightly  alter  my
interactions"

To summaries the findings in Table 4., Study 3 has outperformed on the ‘Attractiveness’ scale of the
UEQ in comparison to all other studies. This could be attributed to such participant experiences
pertaining to enjoyment of creating avatar characters. Study 2 saw the introduction of greater avatar
penalization and it continues to get praise from the participants in Study 3. Excerpts such as; "They
[scenes] work in a stylized context, but in a more real environment...the immersion breaks", provide
insight  about  immersion.  As  noted  previously,  because  the  mirrors  introduced  in  Study  3  are
theorized to enhance immersion, it seems likely this may have then enhanced user experience.

For the ‘Perspicuity’ scale, Study 3 outperformed all other studies and received positive feedback
from the participants, as participants expressed benefits in the form of a learning experience and
understandability.  Although,  all  studies  suffered due to  a  lack of  ’context’,  which overall,  could
explain study 1 & 2’s underperformance on the ‘Perspicuity’ scale in comparison to the other studies.
The theme ‘context’ arose as participants spoke of difficulty engaging in the scenarios provided as
there was no briefing about why the avatars were upset, this made it difficult for some participants to
play their roles.

The visual aesthetic of a low-fidelity avatar, if it was to cause concern for a participant and trigger
the  Uncanny  Valley  [54]  would  likely  appear  in  the  ‘Dependability’ scale,  since  dependability
captures participant experience pertaining to unpredictability and insecurity. Yet participants were
not deterred by the appearance of the avatar, some even finding them "cute". The theme ‘meeting
expectations’ incurred comments such as; "I think this can make me feel relaxed" and "[I] become
more happy". These statements imply that the participants must have been supported well enough by
the system to inherit the therapeutic benefits.

Study 3 performed the most with respect to ‘Stimulation’ scale. That study included personalization
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but with the introduction of a mirror. Since the introduction of personalization for avatars there was
interest  peeked during the on-boarding and in the final scene.  However,  allowing participants to
witness themselves embodied in their chosen avatar during the act of compassion delivery (in step 2)
has brought benefits to the user experience.

With respect to novelty, all Studies received feedback which suggested that the iVR was "innovative,
and  unique".  The  impact  of  the  introduction  of  personalization,  which  allowed  for  additional
customization of avatar appearance, can be seen in the positive remarks concerning creativity for this
scale. Curiously though, only Study 1 performed better than ’above average’. Feedback within this
scale suggests that some participants felt restricted in the virtual environment, evidenced by excerpts
such as "[better] if the users got a little more freedom during the simulation". The movement of the
embodied avatar had disabled locomotion. However, since the embodied avatar is standing in a space
with no obstacles, then this may have violated the affordability of movement, thus likely negatively
impacting novelty.

Via the process of inductive thematic analysis, we identified some codes which seem to be consistent
with experimental changes. Some of this data will be combined to form themes which will be found
in the discussion section:

Discussion

User Experience

In this paper UX has been investigated via UEQ data because this research team is in the process of
developing an iVR application suitable for a clinical population. According to Shahid et al. currently
there is sparse research to link positive user experience within VR to positive therapeutic outcomes
[55]. Though Shahid et al. concentrated on Social Anxiety Disorder (SAD) it relates to this paper by
means of being a VR mental health application.  Hence,  the results  of UEQ and SCS have been
presented independently.

As noted, study 1 was treated as a pilot study, created to test low-fidelity avatar influence on user
experience as the impact of such a radical design choice in this context had not previously been
tested. In comparison to Halim et al. [1], though we identified UEQ results that are not significantly
different, low-fidelity avatars still performed well against the benchmark, which appropriates the use
further exploration of low-fidelity avatars in therapeutic applications. Study 2 therefore introduced
avatars of the same design but with greater allowances for customization.

Following iVR theory, Study 2 tested the introduction of enhanced avatar personalization to boost
user experience to support therapeutic outcomes. Hence, for RQ1, UEQ data did not differ from
Study 1 with respect to questionnaire scores, as seen in Table 4. However, responses obtained from a
thematic analysis of the qualitative data gave encouraging insights with relevance to ‘customization’
and ‘avatar’ experiences. The users called for greater customization features, in particular skin color,
which  to  the  researchers  of  this  study  emphasized  how  important  such  aspects  are  for  user
embodiment of virtual avatars.

‘Novelty’,  remained  in  the  ’Good’ category  and  produced  feedback  that  reported  a  ’creative’
experience, as seen in Table 6. Hence, there is evidence of user enthusiasm credited to the added
customization features uncovered in the thematic analysis. However, the insignificant UEQ score
differences under comparison suggests that the inclusion of customizable low-fidelity avatars did not
make the user experience worse, thus satisfying RQ1. Given the thematic analysis responses, it could
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be the case that UEQ scores might be significantly improved by allowing customization options that
enable control over greater avatar detail.

For Study 3, UEQ scores in Figure 9 improved the most compared to all other studies within this
paper as supported by the statistical  comparisons of Table 4. The improvements attributed to an
otherwise unseen increase in ‘attractiveness’, ‘perspicuity’, ‘dependability’ and ‘stimulation’. From
the qualitative data, the rise in these scales could be explained by themes surrounding enjoyment and
expectation as the participants seemed comfortable with the inclusion of mirrors.

But why did we see this spike in UEQ results? According to Schrepp et al. "Attractiveness is a pure
valence dimension" [49] that is representative of the users general experience. Hence significantly
positive performance here in comparison to the other studies suggest that the inclusion of virtual
mirrors  elevated the overall  performance of the iVR experience.  This jump in ‘attractiveness’ is
likely  due  to  the  significant  improvements  to  ‘perspicuity’ and  ‘dependability’ which  represent
pragmatic  quality  aspects  of  the  iVR treatment,  but  also ‘stimulation’;  a  hedonic  quality  which
pertains to ’motivation’ of use.

Improvement to ‘perspicuity’ suggests that the iVR therapy was both easy to learn and "easy to get
familiar with the product" [49]. ‘Dependability’ collects information pertaining to a user’s sense of
control  of  interactions,  prediction of  system behavior  and safety with the product.  For this  iVR
experience, since the users spent a considerable amount of effort on customizing and interacting with
low-fidelity avatars, it can be said that for the user the avatar experience is the ’product’. Though the
overall  intention is  self-compassion therapy,  a  user extracts  this  therapy through the medium of
human-avatar  interaction.  Interestingly,  it  took  the  introduction  of  virtual  mirrors  to  ’unlock’
encouraging UEQ results.

This  ’unlocking’ might  be  explained  by  the  SUS  results  of  this  study.  As  seen  in  Table  3,
comparisons of Questions 2 and 3 revealed significant differences, and these questions pertain to not
only the ’realness’ of the experience but also how the user recalls the experience. Question 3 judges
the perception of environment from a user’s memory of the experience, if the memory is recalled as
"as somewhere that you visited?" [50] then the user’s sense of immersion and presence must have
been high in  the virtual  environment  because the user recalls  the memory as  though it  actually
happened ’somewhere’. This accompanied by significantly positive Question 2 results which pertain
to a sense of realness, i.e. ’being there’, offer a potential explanation to the UEQ results of Study 3.

Given the results of the SUS questionnaire, it appears that the introduction of virtual mirrors has
impacted the users virtual presence, such that it has boosted UEQ results. However this paper is an
effort to improve the original iVR application [1]. Introduction of low-fidelity avatars and greater
customization had been systematically introduced with no positive impact until the introduction of
virtual mirrors. But is this outcome the product of all introduced experimental changes combined or
could we just have the mirrors by themselves? Given that UEQ have had no significant changes prior
to  the  introduction  of  mirrors  then it  could be inferred  that  the virtual  mirrors  is  the source  of
meaningful  change  with  respect  to  improvement  of  presence.  However,  it  is  yet  to  be  seen  if
introduction of low-fidelity avatars and greater customization are irrelevant. With respect to low-
fidelity  avatars,  which  are  alternatives  to  realistic  avatars,  this  study  may  have  provided  some
preliminary  steps  to  demonstrate  that  the  avoidance  use  of  ’excessive  realism’ can  be  achieved
without significant damage to UX or incurring the uncanny valley, however further investigation is
required.

Table 7. User Experience: Inductive Thematic Analysis
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Theme Code Excerpts
Compassion Therapeutic

Benefit
Some  participants  mentioned  that  they  liked
listening  to  their  own voice  as  it  was  played
back  to  them  via  their  avatar;  “Listening  to
myself  was  an  interesting  experience  but  it
worked” and,  “it  was  nice  being able  to  hear
yourself  comfort  someone  else,  and  I  felt  I
benefited from that”.

Avatar
Individualisation

Customisation Study 2 and 3 included a feature which allowed
for  customisation  of  the  avatar,  hence
participants stated "I liked the ability to create a
character  like  myself"  but  also  stated
"customising  it  to  look like  me did make the
difference of how I perceived the audio replay"

Dialogue Context Interactions The  participants  made  requests  for  avatar
responses to help guide their experience; "have
some kind of method for response, it’s difficult
to comfort a character you can’t interact with”.

Avatar
Improvement

Avatars Considering statements about avatar behaviour
and  appearance,  the  participants  have  been
quoted  as  saying  “I  think  the  degree  of
personalisation can be improved” and "options
for avatar styles could have more variations (e.g
hairstyle,  colours,  dress  types)"  and,  "there
wasn’t a skin colour that matched”.

System Issues Performance This theme considered matters such as graphics,
audio  and  game  mechanics  which  includes
feedback  such  as;  “The  graphics  could  be
improved so  that  it  feels  less  computer-like.”,
“More [NPC] actions can be implemented and
audio  can  be  synchronized  with  the  body
language of the avatar”, and “there were some
bugs  in  the  current  system,  minor,  but  if  that
was resolved I reckon the entire user experience
would be much smoother”.

Self Recognition Mirror This theme considered codes such as realisation
and influence the participants expressed; "aware
[of] what I’m doing [in] that scene." and “[I] see
it".

Plausibility Mirror The mirrors tend to have a bad influence if the
placement of the mirror is  not consistent with
reality.  A  code  named  ‘weird  in  the  park’
emerged  from the  excerpts  where  participants
complained  "it’s  a  bit  weird  the  look  at  the
mirror in the park".

Compassion Therapeutic
Benefit

Some  participants  mentioned  that  they  liked
listening  to  their  own voice  as  it  was  played
back  to  them  via  their  avatar;  “Listening  to
myself  was  an  interesting  experience  but  it
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worked” and,  “it  was  nice  being able  to  hear
yourself  comfort  someone  else,  and  I  felt  I
benefited from that”.

Avatar
Individualisation

Customisation Study 2 and 3 included a feature which allowed
for  customisation  of  the  avatar,  hence
participants stated "I liked the ability to create a
character  like  myself"  but  also  stated
"customising  it  to  look like  me did make the
difference of how I perceived the audio replay"

Dialogue Context Interactions The  participants  made  requests  for  avatar
responses to help guide their experience; "have
some kind of method for response, it’s difficult
to comfort a character you can’t interact with”.

Avatar
Improvement

Avatars Considering statements about avatar behaviour
and  appearance,  the  participants  have  been
quoted  as  saying  “I  think  the  degree  of
personalisation can be improved” and "options
for avatar styles could have more variations (e.g
hairstyle,  colours,  dress  types)"  and,  "there
wasn’t a skin colour that matched”.

System Issues Performance This theme considered matters such as graphics,
audio  and  game  mechanics  which  includes
feedback  such  as;  “The  graphics  could  be
improved so  that  it  feels  less  computer-like.”,
“More [NPC] actions can be implemented and
audio  can  be  synchronized  with  the  body
language of the avatar”, and “there were some
bugs  in  the  current  system,  minor,  but  if  that
was resolved I reckon the entire user experience
would be much smoother”.

Self Recognition Mirror This theme considered codes such as realisation
and influence the participants expressed; "aware
[of] what I’m doing [in] that scene." and “[I] see
it".

Plausibility Mirror The mirrors tend to have a bad influence if the
placement of the mirror is  not consistent with
reality.  A  code  named  ‘weird  in  the  park’
emerged  from the  excerpts  where  participants
complained  "it’s  a  bit  weird  the  look  at  the
mirror in the park".

Compassion Therapeutic
Benefit

Some  participants  mentioned  that  they  liked
listening  to  their  own voice  as  it  was  played
back  to  them  via  their  avatar;  “Listening  to
myself  was  an  interesting  experience  but  it
worked” and,  “it  was  nice  being able  to  hear
yourself  comfort  someone  else,  and  I  felt  I
benefited from that”.

Avatar
Individualisation

Customisation Study 2 and 3 included a feature which allowed
for  customisation  of  the  avatar,  hence
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participants stated "I liked the ability to create a
character  like  myself"  but  also  stated
"customising  it  to  look like  me did make the
difference of how I perceived the audio replay"

Dialogue Context Interactions The  participants  made  requests  for  avatar
responses to help guide their experience; "have
some kind of method for response, it’s difficult
to comfort a character you can’t interact with”.

As for customization of low-fidelity avatars,  though the UEQ produced no significant results  in
Study 2, inclusion of such features has received encouraging feedback in the qualitative analysis,
with participants expressing enthusiasm for this feature and requesting yet greater control over avatar
design,  as seen in Table 7.  Prior work on iVR has shown the benefits  of individualizing virtual
experiences [3, 56], however the results of Study 2 and 3 suggest that with customization of avatar
appearance, such tools for avatar design must be accompanied with visual reminders to reinforce
user embodiment in the virtual environment. "customizing it to look like me did make the difference
of how I perceived the audio replay" [Participant], this statement implies the importance of the user
being  able  to  view themselves  whilst  participating  in  the  virtual  therapy,  tying  together  avatar
appearance and virtual mirrors.

It’s interesting to note, that unlike other studies, the placement of mirrors was subtle and not referred
to, i.e. users were not explicitly directed to interact with the mirrors in their environment. Yet, virtual
mirrors seemed to have had a significant impact on the experience regardless. There is a caveat
though, mirror placement had to confirm with expectations of the real world, as seemingly incorrect
or  improbable  mirror  placement  was noticed by the  user,  and when this  occurred,  had negative
consequences  for  user  immersion  as  it  violated  expectations.  Participants  reported  that  mirror
misplacement  in  the  virtual  environment  risked  loss  of  immersion  or  eeriness,  see  Table  7.
Regardless, introduction of virtual mirrors has not negatively impacted UX, satisfying RQ1.

Therapeutic Outcomes

Following  Study 1,  the  qualitative  data  found in  the  Thematic  Analysis  tables,  called  for  more
’options’ and a greater degree of personalization such as; hairstyle, colors, dress types, etc. Since the
iVR therapy being replicated already had some allowances for customization with justifications from
previous  studies,  this  seemed  a  plausible  strategy  in  the  interest  of  improving  UX  and  SCS.
Subsequently for RQ2, this paper produced a significant result for the internal comparison of Study
2, which involved two therapy exposures with low-fidelity avatars and greater customization, making
possible the argument that inclusion of these design changes alone has merit, unfortunately this trend
did not continue into Study 3 despite a dramatic improvement to UX.

However, the researchers of this paper believe that null results for SCS is in itself meaningful. It can
be stated that the therapeutic performance, which was already at an acceptable standard [1], has not
been negatively impacted by the addition of low-fidelity avatars, thus satisfying RQ2. There is no
evidence to suggest that inclusion of low-fidelity avatars, greater customization and virtual mirrors
had  a  negative  impact  on  therapeutic  outcomes.  Furthermore,  in  the  case  of  Study  2,  there  is
evidence to suggest it improved iVR self-compassion therapy.
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Uncanny Valley & Cognitive Load

The thematic analysis of this paper enabled us to investigate UX insights beyond that afforded by
questionnaires  and  informed  design  justifications  between  each  study  in  the  pursuit  of  optimal
therapeutic benefit. The qualitative data has been applied to the UEQ via deductive analysis, using
the scale descriptions as a framework to find excerpts which might support an understanding of
variance across the studies. Inductive codes were also developed, the combination of these processes
gave rise to the theme of customization, which revealed participant acceptance of the avatars.
From Table  7  the  theme  of  ‘Avatar  Individualization’ contained  excerpts  such  as;  "I  liked  [to]
changing my avatar, it looked like me" and “Even though the avatar is animated and doesn’t exactly
look like me with the provided options available, it made the experience feel more relatable” For
Study 2 and 3, the authors found that body ownership was experienced by the participants of this
study,  despite  the  appearance  of  the  avatar  as  theorized.  The researchers  of  this  paper  found it
encouraging to discover in the qualitative data that the appearance of the newly introduced avatars
was  generally  well  received  as  such  unprovoked  quotes  emerged  from the  participant  feedback
“While I do suggest more realistic environments, I don’t recommend realistic avatars as much. I
think the more cartoonish appeal is better”.

Masahiro Mori’s Uncanny Valley (UV) model (Figure 10.) suggests that entities which encroach on
human-likeness may invoke ‘eeriness’ in the human observer [54]. Such an entity can be described as
“Something that has come to appear very close to human — like a robot, puppet, or prosthetic hand
—  could  easily  tumble  down  into  the  uncanny  valley.”  [54].  This  paper,  though  a  study  into
improving iVR therapy, has consequently also made some progress in the investigation of human-
avatar interaction via the use of low-fidelity avatars. The rationale behind the choice of low-fidelity
avatar design was to avoid cognitive overload, but demonstration of uncanny valley avoidance might
be an additional bonus.
 

Figure 10. Hypothesized uncanny valley model.

“I recommend that designers instead take the first peak as their goal, which results in a moderate
degree of human likeness and a considerable sense of affinity.” [54].  The choice of low-fidelity
avatars  aligns  with  this  suggestion.  In  retrospect,  Halim  et  al.  [1]  underperformed  on  the

https://preprints.jmir.org/preprint/71004 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Elliott et al

‘Dependability’ scale of the UEQ, a scale where predictability, control, and safety of a participant’s
experience  are  measured.  Intrusions  of  ‘eeriness’ would  likely violate  responses  sensitive  to  the
dependability  of  the  system,  since  such  a  UV encounter  would  undermine  the  experience.  It’s
possible  that  performance  on  the  UEQ’s  of  this  study  occurred  because  the  low-fidelity  avatar
appearance fall into the valley as seen in Figure 10.

Interestingly, it’s apparent that virtual mirrors have provided the most significant results for increased
‘Dependability’, hence with respect to securing against UV interference, virtual mirrors must play a
role in addition to deliberately aiming for avatars in the realm of ’Humanoid Robot’, seen in Figure
10.  As placed in  the virtual  scenes,  the  mirrors  reflect  the user’s  conversations  with  the virtual
confederate,  the  mirrors  facilitate  a  subtle  view  of  the  users’  interactions  within  the  virtual
environment  likely  creating  (consciously  or  subconsciously)  an  awareness  of  the  current  social
situation and task (i.e., conveying empathy). UV research was not the intention of this paper, this
discussion is provided merely as a reflection for the benefit of broader UX considerations.

However,  avatars  are  not  the  only  factor  that  can  disrupt  a  user’s  experience,  there  are  virtual
environment considerations as well. Noted in the thematic analysis of Study 3 which experimented
with mirrors, some participants found it odd that a mirror would exist in a naturalistic environment,
such as the park environment of this iVR. "[mirror] could be weird [to see] in the park environment".
Violations of physics can also harm the user experience, e.g., "I see the mirror and then walk through
it.  I’m [a]  ghost  and that  makes  me a little  bit  scar[ed]".  Though UX still  performed well,  it’s
important to take such feedback into consideration in future design iterations.

This paper has shown that mitigating the risk of UV encounters via the selection of low-fidelity
avatars could support therapeutic outcomes and good user experience, as supported by Studies 2 and
3  respectively.  Reaching  for  ever  more  sophisticated  avatars  as  a  solution  to  achieving  more
successful  human-avatar  interactions  in  VR ignores  the  Sisyphus-like  limitation  that  avatars,  no
matter how advanced, virtual avatars may never imitate human expression perfectly and therefore
will always risk falling back into the uncanny valley [57]. Hence, the deliberate selection of
’Humanoid Robot’ caliber avatars may set user expectations such that there is minimized risk of
negative UV encounters. UX-enhancing techniques, such as individualization and virtual mirrors,
seem necessary in support of such avatars to ensure that application objectives can still be met.

Limitations

This study relied on SCS, which is a validated survey that measures self-compassion; however, there
is a discussion of its limitations which must be acknowledged [58]. With respect to participants, for
ethical reasons this study was restricted to trials on a healthy population. Therefore, this study is a
preliminary step in a larger design process. Ideally the next iteration of participants will be from a
clinical population for co-design activities such that iVR technology can be tested with its intended
end-users.  Studies  1  &  3  within  this  paper  where  underpowered,  the  researchers  of  this  paper
compensated by performing qualitative analysis to support insights.

Conclusion

If compassion means ‘To suffer together’ [59], then does engaging in self-compassion have to mean
suffering alone? Within this iVR intervention participants were comforted by their own custom-made
low-fidelity  avatar.  With  these  avatars  the  participants’ experienced self-compassion  in  a  virtual
environment which suited the participants’ preferences and included subtle virtual mirror placement.
However,  little  is  known  about  human-avatar  interaction  in  this  domain  of  VR-administered
treatment of depression.
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Prior  literature  reveals  that  high-quality  avatars  tax  cognitive  load  and,  since  depression  often
compromises cognitive capacity,  research into the suitability of such avatars in this  domain was
needed. The three studies reported here provide novel insights into the potential value of low-fidelity
avatars in the context of iVR application in self-compassion for mental health therapy. The final
investigation  in  the  sequence  revealed  that,  for  a  healthy  population,  UX and  SCS therapeutic
benefits are not reduced by the introduction of low-fidelity avatars, greater avatar customization, or
virtual mirrors.

Demonstrating feasibility on a healthy population takes this research team closer to an appropriate
iVR application for people with depression, and future iterations should seek to include a clinical
population.  Another  insight  of this  study is  a demonstration that avatar  customization should be
supported  by virtual  mirrors  to  promote embodiment  for  improved UX. This  paper  builds  upon
research into the benefits of individualizing virtual reality experience for users in the context of iVR
self-compassion therapy [1, 3, 56, 60].

Studies 2 and 3, provided evidence which aligns well with iVR research. However, we have gone a
step further in iVR by experimenting with the feasibility of developing low-fidelity avatars for VR
mental  health  applications.  We  believe  our  contribution  will  lay  the  foundation  for  large-scale
efficacy testing,  clinical  implementation,  and cost-effective  delivery  of  VR solutions  for  mental
health  therapy  in  the  future.  The  next  iteration  intends  to  include  participants  from  a  clinical
population for co-design activities such that this iVR therapy can be tested by the intended end-users.
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A participant viewing their customized low-fidelity avatar through a virtual mirror in the VR Self-Compassion Therapy
application.
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Individualization of virtual therapy via selection of preferred therapeutic environment.
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Low-fidelity (left) versus humanoid (right) avatar appearance.
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Regressed customization of low-fidelity Avatar, i.e. limited choices for user.
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UEQ Study 1. Introduction of low-fidelity avatars.
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Enhanced customization of low-fidelity avatar.
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UEQ Study 2. Introduction of avatar customization.
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Mirror positioned for the participant (blue shirt) can see themselves interact with the upset low-fidelity avatar (red dress).
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UEQ Study 3. Introduction of virtual mirrors.
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Hypothesized uncanny valley model.
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