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Abstract

This thesis explores challenges for the design of Virtual Reality Exposure
Therapy (VRET) systems. Exposure therapy is the established method for
treatment of anxiety disorders and is typically delivered in-vivo, i.e. exposure
to phobic stimuli in real environments. Virtual reality (VR) offers the po-
tential to conduct exposure therapy at the clinic. This approach has several
benefits in terms of efficiency, customization and control, amount of exposure,
and as an transition phase to real situations. However, currently many such
systems are limited in scope and are designed for research purposes without
informing the design from therapist’s perspective and practices.

My research aims to contribute towards the understanding of current prac-
tices in exposure therapy and investigates challenges for the design of these
systems for the two main user groups, patients and therapists. Three different
focus areas have been prevalent. First, we studied therapist in real sessions
to inform the design and development of VRET-systems. Second, we evalu-
ated two different VRET implementations supporting therapists to interact
with patients. Third, on the patient’s side, we studied presence on healthy
participants focusing on the influence of virtual bodies and patient movement
in VR.

This thesis summarises and discusses these studies. Overall, the studies
emphasize the complexity of exposure therapy and the need for individualized
patient conditions. This poses multiple challenges for the design of VRET-
systems such as, first, the systems must offer flexibility for the therapists
to orchestrate individualized therapy. Second, the systems must enable rich
therapists-patient interaction. Third, the complexity of individualization of
scenarios and sessions must be addressed in the design of the therapist’s in-
terface. Fourth, for patients it was found that their virtual representation
influences presence differently depending on the scenario. Fith, locomotion is
challenging as offices are typically small.
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Sammanfattning

I den här avhandlingen utforskas designutmaningar för exponeringstera-
pi i virtuell verklighet (VR). Exponeringsterapi är en etablerad metod vid
behandling av ångestsyndrom som typiskt utförs in-vivo, vilket innebär att
exponering utförs i riktiga miljöer. Genom VR kan detta istället genomföras
på klinik. Detta medför flera fördelar i form av effektivare behandling, skräd-
darsydd och kontrollerad behandling, ökad exponering, samt som en instegsfas
till riktiga miljöer. Men mycket arbete återstår då många VR exponerings-
system idag är begränsade och designade för forskningssyften, utan att vara
redo för och tillräckligt bygga på terapeuters befintliga praktiker.

Målet med min forskning är att bidra till ökad förståelse för nuvarande
praktiker i exponeringsterapi och utreda vilka designutmaningar som förelig-
ger för dom två huvudsakliga användargrupperna, terapeuter och patienter.
Det finns tre huvudsakliga fokusområden i min forskning. För det första, stu-
die av terapeuter i riktiga sessioner för att informera design och utveckling
av VR exponeringssystem. För det andra, studier av två olika VR expone-
ringssystem utformade för att stödja terapeuters interaktion med patienter.
För det tredje, studier av patienters närvaro i VR miljön i relation till virtuell
kropp och rörelse.

I avhandlingen summeras och diskuteras dessa studier. På ett övergripan-
de plan lyfter jag fram exponeringsterapins komplexitet och behovet av att
individualiserad exponering. Detta lyfter i sin tur fram flera utmaningar för
design av VR exponeringssystem. Först, systemet måste erbjuda adekvat flex-
ibilitet så att terapeuter kan orkestrera och individualisera exponering. För
det andra, detta kräver system som möjliggör rik terapeut-patientinteraktion.
För det tredje, det är utmanande att adressera komplexiteten med individu-
alisering av scenarios och sessioner i designen av gränssnittet. För det fjärde,
kroppsavatarer påverkar patienters känsla av närvaro i VR miljön olika i olika
scenarier. Avslutningsvis, dom små utrymmena i behandlingsrummen är en
utmaning för rörelsemöjligheterna i VR.
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Chapter 1

Introduction

Mental disorders lead to tremendous costs that the health-care systems have to
bear [51, 18]. Among mental disorders, anxiety disorders are the most common
with a 12-month prevalence of 18.1% [55] and a lifetime-prevalence of 28.8% [21].
Evidently these disorders affect a large population. Exposure therapy is a highly
effective method in cognitive behavior therapy (CBT) that features response-rates
of 80% - 90% [6, 21].

During the course of exposure therapy, patients get exposed to phobic stimuli
that are orchestrated by a therapist. Traditionally, this exposure is conducted in-
vivo, which means being exposed to situations that trigger the patients phobia in
the real environment, or in-situ using the patient’s imagination. During exposure,
a therapist is leading the therapy though conversations challenging the patients
phobic responses and thought patterns.

Virtual Reality (VR) offers the opportunity to conduct exposure therapy in-
virtuo using VR to deliver phobic stimuli, so called Virtual Reality Exposure Ther-
apy (VRET). One early example of VRET is Rothbaums [38] work in the early
1990ies that focused on the application of VR in the context of fear of height. In
recent years, clinical studies of using VRET compared to in-vivo exposure have also
demonstrated that the VRET is sufficiently efficient. For instance in treatment of
fear of height (acrophobia) [10], fear of flying [31, 32], and social phobia [20].

VRET offers several advantages compared to traditional in-vivo exposure. It
saves time and thereby leads to more efficient exposure therapy [27]. In current
practice, therapist have to spend time planning and traveling to remote locations
for exposure. Using VRET, exposure can instead be conducted at the clinic, which
could also be considered as a safe environment [36]. For example, exposure treat-
ment of acrophobia may require traveling to a tall building. Stimuli and scenarios
can potentially be quickly customized and controlled by the therapist and real-time
performance feedback can be provided [36]. There is also evidence that patients
are more willing to approach VR-based exposure as it appears as a natural in-step
towards real situations [16]. Rizzo and Kim argue for the ecological validity, that
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is defined as the degree of similarity to the tasks and actions in the real world [36].
However, there are many challenges for the development and design of VRET-

systems. These systems are currently developed for research purposes and used
accordingly. This implies that most patients suffering an anxiety disorder have no
access to this type of therapy in regular therapist practice. To improve the systems
that in the future can be used in therapists practice, the systems have to support
or improve the established processes of the therapists.

In regard to current efforts on designing VRET-systems some concerns have
been raised around stakeholder involvement. For instance, Rizzo and Kim [36] have
highlighted that the design and development of these systems need to be done more
thoughtfully, interdisciplinary and user-centered. Furthermore, Mohr et al. have
also concluded in a recent article that VRET-systems tend to be developed top-
down, implying insufficient involvement of all users [30]. They explicitly challenge
the community to work interdisciplinary in the hope to foster a change in the
traditional thinking, benefiting the development of VRET-systems. The two main
users groups that need to be involved are patients and therapists.

On the patient’s side, research indicates that presence, which is defined as the
"sense of being there" [54, 48], has influences on the self-reported anxiety [25] and
therapy outcome [8, 3]. To ensure effective therapy, designs of VRET-systems have
to consider influencing factors of presence as for example the thoughtful use of
locomotion and representation of the user’s virtual body [40].

In this thesis, I aim to contribute to increased understanding of the field of
VRET and the design of VRET-systems. The work presented here is rooted in
an interdisciplinary HCI-perspective accounting for both patients and therapists.
The goal is to extrapolate design challenges in order to better support interactions
between patients and therapist that are necessary in the course of a therapy.

1.1 Research Objective

My research started with an interest in how VR can be used in professional envi-
ronments. Stemming from my background in Medical Informatics, psychotherapy
became very interesting. In the beginning I focused on creating 3D virtual envi-
ronments for therapy but over time the focus shifted towards the HCI issues and
interactivity, which is the focus in this thesis.

The aim of my research is to understand the process of a therapy and use
that understanding to explore how we can support therapists and patients through
the design of VRET-systems. In this thesis I look specifically at the underlying
challenges facing the design of interactive VRET-systems. This lead me to the
following research question:

• What are the challenges for designing a VRET-system to support
therapist and patient interactions?
This thesis aims to explore the field of therapy and VRET-systems from an
HCI-perspective. This implies two views, as we have two main user-groups:



1.2. STRUCTURE OF THE THESIS 3

therapists and patients. During my research, I strove to involve both groups.
From the therapist’s perspective I wanted to contribute to the understanding
of their tasks during, and approaches towards, therapy. The patient’s side
was researched using in-lab studies that focused on new concepts that can be
used to enrich exposure therapy sessions. In particular, I have been interested
in the experience and felt presence of participants while they are immersed in
VR and are using the tested concepts. During my research, I found challenges
that VRET-systems has to address in order to support therapists and patients
in therapy of anxieties disorders.

1.2 Structure of the thesis

The thesis is presented as compilation thesis, which implies that it is grounded on
previously published research papers. The aim of the thesis is thus to give a high
level overview of my research and a meta level discussion on the work conducted.
Chapter 1 aims to frame and motivate my research. Also, the research question
is defined and described, followed by the papers included and not included in this
thesis. Chapter 2 aims to provide the theoretical background of my work and an
overview of the field. The chapter contains two parts. I begin with an overview
of related concepts from VR and continue to describe the use of VR in exposure
therapy. In chapter 3, I give an overview of the methods I applied during my
research, the context of the research, and a commentary of ethical considerations.
Chapter 4 contains a summary of the conducted studies that includes retrospect
reflections that provides motivations for the path of my research. In chapter 5, I
discuss the results of the studies on an abstract level in relation to the research
question. Chapter 6 concludes the my work and discussions and addresses the
research question by outlining interesting challenges for VRET-systems. The thesis
ends with the chapter 6.1, which contains potential future work and directions.

1.3 Papers included in the thesis

Paper I: P. Schäfer, M. Koller, J. Diemer, G. Meinxer. Development and evalu-
ation of a virtual reality-system with integrated tracking of extremities
under the aspect of Acrophobia. 2015 SAI Intelligent Systems Confer-
ence (IntelliSys). IEEE, p. 408–417.

My contributions: I took part in the ideation, design and implementation of the
system. Philip Schäfer conducted the evaluation and data analysis with support
from Julia Diemer. Also, he led the writing process with support from Gerrit
Meixner.
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Paper II: M. Koller, P. Schäfer, M. Sich, J. Diemer, M. Müller, G. Meinxer. Next
Generation Virtual Reality Exposure Therapy Systems - A Study ex-
ploring Design Implications. 2018 International Conference on Intelli-
gent Systems (IS). IEEE.

My contributions: I planned and conducted the qualitative study along with Philip
Schäfer and Magdalena Sich. Magdalena Sich along with Julia Diemer and Mathias
Müller designed the questionnaire and conducted the quantitative analysis. Mag-
dalena Sich analyzed the data statistically. I was responsible for the main outcome
and writing with support from Gerrit Meixner and all other authors.

Paper III: M. Koller, P. Schäfer, D. Lochner, G. Meinxer. Rich Interactions in
Virtual Reality Exposure Therapy: A Pilot-Study evaluating a Sys-
tem for Presentation Training. SUBMITTED to Seventh IEEE Inter-
national Conference on Healthcare Informatics (ICHI 2019). IEEE.

My contributions: I contributed to the study plan and participated in the con-
duction of the study along with Daniel Lochner and Philip Schäfer. I was then
responsible for the data analysis and main outcome. The system conception was
lead by Philip Schäfer and implemented by Daniel Lochner with the support of
Philip Schäfer. Philip Schäfer and Gerrit Meixner supported the writing process.

1.4 Papers not included in the thesis

During my research I have also been involved in the following work with little rele-
vance to my thesis. The two first listed publications were presented as posters at a
workshop, the second listed poster lead to Paper III, which is included in this thesis.

M. Lüönd, P. Schäfer, M. Koller, G. Meixner. New conceptual approaches to meet
the spatial and user safety requirements of outpatients with anxiety disorders for
virtual reality exposure therapy. Poster presentation at 2018 Virtual Environments:
Current Topics in Psychological Research (VECTOR) Workshop, Tübingen, Ger-
many.

D. Lochner, P. Schäfer, M. Koller, G. Meixner. Full upper body mapping of a
therapist for controlling avatars in the treatment of social anxiety with virtual real-
ity exposure therapy. Poster presentation at 2018 Virtual Environments: Current
Topics in Psychological Research (VECTOR) Workshop, Tübingen, Germany.

M. Koller, C. Bogdan, G. Meixner. Collaborative Task Modeling: A first Prototype
integrated in HAMSTERS. 2016 6th International Working Conference on Human-
Centred Software Engineering. Stockholm, Sweden.



Chapter 2

Theoretical Background

In this chapter, I will introduce concepts that are the basis for my work. First, I
will give a short introduction into Virtual Reality and describe concepts that are
most relevant for my work. Second, I will describe its use in clinical settings. The
chapter concludes with an overview of VRET.

2.1 Virtual Reality

Ivan Sutherland presented the first version of a head mounted display (HMD) in
1968 [50]. In his work, he describes the idea of creating a three dimensional picture
on the retina of a user. The idea and technology evolved over time and became
technically more sophisticated.

The users’ experience in VR is characterized mainly by two dimensions: im-
mersion and presence. These terms are sometimes used as synonym, while they
describe different phenomena. Slater and Wilbur define immersion as the techno-
logical description of an immersive computer system [48]. According to the authors,
immersion depends on hardware, software and peripheral systems, i.e. systems
that are not directly related to VR such as tracking systems. The critical factor
for displays is the vividness, which is formed for instance by the resolution and
inclusiveness (the degree, to which the physical world is shut out). More general,
Slater et al. define it with “richness, information content, resolution, and quality
of the displays”. Furthermore, Slater et al. note, that body mapping is central for
immersion [45]. This implies that the movement should be synchronous in the real
(i.e. physical) and virtual environment.

Presence is characterized as the sense of being in a virtual environment instead
of the physical environment where user’s body is attendant [48, 54]. Slater and
Wilbur acknowledge presence as a central part of a user’s experience in VR [48].
Presence is formed by factors that contribute to the user’s experience. Sanchez-
Vives and Slater define these factors as follows: [40]:

5
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• Display: Displays influence the sense of presence with different parameters.
A central measure is the latency between head-movement and update of the
display. Studies show that the frame-rate is correlated with the presence
reported by subjects [2]. Furthermore, the field-of-view, which is a relative
measure for the observable world restricted by the HMD, is an influencing
factor for presence.

• Visual realism: Here, research shows contrary indications in regard to the
need of visual realism in VR. In general, VR strives to maximize the visual
realism. However, Rizzo and Koenig conclude in their review that in clinical
use, visual realism is of less importance [37].

• Sound: The auditory dimension is suspected to influence presence and per-
ceived illusion of self-motion [35]. Furthermore, Sanchez-Vives and Slater
state “anecdotal” reports on a higher presence when using sound [40]. The
use of sound in clinical VR ranges from performance-feedback to the delivery
of a more realistic stimulus [37].

• Haptics: Haptics influences presence, although the sense of haptics is cur-
rently not easy to generate with external devices. To overcome this, the use of
low-fi versions of physical objects may be used. The authors explain this with
the example of a table-top, which can easily be simulated with a plasterboard
[40].

• Virtual body representation: When users are immersed in a virtual en-
vironment they have no visual representation of their body by default. The
representation of a virtual body affects the presence. The representation of
the user’s virtual body is employed in various ways in clinical VR, for example
in the context of eating disorders [41].

• Body engagement: The authors refer here to the fact that in immersive
environments that provide a high presence users attempt to walk physically,
which is limited with cable-based systems. Other methods of locomotion
should be used in order to allow the movement in VR and provide a high
presence, for instance Walking in Place (WiP) [47]. Usoh et al. conclude in
their study that natural walking is superior to WiP [52]. Locomotion is also
important in clinical VR and anxiety therapy. Some exercises in exposure
therapy require approaching (e.g. walking towards) an object, which implies
that patients must have this opportunity in VR, as well.

Presence is a subjective measure [48] and, therefore, it has to be assessed by the
subjects experiencing the VR. Presence can be assessed in different ways, which
indicate an overall level of presence [40]. The methods can be categorized to in-
experiment assessment and post-experiment assessment. In addition to the subjec-
tive dimension, more objective dimensions or observable dimensions can be added
and contribute to the presence:
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• Behavioral dimension: In this dimension, the user’s behavior in the vir-
tual environment and physical world are assessed, i.e. it is an in-experiment
dimension. One example is when the participants try to interact with the
virtual world even when it is not possible (e.g. start walking).

• Subjective dimension: This dimension evaluates the perceived and felt
presence of the subjects. During the experiment, the participants can be
asked to rate their current level of presence. After the experiment, researchers
use questionnaires that are designed to create a presence score.

• Physiological dimension: This dimension contains the uncontrollable body
reactions, for example heart-rate and galvanic skin conductance. Particularly
in the case of emotional activation or Breaks in Presence (BiP) [44],physiological
responses may occur.

Questionnaires are discussed controversially within research. On the one hand, they
are often applied in experiments. On the other hand, there is critique that their
results are unstable [13]. The main argument is that these questionnaires are filled
by the participants after they concluded their experiment, i.e. after experiencing
the VR. This raises doubts if participants may not recall everything correctly. A
study where participants experienced a scenario within an office in real-life and VR
illustrates the critique [53]. The authors of this study hypothesize that the presence
score of the group experiencing the scenario in real-life should be higher compared
to the group in VR. However, the questionnaires failed to provide a significant
difference between the groups.

Slater criticizes the concept of presence as abstract [43]. Furthermore, Slater
states that participants cannot relate to this concept in their real-life. Therefore, he
argues that participants cannot provide an adequate assessment. Other measures
such as anxiety levels are considered by Slater as valid, since participants can clearly
relate to it and compare (e.g. stimulus A provoked a higher level of anxiety than
stimulus B). Slater concludes that presence is still valid and future research will be
able to relate it to a detectable mental state.

The movement of participants in virtual environments – called locomotion – is
a key feature of VR [42] and it influences the patient’s presence [47, 52]. In the
therapy facilities, we encountered relatively small offices that offer limited space for
free movement. In addition, systems for clinical use must also be designed for use by
impaired persons. In research, there are different implementations for locomotion
that have advantages and disadvantages [42]. The following listing summarizes the
most common implementations along with their advantages and disadvantages.
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• Abstract methods: Systems may use game-pads or joysticks for navigation
in the virtual space.
Advantages: The concept of controller is common, especially in the younger
generation. Furthermore, this method needs little space and can be used
while standing still or sitting.
Disadvantages: Locomotion by controllers is known to cause motion sick-
ness [14]. Besides, both hands are occupied while immersion, which influences
the interaction with the VR.

• Walking in Place: This method needs the user to walk or jump at the same
place, which is captured by the HMD with internal sensors and translated to
steps in VR.
Advantages: This method needs little space to explore the whole VR. Today,
in most HMDs the required sensors are integrated and, therefore, no external
equipment is needed.
Disadvantages: The method is less intuitive compared to natural walking
and is physically demanding at the same time. It can cause problems with
latency and smoothness of the movement.

• Treadmills: In these platforms, users are mounted and must make sliding-
movements with the feet that are then translated in steps in the VR (c.f.
figure 2.1, a person using the the Cyberith Virtualizer1).
Advantages: The systems allow the movement in any direction of the VR
by a limited space needed. Furthermore, because of the mount that the users
are attached to these platforms offer more security than for example WiP.
Disadvantages: To place the system in domestic environments or offices,
there possibly is the need for a re-arrangement. These treadmills currently
are not able to simulate obstacles or uneven terrain.

• Natural walking: Users are tracked and able to walk within a defined space
naturally and freely.
Advantages: This method is the most natural way of locomotion and poten-
tially presence enhancing. Almost no training is needed and obstacle collisions
are less likely. Natural walking support the process of cognitive map building,
which improves the navigational performances. [39]
Disadvantages: This method needs as much space as the user can poten-
tially walk. This implies that the scenarios have to be adapted to available
space. The method might not be usable by impaired users, what is a criterion
for clinical VR [36].

In some cases, the circumstances require to combine locomotion methods. One
example is the limited space in natural walking. In this case, the combination of

1https://www.cyberith.com/
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Figure 2.1: A person using the Cyberith Virtualizer (own figure).

natural walking and abstract methods, as for example a controller-based teleporta-
tion, can solve this issue.

2.2 Clinical Virtual Reality

Virtual Reality has various fields of application, among them the use in medical
use-cases. There, we find applications in training of professionals [1, 28] and in
therapy and rehabilitation (e.g. after surgical interventions [22] or after a stroke
event [57]), called clinical VR.

On a general level, Rizzo and Koenig characterize the role of VR in clinical as
follows [37]:

• Expose: Deliver a specific stimulus that the patient should be exposed to.

• Distract: Distract the user from pain or other feelings of discomfort during
treatments.

• Motivate: Integration motivating elements that help the patients to repeat
monotonous exercises.
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• Engage: Show the benefit to participate in the clinical intervention.

• Measure: Measure of performance on behavioral or cognitive levels.

As the term already suggests, VRET can be characterized as system that exposes
patients to a stimulus.

Virtual Reality Exposure Therapy
Anxiety disorders are among the most common mental disorders in Europe and
the US. Cognitive behavior therapy (CBT) offers the therapy method exposure
therapy, which is considered to be effective. In exposure therapy, a therapist guides
a patient while he/she is exposed to a phobic stimulus, which can be an object (e.g.,
spider) or a situation (e.g., public speaking). The traditional therapy is conducted
in-vivo, which implies that the patient is exposed to the phobic stimulus in a real
environment, or in-situ meaning in the patient’s imagination. By introducing VR
to exposure therapy, the phobic stimulus is delivered in the virtual world.

The therapy method has been researched since the 1990s in a first study on the
use of VR in acrophobia [38]. The research continued and multiple studies show the
efficiency of the therapy in VR [10, 31, 32, 34]. The systems advanced over time
and are now able to cover greater variability of phobias involving more complex
interactions, e.g. social interactions. However, the systems are mostly designed for
the purpose of research and big clinical settings. Therefore, the patients that suffer
from anxiety do not benefit from the systems in general, as these systems are not
widespread in small practices where most patients receive this treatment. With
the advent of advanced VR technology, the prices for VR hardware dropped and
make now the cheaper development of these systems possible. Studies show that
the state-of-the-art consumer hard- and software delivers similar results compared
professional systems using older hardware [24].

Research mainly aims for the development of systems, which are used for therapy
guided by a therapist. However, the therapists are not in the focus of most of the
published work. The work puts the patients to focus observing various parameters,
such as felt presence during the immersion in VR. Presence is an important measure
when it comes to VRET. Research indicates that there is a correlation between the
felt presence and anxiety [25] as well as presence and therapy outcome [8, 3].

With the wide spread of advance technology in consumer market, research is
investigating the opportunity of patient-led therapy. These systems offer appli-
cations that users can deploy on their own hardware and then be exposed to a
phobic stimulus. While there are applications that are fully patient-led after a first
therapist-led session [23], other systems provide the home-based exposure under
the in-direct supervision of the therapist [17]. Both exemplified systems have in
common that they provide psychoeducation for the patients using an agent. Lind-
ner et al. hypothesize this as important therapy component [24]. Psycho education
aims to provide information regarding the illness, access and learning strategies for
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the patients [7]. Psycho education cannot be considered as a treatment but as a
tool to help patients in dealing with the disorder.

The use of modern VRET-systems brings advantages for the therapists. Using
the systems, they can conduct therapies with phobias that are hard to generate
in-vivo, e.g. fear of flying or public speaking anxiety (PSA) [27]. The challenge in
PSA is to have an audience that is controllable by the therapist and is acting as
intended by therapists. With the use of VR, virtual audiences can be generated
that can be orchestrated by a therapist. Furthermore, therapists are able to control
all parameters of the virtual environment and deliver controlled stimuli. Another
advantage of VRET-systems is that the scene can be reproduced in each therapy
session, which is challenging when conducting a therapy in-vivo. Furthermore,
research indicates that patients are more willing to engage with a therapy that is
delivered in VR [15]. As Botella and colleagues state, this topic is researched in
few studies and in their review they can only conclude on a trend towards a high
acceptance among the patients [3].

Rizzo and Kim published a Strengths, Weaknesses, Opportunities and Threats
(SWOT) Analysis of VR in rehabilitation and therapy [36]. The analysis was made
in 2005, which is before the most recent technological developments that have lead
to the current generation of VR-systems. This fact influences the transfer of the de-
scribed results to the current state-of-the-art. Especially, those weaknesses related
to the technology might have become obsolete. Here, I will describe weaknesses and
threats from their analysis and discuss them based on the current state-of-the-art
and in relation to my research question.

Weaknesses: A weakness is defined as a risk, defect or short coming that affects
the progress towards the goal.

• Interaction Methods:
Rizzo and Kim point out that the use of natural interaction methods is of high
priority in therapy. They emphasize that the use of new interaction methods
need a high amount of (usability) testing before they can be brought to clinical
tests.
Currently, the advances in technology offer more natural interaction meth-
ods that are driven by research and industry. The shift of VR towards the
consumer market provides the opportunity that more sophisticated solutions
are available. Also, with the advance in technology evaluations (e.g. new
interaction modalities) can be conducted more easily.
As stated in their article, impaired users are still in need of specific solutions
that partly need to be developed. This weakness is still a challenge to be
addressed in future development.
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• Immature Engineering Process for VR-Based Rehabilitation Sys-
tems:
The authors describe shortcomings in the development of VR applications.
One example they mention are usability problems caused by the lack of on-site
hardware that developers can use to test. State-of-the-art hard- and software
allows the developers to test their development right away. A short-coming
that is related to the engineering process is lack of focus on clinicians, which
are one of the main user-groups of these systems.

• Displays and Wires:
Most of the points, criticized by Rizzo and Kim in this section can be consid-
ered as obsolete. The substantial advance in display technologies has lead to
systems that today offer a better resolution and field-of-view. Furthermore,
state-of-the-art systems provide marker-less tracking that allows full-body
tracking within a large space, and wireless transmission connection between
the HMD and computer. Still, external systems (e.g. additional external
sensors) are needed and employed in current systems, some of them require a
cable-based connection.
For presence, the described short-comings are all influencing factors. As de-
scribed above, all factors characterizing the display are influencing presence.
Furthermore, the use of cables is affecting presence negatively.

• Front-End flexibility:
The authors state that "user-centered design" of clinical VR systems is a
central matter that needs to be addressed during the development.
This weakness is still present, as the innovation is often made top-down [30].
As argued by Mohr et al., the integration of the clinicians as users is crucial to
to the success of these systems. Also, patients as users need to be integrated
in the process. In VRET presence is of central importance. Therefore, the
design should aim to provide a highly immersive experience.

Threats: Unfavorable situations that have negative impact on the overall aims.

• Cost-benefit proofs are missing:
The authors argue for more cost-benefit-proofs for systems employing VR.
They argue that the health care system is not willing to pay for these solutions
if there is no economic gain. This not only includes the direct costs, but also
costs that may be saved by sending the patients earlier to work (i.e. indirect
costs).
The advance in VR and its enabling technologies led to a significant drop in
prices for such systems. Furthermore, the skill to develop VR is spread wider.
However, costs are a major concern and state-of-the-art systems still have to
proof their benefit.
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• Perception that technology will replace therapists:
The authors analyze that there is the perception that VR will eliminate the
need of therapists. They exemplify this with the advance of development
of virtual humans that may replace therapists. Furthermore, the broader
access to VR-applications for treatment might motivate patients to try self-
treatments.
The development of applications using VR for therapy has advanced and so
did the research on virtual humans. For instance, they are integrated in
applications for treatment to provide educational content to the user. As
many state-of-the-art smart-phones are capable to display VR content (e.g.
using a cardboard solution), such devices are wide spread and with them
the access to VR. A recent study showed that the use of freely available
applications in the context of exposure therapy is possible and provides a
similar therapy outcome compared to traditional therapy [23].

This brief review of the past-challenges and their relation to the current state-of-
the-art shows that there is still room for improvement. Despite the advancements
in clinical VR, the systems are not widespread in the day-to-day practice. These
advancements continuously pose new challenges for the design of VR systems.





Chapter 3

Methods

In this section, I will first give a theoretical overview of design and development
in mental health settings. In the second part will focus on an overview of my
research and how the theory influenced my research focus and process. Then, I will
present the context of my research, which is partly conducted in an interdisciplinary
research project. The chapter ends with a commentary of the ethical considerations
undertaken in my work.

3.1 Conducting Research in Mental Health

The field of my research is anchored in clinical VR, in particular I conducted re-
search in the field of mental health. This highly sensitive field requires special
considerations in the technology design process.

Coyle et al. conclude that in technology for mental health care there are two
main end-user groups: the mental health care professionals (e.g. therapists) and
patients [7]. This implies for human-centered approaches that researchers ideally
need to investigate therapists and patients. However, Coyle et al. conclude that
very few HCI-professionals satisfy the requirements to get access to these sensitive
environments granted [7]. In order to be able to involve the user-groups from
early on, they propose an adaptation of the human-centered development process
depicted in figure 3.1.

The process consists of two phases. The first stage aims to explore technology
and develop first prototypes of systems that can be evaluated to provide evidence
for benefits in the desired use-case. The evaluations in this stage are conducted with
healthy participants and have a non-clinical character. The second stage focuses
on clinical evaluations to provide implications for the use in therapy. In this design
process, the evaluations of the first stage should be lead by HCI-researchers while
those on the second stage should be lead by clinical-researchers.

Doherty et al. specify the process and provide recommendations for the design
process of technology for mental health [9]. First, the authors recommend to define
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Evaluate

Design

Prototype

EvaluateAdapt

Lead by HCI-researcher

Adaptable technology Clinical studies

Lead by clinical-researcher

Figure 3.1: Model of the development of Mental Health Interventions. (Adapted
after [7])

goals or outcome that the design aims for. This will help to provide a design
rationale and success measures for a project. To define the outcomes in the setting
of mental health, the authors provide two points to consider:

• Increase the capacity of the service and the availability for people needing it.

• Improve the therapy outcomes by improving the treatments in terms of en-
gagement and effectiveness.

Second, the authors recommend to design in collaboration with the mental health
care professionals. Contact with professionals is considered easier compared to
contact to patients due to restrictions in therapy sessions like confidentiality. The
authors conclude that the building of an interdisciplinary team requires all team
members to gain knowledge of the other fields and teach the team members about
their field.

The integration of mental health care professionals can be in the context of
an adapted human-centered design process, which is the third recommendation by
the authors. Supporting the two-phased design process depicted in figure 3.1, the
authors propose evaluations in three stages. First evaluations can be conducted in-
lab with healthy participants. The following evaluation can then be characterized as
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clinical pilot study. As last part, a large scale clinical trail should be considered. The
authors propose role plays, future workshop or human-centered design workshops
and expert evaluations as possibilities to integrate mental health care professionals.

The developed systems were evaluated as in-lab studies with healthy partic-
ipants. We, in our role as HCI-researchers lead the evaluations. Thus, we did
not consider to test the systems with people that were diagnosed with any men-
tal disorder. Participants who did not meet this criteria were excluded from the
experiments. This fosters a faster evaluation process. When including patients in
evaluations, we must apply for a ethical approval. Furthermore, the recruitment of
patients might take more time.

As a further option for evaluations, Doherty et al. propose the use of peer users,
e.g. therapists, as proxy [9]. Within our interdisciplinary research project, we have
the opportunity to get the feedback from therapists.

3.2 Overview of the Research

The work presented in this thesis is within the first phase of the design process
for mental health technology. The evaluated systems from Paper I and III are
in the phase of exploration and first evaluation. Both did not prove their benefit
for therapy, yet. However, they indicated to be useful in exposure therapy (e.g.
increasing flexibility) and should be evaluated in another evaluation with therapists.

Figure 3.2 depicts the process of my research along with potential future work.
The research can be categorized in two views that are argued for by Coyle et al.
[7] - the perspective of patients and therapists. My research started with a first
exploration of consumer VR hardware in the field of VRET. With our first evalu-
ation, we focused on the patient’s view. In particular, we assessed the impact on
a subject’s presence using our system. This first experience posed further research
questions. One of them addressed the therapists as future users of the system and
the interaction with the system in the context of a therapy.

This lead to Paper II, that summarizes an analysis we conducted to understand
therapy and therapists. With this study, we intended to address the previously
concluded need for therapist involvement in the design of technology in clinical VR
[30]. This resulted in implications that a VRET-system should address.

One of these implications is the need of flexibility within therapy in general and
especially within therapeutic scenarios. Based on this hypothesis, we designed a
solution that provides the therapists with more flexibility in one specific type of
therapy (public speaking anxiety). We evaluated this system, first from the view
of an immersed user, which are the patients when the systems comes to real use.

The results indicate possible future work that intends to address both user
groups again. As a first step, we plan to evaluate the system that is presented in
Paper III together with therapists. Again, we will not recruit patients for the study
because we belive the system is still in the first phase of the design process for mental
health. We aim to gather feedback on both sides of the system, the therapist’s and
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Paper I: 
• Exploration of the consumer 

hardware

Paper II: 
• Analysis of exposure therapy 

sessions

Paper III: 
• Evaluation of a design 

solution

Focus on patients Focus on therapists

• Interaction with the VRET-
system and patients

Future Work

• Design of VRET scenarios

Figure 3.2: Overview over the course of my studies.

the patient’s perspective. Therefore, we plan to ask therapists to role-play typical
patient behavior. We expect therapists to provide valuable feedback when they
experience the patient’s side of the system and at the same time we can evaluate
the interaction between therapist and our system.

Additionally to the two views within my research, we can identify two strands:
exploring VRET and understanding therapy. Among the first things I realized from
literature is the importance of patient’s presence during the therapy. Assessing
presence in our experiments, we employed three dimensions that are indicated by
Sanchez-Vives et al. [40] - subjective, behavioral and physiological dimension. First,
the subjective dimension was assessed using in-experiment and after-experiment
methods. The assessment of presence during an experiment is done by asking a
question like “On a scale from 0 to 100, how present do you feel in this situation?”
while the participant is immersed. This subjective in-experiment measure can be
supported by the behavioral dimension. For this, in our experiments we used the
observation of the immersed participants. We noted for example that they started
walking, while they were not supposed to, or interacted with the virtual audience
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as they would regularly (e.g. pointing to an avatar while giving the permission
to speak). A further dimension during the experiment are physiological measures
that indicate a emotional activation, e.g. heart-rate or galvanic skin conductance.
In one experiment (Paper I), we used the heart-rate as measure. In Paper III, we
did not come back to this measure as we did not expect to gather significant data.
After the experiment is concluded, questionnaires or interviews can provide data
on the participant’s presence. Traditionally, specialized questionnaires are used, for
example the Slater-Usoh-Steed (SUS) [53]. In our most recent study (Paper III),
we interviewed the participants after the experiment. In the gathered data, we were
looking for evidence that indicates the level of presence.

Despite the limited access to patients and therapists as described by [7, 9], we
were able to get direct contact with therapists and patients during a therapy within
the context of our research project. To gather an even better understanding of the
therapy and follow up our interdisciplinary discussions (see above), we got access
to therapy sessions that we were allowed to observe. Furthermore, interviews with
therapists were conducted. However, due to ethical considerations and to avoid
interfering with the therapy we did not directly talk or interact with the patients
before, during or after the therapies.

3.3 Context of my research

Starting from Paper II, my research was conducted with a research project funded
by the German Federal Ministry of Education and Research (Grant-No.: 13GW0169A)
named EVElyn. The research project consists of one research institute, where I am
affiliated, an industrial partner and a psychiatric clinic. Hence, the project com-
bines competences from the fields of computer science and psychology.

The project aims to address the increasing demand of therapeutic interven-
tions in anxiety disorders in out-patient settings. For this, the project incorporates
three views on VRET-systems: the technological perspective, the psychological
perspective and the user perspective. The project aims to investigate the possibly
significant increase of efficiency of the therapy process.

The project helped my research with the direct contact to psychologists. They
provided insightful feedback on early ideas and contributed to the understanding
of therapy. The work presented in Paper II was conducted in the context of this
project and with the support of all three institutions.

3.4 Ethical Considerations

The research using VR has to consider ethics in particular as participants are fully
immersed and we create a feeling of embodiment in some cases. Madary and Met-
zinger are proposing a code of ethical conduct for research that uses VR and rec-
ommendations for its application [26]. As essential principle, the authors consider
the "non-maleficence", i.e. do not harm any participants. This basic principle is
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also anchored in the Declaration of Helsinki, which demands the physicians to act
in the patient’s interest when giving medical care also for research purposes [56].

Among others, Madary and Metzinger focus in their recommendations on VR
in clinical use-cases. Research within this field should be conducted in close coop-
eration with clinicians. This demand is in-line with the design process in mental
health settings [7, 9]. Furthermore, the progress and research should not create
"false hopes" in patients. Their ethical code of conduct demands researchers to be
honest with the scientific progress and the experimental nature of their research.
One reason to do so is, that these groups can be considered as specifically vulnerable
and therefore need special protection [56].

Coyle et al. propose four considerations that aim to help to meet ethical re-
quirements [7]:

• Technologies should be based on accepted theoretical models of the specific
domain.

• Technologies should be designed with the involvement of health care profes-
sionals.

• Technologies should be able to integrate in the current methods and work
flow.

• Technologies should be used with therapists guiding.

In my research I strove to meet these four considerations by Coyle et al. in all phases
and studies. The first point is represented in our aim to understand the setting of
the therapy and the therapy itself. This leads to the second and third point that
demand a involvement of the therapists and the demand of designing systems that
can be integrated in the current process. Both are present in my work as I am
aiming to understand the therapists and their tasks. Their last point addresses the
nature of a system. There are self-help applications freely available that can be
downloaded. The authors argue against the development these applications. In the
case of my research, we are developing a system that is used in the presence of a
therapist, only.

The ethically most problematic study presented in this thesis is Paper II. For
the work presented we had direct contact to therapists and patients in the course
of therapy sessions. During the observation of this very intimate conversation, we
had a passive observational role. The therapists were informed by us about the
aims and focus. They selected patients they thought are fitting and informed them
about our research. Together, they agreed and singed an informed consent form. To
ensure the anonymity of the patients, we stored all forms that indicated to patients
separately for all data. To not interfere with the therapy, we did not talk to the
patients before, during, or after the therapy. Furthermore, to protect the patient’s
identity and rights we published our results in a way that does not disclose from
whom and where we received the data.
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The studies presented in Paper I and III were performed as in-lab studies and
ethically less problematic. We considered the general ethical code of conduct using
VR [26] in the design and execution of the experiments.
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Overview of the studies

In this section, I will give a short overview of my research and how the studies were
influenced an motivated. Each study is described with its background and aims
followed by the methods used and concluded with the main results. I focus in the
results on the contribution to this thesis.

4.1 Summary of the papers

Paper I: Development and evaluation of a virtual reality-system
with integrated tracking of extremities under the aspect of
Acrophobia
Full paper presented at 2015 SAI Intelligent Systems Conference (IntelliSys), Lon-
don, UK.

Authors: Philip Schäfer, Marius Koller, Julia Diemer and Gerrit Meixner

Background and aims
Presence of an immersed patient is recognized by research as one of the key factors
that influence the therapy outcome. Many factors contribute to the sense of pres-
ence during the experience of VR. We created a system that allows the tracking of
extremities using a Microsoft Kinect sensor. The main enhancement was that the
patient is now able to lift for example the leg and the same movement is translated
to the VR. For evaluation we used a scenario that was designed for acrophobia (fear
of height). Figure 4.2 depicts a participant using the system (cf. figure 4.1a) and
the participant’s view in the scenario containing an avatar and enabled tracking of
extremities (cf. figure 4.1b).
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(a) A person experiencing our height scenario
with enabled extremity tracking.

(b) First-person view while using our system
with enabled extremity tracking.

Figure 4.2: Two views of our system with enabled extremity tracking.

Methods
For evaluation we invited 42 people with no diagnosed phobia. They were divided
in two groups by assigning 21 participants to each group. Group 1 experienced
the patient’s avatar with the tracking of extremities. Group 2, which was the
control group, experienced the basic functions without an avatar. We measured
the presence in different ways. First, in specified situations we asked the subjective
level of presence (“How present do you feel in this situation now?”). Second, we
recorded the heart-rate and analyzed it to receive a feedback from the physiological
values. Third, we observed the participants during the experiment and noted their
behavior on paper. The last dimension, we handed out the presence questionnaire
from IGroup, called IPQ.

During the experiment we had different scenes that the participants experienced.
First, they were set into a scene for acclimatization. This scene had no phobic stim-
ulus as the patient was standing on the street and experiencing the scene. For the
second scene, the participant was teleported to a balcony, which was secured. As
last scene, the participants were on an un-secured protrusion. The last scene had
the highest phobic stimulus.
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Results
On the subjective dimension, the group using the tracking system and the avatar
scored a higher presence score compared to the group without the tracking system
(and hence, without avatar). Using the t-Test we were able to confirm a trend in
the subjective dimension. The post immersive measurement using the IPQ only
showed a trend in spatial presence, all other items were not different between the
group significantly. On the behavioral dimension we observed that 12 (10 partic-
ipants from the tracking group) out of 42 participants tried to interact with the
virtual word. The Fisher’s exact test indicates a significant difference between the
groups. The measurements of the heart-rate were assessed based on the scenes the
participants experienced. To compare the values, we subtracted the baseline heart-
rate by all other values. Using the t-Test we did not get any significant differences
within the groups.

This study made us aware of the challenges that patient’s presence poses to the
design of VRET-systems. Furthermore, we concluded that the technology available
has the potential to contribute benefits to the therapy of anxiety disorders. How-
ever, we noticed that designers of these systems need to be well-informed about the
consequences of their design decisions. This lead us to the next study, which aims
to contribute to the understanding of exposure therapy.

Paper II: Next Generation Virtual Reality Exposure Therapy
Systems - A Study exploring Design Implications
Full paper presented at 2018 International Conference on Intelligent Systems (IS),
Funchal, Portugal.

Authors: Marius Koller, Philip Schäfer, Magdalena Sich, Julia Diemer, Mathias
Müller and Gerrit Meixner

Background and aims
This paper aims to understand the current practice of exposure therapy and to
draws design implications for these systems. The systems have to support the ther-
apists in their daily practice and hence should be well integrated into the therapy
process.

Methods
We used mixed methods to gather our data. First, we sent out an online-questionnaire
to reach as many therapists as possible. We were asking general questions regard-
ing their experience in therapy and characteristics of such systems they want to
have. Furthermore, we observed therapists during therapies and interviewed them
afterwards. The data we gathered were aggregated and combined. Using the com-
bination, we concluded design implications for VRET-systems. Due to ethical re-
strictions we were not allowed to record any conversations or take pictures.
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Results
As main result of this work we concluded that the process of therapy is complex
and VRET-systems that aim to support the therapy need to cover this complex-
ity. This lead us to formulation design implications for VRET-systems. We saw
the need for flexibility in the VRET-systems because the patients are individuals
and so are their needs for therapy. Furthermore, we observed that therapists are
practicing in small offices with little available space for locomotion.
From the challenges we found, we wanted to address the therapist’s need of flex-
ibility first because we intended to design our system iteratively by adding new
concepts that must be tested in non-clinical environments first. This lead to the
design and implementation of the system that is presented in our next study.

Paper III: Rich Interactions in Virtual Reality Exposure
Therapy: A Pilot-Study evaluating a System for Presentation
Training
Full paper submitted to 2019 International Conference of Healthcare Informatics,
Beijing, China.

Authors: Marius Koller, Philip Schäfer, Daniel Lochner, and Gerrit Meixner

Background and aims
This paper evaluates a system that addresses Public Speaking Anxiety (PSA).
Research indicates that the training of presentations lowers the anxiety level and
increases the speaker’s performance. The VR contains a virtual audience that is
placed in a classroom and listening to the presenter. The avatars can be controlled
from the outside to interact with the speaker verbally and non-verbally.

Methods

For evaluation we conducted a study with 24 healthy participants that were divided
in two groups. One group received dynamic live-interaction from an orchestrator
outside the VR. The other group received pre-defined animations for non-verbal
interaction and pre-recorded statements and questions as verbal interaction. Both
groups presented the same presentation and had the same questions to ask and
answer.

Before the experiment started we handed out several questionnaires evaluating
demographics and a tendency towards social anxiety. During the experiment, we
observed the presenters while presenting. When the participants completed the pre-
sentation, we handed out a questionnaire evaluating social- and co-presence. The
experiment was concluded with a semi-structured interview that should provide us
with insights on the subjective experience from each participant.
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(a) The orchestrator’s view from outside the VR.

(b) First-person view from the patient.

Figure 4.4: Two views of our system’s virtual environment.
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Results
Our results indicate that the verbal interaction with an orchestrator from outside
the VR has a high influence on the presenter’s experience. Participants frequently
asked follow-up questions after answers given by avatars. In the condition with
live-interaction, the orchestrator was able to respond to any question spontaneously.
Without the live-interaction, no further answer was given because the pre-recording
of proper responses, due to the vast amount of possible questions, would increase
the effort tremendously.

The take-over of avatars, which lead to the live-input on their upper-body move-
ment, did not impact the participants overall experience. The participants did not
mention a break in their perception when the orchestrator took over an avatar.
This indicates that the transition from synthetic animations to natural live-input
can be used in future use-cases.

We conducted the study with healthy participants and without therapists or-
chestrating the scene as we took over this role. This implies that the results of our
study must be validated with therapists as demanded by the development process
for mental health technology.



Chapter 5

Discussion

In the discussion, I will begin by summarizing and interpreting my results. This
part aims to abstract my findings and bring them into a broader context. Using
these interpretations I proceed to focus on the implications with the aim to high-
light challenges and future directions. The discussion is concluded by methodical
reflections.

5.1 Summary of results

My research consists of two main strands: exploring VRET and understanding
exposure therapy. Furthermore, my work is divided by the therapist’s and patient’s
view on these strands. In this section, I will first discuss the complexity of exposure
therapy followed by the role of presence in design. I conclude the summary of results
with reflections on the design in mental health settings.

Complexity of Exposure Therapy
While conducting the analysis for Paper II, I came to understand how complex and
how individual exposure and anxieties are. In regard to exposure, we concluded that
there is a need for numerous therapeutic scenarios to be able to account even for the
diversity within a particular anxiety disorder. One illustrative example concerns
arachnophobia (fear of spiders): a therapist explained that there are patients who
only fear spiders with hairy legs. Another more complex example concerns patients
who have developed a fear of presenting in front of an audience, as this is a social
setting the multitude of social interactions potential in such settings are clearly vast
and complex and may include emotions, conversations, body language, and other
explicit and implicit auditory and visual cues.

As shown in literature [27], VRET may offer the opportunity to conduct planned
and controlled exposure therapy using individualized stimuli. This is a clear advan-
tage to in-vivo exposure, which involves weather (e.g. too bad conditions for being
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on a roof), social encounters (e.g. meeting a friend during a session), unplanned
events (e.g. the train was cancelled), and so on. However, the real world also of-
fers multiple of opportunities to tailor sessions by natural complexity, as it is only
limited in this respect to what exists, which is a benefit for in-vivo exposure. In
order for VRET-systems to be a viable options for real therapy, a grand challenge
for these systems are to offer flexibility and complexity along with a broad variety
of therapeutic scenarios. Otherwise the therapist will lack the tools required to
be able handling the diversity of patients. This is in contrast to current research
on VRET-systems, which are arguably at early stages of development with limited
scenarios and interactions [12].

The possible degree of interactivity of these systems differs within the phobias.
For instance, for social anxiety disorders a dialog might be needed, involving direct
verbal interaction between the patient and an avatar controlled by the therapist.
In arachnophobia, however, no direct verbal interaction is needed to expose the
patient to the phobic stimulus. Instead other types of content or interactions needs
individualization, e.g. type and number of spiders. This is a challenge for the design
of VRET-systems and their scenarios on both, the patient’s and therapist’s, views of
the system. The possible individualization of scenarios has to be clear for therapists
at every stage of the therapy session in order to support them orchestrating the
session and its phobic stimuli. This challenges the design of the therapist’s interface,
which they must be able to use during the course of a exposure intuitively. From the
patient’s view, the scenarios must provide individualization that allows therapists
to adapt and orchestrate the phobic stimuli to the patient’s needs and responses.
Furthermore, the scenarios must be designed to resemble the world in a way that
provokes the patient’s anxiety accounting the possible individualization.

During my research, I realized that clinical VR-systems, and consequently VRET-
systems, can be used in different ways. For instance, VRET-systems may be not
only useful in exposure therapy but also in other therapeutic contexts, for example
in the training of social competences. One use may be in therapeutic role-plays be-
tween a therapist and patient as conducted in the training of oral exams. In current
practice, the therapists are playing the role of the examiner, which implies that the
patients are answering to the well-known and probably trusted therapist. Using
the concepts we explored in our system for social interaction (Paper III), therapists
can embody an avatar what may lead to a different stimulus. In the example of oral
exams the therapist may still play the role of an examiner but using our system,
the therapist embodies the examiner, which may ensure a more realistic experience
for the patient.

Furthermore, these systems can be used for training of therapists and nurses,
in which role-plays are already used [9, 11]. By employing role-play in VR the
training of therapists might benefit in experiencing the full view of patients during
a therapy session. The two described examples raise the challenge of scalability of
these systems to other uses.
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Role of Presence in Design

During our research on the patient’s side, we mainly investigated the concept of
presence and how to create highly present scenarios, encouraged by Ling et al. [25].
Research indicates that presence influences the anxiety [25] and therapy outcome
[3]. In general, Ling et al. conclude in their meta-analysis that the effect differs on
the clinical status and the anxiety [25]. They did not find a correlation between
presence and anxiety in social phobias, which may be caused by the current presence
measures that fail to detect the sense responsible for provoking social anxieties.
This circumstance is relevant on our work on rich interactions presented in Paper
III where we measured the social- and co-presence[33]. The challenge for future
research is to design VRET-systems that address the relevant influencing factors of
presence [40] and apply the relevant tools and measures of presence.

The first presence-influencing factor I want to address is locomotion, which here
refers to the patient’s movement in VR. In Paper II, we concluded that locomo-
tion is a challenge that has to be addressed when designing VRET-systems. The
scenarios developed for anxieties differ in the need of extensive locomotion, e.g.
some in-vivo exercises demand the patient to approach a phobic object. In other
exercises, locomotion is less important, for instance for patients exposed to a presen-
tation scenario where there is limited space for movement (Paper III). Therefore, it
appears important for VRET-system designed to be used for varied exposure to be
able to support locomotion. However, this is further complicated by the fact that
therapy offices typically are rather small (Paper II), which challenges the design
of VRET-systems to account for the patient’s presence while dealing with limited
space. This speaks against natural walking and in favor of less space-demanding
solutions such as walking in place [46] or treadmills [49]. Both these solutions come
with advantages (e.g. less space-demanding) and disadvantages (e.g. physically de-
manding) and both are not completely replicating the natural walking experience.
The locomotion in clinical environments has to account for possibly physically im-
paired users what challenges the design in a further dimension.

A further influencing factor of presence is the virtual representation of the user’s
body. In Paper I we found that a virtual body representation for the patient in-
creased the felt presence within a height scenario. However, most participants in
Paper III did not notice or miss the representation of their bodies when presenting
in front of an audience. An explanation for this phenomenon might be the nature of
the scenarios. While Paper I is in the context of height where the body perception
and awareness plays a role, in Paper III the verbal interaction is in the foreground.
Interestingly, there is evidence that the body is used as a motor-visual feedback on
metric measurements and distance [29]. This leads to my interpretation that a pho-
bia, which involves the perception of surroundings with involvement of distances or
metric measures needs the body tracking in order to provide a highly present ex-
perience. On the other hand, for phobia that involves complex (social) interaction,
other dimension of presence may be needed. For instance, avatars and their verbal
and non-verbal behavior contribute to a high sense of social- and co-presence. This
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implies that VRET-systems have to be sensitive to the specifics of presence needed
for different scenarios and and relevant influencing factors.

Designing in Mental Health Settings
The last challenge I want to address is the design and development process of
technology for mental health, which is considered by Rizzo and Kim as immature
and not user-centered [36] party due to the missing focus on clinicians. During
my research, I learned the basics of the field and understood exposure therapy to
be able to design systems supporting therapists and patients. I benefited from our
interdisciplinary research project that enriched the literature research by adding and
explaining backgrounds. However, I consider our partners as clinical researchers,
which consequently, leads again to the top-down development criticized by Mohr et
al. [30] where clinical researchers design systems for the use in-practice. However,
in the design process for mental health, the involvement of non-clinical mental
health professionals is a central aspect [7, 9], that we accounted for in our analysis
presented in Paper II. Still, I gathered feedback on early ideas and concepts from
our interdisciplinary partners, which informed the design process due to access
restrictions to non-clinical therapists. Their feedback was valuable for the progress
of our designs. However, in future stages the concepts must be tested with therapists
without clinical focus. As conclusion of this aspect, more research on the therapist’s
side of the systems is needed. This may also address the threat defined by Rizzo
and Kim in their SWOT-analysis that demands proofs for cost-benefit as with a
matured design and development process the specific requirements are researched
and implemented more efficient.

5.2 Implications

On an overarching level, drawing from the need for individualization within each
anxiety disorder and for different anxiety disorders, we need to turn our atten-
tion towards the challenges of designing multi-purpose VRET-systems. This is
important to allow therapists to use VRET in different use-cases and psychological
conditions, instead of single anxiety disorder targeted VRET-systems. In addition
to looking at individual disorders and VRET solutions, this calls for more holistic
approaches identifying general needs and requirements for VRET-systems based in
therapeutic practice.

Furthermore, systems must align with the therapist’s current practice and pro-
cess. VRET-systems are tools therapists can rely on when treating disorders and
must therefore be designed in a way that supports the therapists to conduct ther-
apies more efficiently. This may also involve the integration in the current infras-
tructure for documentation purposes.

Concerning patient presence in relation to locomotion in the virtual environ-
ment, the small spaces available in therapist’s offices limits natural physical move-
ments. This has implications for the implementation of locomotion as natural
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walking might not be a viable option. This limitation implies that methods such
as walk-in-place or treadmills may be the only options in this context. This might
in turn influence the patient’s sense of presence and the implementation may have
to balance the de-facto trade-off between high presence and less space demanding
locomotion methods.

In regard to patient presence in relation to having a virtual representation of
the body, we have seen in our studies that this depends on the specifics of the
case. In scenarios where the body is used as a mental reference for measurement
of distances [29], a virtual body influences presence. In other scenarios without
the need to estimate distances a virtual representation appears to have less impact
on presence. In our experiments, we found indications that in social scenarios a
virtual representation is not of central significance. However, our experiments were
conducted with participants without psychological conditions and the results may
differ with real patients due to a different perception of the scenario and situation.

5.3 Methodological reflection

Within our interdisciplinary research project we had direct contact to psychologists
who helped us to understand exposure therapy and current practice. However, in
retrospect, I have to consider the psychologist partners in Paper I and III more
as clinical researchers then practicing therapist. A potential problem of this is
that previous research [30] has highlighted the importance of integrating practicing
therapists who will later use the systems, in addition to clinical researchers. In
Paper II this was not an issue as therapists were involved. In conclusion of this
aspect, I still consider the feedback, concepts and ideas from the clinical researchers
as important and valuable, nonetheless, these systems still need to be validated with
in-practise therapists.

For the patients, we conducted exclusively in-lab studies with healthy partici-
pants. From an ethical standpoint, this was the best way to evaluate the current
state of our systems in this early stage of development [7, 9]. At this stage, the the
main focus is to prove the potential benefits for therapy and our approach follows
general recommendations, in this regard. However, this may have influenced results
as people with real anxiety disorders may experience the situations, needs, and en-
vironments differently. For instance, presence may be influenced for someone who
has e.g. difficulties speaking in front of an audience.

The concept of presence, which was the main focus on the patient’s side because
of its importance for VRET [25, 3], is not entirely unproblematic. For instance,
it is considered to be too abstract for the participants[43] and contains influencing
factors that differ from the individual patient depending on the psychological con-
dition and anxiety [25]. Despite these issues, presence is still considered important
as it may influence VRET [25, 8, 3] and it is also an important measure for the VR
research community.
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We measured presence using different dimensions and strove to avoid interfer-
ence with the participants experience. Therefore, for in-experiment measures in
Paper I, we used observation, physiological recording (heart-rate) and direct as-
sessment (i.e. asking for the level of presence while the participant is immersed).
However, after Paper I, we concluded that the direct assessment may have influ-
enced presence by causing breaks in presence, and therefore we did not use this
measure in Paper III. Furthermore, since the measurement of the participant’s
heart-rate did not provide significant differences in Paper I, this measure was also
excluded in Paper III. In Paper III, we instead handed out standard questionnaires
to provide a score for presence and combined this with interviews and observations.
The downside of this approach, however, that we aimed to overcome in Paper I, is
that it may be difficult to recall presence in post-study investigation [13]. However,
since this a common approach in research, this study suffers from similar biases as
other studies in the field.



Chapter 6

Conclusion and Future Work

My research aims to contribute to the understanding of exposure therapy and to in-
vestigate the future role of VR in CBT sessions. In the process, I have striven to in-
tegrate therapists in the early design stages of prototypical VRET-part-system that
we developed and evaluated. These systems are early pre-clinical prototypes that
explore technological opportunities and challenges for the design of VRET-systems
and we evaluated them with ordinary people without any diagnosed psychological
conditions. Although the research conducted only scratches the surface of what
there is to explore, the results from these studies highlight important challenges for
the future development of useful and flexible VRET-systems.

To conclude the discussion, let us return to the research question:

What are the challenges for designing VRET-system to support thera-
pist’s and patient’s interactions?

In summary, drawn from the discussion and my research I have found several chal-
lenges for the development of VRET-systems related to the 1) patients individual
therapeutic needs, 2) required flexibility of the system to support role-play and mul-
tiple scenarios, 3) the complexity of integrating multiple rich interactions and the
scalability of functionality, 4) visibility of system status in complex VRET-systems
5) developing scenarios that evoke a high presence, and 6) supporting patient loco-
motion in small rooms.

First, patient’s and their conditions are highly individual, requiring the therapist
to customize sessions in terms of scenarios and details. Therefore, and secondly, it
is important that VRET-systems support many different scenarios and that each
scenario provides a high degree of flexibility and customization in order to support
the individual character of therapy. Thirdly, this leads to a scalability challenge of
creating rich VRET-systems with many functions. In the studies presented in this
thesis we evaluated seemingly simple interactions that are not sufficient to support
the needs for flexibility and customization. However, these interactions still turned
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out to be non-trivial causing us to realize that the usability and complexity of
the system will be a grand challenge as we start to add on new possibilities and
interactions. For instance, and fourthly, the HCI usability concept of visibility
of system status [4] will be a difficult challenge as the therapist gets increasing
control over vast numbers of details in the VR environment and is responsible
for orchestrating the narrative unfolding during the sessions. Fifthly, patient’s
presence is an influencing factor for the success of a therapy in VR and, therefore,
VRET-systems must provide highly present scenarios. To achieve this, we have
to design systems that manipulate the influencing factors of presence. Finally, one
influencing factor is the possibility to move within VR, called locomotion, challenges
VRET-systems. Therapy rooms typically are small and some mental conditions and
scenarios require the patients to move within the VR environment. This emphasises
the challenge of supporting locomotion in small physical spaces, which is a challenge
addressed in research on locomotion methods such as WiP [46] or treadmills [49].

To conclude, I have identified a number of challenges relevant for future research
on VRET-systems and on a meta level I would like to highlight that there is a need
to conduct more research on the needs of therapists and how we can support rich
and flexible therapeutic sessions using VRET-systems.

6.1 Potential Future Work

In my future work I aim to continue to address and involve both therapists and
patients. However, since we have not yet evaluated the systems together with ther-
apists, it is an important first step to complete development process of technology
for mental health [7]. In the evaluation, the preliminary plan is to use a role-playing
approach [9] as the system is not ready for clinical trials, yet.

To continue with the learnings presented in this thesis, I intend to focus more
on the challenges around rich interaction, in contrast to more simplistic VRET-
systems, that provide improved flexibility and support therapist-patient role-play.
A potential case with a social orientation could be oral exams or job interviews.
These settings distinguish from the evaluated scenario described in Paper III (pub-
lic speaking anxiety) in the closeness of the interaction. In Paper III, the presenter
stands at a larger distance to the audience compared to a face-to-face conversa-
tion. Here we could investigate aspects of close interaction and the influence of
communication-related concepts such as eye-contact and body language.

A further currently unaddressed field may be the use of haptics in the context
of VRET. In phobias that involve certain objects or animals (e.g. spiders) the sense
of touch might be of significance to conduct therapy. Haptics and its use in VR
are currently researched in various forms, e.g. data gloves [19] or air-haptics using
ultra sound [5].



List of Figures

2.1 A person using the Cyberith Virtualizer. . . . . . . . . . . . . . . . . . . 9

3.1 Model of the Development of Mental Health Interventions. . . . . . . . . 16
3.2 Overview over the course of my studies. . . . . . . . . . . . . . . . . . . 18

4.2 Two views of our system with enabled extremity tracking. . . . . . . . . 24
4.4 Two views of our system’s virtual environment. . . . . . . . . . . . . . . 27

37





Bibliography

[1] Medhat Alaker, Greg R. Wynn, and Tan Arulampalam. Virtual reality training
in laparoscopic surgery: A systematic review &amp; meta-analysis. Interna-
tional Journal of Surgery, 29:85–94, 5 2016. ISSN 17439191.

[2] Woodrow Barfield and Claudia Hendrix. The effect of update rate on the
sense of presence within virtual environments. Virtual Reality, 1(1):3–15, 6
1995. ISSN 1359-4338.

[3] Cristina Botella, Javier Fernández-Álvarez, Verónica Guillén, Azucena García-
Palacios, and Rosa Baños. Recent Progress in Virtual Reality Exposure Ther-
apy for Phobias: A Systematic Review, 7 2017. ISSN 15351645.

[4] Stuart Card, JD Mackinlay, and B Shneiderman. Information visualization.
Human-computer interaction: Design issues, solutions, and applications, 181,
2009.

[5] Tom Carter, Sue Ann Seah, Benjamin Long, Bruce Drinkwater, and Sriram
Subramanian. Ultrahaptics: multi-point mid-air haptic feedback for touch
surfaces. In Proceedings of the 26th annual ACM symposium on User interface
software and technology, pages 505–514. ACM, 2013.

[6] Yujuan Choy, Abby J Fyer, and Josh D Lipsitz. Treatment of specific phobia
in adults. Clinical Psychology Review, 27(3):266–286, 2007. ISSN 02727358.

[7] David Coyle, Gavin Doherty, Mark Matthews, and John Sharry. Computers
in talk-based mental health interventions. Interacting with Computers, 19(4):
545–562, 2007. ISSN 09535438.

[8] Julia Diemer, Georg W Alpers, Henrik M Peperkorn, Youssef Shiban, and
Andreas Mühlberger. The impact of perception and presence on emotional
reactions. Frontiers in Psychology, 6(345):788, 2015. ISSN 1664-1078.

[9] Gavin Doherty, David Coyle, and Mark Matthews. Design and evaluation
guidelines for mental health technologies. Interacting with Computers, 22(4):
243–252, 7 2010. ISSN 09535438.

39



40 BIBLIOGRAPHY

[10] Paul M. G. Emmelkamp, Mary Bruynzeel, Leonie Drost, and Charles A. P. G
van der Mast. Virtual Reality Treatment in Acrophobia: A Comparison with
Exposure in Vivo. CyberPsychology & Behavior, 4(3):335–339, 2001. ISSN
1094-9313.

[11] Peggy Fossen and Pamella Rae Stoeckel. Nursing Students’ Perceptions of
a Hearing Voices Simulation and Role-Play: Preparation for Mental Health
Clinical Practice. Journal of Nursing Education, 55(4):203–208, 4 2016. ISSN
0148-4834.

[12] Daniel Freeman, Sarah Reeve, A. Robinson, Anke Ehlers, David M. Clark,
Bernhard Spanlang, and Mel Slater. Virtual reality in the assessment, under-
standing, and treatment of mental health disorders. Psychological Medicine,
47(14):2393–2400, 10 2017. ISSN 0033-2917.

[13] Jonathan Freeman, S. E. Avons, Don E. Pearson, and Wijnand A. IJsselsteijn.
Effects of Sensory Information and Prior Experience on Direct Subjective Rat-
ings of Presence. Presence: Teleoperators and Virtual Environments, 8(1):
1–13, 2 1999. ISSN 1054-7460.

[14] Julian Frommel, Sven Sonntag, and Michael Weber. Effects of controller-
based locomotion on player experience in a virtual reality exploration game.
In Proceedings of the International Conference on the Foundations of Digital
Games - FDG ’17, pages 1–6, New York, New York, USA, 2017. ACM Press.
ISBN 9781450353199.

[15] Azucena Garcia-Palacios, Cristina Botella, Hunter G. Hoffman, and Sonia Fab-
regat. Comparing acceptance and refusal rates of virtual reality exposure vs.
in-vivo exposure by patients with specific phobias. CyberPsychology & Behav-
ior, 10(5):722–724, 2007. ISSN 1094-9313.

[16] Azucena Garcia-Palacios, Hunter G. Hoffman, Sheree Kwong See, Amy Tsai,
and Cristina Botella. Redefining Therapeutic Success with Virtual Reality
Exposure Therapy. CyberPsychology & Behavior, 4(3):341–348, 6 2001. ISSN
1094-9313.

[17] Dwi Hartanto, Willem-Paul Brinkman, Isabel L. Kampmann, Nexhmedin Mo-
rina, Paul G. M. Emmelkamp, and Mark A. Neerincx. Home-Based Virtual
Reality Exposure Therapy with Virtual Health Agent Support. pages 85–98.
2016.

[18] Thomas R. Insel. Assessing the Economic Costs of Serious Mental Illness.
American Journal of Psychiatry, 165(6):663–665, 6 2008. ISSN 0002-953X.

[19] Marcelo Kallmann and Daniel Thalmann. Direct 3d interaction with smart
objects. In Proceedings of the ACM Symposium on Virtual Reality Software
and Technology, VRST ’99, pages 124–130, New York, NY, USA, 1999. ACM.
ISBN 1-58113-141-0. URL http://doi.acm.org/10.1145/323663.323683.



BIBLIOGRAPHY 41

[20] Isabel L. Kampmann, Paul M.G. Emmelkamp, Dwi Hartanto, Willem-Paul
Brinkman, Bonne J.H. Zijlstra, and Nexhmedin Morina. Exposure to virtual
social interactions in the treatment of social anxiety disorder: A randomized
controlled trial. Behaviour Research and Therapy, 77:147–156, feb 2016. ISSN
00057967.

[21] Ronald C. Kessler, Patricia Berglund, Olga Demler, Robert Jin, Kathleen R.
Merikangas, and Ellen E. Walters. Lifetime Prevalence and Age-of-Onset Dis-
tributions of DSM-IV Disorders in the National Comorbidity Survey Replica-
tion. Archives of General Psychiatry, 62(6):593, 6 2005. ISSN 0003-990X.

[22] Minyoung Lee, Dongwon Suh, Jaebum Son, Jungjin Kim, Seon-Deok Eun, and
BumChul Yoon. Patient perspectives on virtual reality-based rehabilitation
after knee surgery: Importance of level of difficulty. Journal of Rehabilitation
Research and Development, 53(2):239–252, 2016. ISSN 0748-7711.

[23] Philip Lindner, Alexander Miloff, Simon Fagernäs, Joel Andersen, Martin Sige-
man, Gerhard Andersson, Tomas Furmark, and Per Carlbring. Therapist-led
and self-led one-session virtual reality exposure therapy for public speaking
anxiety with consumer hardware and software: A randomized controlled trial.
Journal of Anxiety Disorders, 7 2018. ISSN 08876185.

[24] Philip Lindner, Alexander Miloff, William Hamilton, Lena Reuterskiöld, Ger-
hard Andersson, Mark B. Powers, and Per Carlbring. Creating state of the
art, next-generation Virtual Reality exposure therapies for anxiety disorders
using consumer hardware platforms: design considerations and future direc-
tions. Cognitive Behaviour Therapy, pages 1–17, 3 2017. ISSN 1650-6073.

[25] Yun Ling, Harold T. Nefs, Nexhmedin Morina, Ingrid Heynderickx, and
Willem-Paul Brinkman. A Meta-Analysis on the Relationship between Self-
Reported Presence and Anxiety in Virtual Reality Exposure Therapy for Anx-
iety Disorders. PLoS ONE, 9(5):e96144, 5 2014. ISSN 1932-6203.

[26] Michael Madary and Thomas K. Metzinger. Recommendations for Good Sci-
entific Practice and the Consumers of VR-Technology. Frontiers in Robotics
and AI, 3:3, 2 2016. ISSN 2296-9144.

[27] Jessica L. Maples-Keller, Brian E. Bunnell, Sae-Jin Kim, and Barbara O. Roth-
baum. The Use of Virtual Reality Technology in the Treatment of Anxiety and
Other Psychiatric Disorders. Harvard Review of Psychiatry, 25(3):103–113,
2017. ISSN 1067-3229.

[28] Florin Octavian Matu, Mikkel Thøgersen, Bo Galsgaard, Martin Møller
Jensen, and Martin Kraus. Stereoscopic augmented reality system for su-
pervised training on minimal invasive surgery robots. In Proceedings of the
2014 Virtual Reality International Conference on - VRIC ’14, pages 1–4, New
York, New York, USA, 2014. ACM Press. ISBN 9781450326261.



42 BIBLIOGRAPHY

[29] Betty J Mohler, Sarah H Creem-Regehr, William B Thompson, and Hein-
rich H Bülthoff. The Effect of Viewing a Self-Avatar on Distance Judgments
in an HMD-Based Virtual Environment. Presence: Teleoperators and Virtual
Environments, 19(3):230–242, 6 2010. ISSN 1054-7460.

[30] David C. Mohr, Ken R. Weingardt, Madhu Reddy, and Stephen M. Schueller.
Three Problems With Current Digital Mental Health Research . . . and Three
Things We Can Do About Them. Psychiatric Services, 68(5):427–429, 5 2017.
ISSN 1075-2730.

[31] Andreas Mühlberger. Efficacy of a one-session virtua reality exposure treat-
ment for fear of flying. Psychotherapy Research, 13(3):323–336, 2003. ISSN
1050-3307.

[32] Andreas Mühlberger, Anne Weik, Paul Pauli, and Georg Wiedemann. One-
session virtual reality exposure treatment for fear of flying. Psychotherapy
Research, 16(1):26–40, 2006. ISSN 1050-3307.

[33] Sandra Poeschl and Nicola Doering. Measuring Co-Presence and Social Pres-
ence in Virtual Environments - Psychometric Construction of a German Scale
for a Fear of Public Speaking Scenario. Studies in health technology and infor-
matics, 219:58–63, 2015. ISSN 1879-8365.

[34] Mark B. Powers and Paul M.G. Emmelkamp. Virtual reality exposure therapy
for anxiety disorders: A meta-analysis. Journal of Anxiety Disorders, 22(3):
561–569, 4 2008. ISSN 08876185.

[35] Bernhard E. Riecke, Aleksander Väljamäe, and Jörg Schulte-Pelkum. Moving
sounds enhance the visually-induced self-motion illusion (circular vection) in
virtual reality. ACM Transactions on Applied Perception, 6(2):1–27, 2 2009.
ISSN 15443558.

[36] Albert “Skip” Rizzo and Gerard Jounghyun Kim. A SWOT Analysis of the
Field of Virtual Reality Rehabilitation and Therapy. Presence: Teleoperators
and Virtual Environments, 14(2):119–146, 4 2005. ISSN 1054-7460.

[37] Albert “Skip” Rizzo and Sebastian Thomas Koenig. Is clinical virtual reality
ready for primetime? Neuropsychology, 31(8):877–899, 11 2017. ISSN 1931-
1559.

[38] Barbara Olasov Rothbaum, Larry F. Hodges, Rob Kooper, Dan Opdyke,
James S. Williford, and Max North. Virtual reality graded exposure in the
treatment of acrophobia: A case report. Behavior Therapy, 26(3):547–554, 22
1995. ISSN 00057894.

[39] Roy A. Ruddle, Ekaterina Volkova, and Heinrich H. Bülthoff. Walking im-
proves your cognitive map in environments that are large-scale and large in



BIBLIOGRAPHY 43

extent. ACM Transactions on Computer-Human Interaction, 18(2):1–20, 6
2011. ISSN 10730516.

[40] Maria V. Sanchez-Vives and Mel Slater. From presence to consciousness
through virtual reality. Nature Reviews Neuroscience, 6(4):332–339, 4 2005.
ISSN 1471-003X.

[41] Silvia Serino, Nicoletta Polli, and Giuseppe Riva. From avatars to body swap-
ping: The use of virtual reality for assessing and treating body-size distortion
in individuals with anorexia. Journal of Clinical Psychology, 75(2):jclp.22724,
12 2018. ISSN 0021-9762.

[42] Adalberto L. Simeone, Ifigeneia Mavridou, and Wendy Powell. Altering User
Movement Behaviour in Virtual Environments. IEEE Transactions on Visu-
alization and Computer Graphics, 23(4):1312–1321, 4 2017. ISSN 1077-2626.

[43] Mel Slater. How Colorful Was Your Day? Why Questionnaires Cannot As-
sess Presence in Virtual Environments. Presence: Teleoperators and Virtual
Environments, 13(4):484–493, 8 2004. ISSN 1054-7460.

[44] Mel Slater and Anthony Steed. A Virtual Presence Counter. Presence: Tele-
operators and Virtual Environments, 9(5):413–434, 10 2000. ISSN 1054-7460.

[45] Mel Slater and Martin Usoh. Representations Systems, Perceptual Position,
and Presence in Immersive Virtual Environments. Presence: Teleoperators and
Virtual Environments, 2(3):221–233, 1 1993. ISSN 1054-7460.

[46] Mel Slater, Martin Usoh, and Anthony Steed. Taking steps. ACM Transactions
on Computer-Human Interaction, 2(3):201–219, 1995. ISSN 10730516.

[47] Mel Slater, Martin Usoh, and Anthony Steed. Taking steps: the influence
of a walking technique on presence in virtual reality. ACM Transactions on
Computer-Human Interaction, 2(3):201–219, 1995. ISSN 10730516.

[48] Mel Slater and Sylvia Wilbur. A framework for immersive virtual environments
(five): Speculations on the role of presence in virtual environments. Presence:
Teleoperators and Virtual Environments, 6(6):603–616, 12 1997. ISSN 1054-
7460, 1531-3263.

[49] Jan L. Souman, Paolo Robuffo Giordano, Martin C. Schwaiger, Ilja Frissen,
Thomas Thümmel, Heinz Ulbrich, Alessandro De Luca, Heinrich H. Bülthoff,
and Marc O. Ernst. CyberWalk: Enabling unconstrained omnidirectional walk-
ing through virtual environments. ACM Transactions on Applied Perception,
8(4):1–22, nov 2011. ISSN 15443558.

[50] Ivan E. Sutherland. A head-mounted three dimensional display. In Proceedings
of the December 9-11, 1968, fall joint computer conference, part I on - AFIPS
’68 (Fall, part I), page 757, New York, New York, USA, 1968. ACM Press.



44 BIBLIOGRAPHY

[51] Sebastian Trautmann, Jürgen Rehm, and Hans-Ulrich Wittchen. The economic
costs of mental disorders: Do our societies react appropriately to the burden
of mental disorders? EMBO reports, 17(9):1245–9, 8 2016. ISSN 1469-3178.

[52] Martin Usoh, Kevin Arthur, Mary C. Whitton, Rui Bastos, Anthony Steed,
Mel Slater, and Frederick P. Brooks. Walking > walking-in-place > flying, in
virtual environments. In Proceedings of the 26th annual conference on Com-
puter graphics and interactive techniques - SIGGRAPH ’99, pages 359–364,
New York, New York, USA, 1999. ACM Press. ISBN 0201485605.

[53] Martin Usoh, Ernest Catena, Sima Arman, and Mel Slater. Using Presence
Questionnaires in Reality. Presence: Teleoperators and Virtual Environments,
9(5):497–503, 10 2000. ISSN 1054-7460.

[54] Bob G. Witmer and Michael J. Singer. Measuring Presence in Virtual En-
vironments: A Presence Questionnaire. Presence: Teleoperators and Virtual
Environments, 7(3):225–240, 6 1998. ISSN 1054-7460.

[55] Hans-Ulrich Wittchen, Frank Jacobi, Jürgen Rehm, Anders Gustavsson,
Mikael Svensson, Bengt Jönsson, Jes Olesen, Christer R. Allgulander, Jordi
Alonso, Carlo Faravelli, Laura Fratiglioni, Poul Jennum, Roselind Lieb, An-
dreas Maercker, Jim van Os, M Preisig, Luis Salvador-Carulla, Roland Simon,
and Hans-Christoph Steinhausen. The size and burden of mental disorders and
other disorders of the brain in Europe 2010. European Neuropsychopharma-
cology, 21(9):655–679, 2011. ISSN 0924977X.

[56] World Medical Association. World Medical Association Declaration of Helsinki.
JAMA, 310(20):2191, 11 2013. ISSN 0098-7484.

[57] Michael Yates, Arpad Kelemen, and Cecilia Sik Lanyi. Virtual reality gaming
in the rehabilitation of the upper extremities post-stroke. Brain Injury, 30(7):
855–863, 6 2016. ISSN 0269-9052.


