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Abstract—Mental illnesses have been identified as a major cause
for disability and responsible for an extensive share of the global
burden of diseases worldwide. Likewise psychological factors
have been associated with physical health and illnesses. This
motivated research into the field of mental health computing,
which focuses on computer support systems for understanding,
preventing, and relieving psychologically based distress or
dysfunction, but also on electronic coaching of individuals to
promote wellness. This paper describes past, current and future
research work of the Delft Mental Health Computing Lab
focusing around three research directions: (1) the recreation of
relevant realities; (2) intelligent agents for health interventions;
and (3) engineering methodologies for applications in the field of
mental health computing.
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I. INTRODUCTION

Mental health illnesses are a major cause of disability with
neuropsychiatric disorders filling five of the top ten causes [1].
Furthermore, unipolar depression, a mental illness, has a
substantial impact to the burden of disease. Worldwide it is
ranked on third place, eighth in low-income countries, but it
leads the list in the middle- and high-income countries [2]. On
top of that, psychological factors, for example stress, have also
been associated with physical health [3, 4]. For the
Netherlands, it is estimated [5] that 43% of its population is
affected by a mental illness in their lifetime. Still, without
adequate new policy measures, estimations are that in 2025 55
of every 145 Dutch patients will have no access to professional
care, a shortfall of 40% as a consequence of demographic
changes in the workforces and an increase in care demand [6].
Likewise in Europe, public health has been identified as one of
the grand challenges [7, 8]. This calls for new healthcare
concepts which improves the efficiency of care providers and a
shift away from expensive professional care in health clinics to
self-management at home. Information and communication
technology (ICT) is positioned as an essential enabler to cope
with these new demands, and can even reach further by
providing new types of treatment and prevention strategies. In
the mental healthcare sector ICT’s role is therefore becoming
more prominent, especially mental health computing (MHC).
MHC can be seen as the intersection between computer science
(including human-computer interaction), clinical and health

psychology. It focuses on computer support systems for
understanding, preventing, and relieving psychologically based
distress or dysfunction and for mental coaching to promote
health, well-being and the prevention of illness. Importantly,
MHC not only focuses on mental health illness but also at
computer support for psychological aspects of other type of
illness and healthy living, for example supporting individuals
to change their behaviour to adopt a more healthy life style.

This paper focuses on three fundamental research directions
for MHC, stating scientific research questions, and giving
examples of current examples in this area. The three directions
are: (1) the recreation of relevant realities; (2) intelligent agents
for health interventions; and (3) engineering methodologies for
MHC applications. These three directions will be discussed in
the context of past, current and future work conducted by the
Delft Mental Health Computing (DMHC) Lab.

II.  RECREATION OF RELEVANT REALITIES

Cognitive ~ behavioural  therapy  (CBT) is a
psychotherapeutic approach often used in a variety of mental
conditions such as anxiety, and psychotic disorders. A key
component of CBT is exposure in vivo, i.e. exposing the
patient to the actual stressor in real life, e.g. a spider in the case
of arachnophobia. As exposure in vivo is often difficult to
arrange and to control, exposure in virtual reality (VR) has
been researched as a viable alternative. Virtual reality exposure
therapy (VRET) uses computer-generated environments to
simulate stimuli. Already in 1992 the first experiments were
conducted in this area [9]. Research on VRET has focused on
various mental disorders, such as claustrophobia, fear of
driving, acrophobia, fear of flying, spider phobia, social
phobia, panic disorder with agoraphobia, and also post-
traumatic stress disorder (PTSD) [10, 11]. An advantage of
VRET seems to be that patients might be more willing to
expose themselves in VR than in vivo. For example in a survey
among 150 patients [12], 76% chose VR over vivo, but more
importantly, refusal rate for VR exposure (3%) was far lower
than that of exposure in vivo (27%). Several studies describe
positive results achieved with VRET in treating anxiety
disorders (e.g. [13-16]), suggesting VRET to be as effective as
exposure in vivo. A fundamental research question in this area
is: how effective is and in what matter can a relevant reality be
recreated to evoke a specific emotional response in an



individual? Recreating a relevant reality, even a non-stressful
situation [17], requires a detailed analysis and understanding of
a patient and his or her anxiety. Take for example a VRET
system to treat patients for their fear of flying [18], several
scenes might be relevant to be included in the exposure, such
as the inside of an airplane, the airport, or even the train which
takes the person to the airport. Furthermore, when recreating a
scene in virtual reality, for example the airplane, key phobic
stressors need to be identified and implemented, for example
seat belt light, a vibrating chair, and the engine sound. Under
the control of the therapist, these stressors make it possible to
gradually expose patients to situations they fear.

A. Home-based VRET system for the treatment of Social
Phobia

Although initial work successfully focused on systems for
treating patients for their fear of flying or height, the DMHC
lab’s current focus is on social phobia with its challenge of
recreating  social interaction including free speech
conversations and non-verbal communication, i.e. facial
expression and gaze. Social phobia is one of the most
commonly occurring anxiety disorders; estimated to affect 9.3
% of the Dutch population in their lifetime [5]. People with a
social phobia have a strong fear of one or more social
situations, such as talking in public, entering a room with other
people, ordering food in a restaurant etc. The effect of this
phobia on patients includes depression, substance abuse (e.g.
alcoholism, drug abuse), restricted socialization, and poor
employment and education performance. In the western world,
social phobia leads to intensive use of (mental) health services.
A virtual reality exposure therapy system specifically designed
to expose patients with social phobia to various social
situations has been developed using the Delft Remote VRET
(DRVRET) platform [19]. This system allows exposure to
various social situations such as: a job interview, a blind date,
buying items in a shop, giving a presentation to an audience
followed by a question and answer round. Semi-structured
dialogues have been written for each of these social situations.
The dialogues allow therapists at each point in the dialogue to
select a reply from a set of possible replies for the virtual
character, i.e. avatar, which can be more or less anxiety
provoking. With the aim of transforming this system into a
system that can be used at home by the patient on their own,
several steps have already been undertaken. For example, work
[20] towards automating the speech response shows that,
although different automatic techniques such as speech
detection and speech recognition have their (dis)advantages,
they often did not show any significant difference compared to
a therapist who controls the conversation. A VRET system
with automated semi-scripted conversations might therefore be
suitable for the treatment of patients with social phobia. A
challenge thereby is to improve keyword recognition, for
example by steering patients to use specific keywords in their
answers by priming them with specific pictures in the virtual
world [21]. Besides automating the conversation, the behaviour
of the avatars also needs to be automatized. For example, in
public speaking scenario, the behaviour of the audience should
be believable, natural and adjustable to a number of outside
parameters that can be set, such as attitude towards the
presentation, mood, personality of the audience member [22].

As no therapist is present to set these phobic stress parameters
by monitoring anxiety level, a robust automatic anxiety
measurement is needed. This would ideally be a multimodal
measure based on a combination of several measures, such as
subjective measures, physiological measures, but also voice
analysis. For automatic subjective anxiety measurement, it is
essential that these questions are posed at an appropriate
moment in the flow of the conversation the patient is having
with the avatar as inappropriate interruptions can negatively
affect individuals’ ability to continue the conversation and their
sense of being in the virtual world, i.e. presence [23]. Another
important consideration for developing a home-based system is
the potential equipment available, specifically to display the
virtual world. In the clinic this is traditionally done with a head
mounted display (HMD). However, for social phobia using a
one-screen projection might also be sufficient as stereoscopic
rendering has shown not to be of practical importance in public
speaking setting [24], and a comparison between HMD and
one-screen project found similarly high levels of anxiety
reports during exposure to DRVRET social virtual
environments [25].

Instead of indirectly supervised or unsupervised exposure
system at home, an alternative research direction is an internet-
delivered VRET system whereby therapists monitor a patient
directly. This tele-treatment feature has already been
successfully tested in a session between the Delft lab and the
lab of our colleagues from Technical University of Valencia
[26], and likewise the DRVRET platform support remote
treatment over the internet [19]. Therapists see the patient on a
camera, and they can listen and talk to the patient through an
intercom, and also monitor psychological anxiety indicators
such as heart rate and galvanic skin response. Using intelligent
computerized assistance would reduce the workload of the
therapist, creating the potential of treating multiple patients at
the same time over the internet [27]. Besides these technical
challenges, an important question that remains is also the
efficacy of these treatment approaches for social phobia.

B. PostTraumatic Stress Disorder

PTSD is another mental health illness where exposure in
virtual reality has been suggested as part of the treatment
characterized by symptoms such as persistent re-experiences of
the traumatic event, avoidance of stimuli associated with the
trauma, numbing of general responsiveness, and symptoms of
increased arousal such as irritability or outbursts of anger.
PTSD is one of the most prevalent mental disorders for which
psychotherapy is widely practiced [28] and depression is one of
the most common comorbid disorders when PTSD is
diagnosed [28]. Although reports vary, the lifetime prevalence
rate for PTSD of 7.4% for the Netherlands [29] seems to be
consistent with the 6.8% rate reported for the US [30]. About
20% of US soldiers who served in Iraq and Afghanistan return
with psychological damage, most commonly PTSD and
depression [31].

1) Treatment
Most research on PTSD VRET systems have been focusing
on large scale events that have traumatized large groups, e.g.
soldiers such as Virtual Vietnam [32] and Virtual Iraq [33].
This approach might only be economically viable with a



sizeable patient group that has a shared traumatic experience
[11]. For other cases the pursuit of an easy personalisable
virtual world is needed. The Multi-Modal Memory
Restructuring (3MR) system is addressing the current gap. The
application focuses especially on helping patients to restructure
and relearn memories about traumatic events. The system
allows patients to order these and other events on a
chronological life line by visualizing them using personal
photos, narrative text, online geographical maps, webcam
snapshots in a diary style application that also allows patients
to create their own 3D virtual worlds of specific traumatic
scenes. Results of a storytelling experiment found that with the
3MR system individuals told their autobiographical story in
more detail, and usability was perceived as on an acceptable
level [34, 35]. Initially designed for psychotherapy with war
veterans, new research avenues for the 3MR system are non-
combat related PTSD such as adults with childhood sexual
abuse, for war-related PTSD among civilians, and for aviation
related PTSD. Work is on its way to evaluate the efficacy of
this type of treatment.

2) Resilience

Besides technological support for PTSD treatment, recent
research is also focusing on technology that can support mental
resilience training as a way to prevent PTSD. Worldwide a
limited number of systems have been suggested based on
various underlying prevention strategies such as stress
inoculation training, CBT, and biofeedback training. These
methods teach and rehearse coping and self-regulation skills.
Interviews among the researchers of these systems [36] has put
forward three project-limiting constraints: culture, engineering
and resource related issues. An additional factor also seems to
be the effectiveness measurement of these trainings and related
technology. As an emerging subfield, several research
questions still need to be addressed, such as the possible
transfer of learning from generic virtual reality setting to a
specific theatre of war setting, and whether technology can
assist in improving resilience during and after deployment.
Furthermore, other concepts for resilience intervention system
need to be explored considering other underlying prevention
strategies, for example improving self-efficacy by training
sense making or (re)appraisal skills of emotionally charged
events, but also improving stress coping strategies by providing
individuals with bio- or cognitive feedback in a training
environment of a stressful situation [37].

C. Psychosis

Most research on VRET has focussed on the treatment of
anxiety disorders, far less attention has been devoted to
psychosis. This is a mental condition whereby people have
delusions or prominent hallucinations. Core symptoms include
paranoid delusions, ideas of reference and social anxiety.
Psychotic patients can experience anxiety as they believe
others intend to harm them. To a lesser degree, paranoia and
social anxiety also exist among the general population, and
these symptoms have therefore successfully been studied in
virtual reality with non-patients [38]. Key to the development
of virtual reality environment which would allow for gradual
exposure is the recreation of psychotic stressors in virtual
reality. For example recently the density and ethnic appearance

of a group of avatars has been proposed in this context [39].
Current work includes exploration of controlling the amount of
arbitrary events in the virtual world which might evoke
paranoid thoughts, such as overhearing snaps of conversation,
news flash message on TV screens, face expression, eye gaze,
and avatars that are walking around apparently searching for
someone or something. Whereas the efficacy of VRET for the
treatment of anxiety disorders has been examined by several
studies, for psychotic disorders this is still an open question.

III.  INTELLIGENT AGENTS FOR HEALTH INTERVENTIONS

The rise of facilitating technologies such as internet and
mobile technology and the economic need for moving
treatment out of clinics into the home explain recent interest in
merging CBT with the internet [40], and the emerging interest
for eCoaching as an important element for computer assisted
health interventions. The challenge thereby is to understand
how coaching methods, for example cognitive behavioural
coaching, narrative coaching, and motivational interviewing
[41], could be computerized or inspire new coaching
approaches which also benefit from persuasive computing
strengths [42] such as motivating patients when they most need
it, having almost unlimited time to support them, providing
them extensively with personalised feedback, and fitting its
support to patients’ daily routine. Giving the eCoach a human
appearance might also benefit the alliance between the eCoach
and the patient, as therapeutic alliance is a consistent predictor
of therapy outcome [43]. Several intriguing reports [44] have
indeed found similarity between human social responses
towards a computer and towards another human. The eCoach
could also provide affective feedback such as facial expression
as this has shown to enhance adherence [45]. Especially as
symptoms might initially intensify during psychotherapy, an
eCoach task to provide psycho-education seems important. The
concept of virtual coaches can not only be studied in the mental
health domain, but in the health domain in general. Still, the
MHC focus is on the psychological support, and educational
element of the care demand, considering aspects such as trust,
persuasion, personalisation, and social interaction. Self-
management and remote mediate support can be expected to
become an essential resource of the care system in the future.
Key therefore will be the support given to patients in their
home situation; empowering them in their desire of
independent living. Two important roles for ICT in this context
exist: 1) coaching clients directly to follow desired health
behaviours, including the use of other devices or following
treatment instructions; and 2) support asynchronous remote
interaction between client and care provider. As accessibility,
usability, persuasive and trust are all paramount aspects,
natural or even anthropomorphizing of the user interface seems
required. Furthermore, presenting information to patients in an
appropriate format and time is also essential, thereby
considering the understandability and motivational character of
this information (e.g. [46]). A fundamental research question in
this area is: how effective and in what manner an intelligent
agent can provide psychological assistance in a health
intervention? Currently within the DMHC lab, eCoaching is
studied in three contexts: 1) self-management support system
for renal transplant patients [47]; 2) sleep disorders [48]; and 3)
home-based VRET system for the treatment of social phobia.
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Figure 1. Mental Health Computing Research Model [49].

IV. ENGINEERING METHODOLOGIES FOR MHC
APPLICATIONS

Theoretical progresses in cognitive engineering are often
highly situated. Clear understanding of the interaction between
humans, the work domain, and envisioned technology, is
essential for technological advances in high complex task
situations. The MHC domain therefore needs an engineering
approach tailored to its specific demands, values, and
constraints. For example in the MHC domain applications
often have multiple users, e.g. patients and care providers. The
dissimilarity of knowledge makes that care providers might be
responsible for selecting appropriate applications. Furthermore,
stakeholders such as government and insurers may place
additional demands on the application, such as privacy, patient-
therapist confidentiality, but also ethics concerns about the
mental health patient ability to give informed consent. These
aspects are different than aspect that need to be considered in
other domains. Take for example the consumer electronics
domain that primary focuses on consumers and their social
setting, e.g. friends and family members, but also actors such
as content providers. The MHC domain therefore has its own
distinctly engineering constraints. As the interview with
developers of the mental resilience training systems showed
[36], specific applications might also come with their own set
of project-limiting constraints. A fundamental research
question therefore is what makes a good MHC engineering
methodology which leads to good mental health applications
that can satisfactorily be used and maintained? However a first
observation is that the MHC research spectrum is wider than
what an engineering methodology might cover as shown by the
Mental Health Computing Research Model (Figure 1). Initial
research might not be related to specific health intervention,
take for example research into the relationship between anxiety
and cybersickness when exposed in a virtual environment [50].
Once the focus moves to a specific health intervention, more
traditional human-computer interaction engineering methods
can be used, e.g. scenario-based design, focus groups, task

analysis, usability evaluations. Typical for mental health
applications is the clinical evaluation as part of the
development process, to study efficacy but also process
variables, like treatment adherence. An MHC engineering
methodology should also address daily operations and
maintenance. Because of the sensitive nature of possible patient
data storage or exchange, procedure needs to be in place to
safeguard the patient privacy and avoid unauthorized access.
Important is also to facilitate a learning mechanism whereby
problems, opportunities and values identified in the field are
fed back into the develop process, for example by conducting
field studies (e.g[51]) or surveys. One engineering
methodology that has already successfully been applied in the
MHC domain is the Situated Cognitive Engineering method
[52]. As an initial step this approach studies relevant
operational demands, human factors and values, and
envisioned technology. This forms the basis for scenarios and
claims leading to system requirements and identification of
core functions. Finally, in iterative cycles prototypes are
developed and evaluated by users and reviewed by experts,
leading to revisions and validation of the requirements and
claims.

V. FINAL REMARKS

The last century has seen a rise in attention for mental wellness
in general, the psychological effect on physical health and
illness, and the prevention and treatment of mental disorders. In
this context, mental health computing is still an emerging field
with some initial key successes such as VRET systems.
Although in the future researchers might be specifically trained
to work in this field, for now it will be essential that research
and application development is conducted in a
multidisciplinary team as scientific knowledge about clinical
and health psychology and computers is and remains essential.
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