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Abstract. This paper describes the result of a discussion orking group and a
plenary discussion at the NATO Advanced Researctk®top on Novel approaches to
the diagnosis and treatment of posttraumatic stdissrder. Several technological
challenges are presented for the basic functioms\4RET system. Most challenges are
demand driven and focussing on better ways to stighe therapist, for better and
more efficient treatment. Tele-care is one of thesnhpromising but difficult challenges.
The results give directions for both fundamental practical research.
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1. Introduction

Virtual reality exposure therapy (VRET) is the résof a close collaboration between
researchers and practitioners of significantlyed#ht disciplines, among others, psychiatry,
clinical psychology, psychotherapy, computer sagergraphics design, human-computer
interaction, and engineering. The traditional ctigaibehavioural therapy (CBT) treatment
process between therapist and patient has been ggkiéhe main paradigm to be supported
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by technology in different ways, not least of afl firoviding interactive immersive worlds
to “play” the treatment process in virtual realihstead ofin vivo, as in the behavioural
approach or by imagination, as in the cognitiveneavork. It has proved to be the case that
patients are very sensitive to specific multimofidtures in the virtual world and the
appropriately accompanying sounds [12]. Mediunelenesolution and graphics quality
has proven sufficient in many cases to triggersiecific phobia-related reactions that are
essential in exposure therapy. The effect of lodonaechnique on fear is studied in [20].
In one study [11], treatment using a standard headnted display (HMD) -gave the same
results for the treatment of acrophobia as an atbICAVE system providing advanced
virtual reality systems. Of course this substitiligbmay be dependent on the specific type
of disorder to be treated. It is proven in manydm&s that VRET can achieve the same
results as traditional CBT, but will not outperfoitnfi8]. But there are more aspects of CBT
which are important besides exposure. Technology &so support the therapist in
changing in real time to other synthetic worlddb&exposed to the patient, or in recording
and replaying sessions in the virtual world forefafnalysis and planning the following
session [2].

Current VRET systems are mostly developed and us&boratories where technical
support is available. A few systems are availalbléhe market, but evaluation of practical
use on a larger scale has not yet been reportedroMide full support in the clinical roles,
it is essential that VRET systems be usable irclimc by several therapists of a team and
without strong and expensive technical supports Tsability is important to enhance the
performance of the treatments on the one hand,oanthe other hand we may expect
benefits from other support functions beside the ¥kposure technique itself [7].
Interesting new technologies are available to ek@VRET system with new functions in
order to measure and analyze details of the tredtpmcess for better understanding of
diagnosis and treatment and for improving the ifficy of the therapist’s work [16].

In this paper we present the results of a strudtubeainstorming session on
technological challenges which might assist in @ririg and improving all aspects and
functions of VRET we can imagine now. Three of #lwthors have a technical background
in VRET technology and three have a backgroundiimical treatment. First we present an
overview of the essential technical and functioc@inponents of VRET systems. Second
we present, explain and structure the challenge$owed. Finally we will discuss these
and give some final conclusions.

2. Essential components of VRET systems

Most current VRET systems consist of typical fims and components as summarized
below. The system is usually located in one roonenehboth therapist and patient are
together so they cacommunicatédy natural means. If for some reason they arémtite
same room an audiovisual intercom facility showdpoovided. See Figure 1 for a typical
VRET system in one room with direct communicati@vieen therapist and patient.
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This system is equipped for treating fear of flyinghe main functions are the
following. First a device is needed to presentuloeld visually (in stereo or mono) to the
patient [1].

Figure 1. Overview of a typical VRET system in one clinicabm [7] and [19].

This computer-generated synthetic world can begmtesl in an immersive way by a head-
mounted device or it can be projected on one oersoreens. However, some intermediate
forms are possible. Augmented reality can be ueesluperimpose artificial objects, e.g.
animals, on the real world you can see throughHR®. Patients should be able lwok
around If immersive worlds are being presented a tracstem is needed with a sensor
on the patient’s head built in the HMD. Another dtion is that the patient should be able
to navigatein the virtual world, although it may be to pretbiat the therapist takes the
navigation task over from the patient in some situms [20]. For navigation some other
input device is necessary to start and stop ndeigah some direction. Sometimes the
patient should be able to initiaetionsor events or choices within the virtual world, .e.g
as part of tasks to do selections of virtual olgectimprove presence. Then we need stereo
sound as an important resource to improve the senseredepce [14] in the virtual
environment. This sound may be dependent on thiandis and the direction between the
source of sound and the patient. Another outputnicbla may be servo-controlled
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mechanicaldevices, e.g. to move the aircraft chair to sireular turbulence during the
flight.

Figure 2. Example of a therapist user interface of a sydtantreating fear of flying

[7].

This may improve the presence, e.g. for treateay bf flying significantly. Last but
not least we needuser interface for the therapitd control what may or should happen in
the world [7], e.g. lighting condition in the worldhe occurrence of turbulence in the
aircraft, the change of crowds in worlds for agtw@lpa, see figure 2. We can summarize
all these functions in Figure 3.

<insert Figure 3 about here>
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Figure 3. Basic communication functions in a VRET system--See below on last page:
Figure should be moved. | do not succeed in moVi@garles]

3. Challenges

The following challenges were formulated in the kgyoup by the authors, and discussed
during a plenary meeting with all the participaotshe NATO workshop. We decided that
it is not reasonable to give a priority to thesallemnges, as work in many of these areas is
currently ongoing simultaneously in different veauand any or all of these developments
may be useful, no matter in which order technolalggclvances are made.

3.1.Personalizing the system

A VRET system may be used by many different collesgfrom a clinic. Additionally,
each therapist may change over time his or heepr€es about using the system for some
specific phobias. This gives a rationale for impdetation of the possibility to personalize
the user interface and a part of the main functafrtbe treatment process by the individual
therapist and to store the applicable parameteis.donceivable that this personalization
could be extended to prepare for each patient dividtual treatment procedure off-line,
including some changes in the worlds, specificdfach patient to be treated. This kind of
personalization is an important research goal siomst referred to as “adaptive” user
interfaces [22]. The possibility of the therapists“tailor” different versions of the same
virtual environment according to the patient’s reéds been underlined by Castelnuovo

[5].
3.2.Automated support for the therapist

This challenge was emphasized most highly by thekgroup. The first function of a
VRET system is to offer an interactive virtual exviment for the patient to experience the
feelings that have to be worked on. But beyond, tthet most promising challenge is to
develop support functions for the therapist [2]. &yalyzing the treatment process and
composing task models one can recognize and sp&eifp and modes in the treatment ,see
Figure 4. This is an example of a task model. Nexdets have to be developed describing
the task in terms of treatment steps and spedfiects and levels of the disorder.
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Figure 4. ‘Determine fear’ goal decomposition (see [21] fdecomposition and
explanation of more details).

If it is possible to describe a treatment sessioterms of steps to be taken under
supervision by the therapist it may be possibledéwelop an electronic agent which
provides advice including some rationales to tleahist about the following step(s) in the
actual context of the treatment. It would also séeteresting to provide a planning mode
to the therapist to specify some sequential stepsafsession just before it starts. The
general goal is to provide extra explicit knowledgehe therapist about the progress of the
treatment. The agent can obtain its informatiommfrbuilt-in procedures which may be
adjusted by the therapist and by measurementsqfdtient’s physiological condition, e.g.
heart rate and skin conductance. It would be msstul to construct a learning electronic
agent which could learn from an experienced thetapi junior therapist could use this
“smart” agent to give better treatment in non-catisessions, under the responsibility and
supervision of an experienced therapist. It wowddpssible to teach such agents to give
good advice by analyzing individual treatment patein specific clinical cases. The
advice might propose the next procedure step onéxé navigation or modification of the
virtual world to control the level of fear. Even reomeasurements can be done by face
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recognition [15], [25] and voice recognition sinttese can indicate levels of stress, fear,
and other emotions [18], [24].

As an additional form of support may be considgrestedures of computer-supported
self-treatment by the patient. The therapist shdaddable to specify the procedures and
constraints of these modules for self-treatmentated to section 3.1, easy-to-use tools
oriented toward non programmers could be usefulpi@mviding greater flexibility and
individualization in defining VR scenarios. Theethpist could thus individualize
homework scenarios for the patients without thedrtbat the programmer hardcodes each
scenario. Individualization of virtual environmsri$ addressed within a currently ongoing
EMMA project [3]. Envisioned VR scenarios driven the patient’s physiology [23] could
also be useful for patient’s self-treatment dutimognework sessions.

3.3.Computer-based training

A completely different challenge is the construetaf a VRET system for computer-based
training of junior therapists. This could be dorséng simulated or real patients or recorded
sessions. The learner could be trained how to lsesystem and how to treat different
types of disorders. Simulated patients could ineladcombination of computer-generated
patients and normal people requested to simulatempDter-generated patients could
model non-visible changes happening in real pati€atg. physiological changes), and
normal people could manifest patients’ visible mrsges.

3.4.Tele-Care

It is both a technical and an organizational clmagjéeto develop a system for tele-treatment
of mental disorders using VRET over the interndie Thost serious challenge is to have a
ratio of therapist : patient of more than 1:1.Hosld be possible to develop a system and a
therapist’s user interface to allow the provisidreatments to more than one patient at the
same time, in different rooms in the same cliniénadifferent clinics. If one senior and one
junior therapist could treat more than two patiesitsultaneously, the ratio will improve.
Some experience with tele-treatment of agoraphetitaout VR has previously been
reported [13]. In a more general project on teleedae possibilities of agent support for
tele-care at home has been investigated [8], [17].

3.5.Eye tracking

A challenge that was discussed a lot during thegslesession was the use of eye tracking
to study how the focus of the patient is orientedriy VRET sessions. It is expected that
this may give better insight in what triggers thewotions during the sessions. This
information may be used to adjust the session pitreeor the characteristics of the virtual
world online. It was noted that the developmentso€h a capability which would not
require time-consuming and difficult alignment darglardization for each new patient
might be very difficult, but that lessons may barfeed from the work previously done in
aviation technology with Heads-Up-Displays and rethmounted visual devices.
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3.6.VRET experience with the MRI/CT scanner

The most futuristic challenge is to implement a haegsm to allow the use of MRI or
CT scans of the brain during a VRET session. Estdps in this direction have been taken
by devising a fiberoptic magnet-friendly high-ragan wide-field-of-view image delivery
system [9]. Initial tests with functional MRI (fMRbffer promising results, showing that
the display does not interfere with the brain scansl that the users can feel the sense of
presence in the virtual environment while beingdaghe scanner [10]. With state-of-the-
art technology it therefore seems possible to piteiseages of virtual environments to a
person who is within a scanner. Further VRET-fMB$aarch could address brain patterns
occurring in patients during VR baseline and expesgssions, compare brain activities of
patients and controls, and so on. This challengairigng at research on understanding
optimal treatment schedules, not at standard scanediated treatment in the clinic.

4. Discussion

Most of these challenges were discussed duringptéeary workshop without detailed
knowledge about what is going on in other domaimsviation training and development,
interesting progress is being made which shouldbbked into, especially with regard to
heads-up displays and helmet-mounted visual ingntsn New visualization techniques in
cockpit design using mixed reality may give intéiregs concepts for improving VRET. But
in any case we need to separate the requiremertasit research from those of clinical
therapy — they have different requirements, gaatsl rationales. In general we need the
best clinical feedback during treatment. The gsabiprovide the therapist information and
feedback on the changes occurred, so as to allow thi provide the most effective
treatment. So tools to detect changes in physicédgiarameters by external measurement
are necessary. Some participants in the plenasiasestated that tele-treatment could be
dangerous because these patients are difficulfragde, but others reported that tele-care
without VR of agoraphobia and PTSD [13] works eisrently being used and is both safe
and effective. It may prove to be that tele-treattvedf PTSD or other psychiatric disorders
is only usable in some stages (diagnosis and linikiarapy) of the treatment plan.
Obviously, all of these alternative potentials riegumuch more research and development
in both the clinical and technological realms toedmine their feasibility and benefits.

5. Conclusion

We have seen that several interesting technologltallenges are on the horizon. But we
must remain aware that we need fundamental resemmchow new technologies can
improve the very personal treatment process sugaEhby the therapist. This research must
be demand driven by the therapists, and not pusheechnology—The technical ability to
do something does not imply that it is either safdesirable from a clinical standpoint. We
are just in the early stages of some very interggievelopments. They will both improve
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our insight in how treatment can be given in thestredfective way and how treatment can
be deployed on a large scale more efficiently thih the current means. VRET may play
an important role in these developments.

In our view, an emerging scenario could charaatetie future clinical setting: old
(and functional) practices could be integrated andanced through new (and promising)
media such as VR. This framework aims at matchieghno” and “psycho” for clinical
purposes [4].
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