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Abstract—We present the neomento project, a solution for
virtual reality (VR) exposure therapy (VRET). In our work we
have created specific rendering methods and virtual environments
(VEs), designed and published a novel form of behavioural control for virtual agents (VA), included biophysiological measurements directly into the experience, and created an asymmetric
gameplay system to assure the correct progress of a therapy
session. The combination of above allows us to overcome multiple
of the limitations that were hindering the previously published
VRET solutions.
Index Terms—virtual reality, virtual agents, exposure therapy,
cybersickness, biophysiological measurements

I. I NTRODUCTION
Mental disorders, like anxieties and addictions, are a massive, world-wide problem and constitute an enormous challenge for the healthcare systems everywhere. The patients are
currently facing long waiting periods before being admitted
to treatment, which leads to prolonged suffering, as well as a
high number of untreated cases [1]. Traditional confrontation
therapy—in which the patients are repeatedly exposed to the
stimuli causing the stress, fear, or craving—is an effective
method, however it is often prohibitively expensive and laborious. Additionally, the quality of the therapy can also be
significantly increased if the biophysiological parameters of
the patient (e.g. heart-rate, eye focus) can be taken into account
during the progress of the therapy in order to control the degree
of exposure, which is not always possible to measure during
the exposure in the real world.
The neomento project aims to address this issues by employing a VR based software solution for the therapy of anxiety and
addictive disorders. To this end we create virtual representation
of realistic situations which are then presented to the patient
in the form of a VR experience, while being controlled by the
therapist. This approach considerably decreases the financial
and time expense to the therapist, while offering the ability to
measure and display the physiological state of the patient and
immediately react to it.
While this approach has been already developed and successfully demonstrated in the past [2], a mass adoption has
so far not occurred. This is arguably due to two factors: until
recently the cost of VR devices has been disproportionately
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high and the quality and functionality of the simulations has
not been sufficient to persuade either the therapist or the
patients. While the first problem has been alleviated by the
massive drop in the cost of VR devices in recent years, the
second problem remains, in our opinion, to be addressed. The
aim of the neomento project is to combine multiple areas of
human-computer interaction research in order to maximize the
persuasiveness of the method, thus allowing for practical use.
II. V IRTUAL E NVIRONMENT
The life-likeness of the VE is paramount to the immersion,
which in turns directly affects the quality of the therapy. To
this end we are creating representations of seven real-world
environments like classroom, library, bar, etc. These had to be
hand-crafted to satisfy two requirements:
• lack of visual disruptions: the effect of the therapy could
be diminished if the patient registers objects that are too
out of place or too peculiar and they can consequently
focus on their quaintness rather than on the stimulus.
• relatability: to elicit the anxiety related to a specific
location (e.g. classroom), the virtual representation of this
space needs to match the expectation of the patient about
the space [3]. We have therefore focused on developing
in the style of modern European architecture, while
equipping the environments with contemporary objects.
Even more important than the environment are however the
VAs, which also are the primary source of stress for example
in the case of social anxiety. To maximize the visual quality we
have built our custom shader solutions for rendering of the skin
and hair. However, even a high degree of visual realism is not
sufficient condition for overcoming the uncanny valley (UV)
problem, which is detrimental to presence. To minimize UV
we have employed randomized blinking and eye-movement
which have been shown to have significant effect [4] as well
as lip synchronization and upper-face emotional expression.
To avoid the issues of feeling of stiffness in the motion of
virtual characters we are making use of a motion capture suit
which on top of the desired animation also provides realistic
noise to the human motion. Lastly we have observed that
traditional game AI approaches are not fitting for environments
of mostly idle characters and developed a probabilistic state
control machine, published in [5].

III. PATIENT-T HERAPIST I NTERACTION
Our approach is, in its core, an asymmetric two-player
game, where the patient is placed in the VE, while the therapist
is granted control of the running simulation and can trigger
challenges (e.g. trigger a cell phone) and assume control of
the VAs (see Fig. 1). This approach solves two problems:
• by giving the control of the environment to the therapist,
they can assure that the amount of induced stress follows
the pattern necessary for successful habilitation of the
patient [6]. This is manifested for example by the amount
of attention the VAs pay to the user.
• since a natural conversation is difficult even for the
most complex chatbots, we avoid risk of an immersionbreaking dialogue between the patient and an agent by
granting the ability to control the conversation to the
therapist, who then selects appropriate reactions of the
VA, while it is interacting with the patient.
Apart from the interactions enabled by the therapist, there
are multiple methods available to the patient. In particular, it
is necessary that the patient can navigate through the VE. For
example in case of an anxiety inducing stimulus, it is necessary
for the patient to gradually approach the situation [6] on their
own accord. For this we have developed an on-the-rail motion
method, continuously triggered by the patient. Unfortunately
it is well known that all forms of motion in VR that are
not matched by appropriate physical motion are potentially
inducing cybersickness. To minimize the effect of this we are
currently conducting a user study (n=40) with variable motion
parameters to find the least disruptive and sickening method
of motion.
In addition to the above, our approach depends on collection
of biophysiological data, in particular the heart-rate (HR),
HR variability (HRV), electrodermal activity (EDA), and eye
movement. These are displayed to the therapist in real-time,
allowing them to observe short-term physiological reaction
to the stimuli. In particular both HR and EDA are strongly
correlated with the stress response [7]. Unfortunately these
metrics are also correlated with cybersickness and we aim to
use the data from the aforementioned study to be better able
to distinguish between the two. In addition to the display of
stress level to the therapist, we use HRV and EDA to provide
a so-called competence score—a metric evaluating the skill
of the patient during the therapy, in order to demonstrate a
between session progress and increase the adherence. Lastly,
we are currently in a process of developing a bio-feedback
therapy solution, i.e. creating VEs that are affected directly
by the HR and EDA values, where the goal of the patient is
to reach a certain positive goal by lowering their HR and EDA
below a pre-defined limit. Lastly, the eye-tracking information
is used to directly show to the therapist what is the point of
focus of the patient, as one of the typical reactions to stressful
stimuli is avoidance, which has to be overcome by the patient,
and thus allows the therapist to directly request the patient to
focus on particular objects—something that is not possible in
the in vivo therapy.

Fig. 1. The classroom: an example scene for social anxiety scenario
with control panel for the environment (left), biophysiological measurements
(right), and control of the session (bottom).

IV. C ONCLUSION AND F URTHER W ORK
We believe that due to recent developments in the VR
technology and real-time rendering, it is now possible to
overcome the shortcomings of the previous generation of
VRET solutions.
In our work we have developed a prototype solution for the
treatment of social anxiety disorders, which has been successfully piloted with patients and demonstrated high potential.
We are currently in the process of extending the solution and
conducting clinical testing to certify as a medical device.
As we believe our technology is universally applicable to the
different areas of exposure therapy, we are starting to develop
solutions related to other disorders, in particular addiction and
agoraphobia, with the hope of our method of VRET becoming
a standard solution for use in practical treatment.
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