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A Virtual Reality System for the Cognitive and Behavioral Assessment of Schizophrenia
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Abstract : Patients with schizophrenia have thinking disorders such as delusion or hallucination, because
they have a deficit in the ability which to systematize and integrate information. Therefore, they cannot
integrate or systematize visual, auditory and tactile stimuli. In this study, we suggest a virtual reality system
for the assessment of cognitive ability of schizophrenia patients, based on the brain multimodal integration
model. The virtual reality system provides multimodal stimuli, such as visual and auditory stimuli, to the
patient, and can evaluate the patient' s multimodal integration and working memory integration abilities by
making the patient interpret and react to multimodal stimuli, which must be remembered for a given period
of time. The clinical study showed that the virtual reality program developed is comparable to those of the
WCST and the SPM.
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1. Introduction

Schizophrenia is one of the most devastating
disorders in psychiatry, as it seriously affects
higher mental functions, such as thinking,
feeling, and perceiving [12]. Many investigators
have described the fundamental deficit in
schizophrenia patients on a psychological level
as a disconnection between thoughts and
action, or as deficits of “willed action”[6], the
failure of inhibition [5,16], an inability to use
context [4, 5], a distortion of the reinforcement
of adaptive behavior [7], cognitive dysmetria [1],
or as deficient executive function [17] or sensori-
motor gating [2].

A recent study reported that the hierarchical
organization of the brain can be schematized as
a centrifugal arrangement from transmodal to
more unimodal systems and regions [8]. These
organizations are at the basis of coherent
mental functions, and bind all information
processes, memories, concepts and emotional
sensations into a coherent integrated and united
experience of reality.

Schizophrenia may be re-conceptualized as
disturbances in the multiple constraint
organization between and within neurological
subsystems in the brain. The symptoms of
schizophrenia involve a breakdown of one's
coherent integrated and united experience of
reality [13]. Research has been conducted to
assess multimodal integration ability in
schizophrenia based on the brain multimodal
integration model by measuring EEG[14].

However, the current methods for schizo-
phrenia diagnosis donot consider the patient' s
multi information integration ability. Currently,

we could be measuring lower cognitive ability

than normal when diagnosing schizophrenia
using existing tests, such as the Vienna test, the
Wechsler memory test and the Span of
Apprehension task [11,10]. Whilst this research
result has shown the lack of single cognitive
functions, it cannot measure synthetic cognitive
and integrative ability.

Virtual reality technology can provide various
stimuli at the same time in a virtual environ-
ment and force the user to interact. It provides
visual and auditory stimuli as well as spatial
cognitive stimuli [9]. Virtual reality (VR) is a set
of computer technologies, which when
combined, provide an interactive interface to a
computer generated world. VR technology
combines real time computer graphics, body
tracking devices, visual displays, and other
sensory input devices and immerse a participant
in a computer generated virtual environment. In
this environment, the individual can see, hear
and navigate in a dynamically changing scenario
in which he participates as an active player by
modifying the environment according to his
interventions. This technology provides such a
convincing interface that the user believes he is
actually in the three-dimensional computer-
generated space. '

VR has a great potential both for neuro-
psychological assessment and for cognitive
rehabilitation. Already a small number of
research groups are experimenting with VR
testing for cognitive rehabilitation [3]. Traditional
neuropsychological testing methods are limited
to measurements of specific theoretically
predetermined functions, such as short-term
memory or spatial orientation. Given the need
to administer these tests in controlled

environments, they are often highly contrived
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and lack ecological validity, or any straight-
forward translation to everyday functioning (8.
VR enables subjects to be immersed in complex
environments, which simulate real world events,
and which challenge mental functions in a more
ecologically realistic manner. While existing
neuropsychological tests obviously measure
some brain mediated behavior related to the
patient’ s ability to perform in an ‘everyday
functional environment, VR could enable to be
tested in ecologically valid situations. Whereas
the quantification of results in traditional testing
are restricted to predetermined cognitive
dimensions, with VR technology, many more
aspects of a subject’ s responses can be
quantified. Information on latency, solution
strategy and visual field preferences, etc. could
be quantified. VR can be used to immerse
subjects in situations where complex responses
are required, and the responses elicited can
then be measured {8].

Because of these characteristics, virtual reality

technology can be utilized as an instrument that
provides a multimodal stimulus. In this study,
we suggest a virtual reality system for the
assessment of cognitive ability based on the
brain multimodal integration model and
investigated its validation, The virtual reality
system provides multimodal visual and auditory
stimulus to the subject, which may be used to
evaluate the subject’ s multimodal integration
and working memory integration abilities by
making the subject interpret and react to
multimodal stimuli and remember for a given

period of time.

2. Method

2.1 System

The developed Virtual Reality System consists
of a Pentium IV PC, a DirectX 3D Accelerator
VGA Card, a Head Mount Display (HMD, i-visor
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DH- 4400VPD),
(Intertrax2), and a joystick which canbe
vibrated. The PC with 3D Accelerator VGA Card

generates a real-time virtual images that the

a 3DOF Position sensor

subject must navigate. The position sensor
transfers the subject’'s head orientation data to
the computer, and the joystick provides the

means to navigate the virtual environment.

2.2 Virtual Environment

The Virtual Environment consists of rooms,
which look like Egyptial pyramids, with 3 doors
apiece, and which are linked by corridors.
Every door has a colored shape on its surface
and a sound is played when subject looks at
the door. In every room, the subject should
choose one door, if the wrong door is chosen,
a vibration signal is given to indicate a mistake,
but the door opens anyway. Rules can be
changed during the task, to increase the
difficulty level. The corridors contain avatars-
mummies, obstacles that have to be avoided.
The difficulty level is associated by the number
of times the rules are changed during the
course of the game, e.g., by the length and the
crowdedness of the corridors. The doors in
each room are assigned features that allow rule

to be figured out based on a previous decision.

2.3 Tasks in Virtual Environment

During one task, the subject passes through
30 rooms (in about 20 min). The door s task is
based on the Wisconsin Card Sorting Test
(WCST) however, it differs from the WCST in
that it presents an integrated form of auditory
and visual stimuli. The subject has to get out of
the pyramid with doors, which behave in a
Wisconsin card fashion. The doors have 3
features a shape (triangle, square or circle), a
color (red, green or blue) and a sound. The
rule for door opening is a combination of 2
features. The subject has to figure out and use
the door-opening rule, and the rule changes

his/her experience of the Virtual Environment.

2.4 Procedures

15 patients and 18 normal subjects parti-
cipated in this experiment. Before the
experiment, subjects were asked to complete a
form containing name, age, job, education and
so on, and were tested using three psycho-
logical tests (SPM, WCST, and K-MMSE). The
subjects were then given virtual reality training
until they became familiar with virtual reality
interfaces and the virtual environment, and
understood the nature of the task and the

concept of the integrated rule. Patients and

Table 1. Parameters from VR for Cognitive Assessment System
Parameter Method
Navigation + Time to pass corridor

Number to collide the avatar and wall

Avoiding distractors

Avoiding the avatar in corridor

Opening door performance

Number to choose correct door in room
Time to be aware of the rule
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normal subjects were divided by two groups
according to rule change number. One group
experienced 4 changes, and the other two
changes whilst navigating the 30 virtual rooms.
All subjects experienced empty and crowded

corridors.

2.5 Cognitive Function Measurement

This system measures various parameters
while a patient experiences virtual reality. As
shown in the table, we measured the number
of correct door choices, the time to find out a
rule, the number of collision with avatars and
walls, and the time to transit a corridor. We
assessed and analyzed the following abilities:

spatial visual motor integration, auditory motor

reflexive integration, visual recognition motor
reflexive integration, visual auditory integration

and auditory visual working memory integration.

3. Results

Figure 2 shows a state, which provides a
multimodal stimulus in a three door room.
Figure 2(Left) shows the activating door state,
which provides an auditory stimulus when a
patient looks at the door. Figure 2(Right) shows
a door leading to a corridor after a patient has
looked around the room and selected the
doors.

Figure 3 shows the state requiring movement

to the next room in the corridor. Avatars

Figure 3.

Virtual corridor for assessment of cognitive ability
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Table 2. Results using VR parameters, and by SPM and WCST

Patient (N=15) Normal (N=18) t value (p)

No. of trials 27.47 (4.42) 24.72 (4.74) 1.707

VR % of correct answer (%) 56.74 (14.38) 63.65 (14.82) -1.353
parameters level 3.49 (1.45) 4.74 (0.62) -3.507*
(No. of avatar : 0) time in rooms (s) 10.56 (6.88) 5.655 (1.494) 2.950*

time in corridor (s) 10.28 (1.23) 8.38 (1.05) 4.761

% of collision with wall (%) 23.86 (24.00) 19.29 (30.39) 0.472

No. of trials 27.07 (4.18) 23.89 (4.96) 1.963

% of correct answer (%) 55.43 (19.53) 65.75 (16.42) -1.650
VR level 3.78 (1.87) 4.63 (0.749) -1,779*
parameters time in rooms (s) 8.21 (3.40) 5.07 (1.09) 3.702*

(No. of avatar : 6) time in corridor (s) 12.08 (3.72) 8.59 (1.41) 3.682

% of collision with wall (%) 25.68 (26.57) 32.37 (61.33) -0.392
% of collision with avatar (%) 8.83 (13.33) 1.62 (2.98) 2.235%

SPM score total 40 (11.95) 45.39 (3.43) -1.83*

No. of trials 111.8 (20.05) 86.94 (16.68) 3.889

WCST correct (%) 69.87 (12.17) 69.83 (8.95) 0.009
errors (%) 35.27 (16.26) 18.39 (9.29) 3.737*

parameters

categories completed 4.07 (2.34) 5.67 (1.41) -2.419*

trials to complete 1st category 36.07 (36.16) 19.89 (25.70) 1.499

* p<.03, ** p<.01

obstruct the patient and increase the transit
time. The number of avatars was increased
dependent on level.

After comparing the patient group and normal
group, the results showed the level of difficulty
achieved by VR testing (t=-3.507, p<.0D), the
average time spent in the virtual rooms (t=2.950,
p<.05) in a session with empty corridor, and the
average time in virtual rooms (t=3.702, p<.0%)
and the number of collision with avatars
(t=2.235, p<.01) when 6 avatars were positioned
in the virtual corridors were significant. In
addition, the SPM scores (1=-1.83, p<.01) and the
percentage of errors (t=3.737, p<.05) and the
categories completed (1=-2.419, p<.05) in WCST

were significantly different between the two
groups.

The Correlations between VR and WCST
parameters are shown. The level, the average
time in rooms and the average time in corridor
when the number of avatars is 0 and 6 were
significantly correlated with WCST parameters.
In addition, the number of trials with 0 avatars
and the percentage of correct answers were
also correlated with WCST parameters (See
Table 3). In addition, the SPM scores were
found to be correlated with the number of trials
(r=-0.415, p<.05) and the level of difficulty

(r=0.528, p<.01) in 0 avatars session.
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VR parameters WCST parameters r
No. of trials No.. of trials 0.373*
No. of trials -0.540%*
No. of avatar: 0
level Errors (%) -0.491*
categories completed 0.350*
No. of trials i 0.386*
time in rooms
correct answer(%) 0.394*
time in corridors No. of trials 0.360*
No. of trials -0.518*
Errors (%) -0.450*
No. of avatar: 6 level
categories completed 0.462*
trials to complete 1st category -0.463*
No. of trials -0.454*
correct answer(%)
Errors (%) -0.379*
fime in rooms No. of trials 0.399*
o . No.. of trials 0.521*
time in corridors
errors (%) 0.467** .

* p<.05, ** p<.01

4, Discussion

In this study, we describe a virtual reality
system, which was developed for the
assessment of cognitive ability in schizophrenia,
based on the brain multimodal integration
model. The virtual reality system provides
multimodal stimuli, such as a visual and
auditory stimulus to the subject, which can be
used to evaluate the subject’s multimodal
integration and working memory integration
abilities by making the subjectinterpret and react
to multimodal stimuli and remember details for
a given period of time.

Using this system the patient navigates a
virtual environment and performs tasks by
integrating and remembering multimodal stimuli,

such as visual and auditory stimuli. The system

allows the assessment of the cognitive ability of
a patient based on performance, and it is
supported by the knowledge of the VR
parameters that are significantly correlated with
SPM and WCST, which are commonly used for
neuropsychological testing.

The VR could provide a patient with various
stimuli in the an immersive environment and
allow the assessment of cognitive ability, and
the identification of the relationships between

cognitive functions.
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