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Recently, the percentage of elderly people with various physical and mental diseases is increasing in
many developed countries. Higher brain dysfunctions related to memory, aftention, and language,
due to brain damage and aging lead to many difficulties in daily life. The patients have difficulties in
not onl); the basic activities of daily living (e.g. clothing, bathing etc.) but also expanded
instrumental activities of daily living (e.g. shopping, housework, medication management etc.).
While, it is reported that results of conventional assessment methods with a paper and pencil
sometimes disagree with the cognitive level in their real life. So, the development of more effective
assessment methods is absolutely required in cognitive rehabilitation. In this case, the environment
which is similar to everyday life is important to observe and understand their real problem caused by
the functional impairment. )

As a consequence, VR techniques have been focused-since the 1990's. Previous studies
show assessment of higher brain dysfunctions using VR technology has significant possibility in
future clinical rehabilitation. However, there were various problems when we applied these systems
for patients with brain damage in Japan. 1) Some systems required the use a joystick which was
difficult to operate for people who were unfamiliar wiﬂ; using a personal computer. 2) The virtual
environment and language used in these systems were foreign to the Japanese subjects. It was
especially difficult for elderly people as they also needed to overcome a cultural gap in addition to
understanding unfamiliar scenery. 3) it seems that the tasks were too complex. They required the
subject to buy several items and to respond to three targets in one test session.

In this dissertation, we propose a new approach to evaluate the people’s higher brain
functions using virtual reality (VR) technology so as to overcome the limitation of conventional
types of assessments and previous studies. We have developed a Virtual Shopping Test (VST) that is
introduced shopping tasks in a virtual shopping mall in order to assess the cognitive ability in daily
routine,

Firstly, as an introduction, higher brain dysfunctions and their assessment methods are
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briefly explained. Secondly, we illustrate our original VST system. In this program, visual

environment was made up of a Japanese shopping mall with 20 shops and a train station. An audio

environment of natural sound of the shopping mall was also provided. Users could move in the

virtual shopping mall freely, enter a shop and buy an item by touching a button or a picture of the
screen. A log file is also recorded automatically. In VST, subjects were required to memorize specific
items to buy, to look for the shops on a street, to choose the items in each shop, and to perform the
whole tasks smoothly. The scores for evaluation included the number of items bought correctly, the
number of times to refer to hints, the number of movements, and the total time spent to complete the
shopping.

Thirdly, we describe four evaluation experiments on the clinical usefulness of VST. The
objectives were to investigate 1) the significance of VST by comparing with other conventional tests,
2) the applicability of VST in brain-damaged patients, 3) the performance of VST in relation to age
differences, and 4) the reliability of two parallel forms of VST. The participants included ten patients
with brain damage, ten age-matched healthy subjects for controls, ten young healthy subjects, and
ten old healthy subjects. VST and neuropsychological tests/questionnaires about attention, memory
and executive function were conducted to the patients, while VST and the Mini-Mental State
Examination (MMSE) were conducted to the healthy subjects. As resnlts, some variables on VST
correlated with the scores of conventional assessment about atiention and everyday memory. The
mean number of times referring to hints and the mean number of movements were significantly
larger for the patients, and the mean total time was significantly longer for the patients than for
control subjects. In addition, the mean total time was significantly longer for old adults than for
young adults, and there were no significant group differences on basic variables between the two
parallel tests. These results suggest that VST is able to evaluate the ability of attention and everyday
memory in brain-damaged patients. The time of VST is increased by age. The two parallel tests are

almost equal difficult level.
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In cogritive rehabilitation, exercises with an appropriate difficulty level for each
individual may increase his/her motivation and produce good results. Rehabilitation therapists
clinically evaluate each patient’s ability and try to provide him/hér with a specific appropriate task.
Hovwever, difficulties have been associated with establishing an appropriate task level because of the
lack of evidence on its effectiveness. Although various VR techniques have been proposed for
cognitive rchabilitation, the task difficulty level and related brain activation have not been
sufficiently considered. In the following study, the VST was modified to a revised version (VST-R)
that had three different task difficulty levels. The system could also output event signals that were
synchronized with users’ PC operation. We used these signals to assess event-related brain activation.
We used our VST-R with functional near-infrared spectroscopy (fNIRS), non-invasive and
non-restrictive technique that allows blood oxygenation changes related to cercbral activation to be
measured, to evaluate prefrontal cortex activity while subjects performed the test.

Fourthly, we describe VST-R system and a clinical experiment in convalescent

brain-damaged patients. In VST-R, subjects were asked to buy two specific items in Task 1, four

- items in Task 2, and six items in Task 3 at a virtual mall. The tasks and questionnaires were

conducted by six healthy young adults and ten patients. Hemodynamic changes in the prefrontal ’
cortex (PFC) during activation due to the tasks were examined using fNIRS. The results obtained
showed that the mean total time was significantly longer for the patients than for the healthy subjects.
PFC resporses to the shopping and moving phase in the patients were greater in Task 2 than in Task
1. Although task performance as well as PFC responses was not significantly changed in the healthy
adults, they could subjectively evaluate differences between the three task levels, whereas the
patients could not. These resuits suggest that the difficulty of the 4-item shopping task may have
been sufficient to cause brain activation in the brain-damaged patients.

Finally, we make some general dis;:ussion on cognitive rehabilitation using VR technology

and conclude the whole dissertation. In conclusion, we developed VR system for realistic higher
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brain functions’ assessment in brain-damaged patients in virtual shopping situation. We adopted an
easy operation system for both users and testers. The results of the experiments showed the VST's
clinical usefulness in brain-damag'ed patients. We consider rehabilitation therapists should pay
attention to not only the above VST's performance variables but also brain activation and
psychological variables in the progress of patients’ condition, We propose a practical use of VST and
VST-R to understand the patients’ problems in everyday life related to varions kinds of higher brain
functions, with detailed assessments of each function by conventional assessment methods in near

future,
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