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Assessment of Post-Stroke Cognitive Dysfunction Using 3-Dimensional Virtual Reality Program

Deog Young Kim, M.D., So Young Joo, M.D., Chang Il Park, M.D., Tae Hun Park, M.D., Ki Deok Park, M.D., Kang Jae Jung,

M.D. and Jang Han Lee, Ph.D.'

Department and Research Institute of Rehabilitation Medicine, Yonsei University College of Medicine, 'Department of Psychology,

Chung Ang University

Objective: To test the feasibility of newly developed 3-
dimensional virtual reality (VR) program for assessing the
post-stroke cognitive dysfunction.

Method: Thirty five post-stroke patients and twenty normal
healthy subjects were recruited in this study, and post-stroke
patients were classified into three groups according to the
severity of cognitive dysfunction. We developed three di-
mensional virtual reality program to assess the cognitive
function with virtual subway environment from taking a
subway to arriving at one’s destination. The total score,
number of success and cue were obtained during completing

virtual tasks. We investigated the test-retest reliability, and
the parameters of the 3-dimensional VR program were
compared with Korean Mini-mental status examination.
Results: All parameters of the VR program were significantly
correlated with MMSE score (p<<0.01), and showed the
significant difference between patient subgroups and control
group (p<0.05). The test-retest reliability of the VR pro-
gram was significantly high (p <0.01).

Conclusion: Three dimensional virtual reality program may
be helpful to assess the cognitive function in patients with
stroke. (J Korean Acad Rehab Med 2009; 33: 12-20)
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Table 1. Characteristics of Subjects
Normal Patients group (n=35)
control  Group 1  Group 2 Group 3
(n=20) (n=14) (n=11) (n=10)
No. of subjects 20 14 10 10
Age (years) 59.2+4.7 59.8493  66.1+13.8 57.9+16.6
Sex (female : 7:13 4:10 6:4 3:7
male)
Computer ex- 1.0£0.7 1.0£04 1.0£04 1.0£0.5
perience scale
MMSE 30.0+0.0 27.21+2.04 20.6+1.6 15.2+2.4

Values are meantstandard deviation.
MMSE: Mini-mental status examination
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Table 2. Missions of Virtual Reality Cognitive Function Assessment Program

Mission Subscale Contents
1 Time orientation Input today’s date
2 Registration After explaining about the destination station for one week, ask question about the destination station

in the program.
Input your destination
3 Place orientation
4 Registration
6, 7 Calculation

What kind of place is here?
Buying the subway ticket of correct zone
1) How much is the change?

- after providing the graphic money in purse
2) Boarding the train after pressing the bottom when the train stops and the door opens
3) How many passengers are on-board now?

8 Person orientation
9 Recall
10, 11  Judgment

Input the destination

Ask who the person is in after showing the person in police uniform

Randomly, two of four questions will be provided in program.

1) What equipment should you use when fired?

2) Who shouldn’t be sitting on the reserved seat for elderly?

What does the baby need when suddenly cries in young mother’s arms?

3) To whom should you ask for a help when one of the passengers gets cut from the sharp side
in the subway corner and is bleeding?

4) Where should I bring this to when finding the purse dropped in the train floor?

12, 13 Recall

Randomly, two of four questions will be provided in program.

1) The name of the subway station where the departure was made
2) Number of subway stations passed through to the final destination.
3) Change remaining in the purse

4) Number of passengers in the train

14, 15  Visuospatial function

1) Show the subway route and ask what subway line to take to go to the final destination from

the Jong-Ro 3 Ga station where there are transfer lines
2) Ask at which station to transfer in order to arrive at the destination
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Fig. 1. The figures show some typical missions of virtual reality cognitive function assessment program. Orientation (A), registration (B),

calculation (C), visuospatial function (D).
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Fig. 2. The figure shows the setup of hardware of 3-dimensional virtual reality cognitive function assessment program (A). Head-mounted
display (arrowhead) and 3-dimensional position sensor (arrow) (B).
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Table 3. Comparison of Subscale Parameters from Virtual Reality
Programs between Patient Subgroups and Normal Control

Group

Normal Patient group (n=35)

control Group 1 Group 2 Group 3

(n=20) (n=14) (n=11) (n=10)
Orientation ~ 11.4+09 105419 104+1.7 32+1.7*'T
Registration ~ 7.212  59%15 5908 32:19% '
Calculation 117407  9.6+32  7.6+3.7* 4.5:37+' 7
Recall 108413  84+24% 64+27%" 2240 1% T
Judgment 78+11  67+19  4.6+2.8*%" 34+14%T
Visuospatial ~ 7.940.7  6.4+22%  18+1.6%" 0.6+1.1%"
function

Values are meantstandard deviation.

p-values were calculated by ANOVA with post-hoc Tukey’s-b test
*p<0.05 vs. normal control group; Tp<0.05 vs. group 1; *p
<0.05 vs. group 2

Table 4. Correlation between MMSE Score and Parameters from
Virtual Reality Cognitive Function Assessment Program

Correlation coefficient p value
Orientation 0.855 <0.0001
Registration 0.294 0.0307
Calculation 0.713 <0.0001
Recall 0.766 <0.0001
Judgment 0.325 0.0164
Visuospatial function 0.655 <0.0001
Total 0.931 <0.0001
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