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Definition of users, task, and

Definition of standard requirements
for virtual environments
Definition of application-specific

requirements L\

Evaluation

Evaluation of system performance
Evaluation of system usability
Evaluation of the value of the

\ application

/Rguirements Design \\

interaction technologies

technologies

Definition of input and output
Definition of hardware and software

Design of objects, behavior, and
interaction

Implementation

Gathering and preparation of imageas
Construction of 3D objects

Execution of the virtual environment

Figure 1. Development process of virtual reality.”’
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Table 1. Major psychological researches using virtual reality

Field Title Authors Year
Anxiety Acrophobia Effectiveness of computer—generated Rothbaum 1995
(virtual reality) graded exposure in et al.
the treatment of acrophobia
Virtual reality treatment versus Emme 1kamp 2002
exposure in vivo: a comparative et al.
evaluation in acrophobia
Fear of A controlled study of virtual reality Rothbaum 2000
flying exposure therapy for the fear of et al.
flying
Physiological monitoring as an Wiederhold 2002
objective tool in virtual reality et al.
therapy
Three-year follow-up for virtual Wiederhold 2003
reality exposure for fear of flying et al.
Panic Effectiveness of virtual environment  North 1996
disorder desensitization in the treatment of et al.
agoraphobia
Experiential cognitive therapy in the Vincelli 2003
treatment of panic disorders with et al.
agoraphobia: a controlled study
Social Virtual reality therapy: an effective North 1998
phobia treatment for the fear of public et al.
speaking
An Experiment on Public Speaking Pertaub 2002
Anxiety in Response to Three et al.
Different Types of Virtual Audience
Virtual reality therapy versus Klinger 2005
cognitive behavior therapy for social et al.
phobia: a preliminary controlled
study
Post Virtual reality exposure therapy for  Rothbaum 1999
traumatic PTSD Vietnam Veterans: a case study et al.
stress Virtual reality exposure therapy for Difede 2002
disorder World Trade Center Post-traumatic et al.
Stress Disorder: a case report
Development of a VR therapy Rizzo 2005
application for Iraq war military et al.
personnel with PTSD
Driving Efficacy of virtual reality exposure  Wald 2000
phobia therapy to treat driving phobia: a et al.
case report
Exploring the use of computer games Walshe 2003
and virtual reality in exposure et al.

therapy for fear of driving following

16



a motor vehicle accident

Claustro- Virtual reality treatment of Botella 1998
phobia claustrophobia: a case report et al.
Psychosis Schizophrenia  The Development of a Virtual Reality  Tichon 2003
Environment to Model the Experience et al.
of Schizophrenia
Improving the accuracy of the Sorkin 2006
diagnosis of schizophrenia by means et al.
of virtual reality
Child Attention The Virtual Classroom: A Virtual Rizzo 2000
psychiatry deficit Reality Environment for the et al.
hyperactivity  Assessment and Rehabilitation of
disorder Attention Deficits
Autistic The use and understanding of virtual Parsons 2004
disorder environments by adolescents with et al.
autistic spectrum disorders
Geriatric Dement ia Developing a virtual reality-based Flynn 2003
psychiatry methodology for people with dementia: et al.
a feasibility study
Substance Opiate Immersive virtual environments in cue Kuntze 2001
dependence dependence exposure et al
Psycho- Sexual Male sexual dysfunctions and Optale 2003
analysis dysfunction multimedia immersion therapy (follow- et al.
up)
Neuro- Sexual Sex differences and correlations in a Astur 2004
psychology deference virtual Morris water task, a virtual et al
radial arm maze, and mental rotation
7. opd J1E AT
v=e] AAARAETE HEE 5 10de] AAAE AF A5
oA AR AFEE ol &8 WHE 247 39, 59% Fa)
A, w2 35 AR VIS 389 E Al E A
Ak, AAAR o ElAE AA-BEF AR 1990 Ak F
25 o] 22 2999 AEH AMEAoIATE.* uk o Ao] &
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A2} £ 3 W dAAEA o v AAAZAAE
< Wk,
(1) Korean Mini-Mental State Examination (K-MMSE)

ol A A A Ef AAF(Mini-Mental State Examination: MMSE) +=

Istein'! o] 1975 7R3k <1x)7]% H7E =FolH B HE7IE}

&

Gl e TAG wor 51080 Fe A7 ko] AT 5
rks ggel Atk AAAY F7 AR FFoz ARH A
o

slom? o] 34 Ak

=
gA ok agd, AEEA olBE B & & gl WA
23 Q. B AToA s S Fol ols] @Folm wers o]
pzs

=
g0l BE NG4S AW A47)%52 BT KMNSE

= ARkl o AFE(6H), el tid AEdE (), 7195F

34



(33, 7198743, Fasd AxdsdaGH), do463) =

=
AZE FHARCE olRolgor HAF AFE FPOE B
£ o] gtk HHS 307t

(2) Verbal Learning Test (VLT)
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(3) Simplified Rey Figure Test (SRFT)
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N
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(4) Spatial Span Test (SST)

AN E7F A% 719 Corsi block!™ & &
(Spatial Span Test: SST)E B3l H7}5t}. Corsi Block Test
A7l g8 360 Aol Add

O
=
Arol A, FAE B4 Juv dxstolmg Au Awe] AF

o

ol

NFAZAA

T A 5Ee WANY A% AFE 9 Agsa 9

oF ST {2t ol 109 A&t F vk v



=
& o= 004 97kA1 o] A7F 48 o AARAPE 42
AR @At mekd JdeE s FAbeltk, MR wE} st
7]” (Spatial span forward)®} “AHF= wa} &47]° (Spatial
span backward) ¢ F HAZ FAF Ao, 4 THFE 8PS

How @,

ELI.,

VA EEE, 299 YA, daudles T AA A
H Zzzad, st=do] Aol e AT A7 AA steE A
A AZFoH | ConitecAte] 3D game studios AMEste] 7HddA 4
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Zlzel LA wet ofH e gEeo] WANE vEE MEEds ol
&3] Abghell Al Aste] Aol wE AlEE AA 7] Aol
Fotis AF7F AEHSUTH ™ Ty 7 dAE o83 ALY
2 Bdg w918 Alezt 94 75 gt o

th. AEHQ g/ BRE 7MY WA nRE 87k o AlFTe] o
g 7S 287 SRR wldAE we oz A7t 2
= Ak mEbd & ATelME 67he TEE R PEEAd WAt
g v EE A™eAcHFigure 2).

Figure 2. Schematic figure of virtual radial arm maze 6 arms
comprised 3 rewarded arms and 3 non—-rewarded arms
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Figure 3. Hardware of virtual radial arm maze system. An
IBM-compatible computer with color monitor was used for
testing. Participants navigated through the mazes by
manipulating a joystick. A speaker connected to the computer
was used to provide auditory reward to the participants.
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Figure 5. Virtual radial arm maze at the participant’s viewpoint.

=2d 9@ As5e AFHY BAAAS Tl AA 7 TR
Aol gkgo] A HAaL, AEoR AT (Figure 6). A

2ol BAe dag /M4 &
o] ke Axrd = d=d, #A 5 ARH(time latency), A
TR A 7P F3rolA A AP (distance), FE 719 2
79 S (working memory errors), 1#a FZ 7]Y o7/ F
(reference memory errors) ol ZZAo|tk. 7BE I@=}te] H A
stdol= 2 9@Ae HA g3 ATt oF AAH=H, 24 A4
(session) FA| ¢k A7H} 25 7] 2 Fx 719 /9 3l

F7F =28 gz A At
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0| a [
e« = [ [ [ [ [ @[ [ [ [ |

29634 98.406 46,790

0 3 0

*
R RM_Error |13 2 2 3 1

Time to Complete Each Trial Working Memory Errors Referential Memory Errors

(F=0.6, p=0.53) AH]E (p=0.81) Al F o)A n]x

Aok, wHAZ}  (F=5.8, p=0.005) zFrolAAFEIAAL HFe
6, p<0.001) Al JrollA FelstAl Esith. AL AR A

T g B gxdtolny dAoA A dizTolu FEQIA

ol b BHrd fFoehAl Skt (p=0.01, p<0.001)(Table 2).

Table 2. Demographic data and mean scores (SD) of Mini-Mental State
Examination score

NC MCI AD

(n=20) (n=20) (n=20)
Age, years (SD) 70.85 (5.19) 70.70 (5.09) 72.40 (5.62)
Female, N (%) 11 (55%) 9 (45%) 10 (50%)
Education years (SD) 11.20 (4.74)  11.05 (4.17)  7.05 (4.19)=
K-MMSE scores (SD) 27.65 (1.98) 25.60 (2.46) 20.45 (3.38)x

NC: Normal Controls, MCI: Mild Cognitive Impairment, AD: Alzheimer's
disease, K-MMSE: Korean Mini-Mental Status Examination,
SD: Standard Deviation

* p < 0.05 compared with normal controls with post hoc analysis

3. AR A
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Table 3. Mean scores (SE) of neuropsychological memory test

NC MCI AD

(n=20) (n=20) (n=20)
Spatial span forward (SE) 6.50 (0.27) 6.85 (0.33) 5.25 (0.22)"
Spatial span backward (SE) 5.90 (0.36) 5.20 (0.43)  4.10 (0.36)
SRFT copy (SE) 13.75 (0.31) 12.65 (0.42) 10.85 (0.69)"
SRFT immediate recall (SE) 12.40 (0.47) 8.33 (0.77)" 5.20 (0.72)
SRFT delayed recall (SE) 11.50 (0.55) 7.18 (0.92)" 4.65 (0.85)"
VLT immediate recall (SE) 20.20 (0.71) 13.85 10.70 (0.67)°

(0.82)"

VLT delayed recall (SE) 7.15 (0.30)  3.30 (0.47)" 1.80 (0.34)"
VLT recognition (SE) 9.60 (0.21) 7.45 (0.43)" 6.10 (0.63)"

NC: Normal Controls, MCI: Mild Cognitive Impairment, AD: Alzheimer's
Disease, SE: Standard Error, VRAM: Virtual Radial Arm Maze, SRFT:
Simplified Rey Complex Figure Test, VLT: Verbal Learning Test

* p<0.05 compared with normal controls
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g, Fx 719 &7 7, FE 719 2Fe ¢ BTl B

o B,

Table 4. Mean scores (SE) of virtual radial arm maze test

NC MCI AD

(n=20) (n=20) (n=20)
Time latency, seconds (SE)  94.02 (9.78) 162.98 (23.90)" 195.55 (19.51)"
Distance (SE) 59.00 (4.32) 106.90 (19.49)" 142.60 (17.02)"
Total errors

1.93 (0.36)  6.05 (1.87) 9.32 (1.75)"

in working memory (SE)

Total errors .
] 1.79 (0.24) 4.65 (0.85)* 5.91 (0.78)
in reference memory (SE)

NC: Normal Controls, MCI: Mild Cognitive Impairment, AD: Alzheimer's
disease, SE: Standard Error

* p<0.05 compared with normal controls

HEESA BAMEA S Alde 23 gA] & A7t digk 2HA <]
& G9FHA FTFS mHOM(F=15.8, p <0.001) (Figure 7),
ol I|AZE wHE Ho| wel 3@z 5o A g5 AlFo] F9]

=X=e vt AR HA Ay Al g AR Al

Jo] Freold Aols WEd (F=15.8, p<0.001), A dxzT F
tho] AR o] A HT} F3 Alzro] whsloi}l (p=0.002),

AEAAGN BT AE FEFolny BAT nh HAE

W] FAEAE 2ATHp=0.18).
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Figure 7. Mean time latency * SE to find the hidden rewards
across trials in the groups. NC: Normal Controls, MCI: Mild
Cognitive Impairment, AD: Alzheimer's Disease.

oho Al 45E Qe $AQ Aol wREY Ay A

TPEEA g BAE GFEt] A8 AL Aol ois] A
WE S5 E fo)d A4S 73T (F=20.3, p <0.001)(Figure 8).
Jeb 25 A F3o] v o] wet g AfAE s

A A AT gobith, £ Age Al JHelA
zho] S ®Y =t (F=17.8, p <0.001), AA txo] A=A

AT Buh #@gkal, A=A fAkdo]l B Ezstolw 3

ol &

A weh @9k o Ass FmEAAF) BAwel wAs A

sd Qo] AR Fxsolvy BAT WF =dAT, b &
E]-—'l_
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Figure 8. Mean distance * SE to find the hidden rewards
across trials in the groups. NC: Normal Controls, MCI: Mild
Cognitive Impairment, AD: Alzheimer's disease.

2. 571 oo F2710 oRe] WMESY BARA A3

A F3 A5EEe FAE7Y 2F (F=8.0, p <0.001) (Figure 9)

QFol (F=20.0, p<0.001) (Figure 1 0) 3% 43
< AT 25 @Al A A o] wrEHe mat o/
7b EoEAT. FE71Y &F (F=12.0, p<0.001) 2 F=x719
F (F=17.7, p<0.001) EF A Hzrol] F23k 2Fo]E KT,
ARG AT B e o do] A Ezed ZE7



g HolA &Foktt (p=0.4). oo Aie AEAAGN Aol

A4zl Hls) FE7)ge] Ao nr} gFzr1oe] Fojrt

—&— NC
—C— MCI

Mean errors in working memory

session
Figure 9. Mean number * SE of working memory errors

across trials in the groups. NC: Normal Controls, MCI: Mild
Cognitive Impairment, AD: Alzheimer's disease.
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Figure 1 0. Mean number * SE of reference memory errors
across trials in the groups. NC: Normal Controls, MCI: Mild

Cognitive Impairment, AD: Alzheimer's disease.
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T7F SHETE A V1Y AstE wrdsta AAAGAAY] @)
258 HFrt S7HESE 2 AA V)5S UERY] wEoltt.
Table 5. Test correlation between VRAM tests and other
neuropsychological tests

Time Distance  Working Reference

latency memory memory

errors errors

Time latency 1.000 0.881" 0.877" 0.872"
Distance 0.8817  1.000 0.995" 0.963"
Working memory errors 0.8777  0.9957 1.000 0.9557
Reference memory errors 0.8727 0.9637 0.955" 1.000
Spatial span forward 0.018 0.116 0.105 0.086
Spatial span backward -0.330°  -0.368"  -0.3597  -0.407"
SRFT copy -0.303°  -0.386"  -0.388"7  -0.364"
SRFT immediate recall -0.4637  -0.4667 = -0.444"  -0.533"
SRFT delayed recall -0.4947  -0.450"  -0.427"  -0.514"
VLT immediate recall -0.3837  -0.4467  -0.4177  -0.491"
VLT delayed recall -0.4417  -0.419"7  -0.379"7  -0.4727
VLT recognition -0.306" -0.261" -0.217 -0.234

VRAM: Virtual Radial

Figure Test,

Arm Maze Test,
VLT: Verbal Learning Test

SRFT: Simplified Rey Complex

* Correlation is significant at the 0.05 level,

T Correlation is significant at the 0.01 level

BE AA ol =] AFF AA %S B7h s 9lof 7]
Eo AAADEA vs AR g AR PR AAbE 9 )
A Aol AE AT Yok, Z, 7€) AR AAE ARFoR
A 0 GFAUAl o8 GakelAn 1 ARE F P B
o ¥4 FH met Fae] ols EAF ook AT, T WA}
g w2 AAe] A9 AsY T Fo uE FAL we WA
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W7 A8 4 o, o A3E AFEHIE AdA A dHolHE
AN g EAEte] HaskA Hol vk, Eg g% Ailofst &
ofe ol AHA=FZHA &go] dFH A= 44 98
(telemedicine)®] SHlA HH
Azt AA At oA & 2 4

|l o go] mEXRE JPE ALY mE ALY A gl fE
2H-9-A (web browser) AolAl Ad & F or=z AHHg Y
£E7F HPETHE 94 950 A&
(Table 6).

Table 6. Comparison between virtual radial arm maze test and other
neuropsychological test for visuospatial function

Paper and pencil Test  Virtual reality test

Requirement of expert Yes No
. . . ) 2 dimensional 3 dimensional

Dimensions of stimuli . .

(a plane figure) (virtual space)
Time taken for test Relatively long Relatively short
Time taken for analysis Relatively long Real-time analysis
Applicability

Difficult Easy

of the telemedicine
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Abstract

Diagnostic validity and development of virtual reality
system for visuospatial function in patients with amnestic

mild cognitive impairment

Kyung Ryeol Cha

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Hong Shick Lee)

Accurate prediction of the development of Alzheimer disease
(AD) early in the course of the disease might be important for
early intervention or prevention of the disease. In general,
AD is preceded by a presymptomatic stage called mild cognitive
impairment (MCI). MCI is considered to be a transitional stage
between aging and AD. There were many evidences of hippocampal
structural abnormality in MCI and AD. The hippocampus plays a
crucial role in spatial memory. Especially, there have been
some studies that the Thippocampus 1is involved during
visuospatial navigation. The aim of this study was to develop
the wvirtual reality system for visuospatial function 1in

patients with amnestic mild cognitive impairment and to
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validate 1t. All participants were allocated to one of three
groups, i.e., 20 to a normal control (NC) group, 20 to the MCI
group, and 20 to the mild AD group. The study subjects were
administered Korean mini-mental state examination (K-MMSE) and
below neuropsychological tests by one trained psychologist.
Verbal memory was tested by 10 word verbal learning test (VLT).
Visuospatial memory was tested by Simplified Rey Figure Test
(SRFT) and working memory was tested using visuospatial span
forward and backward tasks. Upon virtual radial arm maze test,
participants were told to retrieve the three rewards as soon
as possible. And the computer system recorded the
participants’ behavior and trajectory. NC subjects found the
rewards more quickly than MCI subjects (p=0.002). And MCI
subjects did not found the rewards more quickly than AD
subjects (p=0.18). NC subjects found the rewards with shorter
distance than MCI subjects (p=0.01). And MCI subjects found
the rewards with shorter distance to AD subjects (p=0.02).
Results showed that MCI subjects were more impaired in
reference memory than in working memory compared to NC
subjects. And all the variables of virtual radial arm maze
test were significantly correlated with all neuropsychological
tests except spatial span forward and verbal recognition
memory in number of working memory errors, and number of
reference memory errors of VRAM. The present study found that
MCI subjects showed spatial working memory deficits, with

preserved spatial reference memory, whereas AD subjects had
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deficits in both spatial working memory and spatial reference
memory using VRAM test. This is conformable to recent animal
study. In addition, MCI subjects were as slow as AD subjects
to find the rewards, but they found the rewards more
efficiently than AD subjects. Future study about neural
correlates of this new test and key variable for the diagnosis

of MCI 1s expected.

Key Words : mild cognitive impairment, Alzheimer’ s disease,
virtual reality, neuropsychological test, visuospatial

function, diagnosis

75



76



	<차례>
	<국문요약>
	Ⅰ. 서 론
	1. 연구의 배경 및 필요성
	2. 연구 목적

	Ⅱ. 문헌 연구
	1. 가상현실의 개념 및 의학적 이용
	가. 가상현실의 개념
	나. 의학적 이용

	2. 가상현실의 정신의학적 이용
	가. 분야별 기존 연구
	(1) 불안장애
	(가) 고소 공포증
	(나) 비행 공포증
	(다) 광장공포증을 동반하는 공황장애
	(라) 사회 공포증
	(마) 외상후 스트레스장애
	(바) 기타 불안 장애 연구

	(2) 정신분열병
	(3) 소아정신질환
	(가) 주의력결핍활동과잉장애
	(나) 자폐증

	(4) 치매
	(5) 물질의존장애
	(6) 정신치료
	(7) 신경심리평가 및 인지기능연구

	나. 새로운 시도들
	(1) 증강현실을 이용한 연구
	(2) 저렴한 고성능 컴퓨터 게임을 이용한 연구



	Ⅲ. 대상 및 방법
	1. 연구 대상
	2. 인지장애의 진단
	3. 연구 방법
	가. 신경 인지 검사
	(1) Korean Mini-Mental State Examination (K-MMSE)
	(2) Verbal Learning Test (VLT)
	(3) Simplified Rey Figure Test (SRFT)
	(4) Spatial Span Test (SST)

	나. 가상 현실 컴퓨터 검사의 개발
	(1) 시스템 모형 선정
	(2) 시스템 설계
	(3) 시스템 구현


	4. 통계 및 분석

	Ⅳ. 결과
	1. 가상 현실 검사 시스템
	2. 일반적인 특성 및 간이정신상태 검사 결과
	3. 신경심리검사 결과
	4. 가상현실 컴퓨터 검사 결과
	가. 주요 지표
	나. 과제 완수 시간의 반복측정 분산분석 결과
	다. 과제 완수를 위해 움직인 거리의 반복측정 분산분석 결과
	라. 작동기억 오류와 참조기억 오류의 반복측정 분산분석 결과

	5. 신경심리검사와 가상현실검사의 연관성

	Ⅴ. 고찰
	Ⅵ. 결론
	참고문헌
	Abstract

