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Objectives Mild cognitive impairment (MCI) is known to have a high rate of progression to Al-
zheimer’s disease. Early detection and intervention of MCI are of great interest in psychiatric and
socioeconomic aspects. There are various screening tools for MCI, but their sensitivity and speci-
ficity vary greatly. This study assessed the usefulness of virtual reality (VR) neurocognitive tests as
an assessment tool for neurocognitive function deficit in MCI.

Methods Both VR neurocognitive tests and conventional neurocognitive tests, including Mini-
Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA), and the Seoul Neu-
ropsychological Screening Battery (SNSB), were conducted, and 21 participants completed the
tests. The test results of the MCI and normal groups were compared, and correlation coefficients
between the VR neurocognitive tests and SNSB were examined.

Results The mean VR neurocognitive test total score of the MCI participants was significantly
lower than that of normal participants (30.0+1.0 vs. 36.9%6.4; p<0.001). There were no signifi-
cant differences in the SNSB, MMSE, and MoCA scores between the two groups. The VR neu-
rocognitive total score correlated significantly with the MMSE, MoCA, and SNSB total scores
(r=0.61, r=0.54, r=0.50, respectively; p<0.05). The scores of the subdomains of VR neurocogni-
tive tests showed significant correlations with those of MMSE, MoCA, and subdomains of SNSB,
with VR executive function and visuospatial function scores showing significant correlations with
the SNSB executive function (r=0.46; p<0.05) and visuospatial function (r=0.60; p<0.01) scores,
respectively.

Conclusion This preliminary study suggests that the VR neurocognitive test can be a feasible
and realistic tool for assessing the subtle but complex cognitive deficits in MCI, emphasizing
spatial reasoning and executive functions.
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Fig. 1. A screenshot sample of the cognitive function test in virtual reality program.
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Table 1. Overview of virtual reality cognitive function test program

Task Contents Cognitive functions  Score
Indoor task
Packing supplies Listen to what supplies should be packed and register the memory Memory 6
(preparation)
Heling with toilet use Help with granddaughter toilet use procedures Executive function 3
Making a phone call Listen to the phone numbers and press the numbers Attention 4
Packing supplies Choose the supplies that were remembered before Memory 5
Word game Listen to the word and choose the letters backwards Attention 7
Card game Choose the same shape what was presented Visuospatial function 5
Outdoor task
Helping the rides Listen to the rides that granddaughter want to ride and choose Aftention 3
in order
Helping snack time Helping with the process of granddaughter’s snack fime Executive function 3
Helping the rides again Remember the rides which was played before Memory 3
Finding the same flower ~ Match the pictures of same flower Visuospatial function 4
Finding the way to Remember the way to friend’s house and find the way again Memory 3
a friend’s house
Finding a hat Find the shape of the hat Memory 4

2 1
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Table 2. Demographic and clinical characteristics of participants

Variables MCI (n=3) Normal (n=18) p-value
Sex 0.257
Male 3(100) 10 (55.6)
Female 0(0) 8(44.4)
Marital status >0.999
Married 2 (66.7) 13(72.2)
Single (divorced/bereaved) 1(33.3) 5(27.8)
Occupation >0.999
Employed 0(0) 3(16.7)
Unemployed (including housewife) 3 (100) 15 (83.3)
Age (years) 83.0+3.0 76.6+6.2 0.100
Education (years) 16.0 (12.0, 18.0) 15.0 (12.0, 16.0) 0.740
K-MMSE 26.0 (24.0, 26.0) 26.0 (24.8, 28.0) 0.356
K-MoCA 25.0+2.46 26.2+3.0 0.532
PROVE-DS 5.0 (5.0, 6.0) 5.0 (4.0,12.0) 0.887
SGDepS-K 47+0.6 3.8+2.1 0.510
SNSB-C memory
Immediate recall -1.2+0.7 0.5+0.6 0.095
Delayed recall -0.8+0.9 -0.6+£0.8 0.682
Recognition -0.3+1.0 -0.2+1.0 0.908
SNSB-C attention
Digit span forward 1.2+0.6 -0.7£1.1 0.073
Digit span backward -0.2+0.9 0.1+£0.9 0.653
SNSB-C executive
TMT-A 1.1(0.2,1.1) 0.4 (0.0,0.7) 0.185
TMT-B 1.0(0.6,1.2) 0.5(0.2,07) 0.047
COWAT phonemic fluency -0.2x1.7 -0.7£0.8 0.434
COWAT semantic fluency 0.1£1.2 -0.2£1.00 0.630
Stroop test-color reading -0.3+£0.3 0.2+0.8 0.376
Digit symbol coding -0.4 (-0.7,-0.3) 0.2 (-0.3,1.1) 0.125
SNSB-C visuospatial
RCFT score -0.8£1.1 -0.4£0.9 0.608
RCFT time 0.5+0.3 0.3£0.7 0.624
SNSB-C fotal -0.1£0.2 -0.1£0.5 0.973

Values are presented as mean +standard deviation or median (Q1, Q3) or number (%). Independent t-test or Mann-Whitney test
was used for continuous variables, and Fisher's exact test was used for categorical variables. SNSB-C scores are represented as Z-
scores. MCI, mild cognitive impairment; K-MMSE, Korean version of Mini-Mental State Examination; K-MoCA, Korean version of
Montreal Cognitive Assessment; PROVE-DS, PROtective and Vulnerable factors battEry Test-Depressive Symptomatology;
SGDepS-K, Korean version of the short form of Geriatric Depression Scale; SNSB-C, Seoul Neuropsychological Screening Battery-
Core; TMT-A, Trail Making Test Part A; TMT-B, Trail Making Test Part B; COWAT, Controlled Oral Word Association Test; RCFT, Rey-Os-

terrieth Complex Figure Test
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Table 3. VR neurocognitive test results of two groups

Variables MCI (n=3) Normal (n=18) p-value

VR memory

Getting ready in order (immediate) 0 (4.0, 6.0) 6.0 (6.0, 6.0 0.534

Finding a friend’s house (immediate) 0 (3.0, 5.0) 5.0 (5.0, 5.0) 0.887

Finding the right hat at the right place (immediate) 0(3.0,3.0) 3.0(3.0,3.0) 0.153

Getting ready in order (delayed) 0 (3.0, 3.0) 3.0 (3.0, 3.0) 0.740

Helping grandchild get on the rides in order (delayed) 0(1.0, 3.0) 3.0 (2.0, 4.0) 0.814

Total 18.0 (16.0, 19.0) 20.0 (18.0, 21.0) 0.133
VR attention

Dialing on the telephone 0.0 (0.0, 1.0) 1.0(0.0, 3.0) 0.221

Repeating a phrase backward 1.0(1.0,2.0) 6.0(1.0,7.0) 0.307

Repeating after a mission 2.0 (0.0, 3.0) 1.0 (1.0, 3.0) 0.887

Total 3.3£2.1 7.4+t4.4 0.141
VR executive

Using the toilet 1.0(1.0, 5.0) 1.0 (0.0, 2.0 0.412

Feeding snacks 1.0 (1.0, 3.0) 2.5(2.0,3.0) 0.307

Total 1.0(1.0,5.0) 4.0(2.8, 4.3) 0.307
VR visuospatial

Matching shapes (cards) 6.0(5.0,9.0 5.0 (4.0, 5.0) 0.814

Matching shapes (flowers) 2.0£2.0 22+1.2 0.840

Total 6.7£2.1 6.7£1.6 >0.999
VR total 30.0+£1.0 36.9+6.4 <0.001
VR time 1074.0+£53.7 1040.2+£128.5 0.446

Values are presented as mean +standard deviation or median (Q1, Q3). Independent t-test or Mann-Whitney test was used. VR,

virtual reality; MCI, mild cognitive impairment
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Table 4. Pearson'’s correlations of VR neurocognitive test with sex, age, education and neuropsychological covariates

VR memory VR attention VR executive VR visuospatial VR total VR time

Sex 0.00 0.33 0.17 -0.20 0.22 -0.05
Age (years) -0.33 -0.25 -0.637 0.15 -0.38 0.27
Education (years) 0.20 -0.17 0.15 0.04 -0.01 -0.19
K-MMSE 0.50* 0.53* 0.22 0.22 0.617 -0.57f
K-MoCA 0.76* 0.26 0.35 0.21 0.54* -0.55*
GDS -0.29 -0.33 -0.30 0.00 -0.38 0.10
PROVE-DS -0.47* 0.06 0.10 -0.22 -0.13 0.03
SGDepS-K -0.09 0.31 0.15 -0.05 0.20 -0.43
SNSB-C memory

Immediate recall 0.20 0.33 0.46* -0.25 0.33 -0.26

Delayed recall -0.29 0.35 0.05 -0.21 0.11 -0.01

Recognition -0.16 0.09 -0.07 -0.17 -0.04 0.12
SNSB-C attention

Digit span forward 0.23 0.02 -0.05 0.11 0.10 -0.08

Digit span backward 0.05 0.05 0.07 0.21 0.12 0.17
SNSB-C executive

TMT-A -0.34 0.01 -0.35 0.39 -0.08 0.21

TMT-B -0.44* -0.12 -0.40 0.10 -0.29 0.43

COWAT phonemic fluency 0.12 0.34 -0.10 0.51 0.38 -0.33

COWAT semantic fluency -0.04 -0.05 -0.15 -0.25 -0.15 0.17

Stroop test-color reading 0.48* 0.37 0.16 0.21 0.48* -0.35

Digit symbol coding 0.26 0.48* 0.46* 0.47* 0.631 -0.53*
SNSB-C visuospatial

RCFT score -0.00 0.19 -0.37 0.60" 0.19 0.21

RCFT time -0.01 -0.16 0.21 0.10 -0.04 -0.25
SNSB-C total 0.41 0.35 0.1 0.47* 0.50* -0.38

*p<0.05; 'p<0.01; ¥p<0.001. SNSB-Z scores were calculated as Z-scores. VR, virtual reality; K-MMSE, Korean version of Mini-Mental
State Examination; K-MocA, Korean version of Motreal Cognitive Assessment; GDS, Geriatric Deterioration Scale; PROVE-DS, PRO-
tective and Vulnerable factors battEry Test-Depressive Symptomatology; SGDS-K, Korean version of the short form of Geriatric
Depression Scale; SNSB-C, Seoul Neuropsychological Screening Battery-Core; TMT-A, Trail Making Test Part A; TMT-B, Trail Making
Test Part B; COWAT, Conftrolled Oral Word Association Test; RCFT, Rey-Osterrieth Complex Figure Test
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