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INTRODUCTION

Dementia is one of the most common major diseases in the 
elderly. It is a progressive neurocognitive disorder that gradu-
ally progresses and causes cognitive and functional decline.1,2 
Mild cognitive impairment (MCI) is often a proximal risk fac-
tor leading to dementia. The risk of conversion from MCI to 
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dementia is estimated to be approximately 5–10% per year. The 
risk increases with the number of impaired cognitive domains 
and symptom severity.3 However, the variation in presentation 
and slow progression of the disease make it difficult to define 
clear boundaries between MCI and dementia. 

Early treatment of MCI has been suggested to slow the pro-
gression of dementia.4 Acetylcholinesterase inhibitors are mainly 
used in the pharmacological treatment for dementia,5 but they 
are limited in their ability to prevent disease progression. Cog-
nitive therapy is mainly used as a non-pharmaceutical inter-
vention to maintain the independence of patients.6

Virtual reality-based cognitive therapy (VRCT) and com-
puterized cognitive training (CCT) have been introduced as 
new methods of training. CCT is known to benefit global cog-
nition, selective cognitive domains, and psychosocial function-
ing.7 VRCT provides an immersive environment that allows 
users to simultaneously experience various sensations, such as 
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sight, hearing, and touch, to offer similar experiences to those 
faced in real life. As a result, attention and spatial memory train-
ing becomes possible, motivation-inducing effect increases, and 
concomitantly reduces the time and effort required in treat-
ment.8-10

It is difficult to generalize the effects of VRCT as the nature 
of the cognitive training varies according to the method of VR 
application, frequency of sessions, and the immersion of the 
provided environment. In a systematic review of technology-
based cognitive interventions in patients with MCI, VR was 
used in only two of 26 studies.11 A recent meta-analysis study 
showed that VRCT was used in only six out of 11 studies, and 
only one study out of those six applied a fully immersive tech-
nique.12 VRCT in the healthy elderly population is also known 
to have a significant effect on cognitive function, primarily seen 
as improvements in attention, executive function, and mem-
ory.13 However, it is difficult to determine the definitive effects 
of VRCT as the type of technology applied and training period 
have not been consistent.

Therefore, this study aimed to introduce a fully immersive 
eight-session of VRCT program that can be applied for both 
a cognitively normal elderly population and patients with MCI. 
Moreover, the effects of the program were assessed using the 
Korean version of the Consortium to Establish a Registry for 
Alzheimer’s Disease Assessment Packet (CERAD-K) neuro-
psychological evaluation.

METHODS 

Participants
From October 1, 2018, to June 30, 2019, we recruited patients 

who visited three general hospitals in South Korea, Gil Hos-
pital, Inha University Hospital, and Samsung Medical Center, 
complaining of memory loss. Patients who met the criteria for 
MCI were selected based on the Petersen criteria:14 1) mem-
ory problems, 2) objective memory disorder, 3) absence of oth-
er cognitive disorders or repercussions on daily life, 4) normal 
general cognitive function, and 5) absence of dementia. Par-
ticipants were considered cognitively normal when they per-
formed within 1.5 standard deviations of age-adjusted norms 
on CERAD-K. Participants who were unable to communicate 
or had severe medical disorders, organic mental disorders, in-
tellectual disorders, autistic spectrum disorders, acute psychotic 
symptoms, or major neurocognitive disorders were excluded 
from the study. 

All participants provided informed consent. This study pro-
tocol was approved by the Institutional Review Board at each 
study site (INHA 2018-06-021, GAIRB2018-052, 2018-07-045).

Virtual reality-based cognitive therapy (VRCT)
All participants were trained using a newly developed fully 

immersive 3D VRCT program.15 The program consists of pur-
chasing goods at a supermarket and has been reconstructed as 
contents suitable for a fully immersive 3D VR environment. 
Fully immersive technology is a fundamentally different user 
experience compared to partial immersion, while partial im-
mersion supports the feeling of “looking at” the virtual inviron-
ment, while full immersion supports the feeling of “being in” 
that environment. The degree of immersion in the virtual en-
vironment is measured according to how much the user’s field 
of vew (fov) can be covered. If the display provides an always-
on field of view, it can be defined as a fully immersive display.16 
It was developed using the C# scripting language. 

The program was conducted over a total of eight sessions over 
4 weeks with individual sessions lasting for 50 to 60 minutes. 
Twenty-five minutes of the session were spent on receiving feed-
back and strategy planning based on the previous session. The 
VRCT was then supplied for 30–35 minutes. Training was con-
ducted using a Samsung Odyssey head mounted display and 
motion controller in each hand; these devices are commercially 
available. Except for one participant in a wheelchair, VRCT for 
all others was performed standing up. A psychologist assisted 
the participants in their performance. 

In the first session, program introduction, device use train-
ing, goal setting, memory strategy training, and VRCT were 
conducted. The second session consisted of conversations about 
daily life since the last session, memory strategy education, and 
VRCT. The third to eighth sessions were conducted in the same 
way as the second session, and the eighth session was the last 
session and concluded by reviewing the participant’s progress 
based on the acquisition of memory strategies and performance 
results. At each session, a review of daily life since the last ses-
sion and retraining of the memory strategy were conducted, 
except for in the first session. 

The VRCT program was designed to train memory, atten-
tion, and executive function. It was a 3D VR program where 
participants were required to purchase necessary items in a su-
permarket. Participants were given a list of items to buy for 10 
seconds at the entrance of the supermarket, and then they vis-
ited seven sections by pushing a button. In each session, items 
were evenly and randomly selected from seven categories, such 
as juice, dairy foods, meat, fish, alcohol, processed food, and 
Korean side dishes. There were four levels of difficulty from 
level 1 (four items to buy) to level 4 (seven items to buy); par-
ticipants chose the difficulty level according to their perfor-
mance in each session. During training, participants could use 
a hint button, which led to the list of items to buy being dis-
played for 10 seconds. Examples of the VRCT program are pre-
sented in Figure 1.
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Figure 1. Representative images of virtual reality cognitive training (VRCT) program. A: Participants choose the level of program from level 
1 (four items) to level 4 (seven items) at the entrance of the supermarket. B: Participants are given a list of items to buy from categories 
such as juice (C), dairy food (D), meat (E), fish (F), alcohol (G), processed food (H), and Korean side dishes (I). J: After buying all items 
they automatically move to the counter. K: Participants can use the hint button and the list of items to buy is displayed again for 10 seconds 
anytime during training. L: Example of a participant.

Measures

Clinical scales

A Korean version of the Consortium to Establish a Registry for 
Alzheimer’s Disease Assessment Packet (CERAD-K)

The CERAD-K17 was used to evaluate each cognitive func-
tion in participants. The CERAD-K comprehensively evaluates 
cognitive domains related to dementia and can be used as an 
indicator of performance and overall cognitive function. The 
CERAD-K was performed before and after the VRCT program. 

Korean version of Quality of Life-Alzheimer’s Disease 
(KQOL-AD)

KQOL-AD18 was used to evaluate the satisfaction of partici-
pants with their lives. The scale consists of 13 questions and in-
cludes physical health, mood, memory, interpersonal relation-
ships, and the ability to perform activities of daily living. The 
total score ranges from 13 to 52, with higher scores indicating 
higher quality of life. The KQOL-AD was also performed be-
fore and after the VRCT program.

Geriatric depression scale (GDS)
The GDS19 was used to evaluate the degree of depression in 
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old age. Its reliability and validity have already been confirmed. 
The GDS consists of 30 “yes or no” questions. Depression is 
suspected with a score of 18 or more out of a total of 30 points. 
The GDS score was also assessed before and after the VRCT 
program.

Safety and availability evaluation scales

Simulator sickness questionnaire 
To evaluate the safety of VR devices, a simulator sickness ques-

tionnaire (SSQ)20 was performed after the VRCT in each session. 
SSQ is used as a representative questionnaire to measure VR 
sickness as research using VR started to increase in the 2010s. 
It consists of 16 items across three categories: disorientation, 
oculomotor, and nausea, and each item is scored from 0 to 3 
points. It calculates the sum of different weights applied to each 
item, with higher scores indicating higher discomfort.21

Presence questionnaire
Presence is a term that refers to how realistic and immersive 

the experience is in technologies such as VR. In this study, two 
scales were modified and used by referring to the presence 
questionnaire introduced in 199822 and the presence inven-
tory of Lombard et al.23 The presence questionnaire consisted 
of nine items, scored from 1 to 7 for each item with higher scores 
reflecting a higher sense of presence. Another questionnaire 
consisted of 18 questions to measure the presence of VR con-
tent users and evaluated how immersive and present the patient 
felt during the VR experience. Each item was scored from 0 
to 10 points, with higher scores indicating a higher sense of 

presence.15

Statistical analyses
A chi-square test was performed to verify the homogeneity 

of the distribution of variables between groups. An indepen-
dent two-sample t-test was performed to verify differences in 
the neuropsychological evaluation z-score between groups. 
In order to verify the effects of the program, a repeated measures 
analysis of variance (ANOVA) was performed on the scores 
of the CERAD-K for each domain, GDS, and KQOL-AD for 
the cognitively normal and MCI groups. SPSS 20.0 (for Win-
dows, IBM Corp., Armonk, NY, USA) was used for all statis-
tical analyses, and a p-value of 0.05 or less was considered sta-
tistically significant.

RESULTS

Demographic characteristics 
Fifty-six out of 64 participants who wished to participate in 

the study were included in the analysis. Of the eight partici-
pants excluded from the analysis, six participants did not meet 
the study schedule criteria, one subject withdrew due to hav-
ing difficulties in training while standing, and one withdrew 
because of experiencing dizziness when using the VR device. 
The MCI group included 31 participants (55.4%), and the nor-
mal group consisted of 25 participants (44.6%). Of these 56 par-
ticipants, 47 participated in the study (Figure 2). There were no 
statistical differences in age and sex between the group complet-
ing the study and the dropout group. And also, there were no 
differences in terms of age, sex, educational level, employment 

Informed consent obtained 
(N=64)

Suitable for analysis (N=56)

Withdrew from study (N=7)
- Dizziness (N=3)
- HMD-induced headache (N=1)
- HMD-induced eye discomfort (N=1)
- No motivation (N=2)

Completed the study 
(N=24)

MCI group (N=31)

Completed the study 
(N=23)

Cognitively normal 
group (N=25)

Withdrew from study (N=2)
- No motivation (N=1)
- Dizziness (N=1)

Exclusion (N=8)
- Study schedule not matched (N=6)
- Dizziness (N=1) 
- Difficulty standing (N=1)

Figure 2. Flow diagram of participants’ recruitment. HMD: head-mounted display, MCI: mild cognitive impairment.
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status, or subjective quality of life between the MCI group and 
the normal group. The GDS score was higher in the MCI group 
than that in the normal group; but the score was not indica-
tive of depression (Table 1).

Baseline cognitive performance 
There was a significant functional difference between the two 

groups for all items except for digit span and trail making test 
part A (TMT-A) (Table 2).

    
Pre/post-VRCT z-score effect verification

Repeated measures ANOVA was performed to verify group-
specific changes following program implementation. Among 
the neuropsychological test items, word list memory, construc-
tional recall, Stroop-C, and Stroop-CW showed statistically sig-
nificant changes in both the MCI group and normal group, and 
the effects of the VRCT program could be verified. Moreover, 
performance in the Korean-Boston naming test was significant-
ly improved in the normal group. In the MCI group, the effects 
of the VRCT program on word list recall, word list recognition, 
and TMT-A performance were observed. KQOL-AD and GDS 
scores were not affected by the VRCT program (Table 3).

Assessment of safety and presence
Three participants of the MCI group (n=31) and one of the 

normal group (n=25) were excluded from the study due to diz-
ziness. One participant of the MCI group dropped out due to 
pain at a past surgical site caused by wearing the head-mount-
ed display. Another participant withdrew due to ocular dis-
comfort.

Repeated measures ANOVA was performed to verify the 
group-specific changes in safety and presence after the VRCT 
program. At the baseline SSQ evaluation, the MCI group com-
plained of disorientation and nausea significantly more than 
the normal group did (Table 4). However, both groups showed 

an improvement in discomfort in all items of the SSQ as the 
VRCT program progressed. A two-sample t-test was conduct-
ed using the SSQ that was completed after the end of the eighth 
session. There were no statistically significant differences in any 
of the three SSQ categories or the total score, suggesting that 
the VRCT program in this study was applicable not only to the 
normal group but also to the MCI group (Table 5).

DISCUSSION

After the eighth session of the VRCT program, improve-
ments in cognitive function over multiple domains was ob-
served in both the MCI and normal groups. In both groups, 
improvements in the ability to learn new information, visuo-
spatial constructional ability, and frontal lobe function were 
observed. Similar results have been observed in previous stud-
ies.24,25 It is thought that these findings are observed as the learn-
ing environment using VR is mainly based on visual and au-
ditory stimulation. Cognitive training in this study was also 
designed to train memory, attention, and executive functions 
and provided a visual scene of grocery shopping in a supermar-
ket. In particular, detailed manipulation is required to observe 
and pick up items written on the shopping list. This training 
improved cognitive flexibility and selective attention, which 

Table 1. Participant demographics

Variables
MCI 
group

(N=31)

Normal 
group

(N=25)
p-value

Age (year) Mean±SD 73.2±7.3 71.6±4.4 0.355
Male sex N (%) 8 (25.8) 3 (12.0) 0.196
Married status N (%) 17 (54.8) 14 (56.0) 0.704
Education (years) Mean±SD 9.5±4.7 8.9±3.4 0.619
Employed N (%) 6 (19.4) 6 (24.0) 0.674
KQOL-AD Mean±SD 32.0±8.2 34.6±4.2 0.168
GDS Mean±SD 12.6±6.8 7.7±4.6 0.003*
*p<0.01. MCI: mild cognitive impairment, KQOL-AD: Korean 
version of Quality of Life-Alzheimer’s Disease, GDS: Geriatric De-
pression Scale 

Table 2. Comparisons of the z-score for the baseline Korean 
version of the Consortium to Establish a Registry for Alzheimer’s 
Disease Assessment Packet between the MCI and cognitively 
normal groups

Variables (Z-score)
Mean±SD

p-valueMCI group
(N=31)

Normal group
(N=25)

Digit span (F) 0.5±1.2 0.3±1.1 0.494
Digit span (B) -0.1±1.1 0.1±1.1 0.555
Verbal fluency -0.7±1.0 0.2±1.1 0.002†

Korean-Boston naming -0.1±1.1 0.7±0.7 0.003†

Word list memory -0.7±1.0 0.7±0.8 0.000†

Word list recall -1.3±1.1 0.5±0.9 0.000†

Word list recognition -1.5±1.7 0.3±0.5 0.000†

Constructional recall -0.9±1.1 0.3±0.8 0.000†

Constructional praxis -0.5±1.1 0.1±0.9 0.033*
TMT-A -0.1±2.2 0.5±0.8 0.235
TMT-B -1.5±1.3 -0.6±1.4 0.017*
Stroop-W -0.6±1.1 0.5±1.2 0.000†

Stroop-C -0.9±1.1 0.5±1.2 0.000†

Stroop-CW -1.3±1.2 -0.4±1.0 0.005†

*p<0.05, †p<0.01. Digit span (F): digit span forward, digit span (B): 
digit span backward, TMT-A: trail taking test part A, TMT-B: trail 
making test part B, Stroop-W: Stroop test (word), Stroop test (col-
or): Stroop-CW: Stroop test (color-word), MCI: mild cognitive 
impairment
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also led to improvement in Stroop test performance. The im-
provement in verbal memory, visuospatial and constructional 
ability, attention, and executive function in the MCI group af-
ter the VRCT program is consistent with the results of a sys-
tematic review that confirmed an effect size above moderate in 
most areas.7 Functional improvement in the normal group was 
mostly observed in areas similar to those in the MCI group; 
however, a statistically significant improvement was not ob-

served in the areas of delayed recall and recognition. It is pos-
sible that statistical significance was not reached as the normal 
group already had a higher functional level than that of the MCI 
group; however, statistical significance was observed in other 
similar cognitive domains. Therefore, if a large number of par-
ticipants are included and long-term studies are conducted, 
delayed recall and recognition change can also be additionally 
confirmed. 

Table 4. Comparisons of the SSQ and presence questionnaire responses between the MCI and cognitively normal groups 

MCI group Normal group
F (p-value)

Baseline Post-training Baseline Post-training
VR-sickness

SSQ-N 29.85±32.56 14.46±21.17 14.50±17.87 10.30±17.61 5.398 (0.024*)
SSQ-D 83.07±75.51 32.33±46.91 46.77±52.22 26.16±37.76 4.279 (0.043*)
SSQ-O 26.16±33.66 11.24±19.26 17.58±21.29 10.91±17.10 0.803 (0.374)
SSQ-TS 46.93±45.19 19.90±29.45 26.92±30.32 16.45±24.42 3.383 (0.071)

Presence
Presence Q 43.50±10.00 43.29±10.00 43.13±9.15 47.65±9.71 0.724 (0.399)
Presence S 115.79±27.68 107.45±20.98 115.78±21.59 118.78±21.69 0.909 (0.346)

*p<0.05. SSQ-N: simulator sickness questionnaire-nausea, SSQ-D: simulator sickness questionnaire-disorientation, SSQ-O: simulator sick-
ness questionnaire-oculomotor, SSQ-TS: simulator sickness questionnaire-total score [SSQ-TS=(SSQ-N+SSQ-D+SSQ-O)×3.74], Presence Q: 
questionnaire for measuring presence of virtual reality contents, Presence S: questionnaire consisting of 10 points scale for measuring the 
presence of virtual reality content users, MCI: mild cognitive impairment

Table 3. Z-score of the CERAD-K, KQOL-AD, and GDS at baseline and post-training in the MCI and cognitively normal groups

MCI group (Z score) Normal group (Z score)
Baseline Post-training F (p-value) Baseline Post-training F (p-value)

CERAD-K
Digit span (F) 0.5±1.2 0.7±1.1 4.078 (0.056) 0.2±1.1 0.3±1.0 0.000 (0.993)
Digit span (B) -0.1±1.1 -0.2±1.2 0.003 (0.960) 0.1±1.1 -0.1±0.9 1.062 (0.314)
Verbal fluency -0.7±1.0 -0.5±0.8 0.776 (0.388) 0.2±1.1 0.2±0.8 0.123 (0.729)
Korean-Boston naming -0.1±1.1 0.2±1.3 2.852 (0.106) 0.7±0.7 1.0±0.5 11.000 (0.003†)
Word list memory -0.7±1.0 0.2±1.3 24.112 (0.000†) 0.7±0.8 1.5±0.9 22.856 (0.000†)
Word list recall -1.3±1.1 -1.0±1.2 12.939 (0.002†) 0.5±0.9 0.8±0.8 2.569 (0.124)
Word list recognition -1.5±1.7 -1.0±1.8 7.511 (0.012*) 0.3±0.5 0.4±0.5 0.959 (0.339)
Constructional recall -0.9±1.1 -0.5±1.2 7.969 (0.010*) 0.3±0.8 0.7±0.9 5.146 (0.033*)
Constructional praxis -0.5±1.1 -0.6±1.9 0.093 (0.764) 0.1±0.9 0.3±1.0 1.113 (0.303)
TMT-A -0.1±2.2 0.2±2.4 5.720 (0.026*) 0.5±0.8 0.5±1.2 0.040 (0.844)
TMT-B -1.5±1.3 -1.6±1.2 0.462 (0.504) -0.6±1.4 -0.5±1.4 0.368 (0.551)
Stroop-W -0.6±1.1 -0.6±1.4 1.714 (0.205) 0.5±0.9 0.7±0.8 1.319 (0.263)
Stroop-C -0.9±1.1 -0.7±1.2 6.891 (0.016*) 0.5±1.2 0.7±1.0 5.770 (0.025*)
Stroop-CW -1.3±1.2 -1.2±1.2 7.383 (0.013*) -0.4±1.0 -0.1±0.9 9.711 (0.005†)

KQOL-AD 32.0±8.2 32.4±7.5 0.874 (0.360) 34.6±4.2 34.0±4.7 0.104 (0.750)
GDS 12.6±6.8 11.8±7.7 0.770 (0.389) 7.7±4.6 8.1±4.7 0.227 (0.639)
*p<0.05, †p<0.01. Digit span (F): digit span forward, digit span (B): digit span backward, TMT-A: trail making test part A, TMT-B: trail mak-
ing test part B, Stroop-W: Stroop test (Word), Stroop-C: Stroop test (Color), Stroop-CW: Stroop test (Color-Word), KQOL-AD: Korean ver-
sion of Quality of Life-Alzheimer’s Disease, GDS: Geriatric Depression Scale, CERAD-K: Korean version of the Consortium to Establish a 
Registry for alzheimer’s disease Assessment Packet, MCI: mild cognitive impairment 
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Disorientation and nausea were observed as possible side 
effects of the VRCT program. In a meta-analysis of SSQ scores 
in the VR environment for all ages, the disorientation subscale 
had an average score of 22.06, oculomotor had an average score 
of 16.12, and nausea had an average score of 15.76.26 When in-
terpreting total SSQ scores, according to Kennedy et al.,27 scores 
between 10 and 15 indicate significant symptoms, scores be-
tween 15 and 20 are concerning, and scores over 20 indicate a 
problem. Based on this result, the VRCT used in our study is 
thought to cause a significant concern regarding the level of 
discomfort. Especially regarding the disorientation subscale in 
the SSQ, discomfort occurred at a problematic level. It is thought 
that the standing position used in this program increased the 
experienced discomfort. However, the cut-off score suggested 
in the previous study27 was based on soldiers and has limita-
tions in its application to the general public, especially the elder-
ly, and was evaluated when using a flight simulator (a ground-
training device that reproduces the conditions experienced on 
the flight deck of an aircraft trainer). In general, SSQ scores are 
higher in VR environments than in flight simulator environ-
ments. Therefore, the actual risk in this study was considered 
to be lower than that suggested by the measured scores. Dis-
comfort at the beginning of the program seemed to increase 
the likelihood of post-training rejection as most dropouts com-
plained of discomfort within the initial two sessions. However, 
most participants who did not drop out demonstrated increased 
compliance with repeated program performance. There is a 
possibility that the characteristics of the elderly who were high-
ly reluctant to participate in the unfamiliar environment were 
reflected in the high dropouts that occurred at the beginning 
of the session. In other studies in which an age-related analysis 
related to simulator sickness was conducted, simulator sickness 
of the middle-aged and the elderly was similar, but there were 
relatively many complaints of discomfort with dropout and VR 
equipment among the elderly.28,29 Therefore, to overcome such 
limitations, it is necessary to provide sufficient explanation and 
encouragement. 

In the presence assessment to confirm the effectiveness of the 
VRCT program, no difference was observed between the MCI 
and the normal groups. Presence is a subjective indicator of feel-
ing ‘being there’ in VR. Although VR is not a real event, people 
think of it as real reality. Presence is affected by perception, emo-
tion, and cognition.30 In patients with MCI, cognitive decline 
and perceptual impairment are common, suggesting that the 
sense of presence felt during VR experience may be different 
from that of cognitively normal people. However, no difference 
in presence was observed between the MCI group and the nor-
mal group in this study. This means that the VRCT program 
used in this study is sufficiently applicable to the MCI group 
with reduced cognitive ability. 

The VRCT program used in this study provided a fully im-
mersive virtual environment by using a head-mounted 3D dis-
play, and a motion controller was used in both hands so that 
the participants could feel the sensation of picking up objects. 
Moreover, an interactive design that allowed participants to ob-
tain hints during the program was applied so that the training 
could be applied to daily life as quickly as possible. Moreover, 
in the VRCT, the entire process of training was recorded and 
accessed immediately. This immediate response system allowed 
the difficulty level to be adjusted according to the participant’s 
ability, which stimulated the participant’s motivation more ac-
tively.31 In the VRCT used in this study, the difficulty of the pro-
gram was adjusted according to the ability of the participants 
to perform at each stage, and hints were made available. These 
points are thought to have motivated the participants to execute 
the program despite being in an unfamiliar environment. 

Similar to that of other VR studies, this study had a few limi-
tations in predicting the statistical validity of the number of 
samples as it was conducted using a small sample size. In addi-
tion, the long-term effects of this program cannot be general-
ized as cognitive training was performed only eight times, which 
is a relatively short program. Short-term cognitive training pro-
grams for patients with MCI differ depending on the cognitive 
domain trained but most have proven effective.32 In this study, 
only short-term effects immediately after cognitive training 
were assessed. Therefore, follow-up research is necessary. Fur-
thermore, the lack of a control group makes it difficult to iso-
late the VRCT program-related effects. However, functional 
improvements in various areas were observed in the normal 
group after training, suggesting the possible expansion of the 
application of VRCT. 

In this study, contrary to initial plans to increase accessibil-
ity to the program operation, practice was required for the el-
derly to become familiar with the program and devices, and re-
searchers were required to assist with program operation and 
device use in each trial. In a study comparing the effects of VR-
based and therapist-led memory training environments on 

Table 5. Post-training comparisons of the SSQ between the MCI 
and cognitively normal groups 

VR-sickness
Mean ± SD

p-value
MCI group Normal group

SSQ-N 14.46±21.17 10.30±17.61 0.435
SSQ-D 32.33±46.91 26.16±37.76 0.597
SSQ-O 11.24±19.26 10.91±17.10 0.946
SSQ-TS 19.90±29.45 16.45±24.42 0.641

MCI: mild cognitive impairment, SSQ-N: simulator sickness 
questionnaire-nausea, SSQ-D: simulator sickness questionnaire-
disorientation, SSQ-O: simulator sickness questionnaire-oculo-
motor, SSQ-TS: simulator sickness questionnaire-total score
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subjective memory ability, the satisfaction with the memory 
performance in the therapist-led memory training group was 
much higher.24 The authors interpreted this finding as the emo-
tional support provided by the therapist provided reassurance 
during cognitive training. However, the vivid experience of 
fully immersive VRCT can be easily applied to a real situation, 
reducing time and cost compared to conventional cognitive-
behavioral therapy. In addition, since the stimulus level can be 
adjusted according to the individual’s response, there is an ad-
vantage in that a customized treatment suitable for the indi-
vidual’s cognitive level is possible. Therefore, an approach com-
bining an easily operatable device and emotional support from 
therapists is required to develop a more robust VRCT program. 

Although there were several limitations, the VRCT program 
used in this study improved function in both patients with 
MCI and cognitively normal elderly individuals. A meta-anal-
ysis study on the effects of VR on MCI and dementia12 found 
that it was most effective target on individuals with MCI. Based 
on this review and our study, it seems that VRCT can improve 
cognitive abilities in various domains, including working mem-
ory, in normal elderly individuals and in those with MCI. There-
fore, it is expected that a cognitive training program using fully 
immersive VR will help to improve cognitive function in a large 
proportion of the elderly population in the future.
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