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ABSTRACT

Objectives: This review aimed to summarize the currently available premium evidence to determine
the effect of virtual reality (VR) on executive function (EF) in older adults with mild cognitive impairment (MCI), and to detect what level of immersive VR would be the most beneficial.
Method: Five electronic databases, namely, PubMed, Embase, PsycINFO, CINAHL, and Cochrane
Library were searched. Our research team screened the studies and extracted data according to our
inclusion criteria. The methodological quality of each study was rated using the PEDro scale. When
three or more studies reported the same outcome, a meta-analysis was conducted using Review
Manager 5.4.1.
Results: Finally, 14 randomized controlled trials with a total of 518 participants were included. VR
training had an overall positive effect on cognitive flexibility, global cognitive function, attention, and
short-term memory compared to the control groups. Additionally, semi-immersive VR was more effective in improving cognitive flexibility compared to the other two types of VR. The application of non-immersive level of VR had a significant effect on global cognitive function, attention, short-term memory,
and cognitive flexibility.
Conclusion: VR may be effective in improving EF in older adults with MCI. However, the level of
immersive VR that would be the most beneficial on EF still needs to be investigated with a greater
number of well-designed studies.

Introduction
Dementia is considered to be a syndrome rather than a particular disease. It is mainly characterized by cognitive decline, and
has a significant adverse impact on independent daily functional activities (Gale et al., 2018). It is estimated that by 2030,
the number of people with dementia worldwide will reach 78
million (World Health Organization, 2021), which will place a
heavy burden on global public health. The risk of acquiring
dementia rises as an individual becomes older, especially once
beyond the age of 53 (Tisher & Salardini, 2019). Mild cognitive
impairment (MCI), a transitional stage of cognitive impairment
lying between normally aging individuals and people with
dementia (Tangalos & Petersen, 2018), may evolve into dementia within three years, with an incidence of up to 46% (Pal et al.,
2018). As MCI is a progressive disease, early detection and
treatment are necessary to slow down the progression of
dementia (Knopman & Petersen, 2014).
Executive function (EF), a complex process involving multiple skills like working memory (WM), inhibition control, and
cognitive flexibility (Blair, 2017; Diamond, 2013), plays an
important role in our functional independence. The inhibition
control, which is commonly evaluated by Stroop task test
(Meier et al., 2020), allows subjects to set priorities and resist
impulsive actions or responses; WM refers to information reprocessing, and is commonly measured by a digit span test
(Diamond, 2013); cognitive flexibility typically involves
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set-shifting or task switching measured by the Wisconsin Card
Sorting Inspired Task (WCST) (Dajani & Uddin, 2015). The
diverse skills mentioned above are highly interrelated. People
with executive dysfunction will have problems with planning,
problem-solving, organization, and their information processing speed. One study has reported that executive dysfunction
becomes more pronounced with normal aging as it progresses
to MCI (Kirova et al., 2015). A cross-sectional trial concluded
that individuals at an early stage of MCI showed poorer performance regarding EF than their healthy counterparts (Seo
et al., 2016). Moreover, early dementia can be characterized by
the poor performance of WM (Kirova et al., 2015). In that case,
the decline in EF may lead to a decline in cognitive function in
older people with MCI (Kirova et al., 2015).
Virtual reality (VR) - a computer simulation of a real or imagined three-dimensional (3-D) environment, which allows users
to have the same experiences they would get in a similar real
situation (D'Cunha et al., 2019), has stimulated the interest of
researchers and clinicians since its first use in 1994 (Diaz-Perez
& Florez-Lozano, 2018). Compared to traditional pen-and-paper
training, it is symbolized as a systematic and controllable intervention that makes use of data visualization and provides immediate feedback based on the participants' performance (Charles
et al., 2020). VR is usually categorized into three types according
to the form of connection with the physical world, including non-immersive, semi-immersive, and full-immersive VR (An
& Park, 2018; Thapa et al., 2020). The VR system consisting of a
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modern 3-D head-mounted display and wireless hand controllers
is considered to be full-immersive VR (Strong, 2020); semi-immersive VR comprises a high performance graphics computing system which includes a large screen monitor, a large screen
projector system and multiple television projection systems, such
as the BTS Nirvana interaction system (Maggio et al., 2018);
non-immersive VR refers to a virtual environment delivered via a
standard computer monitor or television and controlled by operating the mouse or keyboard (Strong, 2020).
Over the past several years, trials have investigated the effect
of VR on EF, but inconsistent findings have been reported. Positive
statistically significant differences on EF between a VR group and
a control group have been reported in some trials (Liao et al.,
2019; J. S. Park et al., 2020; Thapa et al., 2020), whereas no significant differences were reported in other studies (Maggio et al.,
2018; Mrakic-Sposta et al., 2018). Additionally, as all the articles
mentioned above only focus on the overview of EF rather than
detailed descriptions of the effect of VR on each domain of EF,
like WM, inhibition control, and cognitive flexibility. Consequently,
a precise description of the effect of VR on EF in older adults with
MCI has not been established. Furthermore, a deeper immersion
leads to a greater presence of a virtual environment (Strong,
2020), which may attract the participants' attention and result in
more interaction with the VR training programs contributing to
a better training result. However, so far, there has been no evidence that proves the effect different immersive levels have on
improving EF. Therefore, this review aimed to systematically
determine the effect of VR on EF in older adults with MCI, and to
detect what level of immersive VR would have the greatest effect
on EF in older adults with MCI.

Methods
Database searches and keywords search strategy
This systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) statement guidelines used extensively in
health care interventions (Liberati et al., 2009) in November
2020. Five electronic databases, namely, PubMed, Cochrane
Library, PsycINFO, CINAHL and Embase, were searched using
the terms 'virtual reality', 'executive function', and 'mild cognitive impairment', combined with Boolean characters 'AND' and
'OR'. The details of the keywords search strategy are presented
in Appendix 1. Additionally, a backward search was conducted
by looking up the reference lists of eligible studies.

Study eligibility
Inclusion criteria
• Participants: Older adults (>65 years old) diagnosed with
MCI by neurological examinations or neuropsychological
assessments;
• Intervention: VR;
• Control group: inactive controls included educational programs or no intervention; active controls included traditional
rehabilitation or any other type of physical exercise without
a VR component;
• Outcome measurements:
• Primary outcomes: we included global EF and individual
domains of EF with representative psychometric tasks used
to assess them.

• (1) global EF: assessed by a Frontal Assessment Battery (FAB)
(Hurtado-Pomares et al., 2018); (2) WM: assessed by digit
span test-backward (DST-B) (Diamond, 2013) or an N-back
test (Owen et al., 2005); (3) inhibition control: assessed by
a Stroop task (MacLeod, 1991) or a go/no-go task (Cragg
& Nation, 2008); (4) cognitive flexibility: assessed by a
Wisconsin Card Sorting Test (WCST) or a Trail Making TestB(TMT-B) (Arnett & Labovitz, 1995).
• Secondary outcomes: as EF is a component of cognitive
function that involves attention and memory, we have also
included them in the analysis.
• (1) global cognitive function: assessed by the MMSE or
MoCA; (2) attention: assessed by a Trail Making Test-A (TMTA) (Bossers et al., 2012); (3) memory: assessed by a digit span
test-forward (DST-F) (Diamond, 2013);
• Study design: only randomized controlled trials (RCT) were
included in our review, given that the evidence based on an
RCT is considered to be of the highest quality and have the
lowest risk of bias (Bhide et al., 2018);
• Publication date: from January 1, 2010 to November 30,
2020;

Exclusion criteria
• Participants: healthy older adults, individuals with schizophrenia or depression;
• Intervention: VR used for assessment; VR used for the control
group;
• Outcome measurement: no specific assessment of EF;
Study design: studies other than RCT, such as reviews, case–
control studies, and case reports.

Data extraction and quality assessment
The author (YD) screened the title, abstract, and full-text of each
paper according to the inclusion criteria, and extracted the following information: the first author's last name, publication year, the
contents of the treatment, and the EF assessment tools used. All
of the information was confirmed by the second author (LX). If any
controversy arose, the third author was consulted. All of the
extracted data are presented in Table 1. The methodological quality of each study was assessed using the Physiotherapy Evidence
Database (PEDro) scale (Cashin & McAuley, 2020), resulting in a
score ranging from 1 to 10. The research team then reviewed each
item of the PEDro scale with reference to the PEDro official website
to perform a scrutinized rating of each paper, with a higher rating
indicating a better methodological quality (low quality: 1–3; fair
quality: 4–5; good quality: 6–8; excellent quality: 9–10).

Data synthesis
The meta-analysis was performed using Review Manager 5.4.1.
The post-training data with the mean and standard deviation
(SD) were extracted to conduct the meta-analysis when more
than three studies reported the same outcome. For continuous
data, the effect size was reported as the mean deviation (MD) or
standard mean difference (SMD), with 95% confidence intervals
(CI). A P value ≤ 0.05 was considered statistically significant.
Furthermore, I2 was used to measure the statistical heterogeneity.
If I2 was above 50%, the random-effects model was selected; otherwise, the fixed-effects model was selected. In addition, a subgroup analysis was performed to evaluate the effect of the
different levels of immersive VR on EF.

Non-immersive

Full-immersive

Park et al., 2020a

Park et al., 2020b

VRG: attention, memory, problem-solving,
executive function
VRG: attention, processing speed, executive
function,
Memory
VRG: attention, memory, visuo-spatial
short-memory, divided attention
VRG: executive function

VRG: NR

Target domains of VR training

CG: no training

CG: educational program on
general health care
CG: conventional rehabilitation

Control group

30 mins × 2/wk × 12wks

VRG: 100mins × 3/ wk × 8wks
CG: 30~50 mins × 1/wk × 8wks
30 mins × 5/wk × 6wks

Sessions

Executive function assessment
scale

VRG: n = 34 72.6 ± 5.4 TMT-A & B, SDST
CG: n = 34 72.7 ± 5.6
VRG: n = 20 75.8 ± 8.5 TMT-A & B, DST-B & F
CG: n = 20 77.2 ± 7.2
VRG: n = 10 71.8 ± 6.61 DST-B & F, Stroop test color, Stroop
CG: n = 11 69.45 ± 7.45
test word, Word fluency animal

Sample size and age
(Mean ± SD)

Maier et al., 2020

Non-immersive

CG: active control, 30 individual
30 mins × 5/wk × 6wks
VRG: n = 19 63.63 ± 6.73 TMT-A & B, WAIS C, FAB
cognitive tasks
CG: n = 19 67.21 ± 6.45
Liao et al., 2019
Full-immersive
CG: combined physical and
60 mins × 3/wk × 12wks
VRG: n = 21 75.5 ± 5.2 TMT-A & B, SCWT-numbers,
cognitive training
CG: n = 21 73.1 ± 6.8
SCWT-time
Mrakic-Sposta et al., 2018
Semi-immersive
VRG: memory, attention, orientation, executive CG: no training
40 ~ 45 mins × 3/wk × 6wks
VRG: n = 5 72.0 ± 5.15 FAB, TMT-A, VFT
function
CG: n = 5 74.60 ± 6.43
Maggio et al., 2018
Semi-immersive
VRG: attention, spatiotemporal orientation,
CG: active group with therapist
60 mins × 3/wk × 6wks
VRG: n = 10 69.9 ± 6.3 FAB, WEIGL
memory, language, executive function
CG: n = 10 68.9 ± 10.05
Monteiro-Junior et al., 2017 Semi-immersive
VRG: decision making, mind flexibility,
CG: active group
30 ~ 45 mins/session × 24 sessions
VRG: n = 10 86 ± 7
DST-F & B, VFT
inhibitory control, working memory
the same movements as VRG
CG: n = 9 86 ± 5
Faria et al., 2016
Non-immersive
VRG: visuo-spatial orientation, attention,
CG: conventional
20 mins × 12 times distributed from 4 VRG: n = 9 58 (48-71)
TMT-A & B
memory and executive functions (problem
cognitive training
to 6 weeks
CG: n = 9 53 (50.5-65.5)
resolution, reasoning and planning)
Tarnanas et al., 2014
Semi-immersive
VRG: memory, attention, executive functions, CG1: active control group
90 mins × 2/wk × 20wks
VRG: n = 39 70.5 ± 4.3 Stroop-test (color repetition),
navigation, spatial orientation and spatial
CG2: non-contact control group
CG1: n = 39 69.7 ± 4.5
TMT-B, DST-F & B, Letter fluency
memory
CG2: n = 36 70.9 ± 4.4
Hughes et al., 2014
Semi-immersive
VRG: NR
CG: healthy aging education
90 mins × 1/wk × 24wks
VRG: n = 10 78.5 ± 7.1 Tracking A & B
program
CG: n = 10 76.2 ± 4.3
Kim et al., 2011
Semi-immersive
VRG: NR
CG: computer-assisted (CA)
VRG: 30mins × 3/wk × 4wks
VRG: n = 15 66.5 ± 11
TMT-A, TOL, DST-F & B
cognitive rehabilitation
CA: 30mins × 2/wk × 4wks
CG: n = 13 62.0 ± 15.8
CG: 30mins × 5/wk × 4wks
Optale et al., 2010
Full-immersive
VRG: memory
CG: music therapy
Initial training phase:
VRG: n = 18 78.5 ± 10.9 PVF, DTPT, CET
30 mins × 3/wk × 12wks
CG: n = 18 81.9 ± 5.0
Booster training phase:
30 mins × 2/wk × 12wks
Amjad et al., 2019
Semi-immersive
VRG: logic, physical, memory, reflexes, and
CG: motion and stretching exercise
25 ~ 30 mins × 5/wk × 6wks
VRG = 22 CG = 22
TMT-A & B
math
No data about mean
age
Note: VRG: Virtual reality group; CG: control group; mins: minutes; wk: week; wks: weeks; MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment; aMCI: amnestic Mild cognitive impairment; TMT-A & B: Trail Making Test A &B;
SDST: Symbol digit substitution test; DST-F & B: Digit span test-forward & backward; WAIS C: WAIS Digit Symbol Coding; SCWT-numbers: Stroop Color and Word Test-numbers; SCWT-time: Stroop Color and Word Test-time; VFT: Verbal fluency test;
WEIGL: Weigl test; CAMCI Total: Computerized Assessment of Mild Cognitive Impairment; PVF: Phonemic verbal fluency; DTP: Dual Task Performance Test; CET: Cognitive Estimation Test; NS: Not significant; NR: Not reported.

Full-immersive

VR immersive level

Thapa et al., 2020

Authors, year

Table 1. Characteristics of studies.
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Results
Study selection
The initial search yielded a total of 180 records. After removing
the duplicates, 143 articles were left for screening according to
titles and abstracts. Of them, 25 articles were selected. After a
further screening of the 25 articles, two of the studies were
excluded because the full-text was inaccessible (Jprn, 2017; Park
et al., 2018), while remaining nine studies (Appel et al., 2019;
Hsieh et al., 2018; Jacoby et al., 2013; Liao et al., 2020; Maggio
et al., 2020; Man et al., 2013; Mirelman et al., 2013; Mirza &
Yaqoob, 2018; Zając-Lamparska et al., 2019) were excluded for
not meeting the inclusion criteria. The detailed screening information is shown in Figure 1. Finally, 14 RCTs were found to be
eligible for inclusion in this review.

Quality assessment (PEDro)
The PEDro scores for the included 14 RCTs ranged from four
to eight. Seven studies (Amjad et al., 2019; Faria et al., 2016;

Figure 1. PRISMA flow diagram.

Hughes et al., 2014; Maier et al., 2020; Monteiro-Junior et al.,
2017; Mrakic-Sposta et al., 2018; J. H. Park et al., 2020) had a
moderate methodological quality and seven studies (Kim
et al., 2011; Liao et al., 2019; Maggio et al., 2018; Optale et al.,
2010; J. S. Park et al., 2020; Tarnanas et al., 2014; Thapa et al.,
2020) were of good quality. Overall, the methodological quality of these studies was ranked from moderate to good, as
presented in Table 2.

Characteristics of the included studies
The included 14 studies contain a total of 518 participants.
Among the studies, there was a considerable difference in sample size, ranging from 10 to 114, with 37 being the average
sample size. The total duration of the training was from four to
60 h. Except for one study (Amjad et al., 2019) that did not report
information on age, the mean age of all the participants in the
other 13 studies was 74.7 years old. More detailed information
about the characteristics of the included studies is shown in
Table 3.
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Table 2. PEDro score of included studies.
Included studies

Group
Eligibility Random Concealed similar at Blinded
criteria allocation allocation baseline subjects

Thapa et al., 2020
Park et al., 2020 a
Park et al., 2020 b
Maier et al., 2020
Liao et al., 2019
Mrakic-Sposta et al.,
2018
Maggio et al., 2018
Monteiro-Junior
et al., 2017
Faria et al., 2016
Tarnanas et al., 2014
Hughes et al., 2014
Kim et al., 2011
Optale et al., 2010
Amjad et al., 2019

Blinded
therapist

Less than
BetweenPoint
Blinded
15%
Intention to
group
measures and PEDro
assessors dropouts treat analysis comparisons variability scores

√
√
√
√
√
√

√
√
√
√
√
√

×
√
×
×
√
×

√
√
√
√
√
√

×
×
×
×
×
×

×
×
×
×
×
×

×
×
×
√
√
×

√
√
√
×
×
×

√
×
×
×
×
×

√
√
√
√
√
√

√
√
√
√
√
√

6
6
5
5
6
4

√
√

√
√

×
×

√
×

×
×

√
×

√
×

√
√

√
×

√
√

√
√

8
4

√
√
√
√
√
√

√
√
√
√
√
√

×
×
×
×
×
×

√
√
√
√
√
√

×
×
×
×
×
×

×
√
×
×
×
×

×
√
×
×
×
×

√
√
√
√
√
√

×
×
×
√
√
×

√
×
√
√
√
√

√
√
√
√
√
√

5
6
5
6
6
5

Table 3. Summarized characteristics of included studies.
Characteristics
Sample size
≤20

Trials n (%)

References

5 (36)

(Faria et al., 2016; Hughes et al., 2014; Maggio et al., 2018; Monteiro-Junior et al., 2017; Mrakic-Sposta et al.,
2018)
(Kim et al., 2011; Maier et al., 2020; Optale et al., 2010; J. H. Park et al., 2020)
(Amjad et al., 2019; Liao et al., 2019; J. S. Park et al., 2020; Tarnanas et al., 2014; Thapa et al., 2020)

20 < n < 40
40 ≤
Duration
≤10 h
10 < n < 20

4 (29)
5 (36)

20≤
Age (years old)
≤70
70 < n < 80

4 (29)

80≤
Not reported
Immersive level
Full-immersive
Semi-immersive

2 (14)
1 (7)

Non-immersive
Content of VR training
VR-based physical and cognitive training
VR-based cognitive training

3 (21)
7 (50)

4 (29)
7 (50)

4 (29)
7 (50)
3 (21)

(Faria et al., 2016; Kim et al., 2011; Optale et al., 2010)
(Amjad et al., 2019; Maggio et al., 2018; Maier et al., 2020; Monteiro-Junior et al., 2017; Mrakic-Sposta et al.,
2018; J. H. Park et al., 2020; J. S. Park et al., 2020)
(Hughes et al., 2014; Liao et al., 2019; Tarnanas et al., 2014; Thapa et al., 2020)
(Faria et al., 2016; Kim et al., 2011; Maggio et al., 2018; Maier et al., 2020)
(Hughes et al., 2014; Liao et al., 2019; Mrakic-Sposta et al., 2018; J. H. Park et al., 2020; J. S. Park et al., 2020;
Tarnanas et al., 2014; Thapa et al., 2020)
(Monteiro-Junior et al., 2017; Optale et al., 2010)
(Amjad et al., 2019)
(Liao et al., 2019; Optale et al., 2010; J. H. Park et al., 2020; Thapa et al., 2020)
(Amjad et al., 2019; Hughes et al., 2014; Kim et al., 2011; Maggio et al., 2018; Monteiro-Junior et al., 2017;
Mrakic-Sposta et al., 2018; Tarnanas et al., 2014)
(Faria et al., 2016; Maier et al., 2020; J. S. Park et al., 2020)

3 (21)
11 (79)

(Amjad et al., 2019; Liao et al., 2019; J. S. Park et al., 2020)
(Faria et al., 2016; Hughes et al., 2014; Kim et al., 2011; Maggio et al., 2018; Maier et al., 2020; MonteiroJunior et al., 2017; Mrakic-Sposta et al., 2018; Optale et al., 2010; J. H. Park et al., 2020; Tarnanas et al.,
2014; Thapa et al., 2020)
Note: Percentages may not sum to 100, due to the effects of rounding.

Effect of VR on EF
Global EF
Three studies (Maggio et al., 2018; Maier et al., 2020; MrakicSposta et al., 2018) assessed the global EF using the FAB scale.
Only one study using semi-immersive VR reported a statistically
significant improvement (P < 0.01) compared to its control
group (Maggio et al., 2018). However, the effect size could not
be determined because of insufficient data.

Working memory (WM)
WM was measured by the DST-B scale in five studies. A
meta-analysis was conducted on four studies (Kim et al., 2011;
J. H. Park et al., 2020; J. S. Park et al., 2020; Tarnanas et al., 2014),
while one study (Monteiro-Junior et al., 2017) was excluded as
it lacked post-training data. From the forest plot, it can be seen
there was no overall statistically significant difference on WM
(MD = 0.20, 95% CI [-0.10, 0.50], P = 0.20, Figure 2) between the
intervention and control groups.

Inhibition control
Three studies (Liao et al., 2019; J. H. Park et al., 2020; Tarnanas
et al., 2014) have assessed the inhibition control using the
Stroop Color and Word Test (SCWT), but the results did not
reveal a significant difference between the intervention and
control groups in those studies.

Cognitive flexibility
The use of a Trail Making Test-B (TMT-B) to assess cognitive
flexibility was reported in seven of the studies (Amjad et al.,
2019; Faria et al., 2016; Liao et al., 2019; Maier et al., 2020; J. S.
Park et al., 2020; Tarnanas et al., 2014; Thapa et al., 2020),
involving a total of 235 participants. Two studies (Faria et al.,
2016; Maier et al., 2020) were excluded from the meta-analysis
because of missing data and poor data. Finally, five studies
were included in the meta-analysis. A significant positive difference can be observed between the intervention and control
groups (MD = −42.48, 95% CI [-84.03, −0.92], P = 0.05, I2 = 99%,
Figure 3).
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Figure 2. The effect of virtual reality on working memory.

Figure 3. The effect of virtual reality on cognitive flexibility.

Global cognitive function
All 14 studies except one (Liao et al., 2019) tested the effect of
VR-based training on global cognitive function in individuals
with MCI. However, we extracted data from only 10 of the studies with a total of 320 participants due to the lack of well-presented data for the mean and SD for the remaining three studies
(Maier et al., 2020; Monteiro-Junior et al., 2017; Optale et al.,
2010). According to the meta-analysis, VR training resulted in
an overall significant improvement on global cognitive function
compared with the control group (SMD = 0.63, 95% CI [0.06,
1.20], P = 0.03, I2 = 81%; Figure 4).

Attention
Seven of the studies with a total of 229 participants (Amjad
et al., 2019; Faria et al., 2016; Kim et al., 2011; Liao et al., 2019;
Mrakic-Sposta et al., 2018; J. S. Park et al., 2020; Thapa et al.,

2020) were included in the meta-analysis which assessed
attention using the TMT-A scale. However, one study (MrakicSposta et al., 2018) was excluded from the meta-analysis due
to the lack of post-training data. From the forest plot, it could
be seen that there was an overall significant positive difference between the experimental and control groups
(MD = −12.31, 95% CI [-24.59, −0.04], P = 0.05, I2 = 94%,
Figure 5).

Short-term memory
Short-term memory was evaluated by the DST-F scale in five
of the studies. However, a meta-analysis was conducted with
four out of the five studies (Kim et al., 2011; J. H. Park et al.,
2020; J. S. Park et al., 2020; Tarnanas et al., 2014), while one
study (Monteiro-Junior et al., 2017) was excluded as it lacked
post-training data. The forest plot showed there was an overall
significant positive difference in short-term memory (MD =
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Figure 4. The effect of virtual reality on global cognitive function.

Figure 5. The effect of virtual reality on attention.
0.64, 95% CI [0.25, 1.03], P = 0.001, Figure 6) between the intervention and control groups.

non-immersive VR compared to the subgroups using the
other two types of VR.

Effect of the type of VR

Compliance and attrition factors

Subgroup analysis based on the level of immersive VR were
performed on cognitive flexibility, WM, global cognitive
function, attention, and short-term memory. No significant
differences among the subgroups were found for most of
these outcomes, except for cognitive flexibility (P < 0.01).
However, a greater number of significant positive results for
cognitive flexibility, global cognitive function, and shortterm memory were achieved in the subgroup using

Dropouts were reported in eight studies (Amjad et al., 2019;
Hughes et al., 2014; Liao et al., 2019; Maier et al., 2020; MrakicSposta et al., 2018; Optale et al., 2010; J. S. Park et al., 2020;
Tarnanas et al., 2014; Thapa et al., 2020), and all participants
completed all the assessments and interventions in the remaining six studies. The dropout rate ranged from 3% to 20% in the
eight studies; in three (Liao et al., 2019; Maier et al., 2020;
Mrakic-Sposta et al., 2018) of them, the dropout rate was over
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Figure 6. The effect of virtual reality on short-term memory.
15%, mainly because of loss contact, hospitalization, dissatisfaction with the VR training or technical problems.

Discussion
This review aimed to determine the effect of VR on EF in older
adults with MCI. According to the results, VR had a significant
positive overall effect on cognitive flexibility, global cognitive
function, attention, and short-term memory, compared to the
control groups, offering a general conclusion that VR training
may have a positive effect on EF in older adults with MCI.
Current work indicates that VR has a significant positive
effect on cognitive flexibility, but no significant effect on WM
and inhibition control. After looking at an analysis of the insignificant results, it seems that the heterogeneity between the
EF outcome measurements and the training content of the VR
program may have led to the negative results. For example,
the content of the VR in five of the studies (Kim et al., 2011;
Monteiro-Junior et al., 2017; J. H. Park et al., 2020; J. S. Park
et al., 2020; Tarnanas et al., 2014) that reported the outcome
measures of WM, such as driving (J. S. Park et al., 2020), making
fruit cocktails (J. H. Park et al., 2020), and playing soccer (Kim
et al., 2011), tended to focus on more on short-term memory
and attention than on WM, the ability to store and process
information (Baddeley, 1992). A similar mismatch between test
and training content occurred regarding inhibition control.
Therefore, an optimized strategy would be to orient training
programs toward training goals. The following two reasons
may explain the significant effect of VR on cognitive flexibility.
Firstly, cognitive flexibility refers to the ability to switch flexibly
between different tasks. Accordingly, a VR program will commonly contain two or more tasks specifically requiring cognitive flexibility. In addition, cognitive flexibility is a high-level
cognitive control that involves basic cognitive skills, thus the
improvement in attention and global cognitive function may
be what is promoting the improvement in cognitive flexibility.
A significant improvement over control groups was reported
in the global cognitive function and attention in VR groups.
Regarding the result for attention, explanations for this

phenomenon can be elaborated as follows: firstly, all of the
included studies emphasized that VR can motivate and fully
engage the participants by creating an artificial interactive environment; secondly, attention was the target training domain in
the eight studies (Faria et al., 2016; Maggio et al., 2018; Maier
et al., 2020; Mrakic-Sposta et al., 2018; J. H. Park et al., 2020; J. S.
Park et al., 2020; Tarnanas et al., 2014). As for the result of global
cognitive function, given that various kinds of VR were provided,
including juice making (Thapa et al., 2020), shopping (J. S. Park
et al., 2020), playing games (Maier et al., 2020), and practicing
Tai Chi (Liao et al., 2019), the participants were exposed to a rich
virtual environment involving various cognitive abilities, which
may have led to the enhancement of their global cognitive
function.
According to the subgroup analysis of the different outcomes, there is weak evidence to suggest which level of immersive VR was the most beneficial. However, a subgroup difference
(P < 0.01) was achieved for cognitive flexibility. It can be seen
from the forest plot that a significant positive difference was
achieved in the subgroup using semi-immersive VR, and there
was no overlap of the 95% CI in comparison with the other two
subgroups. Thus, indirect evidence supports the hypothesis that
semi-immersive VR was better than full-immersive VR and
non-immersive VR for promoting cognitive flexibility. Except for
that, according to the meta-analysis positive significant differences can be found mostly when using non-immersive VR.
However, a definitive conclusion that non-immersive VR is the
most effective in clinical practice cannot be made due to the
lack of experimental studies directly comparing the effect of
non-immersive VR with the other two types of VR.
From the results of the included studies, it can be seen that the
effect of VR on EF may be associated with the content of the training protocol. Three studies (Amjad et al., 2019; Liao et al., 2019; J.
S. Park et al., 2020) using VR-based physical and cognitive training
together reported a larger number of positive effects on EF compared to the reports of other studies using VR-based cognitive
training alone, which may indicate that physical training can also
help improve EF. This finding is consistent with the previous review
(Hötting & Röder, 2013), showing that physical training helps
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improve cognitive function, suggesting that combining the two
types of training may be more effective for people with cognitive
impairment. Furthermore, studies using magnetic resonance imaging (MRI) have shown that a human's gray matter in the frontal
brain regions (Colcombe et al., 2006) and the hippocampus
(Erickson et al., 2011) increased after physical exercise interventions. Physical exercise prepares the brain to respond to cognitive
training, which will then trigger changes in neurons in specific
networks associated with training skills. Therefore, VR-based physical and cognitive training together may be better than just
VR-based cognitive training alone.
The overall attrition rate in the 14 studies seems good (less
than 15%), except for three studies (Liao et al., 2019; Maier et al.,
2020; Mrakic-Sposta et al., 2018) in which it was from 16% to
20%. The main reasons for the high attrition rate in these three
studies included dissatisfaction with randomization, hospitalization, and low motivation. Although a number of studies have
shown that VR training can improve the participants' motivation, which is the main reason for the high compliance rate, we
still need to optimize the program to get more subjects to participate and persist in training so as to achieve the best state.
Strategies for improving the adherence rate in older people with
MCI may include the following aspects: provide more support
and feedback during the training period; choose a suitable training format for the participants, such as endurance/resistance
training, which can significantly affect the adherence rate (Di
Lorito et al., 2020); choose shorter (in weeks) or less frequent
(in weekly sessions) interventions as that may make it easier for
people to adhere to the training (Xu et al., 2020).

Conclusion
In conclusion, VR is a promising technology that can be used
to enhance EF. More accurately, VR has a positive effect on
cognitive flexibility, but a non-significant effect on WM and
inhibition control. Additionally, it was shown to have a positive
significant effect on global cognitive function, attention, and
short-term memory in older adults with MCI. Semi-immersive
VR was found to be more effective in improving cognitive flexibility compared with the other two types of VR. In addition,
VR-based physical and cognitive training together may help
improve EF more than VR-based cognitive training can by
itself, but further studies with direct comparisons between
these two training protocols are needed to verify this conclusion. Last but not least, reducing the attrition rate can increase
the reliability of a study. Thus, it is necessary to optimize the
training program to guarantee that more participants will
engage in and complete the whole process so as to achieve
the optimum training results.

Disclosure statement
No potential conflict of interest was reported by the authors.

Funding
The author(s) reported there is no funding associated with the work
featured in this article.

ORCID
Frank Ho-yin Lai

http://orcid.org/0000-0003-0365-7000

9

References
Amjad, I., Toor, H., Niazi, I. K., Pervaiz, S., Jochumsen, M., Shafique, M.,
Haavik, H., & Ahmed, T. (2019). Xbox 360 kinect cognitive games improve slowness, complexity of eeg, and cognitive functions in subjects
with mild cognitive impairment: a randomized control trial. Games for
Health Journal, 8(2), 144–152. https://doi.org/10.1089/g4h.2018.0029
An, C.-M., & Park, Y.-H. (2018). The effects of semi-immersive virtual reality
therapy on standing balance and upright mobility function in individuals with chronic incomplete spinal cord injury: A preliminary study. The
Journal of Spinal Cord Medicine, 41(2), 223–229. https://doi.org/10.1080
/10790268.2017.1369217
Appel, L., Appel, E., Bogler, O., Wiseman, M., Cohen, L., Ein, N., Abrams, H. B.,
& Campos, J. L. (2019). Older adults with cognitive and/or physical impairments can benefit from immersive virtual reality experiences: A
feasibility study. Frontiers in Medicine, 6, 329. https://doi.org/10.3389/
fmed.2019.00329
Arnett, J. A., & Labovitz, S. S. (1995). Effect of physical layout in performance of the trail making test. Psychological Assessment, 7(2), 220–221.
https://doi.org/10.1037/1040-3590.7.2.220
Baddeley, A. (1992). Working memory. Science (New York, N.Y.), 255(5044),
556–559. https://doi.org/10.1126/science.1736359
Bhide, A., Shah, P. S., & Acharya, G. (2018). A simplified guide to randomized controlled trials. Acta Obstetricia et Gynecologica Scandinavica,
97(4), 380–387. https://doi.org/10.1111/aogs.13309
Blair, C. (2017). Educating executive function. Wiley Interdisciplinary
Reviews: Cognitive Science, 8(1-2), e1403.
Bossers, W. J., Van der Woude, L. H., Boersma, F., Scherder, E. J., & van Heuvelen,
M. J. (2012). Recommended measures for the assessment of cognitive and
physical performance in older patients with dementia: A systematic review. Dementia and Geriatric Cognitive Disorders Extra, 2(1), 589–609.
Cashin, A. G., & McAuley, J. H. (2020). Clinimetrics: Physiotherapy evidence
database (PEDro) scale. Journal of Physiotherapy, 66(1), 59. https://doi.
org/10.1016/j.jphys.2019.08.005
Charles, D., Holmes, D., Charles, T., & McDonough, S. (2020). Virtual reality
design for stroke rehabilitation. Advances in Experimental Medicine and
Biology, 1235, 53–87. https://doi.org/10.1007/978-3-030-37639-0_4
Colcombe, S. J., Erickson, K. I., Scalf, P. E., Kim, J. S., Prakash, R., McAuley, E.,
Elavsky, S., Marquez, D. X., Hu, L., & Kramer, A. F. (2006). Aerobic exercise
training increases brain volume in aging humans. The Journals of
Gerontology. Series A, Biological Sciences and Medical Sciences, 61(11),
1166–1170. https://doi.org/10.1093/gerona/61.11.1166
Cragg, L., & Nation, K. (2008). Go or no-go? Developmental improvements in
the efficiency of response inhibition in mid-childhood. Developmental
Science,11(6),819–827.https://doi.org/10.1111/j.1467-7687.2008.00730.x
D'Cunha, N. M., Nguyen, D., Naumovski, N., McKune, A. J., Kellett, J.,
Georgousopoulou, E. N., Frost, J., & Isbel, S. (2019). A mini-review of virtual reality-based interventions to promote well-being for people living
with dementia and mild cognitive impairment. Gerontology, 65(4), 430–
440. https://doi.org/10.1159/000500040
Dajani, D. R., & Uddin, L. Q. (2015). Demystifying cognitive flexibility:
Implications for clinical and developmental neuroscience. Trends in
Neurosciences, 38(9), 571–578. https://doi.org/10.1016/j.tins.2015.07.003
Di Lorito, C., Bosco, A., Booth, V., Goldberg, S., Harwood, R. H., & Van der
Wardt, V. (2020). Adherence to exercise interventions in older people
with mild cognitive impairment and dementia: A systematic review and
meta-analysis. Preventive Medicine Reports, 19, 101139. https://doi.
org/10.1016/j.pmedr.2020.101139
Diamond, A. (2013). Executive functions. Annual Review of Psychology,
64(1), 135–168. https://doi.org/10.1146/annurev-psych-113011-143750
Diaz-Perez, E., & Florez-Lozano, J. A. (2018). Virtual reality and dementia.
Revista de Neurologia, 66(10), 344–352.
Erickson, K. I., Voss, M. W., Prakash, R. S., Basak, C., Szabo, A., Chaddock, L.,
Kim, J. S., Heo, S., Alves, H., White, S. M., Wojcicki, T. R., Mailey, E., Vieira, V.
J., Martin, S. A., Pence, B. D., Woods, J. A., McAuley, E., & Kramer, A. F. (2011).
Exercise training increases size of hippocampus and improves memory.
Proceedings of the National Academy of Sciences of the United States of
America, 108(7), 3017–3022. https://doi.org/10.1073/pnas.1015950108
Faria, A. L., Andrade, A., Soares, L., & I Badia, S. B. (2016). Benefits of virtual reality
based cognitive rehabilitation through simulated activities of daily living: A

10

D. YU ET AL.

randomized controlled trial with stroke patients. Journal of Neuroengineering
and Rehabilitation, 13(1), 96. https://doi.org/10.1186/s12984-016-0204-z
Gale, S. A., Acar, D., & Daffner, K. R. (2018). Dementia. The American Journal
of Medicine, 131(10), 1161–1169. https://doi.org/10.1016/j.amjmed.2018.01.022
Hötting, K., & Röder, B. (2013). Beneficial effects of physical exercise on
neuroplasticity and cognition. Neuroscience and Biobehavioral Reviews,
37(9 Pt
B),
2243–2257.
https://doi.org/10.1016/j.neubiorev.2013.04.005
Hsieh, C.-C., Lin, P.-S., Hsu, W.-C., Wang, J.-S., Huang, Y.-C., Lim, A.-Y., & Hsu,
Y.-C. (2018). The effectiveness of a virtual reality-based Tai Chi exercise
on cognitive and physical function in older adults with cognitive impairment. Dementia and Geriatric Cognitive Disorders, 46(5–6), 358–370.
https://doi.org/10.1159/000494659
Hughes, T. F., Flatt, J. D., Fu, B., Butters, M. A., Chang, C. C., & Ganguli, M.
(2014). Interactive video gaming compared with health education in
older adults with mild cognitive impairment: A feasibility study.
International Journal of Geriatric Psychiatry, 29(9), 890–898. https://doi.
org/10.1002/gps.4075
Hurtado-Pomares, M., Carmen Terol-Cantero, M., Sánchez-Pérez, A., PeralGómez, P., Valera-Gran, D., & Navarrete-Muñoz, E. M. (2018). The frontal
assessment battery in clinical practice: A systematic review. International
Journal of Geriatric Psychiatry, 33(2), 237–251. https://doi.org/10.1002/
gps.4751
Jacoby, M., Averbuch, S., Sacher, Y., Katz, N., Weiss, P. L., & Kizony, R. (2013).
Effectiveness of executive functions training within a virtual supermarket for adults with traumatic brain injury: A pilot study. IEEE Transactions
on Neural Systems and Rehabilitation Engineering: A Publication of the
IEEE Engineering in Medicine and Biology Society, 21(2), 182–190. https://
doi.org/10.1109/TNSRE.2012.2235184
Jprn, U. (2017). Effect and tolerability of virtual reality (VR)-based training
program on cognitive function in patients with Mild Cognitive
Impairment. https://www.cochranelibrary.com/central/doi/101002/
central/CN-01893755/full
Kim, B. R., Chun, M. H., Kim, L. S., & Park, J. Y. (2011). Effect of virtual reality
on cognition in stroke patients. Annals of Rehabilitation Medicine, 35(4),
450–459. https://doi.org/10.5535/arm.2011.35.4.450
Kirova, A.-M., Bays, R. B., & Lagalwar, S. (2015). Working memory and executive function decline across normal aging, mild cognitive impairment,
and Alzheimer's disease. BioMed Research International, 2015, 748212.
https://doi.org/10.1155/2015/748212
Knopman, D. S., & Petersen, R. C. (2014). Mild cognitive impairment and
mild dementia: A clinical perspective. Mayo Clinic Proceedings, 89(10),
1452–1459. https://doi.org/10.1016/j.mayocp.2014.06.019
Liao, Y. Y., Chen, I. H., Lin, Y. J., Chen, Y., & Hsu, W. C. (2019). Effects of virtual
reality-based physical and cognitive training on executive function and
dual-task gait performance in older adults with mild cognitive impairment: A randomized control trial. Frontiers in Aging Neuroscience, 11,
162. https://doi.org/10.3389/fnagi.2019.00162
Liao, Y. Y., Tseng, H. Y., Lin, Y. J., Wang, C. J., & Hsu, W. C. (2020). Using virtual
reality-based training to improve cognitive function, instrumental activities of daily living and neural efficiency in older adults with mild cognitive impairment. European Journal of Physical and Rehabilitation Medicine,
56(1), 47–57. https://doi.org/10.23736/S1973-9087.19.05899-4
Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Gøtzsche, P. C., Ioannidis, J.
P. A., Clarke, M., Devereaux, P. J., Kleijnen, J., & Moher, D. (2009). The
PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate healthcare interventions: Explanation and elaboration. BMJ (Clinical Research ed.), 339, b2700. https://doi.org/10.1136/
bmj.b2700
MacLeod, C. M. (1991). Half a century of research on the Stroop effect: An
integrative review. Psychological Bulletin, 109(2), 163–203. https://doi.
org/10.1037/0033-2909.109.2.163
Maggio, M. G., De Cola, M. C., Latella, D., Maresca, G., Finocchiaro, C., La
Rosa, G., Cimino, V., Sorbera, C., Bramanti, P., De Luca, R., & Calabrò, R. S.
(2018). What about the role of virtual reality in Parkinson disease's cognitive rehabilitation? Preliminary findings from a randomized clinical

trial. Journal of Geriatric Psychiatry and Neurology, 31(6), 312–318.
https://doi.org/10.1177/0891988718807973
Maggio, M. G., Torrisi, M., Buda, A., De Luca, R., Piazzitta, D., Cannavò, A.,
Leo, A., Milardi, D., Manuli, A., & Calabro, R. S. (2020). Effects of robotic
neurorehabilitation through lokomat plus virtual reality on cognitive
function in patients with traumatic brain injury: A retrospective
case-control study. The International Journal of Neuroscience, 130(2),
117–123. https://doi.org/10.1080/00207454.2019.1664519
Maier, M., Ballester, B. R., Leiva Bañuelos, N., Duarte Oller, E., & Verschure, P.
(2020). Adaptive conjunctive cognitive training (ACCT) in virtual reality
for chronic stroke patients: A randomized controlled pilot trial. Journal
of NeuroEngineering and Rehabilitation, 17(1), 42. https://doi.
org/10.1186/s12984-020-0652-3
Man, D. W., Poon, W. S., & Lam, C. (2013). The effectiveness of artificial intelligent 3-D virtual reality vocational problem-solving training in enhancing employment opportunities for people with traumatic brain injury.
Brain Injury, 27(9), 1016–1025. https://doi.org/10.3109/02699052.2013.
794969
Meier, C., Lea, S. E. G., & McLaren, I. P. L. (2020). Measuring response inhibition with a continuous inhibitory-control task. Learning & Behavior,
48(1), 149–164. https://doi.org/10.3758/s13420-019-00403-7
Mirelman, A., Rochester, L., Reelick, M., Nieuwhof, F., Pelosin, E., Abbruzzese,
G., Dockx, K., Nieuwboer, A., & Hausdorff, J. M. (2013). V-TIME: A treadmill training program augmented by virtual reality to decrease fall risk
in older adults: Study design of a randomized controlled trial. BMC
Neurology, 13, 15. https://doi.org/10.1186/1471-2377-13-15
Mirza, R. A., & Yaqoob, I. (2018). Effects of combined aerobic and virtual
reality-based cognitive training on 76 years old diabetic male with mild
cognitive impairment. Journal of the College of Physicians and SurgeonsPakistan: JCPSP, 28(9), S210–S212. https://doi.org/10.29271/jcpsp.2018.09.S210
Monteiro-Junior, R. S., da Silva Figueiredo, L. F., Maciel-Pinheiro, P. d T.,
Abud, E. L. R., Braga, A. E. M. M., Barca, M. L., Engedal, K., Nascimento, O.
J. M., Deslandes, A. C., & Laks, J. (2017). Acute effects of exergames on
cognitive function of institutionalized older persons: A single-blinded,
randomized and controlled pilot study. Aging Clinical and Experimental
Research, 29(3), 387–394. https://doi.org/10.1007/s40520-016-0595-5
Mrakic-Sposta, S., Di Santo, S. G., Franchini, F., Arlati, S., Zangiacomi, A.,
Greci, L., Moretti, S., Jesuthasan, N., Marzorati, M., Rizzo, G., Sacco, M., &
Vezzoli, A. (2018). Effects of combined physical and cognitive virtual
reality-based training on cognitive impairment and oxidative stress in
MCI patients: A pilot study. Frontiers in Aging Neuroscience, 10, 282.
https://doi.org/10.3389/fnagi.2018.00282
Optale, G., Urgesi, C., Busato, V., Marin, S., Piron, L., Priftis, K., Gamberini, L.,
Capodieci, S., & Bordin, A. (2010). Controlling memory impairment in
elderly adults using virtual reality memory training: A randomized controlled pilot study. Neurorehabilitation and Neural Repair, 24(4), 348–
357. https://doi.org/10.1177/1545968309353328
Owen, A. M., McMillan, K. M., Laird, A. R., & Bullmore, E. (2005). N-back
working memory paradigm: A meta-analysis of normative functional
neuroimaging studies. Human Brain Mapping, 25(1), 46–59. https://doi.
org/10.1002/hbm.20131
Pal, K., Mukadam, N., Petersen, I., & Cooper, C. (2018). Mild cognitive impairment and progression to dementia in people with diabetes, prediabetes and metabolic syndrome: A systematic review and meta-analysis.
Social Psychiatry and Psychiatric Epidemiology, 53(11), 1149–1160.
https://doi.org/10.1007/s00127-018-1581-3
Park, J. H., Lee, Y., Kim, B., & Park, K. W. (2018). Effect and tolerability of VRbased training program on cognitive function in patients with MCI.
Clinical Neurology, 58, S412. https://doi.org/10.5692/clinicalneurol.58-supplement-S250
Park, J.-H., Liao, Y., Kim, D.-R., Song, S., Lim, J. H., Park, H., Lee, Y., & Park, K. W.
(2020). Feasibility and tolerability of a culture-based virtual reality (VR)
training program in patients with mild cognitive impairment: A randomized controlled pilot study. International Journal of Environmental
Research and Public Health, 17(9), 3030. https://doi.org/10.3390/
ijerph17093030

Aging & Mental Health

Park, J. S., Jung, Y. J., & Lee, G. (2020). Virtual reality-based cognitive-motor rehabilitation in older adults with mild cognitive impairment: A
randomized controlled study on motivation and cognitive function.
Healthcare (Basel), 8(3), 335. https://doi.org/10.3390/healthcare8030335
Seo, E. H., Kim, H., Lee, K. H., & Choo, I. H. (2016). Altered executive function
in pre-mild cognitive impairment. Journal of Alzheimer's Disease, 54(3),
933–940. https://doi.org/10.3233/JAD-160052
Strong, J. (2020). Immersive virtual reality and persons with dementia: A
literature review. Journal of Gerontological Social Work, 63(3), 209–226.
https://doi.org/10.1080/01634372.2020.1733726
Tangalos, E. G., & Petersen, R. C. (2018). Mild cognitive impairment in geriatrics. Clinics in Geriatric Medicine, 34(4), 563–589. https://doi.
org/10.1016/j.cger.2018.06.005
Tarnanas, I., Tsolakis, A., & Tsolaki, M. (2014). Assessing virtual reality environments as cognitive stimulation method for patients with MCI.
Technologies of Inclusive Well-Being, 536, 39–74. https://doi.
org/10.1007/978-3-642-45432-5_4
Thapa, N., Park, H. J., Yang, J.-G., Son, H., Jang, M., Lee, J., Kang, S. W., Park, K.
W., & Park, H. (2020). The effect of a virtual reality-based intervention
program on cognition in older adults with mild cognitive impairment:
A randomized control trial. Journal of Clinical Medicine, 9(5), 1283.
https://doi.org/10.3390/jcm9051283
Tisher, A., & Salardini, A. (2019). A comprehensive update on treatment of
dementia. Seminars in Neurology, 39(2), 167–178. https://doi.
org/10.1055/s-0039-1683408
World Health Organization. (2021). Dementia: Rates of dementia. https://
www.who.int/news-room/fact-sheets/detail/dementia
Xu, Z., Sun, W., Zhang, D., & Wong, S. Y. (2020). Recruitment and adherence
of randomized controlled trials for mild cognitive impairment: A systematic review and meta-analysis. International Journal of Geriatric
Psychiatry, 35(10), 1141–1150. https://doi.org/10.1002/gps.5336
Zając-Lamparska, L., Wiłkość-Dębczyńska, M., Wojciechowski, A.,
Podhorecka, M., Polak-Szabela, A., Warchoł, Ł., Kędziora-Kornatowska,
K., Araszkiewicz, A., & Izdebski, P. (2019). Effects of virtual reality-based
cognitive training in older adults living without and with mild dementia: A pretest-posttest design pilot study. BMC Research Notes, 12(1),
776. https://doi.org/10.1186/s13104-019-4810-2

11

Appendix 1: Searching strategies
PubMed
1.
2.
3.

(‘Virtual Reality’[Mesh]) OR virtual reality 12799
‘Cognitive Dysfunction’[Mesh] OR mild cognitive impairment 151014
(‘Executive Function’[Mesh]) OR executive function 43445

1AND 2 AND 3 84

Embase
1.
2.
3.

‘virtual reality’/exp OR ‘virtual reality’ 24166
‘mild cognitive impairment’/exp OR ‘mild cognitive impairment’ 34739
‘executive function’/exp OR ‘executive function’ 50765

1 AND 2 AND 3 39

Cochrane library
1.
2.
3.

virtual reality OR VR 5552
mild cognitive impairment OR MCI 5174
executive function 5632

1 AND 2 AND 3 25

Cinahl
1.
2.
3.

virtual reality OR VR 8654
mild cognitive impairment OR MCI 8719
executive function 10131

1 AND 2 AND 3 5

PsycINFO
1.
2.
3.

virtual reality OR VR 14486
mild cognitive impairment OR MCI 16615
executive function 33775

1 AND 2 AND 3 18

