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a b s t r a c t

Objectives: Non-invasive and low-cost virtual reality (VR) technology is important for early evaluation
and intervention in mild cognitive impairment (MCI). This study aimed to demonstrate the current status
of overseas and domestic research as well as the focus and frontier of VR technology among individuals
with MCI through a bibliometric analysis.
Methods: Studies from the core collection of Web of Science™ between 1995 and 2020 were used;
furthermore, CiteSpace 5.7 R3 was utilized to analyse information on authors/cited authors, keywords,
burst words, and cited references.
Results: In total, 230 publications were identified. Most studies were published in the USA (45 publi-
cations) and Italy (41 publications), where Guiseppe Riva ranks first (14 publications), and Tarnanas I is
the author with the highest centrality (0.44). The hot topics in VR applications in the MCI population are
‘physical activity,’ ‘people,’ ‘single-blind,’ ‘disease,’ ‘walking,’ ‘technology,’ ‘working memory,’ and ‘risk’ in
recent years. The keyword ‘mild cognitive impairment’ has attracted extensive attention since 2012,
showing the strongest citation outbreak (8.28). The clustering results of the literature show the research
types and emerging trends, including ‘exergame,’ ‘serious games,’ ‘spatial navigation,’ ‘activities of daily
living,’ ‘exercise,’ ‘enriched environment’ and ‘wayfinding.‘
Conclusions: Cognitive assessment and nonpharmacological intervention research on patients with MCI
have become the focus of dementia prevention in recent years. Virtual technology, combined with
traditional methods such as exercise therapy, provides new ideas for innovative cognitive evaluation and
cognitive intervention.
© 2021 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
What is known?

� With the rapid development of computer technology, virtual
reality technology provides advanced technical support for
innovating the methods of early cognitive assessment and
intervention for patients with mild cognitive impairment.
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What is new?

� We used CiteSpace software for visual bibliometric analysis.
Through this analysis, we can understand the most influential
authors, literature, research hotspots and future research di-
rections in the field of virtual reality and mild cognitive
impairment.
1. Introduction

With the increasing trend of population aging, the number of
elderly people with dementia is increasing each year. It is estimated
that by 2050, the number of dementia patients in the United States
will exceed 13.8 million. These increases will have a marked impact
on the healthcare system. Mild cognitive impairment (MCI) is a
grey area between normal cognitive aging and dementia. According
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to the 2018 American Academy of Neurology updated guideline, the
incidence rates of MCI were 6.7%, 8.4%, 10.1%, 14.8%, and 25.2% for
those aged 60e64, 65e69, 70e74, 75e79, and 80e84 years,
respectively [1]. These individuals have a tenfold greater risk of
progression to dementia than the normal elderly population [2,3].
Early cognitive management for patients with MCI not only slows
or reverses the downward trend from MCI to dementia but also
reduces health care expenditure.

Virtual reality (VR) is a computer-generated effect that can
simulate a given scene in the real world through three-dimensional
(3D) graphics and other sensory experiences (vision, touch, and
motion feeling). Users can interact with such virtual environments
through special electronic devices [4]. VR application in the
cognitive management of MCI patients remains a topic under
research. A study developed the virtual supermarket, which had a
correct classification rate (CCR) of 87.3% in distinguishing MCI pa-
tients from healthy people [5]. Researchers considered that VR
might be more ecologically effective than a paper and pencil or
computer evaluation because participants can navigate in the vir-
tual scene from a 3D 360� ‘first-person’ perspective [6]. Moreover,
the interactivity of VR allows patients to interact with characters/
scenes in the virtual environment through different interactive
devices and to obtain timely feedback. For example, VR interven-
tion, based on visual feedback, enables patients to see their actions
and to constantly adjust their position in the virtual scene [7,8].
Patient satisfaction surveys show that compared with the tradi-
tional paper and pen intervention, VR cognitive intervention is
more attractive to older adults [9,10]. Therefore, VR is a promising
tool for neuropsychological assessment and cognitive intervention.

Bibliometrics is a common analysis method for evaluating or
quantifying research literature and information. CiteSpace software
is a web-based Java application developed in 2004 by Professor
Chaomei Chen for exploring the trends and patterns in a knowledge
domain [11]. CiteSpace involves three core metrics: burst detection,
betweenness centrality, and heterogeneous networks. These met-
rics are useful for describing the nature of a research front,
detecting existing scientific schools and academic networks, and
identifying emerging research fronts and abrupt changes. One
study examined 21,167 worldwide literature about VR from 1970 to
2018, analysing these materials and evaluating VR development
trends and future research directions [12]. Studies on VR applica-
tion in MCI patients have been published worldwide. However, no
research has gathered systematic data on this global scientific
output yet. Therefore, it is necessary to make sense of the
ballooning information in this research field by visualised analysis.
Accordingly, we aimed to investigate the current status of overseas
and domestic research as well as the focus and frontier of VR
technology through a bibliometric analysis among individuals with
MCI.

2. Material and methods

2.1. Data collection

This research involved the core collection materials of the Sci-
ence Citation Database (Web of Science), including SCI-EXPANDED,
SSCI, A&HCI, CPCIeS, CPCI-SSH, BKCIeS, BKCI-SSH, ESCI, CCR-
EXPANDED, and IC. Advanced retrieval of subject words was
adopted. The retrieval formula is as follows: #1 comprised ‘virtual
reality’ OR ‘3D environment’ OR ‘immersive virtual reality’ OR
‘simulated environment’, #2 comprised ‘mid neurocognitive dis-
order$’ OR ‘mild cognitive improvement$’ OR ‘cognitive improve-
ment$’ OR ‘cognitive improvement$’ OR ‘cognitive disability$’ OR
‘cognitive decision$’ OR ‘mental differentiation$’ OR ‘cognition
disorder’ OR ‘cognitive dysfunction,’ and for #3, #1, and #2. The
130
first article about the application of VR to the MCI population was
published by Pugnetti et al., in 1995. Thus, the time span for the
search was from 1995 to 2020 (retrieval date: February 20, 2021).
Thus, 394 studies were initially found, including original articles
and reviews. After filtering based on the literature exclusion
criteria, the dataset was reduced to 230 records, which contained
571 references.

2.2. Inclusion criteria

The inclusion criteria were 1) peer-reviewed published original
articles on VR application to the MCI population, including basic
and clinical research, 2) related reviews, 3) articles published from
1995 to 2021, and 4) English articles.

2.3. Exclusion criteria

The exclusion criteria were 1) articles not officially published, 2)
conference abstracts and proceedings, corrigendum documents, 3)
repeated publications, and 4) unrelated articles.

2.4. Analysis tool

In recent years, CiteSpace has grown into themost characteristic
and influential information visualisation software. CiteSpace is
used for bibliometric analysis through a six-step procedure: time
slicing, thresholding, modelling, pruning, merging, and mapping
[11]. The visualisation knowledge network created by CiteSpace
comprised nodes and links. Difference items, such as authors,
countries, institutions, and cited references, are represented by
different nodes. The size of each node indicates the count of liter-
ature. High centrality nodes using purple trims represent the
turning points or pivotal points in one field. The lines between
nodes indicate cooperation or co-occurrence or co-citation re-
lationships: the thicker the line, the tighter the connection [13e16].

The parameters of CiteSpace in this study were as follows: time
slicing (1990e2020), years per slice (1), term source (all selections),
node type (choose one at a time), selection criteria (top 50 objects),
and pruning (pathfinder). To understand the frontiers of VR usage
among people with mild cognitive impairment and to examine
development trends in the latest research, this study analysed co-
word networks of keywords.

3. Results

3.1. Publication output

The first paper about VR application for cognitive impairment,
‘Evaluation and retraining of adults’ cognitive impairment: which
role for virtual reality technology?’, was published in 1995 by
Pugnetti et al. [17], which suggests the beginning of VR application
in people with cognitive impairment. Since then, publications
about VR application in MCI patients have increased persistently.
Fig. 1 shows the distribution of volume and time regarding these
papers. This research was divided into three stages: the embryonic
stage (1995e2005), the slow development stage (2005e2011), and
the rapid development stage (2011e2020). During the embryonic
stage, few studies examined VR use in MCI patients, with the first
article published in 1995. During the slow development stage,
publications showed a slow-growth trend, with an average of 20
papers being published yearly. During the rapid development stage,
the number of publications increased. The year 2020 saw the
largest number of publications on related topics (65 articles in to-
tal). The statistics for the types of documents showed 131 original
articles (56.91% of the total number of articles), including 98 articles



Fig. 1. The number of annual publications on VR application in the MCI population
published from 1995 to 2020 in Web of Science.
VR ¼ virtual reality. MCI ¼ mild cognitive impairment.
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in the past five years (75% of the total number of original articles).
Additionally, since 1995, there have been 99 reviews overall, most
of which were published in 2019. These results indicate that VR, as
an emerging auxiliary technology, is receiving increasing attention,
and consequently, more research is being conducted. However,
compared with other research areas, research on VR application in
people with MCI is still nascent.

3.2. Author and co-authorship

Authors play a critical role in promoting scientific development,
especially in defining the past, present, and future disciplines in
this field [12]. There were 547 nodes and 696 links in the author
collinear map generated using CiteSpace. Therefore, 230 docu-
ments involving 547 authors in total were generated. Table 1 shows
the top ten authors who published articles related to the applica-
tion of VR among MCI populations. These authors were active
professionals in this field. Guiseppe Riva, a professor in the
Department of Psychology at the Catholic University of Sacred
Heart in Italy, published the highest number of such articles (14
articles). His research direction over the past five years has shifted
to tapping the potential of VR technologies for assessing early
cognitive function among patients with cognitive impairments
such as Alzheimer’s disease, MCI, Parkinson’s disease, and post-
traumatic cognitive impairment. He considers VR as an innovative
and promising neuroscience assessment tool [18e20]. In addition,
we found that four cooperative groups with five or more cooper-
ating authors. However, the centrality value for such collaborations
was 0; this shows that the cooperation relationship between the
authors was not close.

An analysis of author co-citations showed that the number of
literature citations was directly proportional to the author’s
Table 1
Top 10 authors who published research on VR application among MCI population
between 1995 and 2020.

Ranking Publications Author

1 14 Riva G
2 7 Serino S
3 6 Cipresso P
4 6 Pedroli E
5 5 Morganti F
6 5 Tsolaki M
7 5 Mirelman A
8 4 Nieuwhof F
9 4 Nieuwboer A
10 4 Tarnanas I
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contributions to this field’s development. An author co-citation
map was generated, including 125 nodes and 177 links. Table 2
shows the top ten co-cited authors and the top ten authors in
terms of centrality value. They can be regarded as influential au-
thors for VR application research in MCI populations. For example,
Tarnanas’s recent five-year research focused on applying VR tech-
niques in the early screening of populations with cognitive
impairment [21e23]. In a study, he used Virtual Reality Day-Out
Task (VR-DOT) environments to assess their predictive value for
MCI patients; he concluded that virtual technology, which is a non-
invasive and low-cost computer cognitive assessment method,
could provide additional predictive information [22]. Regarding the
oriented application of VR technology in cognitive assessment,
Plancher’s research was similar to that of Tarnanas, and he focused
more on the correlation between VR technology and episodic
memory diagnosis [24,25]. Optale, Coyle, and others applied VR
technology in cognitive interventions for MCI patients. Coyle
studied the application of VR cognitive training among MCI pa-
tients based on a meta-analysis [26]. One of Optale’s studies tested
the effects of VR cognitive interventions on memory improvement
among older adults and concluded that VR cognitive interventions
could improve memory function by enhancing hearing stimulation
[27].

3.3. Co-occurring keywords and burst keywords

A keyword co-occurrence map can reflect the most popular
research topic during any given period and burst keywords (key-
words that are cited frequently over some time) can forecast future
research trends in a given field [14].

A time span from 1995 to 2020 was selected for the analysis, and
the top 50 most cited or occurred items from each slice were
chosen. A total of 47 co-occurring keywords appeared, reflecting
the range of research topics on VR application among MCI patients.
An analysis in terms of co-occurrence frequency revealed that the
top ten hot keywords were ‘virtual reality,’ ‘Alzheimer's disease,’
‘dementia,’ ‘mild cognitive impairment,’ ‘older adult,’ ‘memory,’
‘rehabilitation,’ ‘episodic memory,’ ‘cognitive impairment,’ and
‘performance.’ (Table 3).

Burst words refer to the keywords, which are cited frequently in
a certain period and considered to be indicators of research frontier
topics [14]. Fig. 2 shows the top 25 keywords with the strongest
citation bursts between 2010 and 2020. The most recent burst
keywords were ‘physical activity,’ ‘people,’ ‘single-blind,’ ‘disease,’
‘walking,’ ‘technology,’ ‘working memory,’ and ‘risk.’ The keyword
‘mild cognitive impairment,’ showing the strongest citation burst
(8.28), emerged from 2012.

3.4. Co-citation analysis
Analysing the document co-citation facilitated our under-

standing of the current highly cited literature; accordingly, we
obtained more influential views and ideas in this field [12].

A co-citation network were generated through the cluster
functionality using CiteSpace results (Fig. 3). Subsequently, 354
unique nodes, 337 links, and seven main clusters were generated
with a modularity Q of 0.6711 and a means silhouette of 0.9772.
These references are represented as nodes in a co-citation network.
Each node is depicted with a series of tree-rings across the time
slices. The size of the node indicates the strength of citations the
reference received. The connectivity between the nodes of such
references represents how often they are cited by similar articles.
Silhouette values of homogenous clusters are closer to 1, which
means that the clustering result is more persuasive.

Tables 4 and 5 present the top five co-cited references in terms
of frequency and centrality for VR application among the MCI



Table 2
Top 10 co-cited authors ranking by Cocitation counts & Centrality in VR application among MCI population.

Ranking Co-citation counts Co-cited author Ranking Centrality Author

1 60 Petersen RC 1 0.44 Tarnanas I
2 52 Folstein MF 2 0.43 Petersen RC
3 51 Plancher G 3 0.43 Stern Y
4 37 Serino S 4 0.29 Parsons TD
5 37 GarciaBetances RI 5 0.29 Manera V
6 36 Weniger G 6 0.28 Optale G
7 33 Parsons TD 7 0.27 Kueider AM
8 30 Cushman LA 8 0.26 Weniger G
9 30 Optale G 9 0.26 Riva G
10 28 Riva G 10 0.25 Anonymous

Table 3
Top ten keywords in terms of frequency and centrality for VR application among MCI population.

Ranking Counts Keyword Centrality Keyword

1 142 Virtual reality 0.44 Rehabilitation
2 99 Alzheimer disease 0.39 Virtual reality
3 83 Dementia 0.39 Alzheimer disease
4 78 Mild cognitive impairment 0.37 Deficit
5 47 Older adult 0.28 Dementia
6 46 Memory 0.27 Navigation
7 33 Rehabilitation 0.24 Memory
8 21 Episodic memory 0.22 Mild cognitive impairment
9 18 Cognitive impairment 0.21 Older adult
10 18 Performance 0.20 Cognitive impairment
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population. Nodes with high co-citation counts and centrality can
be considered as essential references in a certain field. When
ranked by citation counts, the first two articles focused on the role
of virtual technology in the assessment of episodic memory among
MCI patients. Weniger et al. were the first to demonstrate that VR
technology was feasible to study spatial memory deficits of persons
with amnesic MCI (aMCI) [28]. Plancher et al. found the beneficial
effect of active encoding on spatial allocentric memory assessments
for distinguishing aMCI patients from healthy older adults [25].
Other papers focused on cognitive training using VR. For example,
Man et al. [29] and Manera et al. [10] designed two kinds of non-
immersive VR-based memory training programs and investigated
their effectiveness among old patients with questionable dementia
and MCI. With the increasing application of VR technology in
cognitive intervention among MCI patients, Coyle et al. [26] pub-
lished the first related review in 2014. Based on the evidence
reviewed, VR cognitive training was beneficial to the cognitive
domain of attention, working memory, executive function, and so
on.

When ranked by centrality, the first paper was published by
Manera in 2015. The research team developed a serious game (SG),
named ‘Kitchen and cooking,’ and found this virtual game playing a
dual role in cognitive assessment and training for MCI populations
[30]. Additionally, the virtual scene of a supermarket was the most
widely used in cognitive management among MCI populations
[5,31e33]. Tarnanas et al. [22] used a VR-DOT environment to
evaluate its predictive value in MCI patients. The results of VR
evaluation were compared with magnetic resonance imaging,
event-related potential, and neuropsychological tests, and VR-DOT
performance strongly correlated with existing predictive
biomarkers.

The clustering results of the literature show the research types
and emerging trends in some knowledge fields. As shown in Fig. 3,
the network was divided into seven co-citation clusters: #0 exer-
game, #1 serious games, #2 spatial navigation, #3 activities of daily
living, #4 exercise, #5 enriched environment, and #6 wayfinding.
‘exercise’ is the largest cluster (#0) consisting 195 nodes. Alves et al.
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[34] published a paper named ‘Cognitive stimulation for Portu-
guese older adults with cognitive impairment: a randomized
controlled trial of efficacy, comparative duration, feasibility, and
experiential relevance,’ which has been impacting many authors.
The second-largest cluster (#1), ‘serious game,’ has 30 member
articles and an average publication year of 2012. The most active
citer in this cluster is Tarnanas et al. [35] in ‘Ecological validity of
virtual reality daily living activities screening for early dementia:
Longitudinal study,’ focusing on establishing ecological validity and
initial construct validity of a VR-based serious game as a screening
tool for early dementia. In the third-largest cluster (#2), the most
active citer is Cushman LA. et al. [36] in ‘Detecting combined with
navigational deficits in cognitive aging and Alzheimer disease using
virtual reality,’ comparing the performance of self-orientation and
scene localization tests among older people with different degrees
of cognitive impairment in the real world and the virtual world for
the first time and found similar profiles of impairment in real-
world and virtual testing.

4. Discussion

4.1. Interpretation of the results

VR application among MCI patients has become a subject of
growing study and an increasingly important area of research. In
this study, CiteSpace, a bibliometrics software, was used for author
and co-authorship analysis, co-occurring and burst keywords, and
co-citation analysis to identify the research focuses and reveal the
trends in the past 25 year on VR technology applications among
MCI patients.

Bibliometric analysis in our study showed that the application
and promotion of VR usage among MCI populations technology are
closely related to the development of VR technology.

As early as the 1990s, virtual reality technology had entered the
stage of theoretical improvement and application [37]. In 1994,
Japanese game companies SEGA and Nintendo launched Sega VR-1
and Virtual Boy, respectively, for the game industry [38]. However,



Fig. 2. Top 25 keywords with the strongest citation bursts.
The red line represents that the keywords are active in this period.
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due to the high cost and low resolution of VR equipment at this
time, it has not been widely used in the field of cognitive medicine,
but some scholars had proposed to apply virtual technology to the
field of cognitive evaluation [17]. In 2012, the advent of Oculus Rift
ushered in a new wave of development of VR technology [39]. Low
costs made VR a big step closer to the public's vision, and also
greatly increased the application research of VR technology in
people with mild cognitive impairment. However, compared with
other fields, the application research of VR among MCI populations
is still in the preliminary stage, and there is great potential in this
field in the future.

The visual analysis of authors and co-citation authors can not
only help researchers accurately locate themost popular scholars in
this research field, but also reflect the research direction concerned
by scholars at home and abroad. In the application research field of
VR amongMCI populations, the contents of research by the authors
with the largest number of papers and the top 10 co-cited authors
can be divided into two categories: cognitive assessment and
cognitive training. The results of the keyword co-occurrence anal-
ysis further confirmed this conclusion. We found that virtual
technology has been mainly used in episodic memory training/
assessment, cognitive rehabilitation, and navigation training for
people withMCI in the past 25 years. Virtual technology has unique
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advantages in cognitive assessment and cognitive rehabilitation
training in the MCI population. First, several studies have shown
that VR technology can simulate daily life scenes to enable patients
to reproduce their real cognitive performance in a virtual envi-
ronment [40,41], which makes cognitive assessment and cognitive
training more ecologically effective. In other words, VR-based
cognitive assessment can better reflect the real cognitive status of
patients [5,42] and VR-based cognitive interventions can transform
the training effect to real life [30]. Second, the convenience of vir-
tual technology makes cognitive assessment and intervention
break through the constraints of time and space and effectively
reduce medical costs and care burden [43,44]. However, at present,
researchers still have different views on the acceptance of virtual
technology among older adults. Some researchers found that older
adults are more interested in VR, whereas others pointed out that
older adults have a low acceptance of the new technology because
of simulator sickness, reduced vision, and other sensory problems.
There are certain security risks as virtual technology use leads to
simulator diseases [45]. Therefore, in recent years, ‘technology’ and
‘risk’ have become the burst keywords. In the future, more research
is needed on how to develop VR technology that is truly suitable for
older adults.

As discussed, VRmakes it possible to examine and exercise brain



Fig. 3. Network of document co-citations: the cold colours indicate the early publishing years and the warm ones indicate the recent years.

Table 4
Top five co-cited references related to VR application among the MCI population.

Ranking Citation
counts

Title First
author

Year Betweenness
centrality

Journal Cluster#

1 46 Using virtual reality to characterize episodic memory profiles in amnestic mild
cognitive impairment and Alzheimer’s disease: Influence of active and passive
encoding

Plancher
G

2012 0.13 Neuropsychologia 1

2 25 Egocentric and allocentric memory as assessed by virtual reality in individuals with
amnestic mild cognitive impairment

Weniger
G

2011 0.06 Neuropsychologia 1

3 21 The diagnosis of mild cognitive impairment due to Alzheimer’s disease:
Recommendations from the National Institute on Aging-Alzheimer’s Association
workgroups on diagnostic guidelines for Alzheimer's disease

Albert
MS

2011 0.01 Alzheimer's &
Dementia

1

4 20 Evaluation of a virtual reality-based memory training programme for Hong Kong
Chinese older adults with questionable dementia: A pilot study

Man,
DWK

2012 0.33 International Journal
of Geriatric Psychiatry

1

5 19 A feasibility study with image-based rendered virtual reality in patients with mild
cognitive impairment and dementia

Manera
V

2016 0.11 PLoS One. 1

Table 5
Top five co-cited references in terms of centrality for publications on VR application among the MCI population.

Ranking Centrality Title First author Year

1 1.28 Cognitive stimulation for Portuguese older adults with cognitive impairment: Arandomized controlled trial of efficacy,
comparative duration, feasibility, and experiential relevance

Alves J 2014

2 0.68 Gains in cognition through combined cognitive and physical training: The role of training dosage and severity of neurocognitive
disorder

Bamidis PD 2015

3 0.68 The effects of a computer-based cognitive and physical training program in a healthy and mildly cognitive impaired aging sample Gonzalez-
Palau F

2014

4 0.67 ‘Kitchen and cooking,’ a serious game for mild cognitive impairment and Alzheimer’s disease: A pilot study Manera V 2015
5 0.67 Aerobic exercise ameliorates cognitive function in older adults with mild cognitive impairment: A systematic review and meta-

analysis of randomised controlled trials
Zheng GH 2016
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activity during dynamic, complex, and realistic situations. In
applied domains of prevention and treatment of MCI patients, VR
methods continue to accumulate more clinical evidence. This trend
should continue as these methods become widely used and are
extended to patients with varying degrees of cognitive impairment
134
and broader therapeutic research. The future of VR in MCI is
strongly tied to developments in information technology that help
to immerse the user in the immersive virtual environment. How-
ever, technology is a double-sided mirror. In future research, we
should pay more attention to the characteristics of the elderly and
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develop VR technology and equipment suitable for the elderly
while exploring how to minimize the negative impact of VR
technology.

4.2. Limitation

Our study has one limitation. We only selected a database, Web
of Science, to conduct a comprehensive citation analysis, thus
inevitably losing part of the information. In previous studies
[13e15], Web of Science was the main literature source of Cite-
Space, covering most of the leading research information, which
maximised the potential of CiteSpace. Noteworthily, previous
studies of VR usage among MCI populations were often based on
qualitative analyses of numerous studies in literature, suggesting
subjectivity regarding literature selection, classification criteria, hot
spot tracking, and direction control. This study quantified the
retrieved documents in the form of a visual network, thus
increasing the objectivity of the results and providing valuable in-
formation on VR and MCI, especially the choice of research direc-
tion, cooperation agencies, and references.

5. Conclusions

Our research mainly analysed the number of publications and
trends in the changes of virtual technology in patients with MCI
through metrological methods based on CiteSpace, aiming to pro-
vide evidence of VR development for researchers, policymakers,
and leaders. Firstly, the analysis of author and co-authorship
identified that Guiseppe Riva ranked first and Tarnanas I was the
author with the highest centrality. Secondly, the analysis of key-
words identified ‘physical activity,’ ‘people,’ ‘single-blind,’ ‘disease,’
‘walking,’ ‘technology,’ ‘working memory,’ and ‘risk,’ suggesting
that they are hot topics of research in recent years. Last, we found
the most influential references through co-citation analysis. These
research results may assist future researchers to better compre-
hend the current situation and future direction in this field.
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