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Abstract. VR art has received attention as the intersection of virtual reality and
art. In order to understand the current research hotspots in VR art, we built a
panorama of current research hotspots through a keyword co-occurrence analysis
study based on topic modelling and computer science clustering algorithms. The
data analysis resulted in threemaps: NetworkVisualization, OverlayVisualization
and Density Visualization. these three views allowed us to see how keywords are
coupled, how keywords or hotspots change over time, how often they appear and
how hot they are. In summary, the current research focus and direction of VR art
is deep learning, machine learning and algorithms. Secondary directions relate to
health and psychotherapy. the future of VR art depends on advances in virtual
reality technology. Art exists as a secondary topic in the field of VR art, appearing
more as an auxiliary tool.
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1 Introduction

The immersive feeling of the present is emphasized by the fictional sense of the present,
which replaces reality regarding reality [14]. VR gives a virtual (spatial) presence to
the topic of the experience because the VR space is virtual [5], and the subject of the
experience is real.

As time goes on, more and more types of engagement become available to the
general population. From the most straightforward vibration-sensitive switches [17]
and infrared-sensitive [15] to today’s somatic interactive devices [8], modalities of
engagement haveprogressed and expanded in lockstepwith technological advancements.
Motion capture technology [11], for example, can be utilized to create CG special effects
[10] in movies and can even replace animation in some circumstances. Computers can
also create new characters for movies.

© The Author(s) 2023
K. Subramanian et al. (Eds.): CTMCD 2022, ACSR 99, pp. 419–428, 2023.
https://doi.org/10.2991/978-94-6463-046-6_50

http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-046-6_50&domain=pdf
https://doi.org/10.2991/978-94-6463-046-6_50


420 Y. Ding et al.

Table 1. Specific search information records.

Databases Search
Method

Search
Terminology

Number of
Search
Results

Search Time Record
Content

Export
Records to

Web of
Science
Core
Collection

Topic VR Art 1,014 24 April
2022.
Time: 18:05
Lisbon Local
Time
GMT+1

Full Record
and Cited
References

TXT File

Note: Form information was collated by Yiyuan Ding and recorded in real time.

Updates and advancements in algorithms, neural networks, and external devices are
critical to the growth of virtual reality [6][20]. However, art has also been used as a tool
to assist VR in creating scenes.

This paper focuses on the data base of the literature within the field of VR art. It is
tested using the topic modeling, bibliometric methods, and a clustering algorithm based
on VOSviewer keyword analysis. The keywords of 1,014 articles in the Web of Science
core repository under the topic of VR art were studied. A total of 142 keywords were
found to be of interest. The network relationships, frequency, timing and hotness of
keyword occurrences were mined. Research hotspots for Virtual Reality Art (VR Art)
were identified, which also helped to capture the overall academic macro trends in the
subject. The final results show that virtual reality dominates research in the field, with art
taking a secondary position. Alternatively, art is a secondary aid to developing computer
technology and artificial intelligence.

2 The Specific Data Collection Processing

This keyword co-occurrence analysis was based on the software VOS viewer 1.6.18.
This software was developed by Leiden University in the Netherlands and is widely
used for data analysis of bibliometrics and the creation of clustered view graphs [9].
This search was conducted employing a Topic search. The search term was “VR art”.
For specific search information, please refer to Table 1.

Data retrieved from the Web of Science core collection. We used a subject search
for the term “VR Art”.

3 Methodology and Experimental Procedures

The most prominent theoretical approaches are bibliometric [21] and keyword co-
occurrence analysis. Word frequency analysis is based on Zipf’s law [1][7][13][18][19].
If all of the terms in the database are sorted by decreasing frequency of occurrence, the
product of the serial number x and the frequency f, fx, is approximately constant i.e.,
fx = a, (x = 1, 2, 3, 4, ....).
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Fig. 1. The process of applying Topic modeling in this study.

In contrast, the theme modelling technique uses LDA technology [2][4]. The text
collection is mapped using topic modeling approaches to a low-dimensional topic sub-
space, where a topic is a group of words. Topic models are statistical models that reveal
the text data’s hidden structure [12]. Refer to Fig. 1 for the process of topic modelling
techniques.

Formula β
(g)

k.j ∝ �d∈g#(z = k ∧ w = j) using the current point assignment or counts
associated with each z for a document group g’s usage of subject k word j [12]. Also,
VOSviewer’s clustering technique was used to merge the keyword word frequency data
with Topic modeling together. We gathered a set of data sets pertaining to the frequency
distribution of keywords across various clusters (see Table 2).

The method of testing the data and deriving the final results is based on the keyword
co-occurrence clustering algorithm of VOSviewer. VOSviewer’s clustering algorithm is
based on the strength of association, and its core concept is tominimize theweighted sum
of squared distances between all pairs of items, representing research hotspots, avoiding
tag name overlap and map artifact problems, and clearly presenting each element, which
can reflect the connection between each object [16].

The strength of association approach and the fractionalization nomalization are the
two main standardised analysis methods included in VOSviewer [3]:

Association normalization: Sij = Cij
CiCj

.

Fractionalization nomalization: Sij = 1
2

(
Cij
Ci

+ Cij
Cj

)
.

We imported data into VOSviewer 1.6.18, choosing Co-occurrence as the type of
analysis and selecting All Keywords in the Unit of analysis, selecting Full counting in
the Counting method. Then set the Minimum number of occurrences of a keyword to
5. There were 142 proper keywords out of a total number of 3,829. The two duplicated
keywords were removed further to ensure the data’s accuracy. The result was 140 useful
keywords. The Network Visualization, Overlay Visualization and Density Visualization
were obtained.

The Network Visualization is a graphical representation of the keyword clustering
relationships in the field of VR Art. The Overlay Visualization shows the occurrence
of keywords at different times. Finally, the Density Visualization shows how hot the
keywords are.
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Table 2. Keywords occurrences and clustering.

Keyword cluster Occurrences Keyword cluster Occurrences

visualization 1 31 Model 5 25

deep learning 22 Impact 10

machine learning 14 antiretroviral
therapy

8

algorithm 10 head-mounted
display

8

image 10 eeg 7

quality assessment 10 serious games 7

solid modeling 10 adults 6

three-dimensional
displays

10 communication 6

virtual
environments

10 hiv 6

feature extraction 9 human-computer
interaction

6

quality of
experience

9 augmented reality 6 82

virtual reality 2 346 vr 51

environments 39 art 42

immersion 21 tracking 12

reality 19 models 11

experience 17 reconstruction 10

performance 16 photogrammetry 9

rehabilitation 16 motion 8

embodiment 11 motion capture 7

empathy 11 animation 6

body 10 gis 6

design 3 29 mobile 6

ar 17 time 6

cultural heritage 7 14

augmented reality
(ar)

15 perception 12

5g 12 human-centered
computing

11

(continued)
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Table 2. (continued)

Keyword cluster Occurrences Keyword cluster Occurrences

optimization 11 artificial
intelligence

8

systems 9 gamification 8

internet 8 computer graphics 7

networks 8 human computer
interaction (hci)

7

architecture 7 interaction design 7

challenges 7 museum 7

framework 7 computer vision 6

simulation 4 30 user experience 6

technology 25 computing
methodologies

5

education 24 interactive art 5

children 18 system 8 36

training 11 mixed reality 26

anxiety 9 cave 9

environment 9 tool 6

therapy 9 3d 5

immersive virtual
reality

7 classification 5

fear 6 database 5

safety 6 games 9 5

students 6

surgery 6

Note: The authors got the data for each cluster in this table after processing it using the VOSviewer
clustering algorithm.Due to space constraints, only the top tenmost commonlyoccurringkeywords
in each cluster are given below. The keywords are arranged in descending order of Occurrence
and classified according to the distinct clusters. If a cluster’s number of keywords falls short of
ten, as many as are added to Table 2.

4 Cluster Analysis of Keywords

This analysis yielded nine clusters, with Cluster 1 containing 28 words. Cluster 2 con-
tained 24 words. Cluster 3 contained 22 words. Cluster 4 contains 17 words. Cluster 5
contains 14 words. Cluster 6 contains 14 words. Cluster 7 contains 13 words. Cluster 8
has seven words, while Cluster 9 has only one. For each cluster, refer to Fig. 1. Figure 2
shows the Network Visualization, with different colours representing different clusters.
The greater the weight of the keyword, the larger the node in the graph. The stronger
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Fig. 2. The Network Visualization.

the connection, the thicker the line between the node. Only the eight larger clusters are
analysed here.

Cluster 1 radiates other keywords like deep learning, machine learning, algorithm,
image, quality assessment, solid modelling, three-dimensional displays, virtual environ-
ments, etc. The keyword visualisation is the core. The cluster is centred on visualisation,
with the radiating areas being mainly deep learning andmachine learning, closely linked
to computer science. The hotspots are mainly concerned with the working principles and
raw technology behind VR technology.

Cluster 2 is centred on virtual reality, radiating hotspots such as environment, immer-
sion, reality, experience, performance, healing, experience, empathy and the body etc.
The hotspots in this group revolve around virtual reality technology in health, experience
and behaviour, and psychotherapy. Of course, the field is still seeking keywords like art
therapy, digital art, etc. Scene building and art design in VR can assist in the smooth
running of these works.

Cluster 3 focuses on the design and radiates the terms design, of-the-art, augmented
reality (AR), 5g optimization, systems and the Internet. Therefore, it is mainly con-
cerned with the design, system structure, external hardware, information transmission
technology, etc.

Cluster 4 is related to children’s education and children’s mental health. It is a
subdivision of cluster 2. Cluster 5 is associated with VR’s external device technology
and brain-computer interaction. Cluster 6 crosses the hot spots in augmented reality,
virtual reality, art and animation.

Cluster 7 focuses on cultural heritage preservation, cluster 8 on mixed reality, and
cluster 9 has only one keyword alone, games.
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The analysis of keyword clustering shows that research within the field of VR art is
still mainly focused on VR technology support, such as deep learning, algorithms, etc.
Art appears more as an auxiliary tool.

5 Annual Statistics of Keyword Co-occurrence

The keywords vary from year to year; please refer to Fig. 3. Starting with the year 2012
and continuing up to 2020, the top five terms with the highest frequency are picked
in this graph. If a year has fewer than five keywords, a few are listed when they are
accessible. If the frequency of keywords is the same, but the overview includes five
more, the keywords are retained.

The keywords show different changes from year to year as the technology evolved.
For example, deep learning emerges in 2019,machine learning and 5g in 2020, etc. Based
on the above keyword analysis, it can be seen that art does not appear as frequently in
VR art science. However, keywords related to computer science appear very frequently.

See Fig. 4 for another look at the changing research hotspots over time. Blue indicates
an earlier time; green is a medium time, and yellow is an earlier time. The same can
be seen in the changes in the direction of VR art research due to advances in computer
technology, AI algorithms and other areas.

Through technological advancements, themix ofVR and art will likewise experience
newmodifications. Art aids in forming the constituent parts within the VR environment.
But it also provides beauty andwarmth to theVR technology itself, from image digital art
in the past to the development of interactive, experiential art paired with VR technology
today.

Fig. 3. The Network Visualization.
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Fig. 4. The Overly Visualization.

Fig. 5. The Density Visualization.
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The keyword hotspot view, however, still shows the core of the field’s development
(see the Fig. 5). The most popular keyword remains virtual reality, while Art in VR Art
has not received sufficient attention.

6 Conclusion

The following conclusions can be drawn as a result of the above analysis of the keywords.
(1) The clustering analysis reveals that deep learning, machine learning, algorithms,

and other directions are the current research emphasis and direction in the field of VR
Art. In addition, VR technology is used in health therapy (primarily mental health) to a
second extent, with art therapy methods involved.

(2) With developments such as algorithms and artificial intelligence techniques,
the hotspots for VR Art research change each year. And the integration with artificial
intelligence technology will become closer and closer.

(3) However, most of the research is focused on the theme of virtual reality and less
on artistic research. Art exists as a secondary subordinate in the field of VR Art.

If the correlation betweenVR andArt needs to be clarified, it is suggested that further
analysis is needed concerning specific cases. Also, bibliometrics is limited by the speed
of updating the database, and further analysis and additions to the updated data will be
necessary for the future.
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