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ABSTRACT

XR technology has provided a great deal of academic research in treating and
improving physical and mental diseases. In this paper, 315 articles related to
“Extended Reality” and “Art Therapy” collected by Web of Science were retrieved
by bibliometric method, and the research status of this research field was analyzed
visually by combining Citespace and VOSviewer, and the future trend was predicted.
It references the XR healing system in health research direction, discipline frontier,
research gaps, etc. The results showed an increasing trend in the amount of literature
on the cable range. The United States, Germany, and Italy are leading in research, but
the cooperation between institutions could be closer. Finally, from the technical point
of view, XR therapy’s research hot spots, opportunities and challenges are evaluated.
From the interdisciplinary and artistic point of view, the artistry of the XR therapy
system and XR art therapy are distinguished.
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INTRODUCTION

Nowadays, human health and well-being have become an increasingly
important issue for the residents of contemweporary society. With the
vigorous development of digital technology and artificial intelligence, many
emerging solutions have been provided for the field of human health and
well-being, and virtual digital technology has brought new possibilities and
challenges to the field of healing, among which XR technology has provided
more and more research and practice in the treatment and improvement
of physical and mental diseases. XR therapy system has the advantages of
an interactive environment combining real and virtual space and human-
computer interactive experience equipment. It provides the audience with
more immersive, private, flexible, safe and other characteristics of the
treatment environment or treatment mode of virtual and real therapy systems
(Ong et al., 2023). For example, De Mauro et al. (De Mauro et al.,
2013) used VR and XR techniques in motor rehabilitation for patients with
cerebrovascular accidents, spinal cord injuries and cerebral palsy; Gatto et al.
(Gatto et al., 2020) investigated a positive thinking intervention combining
mixed reality, virtual reality, and XR for the treatment of psychological
problems associated with neocoronary pneumonia.
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It can be seen that XR therapy involves many fields, such as psychology,
medicine, art, and design, and it has a solid interdisciplinary attribute. With
the development of digital technology in recent years, different disciplines
have provided a wealth of interdisciplinary literature research for this field.
The literature research on XR therapy includes the difference and evaluation
between technology and artistry of virtual reality, extended reality and even
mixed reality. At the same time, the knowledge structure in this field is
complex and diversified. The traditional literature review method makes it
difficult to define the research focus in this field clearly. It is difficult to
objectively analyze the change of research hotspots in this field because of
the lack of quantitative research that summarizes the research status and
trend analysis. In order to more rigorously analyze the research progress
and future trends in the field of Extended Reality Therapy, distinguish
VR and AR healing, and analyze and evaluate its technical and artistic
aspects. In this paper, the journal papers related to XR healing collected
by the core journal database Web of Science (WoS) in the United States
are taken as data sources. The literature is combed through the retrieval
data system through scientific bibliometrics. The knowledge structure of the
existing literature is visually presented, and the knowledge graph is drawn to
determine the current research hotspots and frontier trends. Comprehensive
use of document metrology software for visual analysis of relevant literature,
compared with the text description of traditional theoretical review, can
present the mutual relationship between literature in a particular discipline
or research field as a scientific knowledge map, not only can sort out the past
research track, but also better grasp the future research trend and direction
(Song et al., 2022). Then, it provides an overview and reference for scholars
in this field.

DESIGN RESEARCH METHODOLOGY

Research Methodology

In this paper, scientific bibliometric methods and knowledge structure
visualisation in quantitative data analysis are used in a comprehensive way
to analyse and visualise data in a more comprehensive way using software
such as VOSviewer and CiteSpace. Bibliometrics has become an influential
in-depth quantitative analysis method, and it is a scientific tool to investigate
the hot spots and progress of a specific research field and reveal future trends
(Durieux and Gevenois, 2010) (Liang et al., 2023).

VOSviewer can build author or journal maps based on co-citation data
or keyword maps based on co-occurrence data. The program provides a
way for viewers to examine bibliometric maps comprehensively (van Eck
and Waltman, 2010). CiteSpace is a Java application for analysing and
visualising co-citation networks, the primary goal of which is to facilitate
the analysis of emerging trends in the field of knowledge (Chen, 2006), and
it has been widely used in scientometric research (Hou, Yang, and Chen,
2018). By comprehensively using VOSviewer and CiteSpace, the scientific
knowledge map can be drawn on the output year distribution, country,
research institution, keyword clustering, reference co-citation and mutation
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trend of highly cited references of all literature in this research field, and
the relevant data can be visually analyzed and sorted out scientifically and
intuitively. To study this field’s development status and future potential
and identify the research hotspots and frontiers.

Date Sources

The data used in this study came from Web of Science (WoS). The resources
on the WoS platform build a broad, trusted, high-quality, interdisciplinary
research and academic literature base, providing comprehensive coverage of
all metadata information from journals, books, and conference proceedings
across the natural sciences, social sciences, arts, and humanities (Liang et al.,
2023). Therefore, this paper searched the WoS full-text database for data
on Extended Reality technology combined with Art Therapy to assist with
health and well-being issues.

The research design is shown in the Figure1. In order to collect more
comprehensive literature covering a wider range of therapeutic modalities
to analyze the current state of the XR therapy system, the various forms
of art therapy, as well as all the technical forms included in XR, are used
as search terms. Set the search strategy to TS = ((“Extended Reality “OR”
Virtual Reality “OR” Augmented Reality”) AND (“Art Therapy “OR” Art
Healing”)). To ensure the comprehensiveness of literature across disciplines,
citation index sources are set as “All” (SSCI, SCI, A&HCI, CPCI-S, CPCI-
SSH, BKCI-S, BKCI-SSH, ESCI, etc.). In order to collect all relevant articles,
the search time is not set, and the search time is set to all relevant documents
for the whole year (until May 2024). And a total of 315 literatures were
retrieved as the data source of this study. All retrieved documents were
exported as txt files in the format of “full records and cited references”
and then imported into VOSViewer 1.6.20 and CiteSpace 6.3.R1 for further
analysis.

Figure 1: Research design.

BILBLIOMETRIC RESULTS & ANALYSES

XR Therapy Study Timeframe Analysis

The pattern of change in the output of academic research literature as it
develops over time is an important measure of the trend in the development
of a research topic. It allows for an effective assessment of the dynamics of
research in the subject area(Chen et al., 2022). In the SoC full-text database,
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the distribution of research publications on Extended Reality Therapy is
shown in the Figure 2. From the point of view of publication, the first
article in the scope of the search was published in 1993, and there was a
gap in the following four years from 1994 to 1997, and new articles began
to appear in 1998. Over the ten years 2014–2023, the number of annual
articles published increased from 12 in 2014 to 43 in 2023. This shows that
XR Therapy has received more and more attention since 2014. Based on the
overall number of publications, the research field of XRTherapy is constantly
developing, and in the past five years, more and more scholars have paid
attention to it.

Figure 2: A distribution map of the annual publication volume of XR therapy literature.

Distribution of Literature by Country

In the WoS database, in terms of country/region outputs, a total of
41 countries/regions around the world have contributed research in this field,
as shown in Figure 3. Among them, the top 10 countries have a total of
304 publications, accounting for 70% of the total publications. Among them,
the USA is the most productive country in the research field of XR Therapy,
with a total of 92 articles, which is in first place of the total number of articles.
It can be seen that the USA is the leader in XR Therapy research, with more
than twice the number of articles than the second place, Italy (45 articles).
In addition to this, the USA also leads in the number of citations for its
publications, with 3440 citations compared to 928 citations for the second
place Italy. In the collaborative network, there is a relationship between
the USA and Germany, Italy, England and China. However, the overall
distribution could be more cohesive, and the collaboration could be closer.
These results suggest that the United States hasmade the greatest contribution
to the field of XR Therapy research, has had the greatest impact on practical
applications in other countries, and has laid the research foundation for the
development of XR Therapy.
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Figure 3: A distribution map of the country publication of XR therapy literature.

Research Hotspot and Frontier Trend Analysis

Figure 4 shows the top 25 keywords with the strongest citation explosion,
which can further analyze the development trend in the field of XR Therapy.
The study uses CiteSpace’s Burst Term graph, where the red index represents
the frequent citation of keywords. Comprehensive analysis shows that the
research content shows a changing trend from physical disease to mental
health. “Antiretroviral therapy” is the most explosive keyword (4.04), which
is a treatment method for HIV, indicating a trend in the research field from
2014 to 2020. Similarly, “art Therapy” is one of the most explosive keywords
in the last five years (3.17), highlighting the emerging trend in the field of XR
Therapy in the direction of art Therapy in recent years. In addition to that, the
keywords that have emerged in the past five years are rehabilitation (2.31),
quality of life (2.41), cognitive behavioural therapy (2.37), and mental health
(1.78) has gradually gained widespread attention and become the focus of
research in the field of XR Therapy in recent years.

For a more intuitive and clear view of XR Therapy research hotspots and
topics, as well as the relationship between key hotspots. A comprehensive
use of VOSviewer was made to draw the co-occurrence network view
of keywords in 315 documents (see Figure 5), in which a total of 2027
keywords were included, the frequency was set to 4, and 124 keywords were
obtained after filtering and merging synonyms for visualization. The colours
of the nodes represent different clusters, i.e., research topics, resulting in a
total of six main clusters. According to the analysis results and combined
with professional knowledge, each cluster can be summarized, and the
themes are divided into #1 mental health, #2 HIV treatment, #3 medical
simulation, #4 rehabilitation assistance, #5 personality disorder treatment,
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and #6 medical humanistic care. The research content of each topic is further
analyzed.

Figure 4: The top 25 keywords with the strongest citation bursts.

Figure 5: XR therapy research keywords co-occurrence network.

Keywords in each topic are refined and classified in Figure 6. All keywords
can be roughly divided into technology and therapy and research question
and application, as shown in Table 1. The tendency of each research topic can
be more clearly seen so as to analyze the clustering hotspots in the research
field of XR Therapy.
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Figure 6: XR therapy research keyword co-occurrence clustering 1–6.

Table 1. XR therapy clustering keyword type classification.

Cluster Topic Topic Classification Representative Keywords

1 Mental Health Technology & Therapy virtual reality, immersion, biofeedback, in-vivo,
art therapy, exposure therapy, psychotherapy
sgamification, serious games, digital art therapy,
drama therapy, mindfulness

Problems &
Applications

mental health, anxiety, fear, behavior, covid-19,
disorders, emotion, phobia, self-efficacy,
well-being, empathy, public speaking,
schizophrenia, social anxiety

2 HIV treatment Technology & Therapy antiretroviral therapy
Problems &
Applications

hiv, double-blind, aids, mortality, adherence,
emtricitabine, formulated elvitegravir, safety,
viral load, efavirenz, prevention, trial

3 Medical
Simulation

Technology & Therapy augmented reality, art, visualization, mixed
reality, expression

Problems &
Applications

therapy, feasibility, simulation, surgery, ct, risk,
androgen receptor, infection, mechanisms,
prostate cancer, prostate-cancer, radiotherapy,
resistance

4 Rehabilitation
Assistance

Technology & Therapy technology, mirror therapy, of-the-art, induced
movement therapy

Problems &
Applications

rehabilitation, stroke, recovery,
neurorehabilitation, balance, movement,
telerehabilitation, motor recovery, care,
environments, performance, poststroke, upper
limb, upper-limb

5 Personality
Disorder
Treatment

Technology & Therapy metaanalysis, exposure, cognitive-behavioral
therapy, machine learning, postural control,
randomized controlled-trial, reality exposure
therapy, sensors, user experience

Problems &
Applications

anxiety disorders, depression, epidemiology,
stress, brain, health, reliability, adolescents,
heart-rate-variability, parkinsons-disease

6 Medical
Humanistic Care

Technology & Therapy art-therapy

Problems &
Applications

children, pain, quality-of-life, exercise,
validation, cancer, intervention,management,
pain management, breast-cancer
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In order to further analyze the cutting-edge topics and development trends
in the research field of XR Therapy, statistical analysis was continued
on the occurrence time of keywords (2016–2022), and the keyword
co-occurrence cluster network diagram was superimposed to form the
keyword contribution cluster superposition, as shown in Figure 7. From
the perspective of time, the whole time of keywords in the treatment of
personality disorder is the closest to now, which is at the forefront of
the current XR Therapy research. Secondly, cluster #1_ mental health is
also the focus of current XR Therapy research. On the whole, the field
of XR Therapy has gradually paid more and more attention to the field
of medical care from the early stage of medical treatment, especially after
COVID-19; the development of mental health is the direction of development
in this field, and medicine, psychology and art have formed a broader
cooperative relationship. machine learning, heart-rate-variability, well-being
and mindfulness are the hot research trends in recent years.

Figure 7: XR therapy research keywords co-occurrence clustering superposition
diagram.

DISCUSSION

The results showed that XR Therapy research has been widely carried out in
various disciplines around the world and provided suggestions for scholars to
research further. First of all, in terms of time, the annual publication volume
of XR Therapy has steadily increased every year in the past ten years in this
field. Since 2019, the development of this field has been on the rise. After
COVID-19, more and more scholars have begun to pay attention to the field
of XR Therapy. Overall, XR Therapy has attracted more and more attention
from scholars. From the perspective of countries and institutions, a total of
41 countries and 68 institutions are covered. Among them, the United States
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is the country with the largest number of articles, a total of 92; Yale univ in
the United States contributed the most, with a total of 9 articles. According
to the number of citations, the number of citations per paper, and the H-
index, the influence of XR Therapy papers in Western developed countries
(such as the United States, Italy, Germany, etc.) is greater than that in other
countries or regions.

As early as 1998, J Périssat, D Collet et al. discussed the application
of virtual reality technology in laparoscopic surgery, minimally invasive
treatments, etc (Périssat and Monguillon, 1998). In 2013, Giovanni
Abbruzzese, Roberta Marchese et al. proposed the use of virtual reality
combined with motor games for assisted rehabilitation of Parkinson’s disease
rehabilitation (Abbruzzese et al., 2016).Marco Iosa, CristianoMaria Verrelli,
and others use virtual reality combined with serious games to provide
intensive and fun rehabilitation for children with neurological disorders (Iosa
et al., 2022).

A comprehensive analysis of past research shows that compared to VR
Therapy, AR Therapy systems provide stimulating virtual environments and
natural force interactions with real-world objects during therapy because
of the advantage of being able to integrate virtual and real environments
(Alamri, Cha, and El Saddik, 2010). The AR user does not “leave” the
space he is in and “maintains a sense of presence” in the non-synthetic world
(Botella et al., 2005). Therefore, AR technology has a unique advantage in
specific therapeutic scenarios. From the analysis of keyword co-occurrence
results, the number of research and applications of AR therapy is significantly
lower than that of VR. However, AR has obvious advantages in terms of the
sense of presence and immersive feeling for users in therapy. However, an
important technical challenge is to make the virtual elements as seamless as
possible into the non-synthetic environment so that the user can produce the
experience of coexistence of virtual elements and non-synthetic elements in a
“unique world” (Botella et al., 2004). VR/AR devices still face key challenges
that impede their integration into everyday life and other applications (Yin
et al., 2021). The technological advantages and possibilities of AR therapy
are still a hot topic today, and various experts and scholars in the therapy
field are still exploring its effectiveness.

From the bibliometric results, the field of MR therapy has fewer
publications and slower research progress compared to the previous two.
However, in recent years, it has gradually become a hot spot in the
field of XR technology that is being paid attention to. Mixed reality
has the obvious advantage of providing a more portable human-computer
interaction environment for the therapeutic field. At the same time, it focuses
on enhancing the humanistic care of medicine, especially in the treatment of
mental health and personality disorders, because it can be applied in the more
familiar home of the patient instead of the cold treatment room. It can also
be a shared space with emotional communication (Patrão et al., 2019). In
conclusion, there is still a great deal of value in this area that deserves to be
explored and researched by scholars in the field of therapeutic research.

In terms of “art therapy” alone, art has a unique therapeutic effect in its
own right, particularly in mental health. So far, XR technology has brought
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many new opportunities for art therapy, such as serious games, digital art
therapy, etc., gradually moving to the field of treatment experts’ vision, in
addition to the application in mental health, in the field of medical treatment
also has outstanding advantages. In the latest development, Daniel Lima
Sousa, Silmar Teixeira, Jose Everton Fontenele and others designed an app
called RG4Face, a serious facial rehabilitation game based on mime therapy
and supported by healthcare professionals, using computer vision for human
facial motion recognition and estimation (Sousa et al., 2024).

Overall, there is a strong connection between art engagement and the
therapeutic field. However, the field of XR art therapy is still in the developing
stage. Its challenges may exist in the form of interaction technologies
and powerful data collection devices suitable for remote experiments,
which require joint decision-making by experts from interdisciplinary fields
(medicine, psychology, design, art, human-computer interaction, etc.).

CONCLUSION

The field of XR therapy research has been on a general upward trend in
terms of paper output, especially in the last five years, and the heat of
development has been gradually increasing. In the development process, there
are notmany countries and institutions with high output, and the cooperation
between institutions is not very close. Finally, a comprehensive discussion
after the analysis was conducted, evaluating the hotspots, opportunities,
and challenges of VR therapy, AR therapy, and MR therapy included in
XR therapy from the perspective of technicality and distinguishing between
the artistry of XR therapy system and XR art therapy from the perspective
of interdisciplinarity and artistry, respectively. The research in this paper
still has limitations; this paper only bibliometric analysis of the Web of
Science database did not extend the retrieval data of XR therapy to multiple
databases in different fields; future research can be based on this status quo
research and limitations as the basis of the research, further to carry out more
profound research on XR Therapy.
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