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1. Introduction

It is not a novel phenomenon that the advancement of information and communication 
technologies leads an acceleration of socioeconomic changes. As digital transformation 
is definitely considered as a new metaphor for the changes in recent days, a huge amount 
of interest has been made in several new technological domains including artificial 
intelligence, metaverse, non-fungible token, cryptocurrency and so far. To date, a ton 
of relevant reports has been published in many countries desiring to achieve successful 
digital transformation. However, among them, concepts addressing metaverse are still 
highly controversial. Lee et al. (2021) criticized metaverse that it seems too future-oriented 
concept, and Kim (2021) argued that metaverse is a blackhole of consumption without 

As a huge amount of societal interests has been recently made on metaverse, political support 
to promote metaverse-related industrial growth also have been actively discussed worldwide. 
Unfortunately, it is hard to find logical academic works or credible public reports on a technological 
development trajectory in the metaverse, while needs for political support on metaverse-related 
industries have been increased. In order to secure financial efficiency for investments and strategic 
leadership in global competitive dynamics, it is essential to identify what consists of metaverse 
technologies and which technological area is strategically beneficial. To solve this research gap, 
this study adopts text mining approaches to identify metaverse, particularly extended reality (XR), 
technologies, and national competitiveness. As a result, eight technological areas consisting of 
60 technological topics are first identified, and then individual national XR competitiveness of 
five countries (i.e., the United States, Europe, China, Korea, and Japan) are also discovered. This 
paper could contribute to evidence-based policy making by providing analytical materials of XR 
technologies which are yet to be open to the public before.
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enough available applications. Meanwhile, despite those pessimistic critics, positive 
expectations of converged physical and virtual worlds also exist. A roadmap to create 
and diffuse metaverse has been continuously updated since 2007 (Smart et al., 2007), 
and some scholars (e.g., Cook et al., 2020) considered metaverse as a web 3.0 which can 
substitute concurrent internet system. Above all, actual investments in metaverse have 
been made largely, and it is not hard to find that many consulting firms claim a rosy 
future for metaverse-related markets.

Under this context, it is not sure whether metaverse becomes a practical innovation or 
just ends as a marketing bubble. Hence, clarifying technological opportunities and threats 
is badly needed in advance to identify what political supports promoting metaverse-
related industries are strategically beneficial. However, only a few reports trying to 
analyze metaverse-related technologies exist. In specific, a reliable process to define and 
collect metaverse relevant patent data is yet to be published through a single academic 
or public paper to date. To solve this research gap, this research aims to propose how to 
collect metaverse, particularly extended reality (XR), patents, and then analyze the patents 
to support political decision makings. In addition, while only a few studies have tried to 
analyze XR competitiveness at the national level, this study focuses on comparing XR 
competitiveness among five countries (i.e., the United States, Europe, South Korea, China, 
and Japan). By doing so, this research would be a good source to provide a technological 
comparative viewpoint at the national level. 

The remaining of this paper consists of five sections. In the section 2, previous studies 
regarding the concept of metaverse and what technologies constitute metaverse are 
reviewed. Research process is described in the section 3, and analytical results are 
explained in the section 4. Finally, section 5 shows contributions and limitations of this 
research with some concluding remarks.

2. Literature review

2.1. Concept of metaverse
According to Dionisio et al. (2013), common recognition of what metaverse is moves 

from an enhanced version of a single virtual world to an inter-connected large virtual 
networks. Initially, the concept of metaverse started as a single digital world which is 
different from the real physical world in the novel, Snow Crash (Stephenson, 1992) which 
coined the term metaverse. However, metaverse is now defined as an overlayed digital 
virtual world based on a physical world under the metaverse roadmap context (Smart et 
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al., 2007). This definition is much developed into a topological concept consisting of Meta-
world, Meta-galaxy, and Metaverse at the IEEE Virtual World Standard Group (Frey et 
al., 2008). Meta-world means a separated virtual world which cannot communicate with 
other meta-worlds because each worlds are individually managed by a single centralized 
server or scheme, while meta-galaxy has a certain single protocol prevailing among a set 
of meta-worlds that enables communication among multiple meta-worlds. Meataverse 
encompasses a non-single authority and decentralized protocol enabling inter-connected 
communications among several meta-galaxies and meta-worlds. Under this consensus, 
Mystakidis (2022) and Lee et al. (2021) considered metaverse as a final destination of 
digital transformation where physical and virtual realities co-exist, so called post-reality.

2.2. Metaverse technologies
While common recognition of metaverse seems to make a consensus at a certain 

point, the technological coverage of metaverse is quite different depending on scholars. 
Broadly, scholars (e.g., Ning et al., 2021; Lee et al., 2021) consider that metaverse 
technologies include relevant infrastructure(e.g., edge computing, distributed computing), 
management(e.g., artificial intelligence, blockchain), or even operational technologies(e.g., 
bioinformation processing, tools for metaverse). At the same time, others (e.g., Mystakidis, 
2022; Xi et al., in press) claim that XR is the essence of metaverse or metaverse itself. 
Detailed technologies are summarized in the Table 1. While scholars have different 
arguments on technological coverage, it is sure that XR plays a fundamental role in 
metaverse above other technologies. Hence, this research focuses on XR technologies as 
the core of metaverse.   

Table 1. Technological coverage of metaverse

Viewpoint Scholars Technologies

Narrow Mystakidis (2022),
Xi et al. (in press)

▶ Extended reality
- Virtual reality
- Augmented reality
- Mixed reality

Broad Ning et al. (2021)

▶ Virtual reality object connection
- Identifying modeling (authentication, resolution)
- Decentralized technology (blockchain)
- �Social computing (social network, swarm 

intelligence)
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Viewpoint Scholars Technologies

Ning et al. (2021)

▶ Virtual reality space convergence
- Extended reality (VR/AR/MR, Holographic image)
- �Brain-computer interface (Brain signal processing/

recognition)
- Video game (game engine, real time rendering)

▶ Management technology
- �Energy technology (network/service energy 

consumption)
- �Resource management (resource discovery/

addressing/allocation)
- �Session management (single/multi session 

management) 
▶ Fundamental common technology

- �Artificial intelligence (machine learning, natural 
language process)

- �Spatio-temporal consistency (low friction, time 
alignment) 

- �Security & Privacy (data security, privacy 
protection) 

▶ Communication and computing infrastructure
- �Network and Communication (internet of things, 

5G, 6G)
- Nanotechnology (nano perception)
- Quantum technology (quantum communication)
- �Computational paradigm (cloud computing, edge 

computing)

Broad Lee et al. (2021)

▶ �Artificial intelligence (automatic digital twin, 
computer agent)

▶ �Blockchain (data storage, data interoperability)
▶ �Computer vision (localization and mapping, body 

and gaze tracking)
▶ �Network (5G/6G, QoS/congestion control, network 

slicing) 
▶ �Edge computing (edge cloud, distributed/federated 

learning)
▶ �User interactivity (mobile input techniques, mobile 

headsets)
▶ �Extended reality (projection and hologram, VR/AR/

MR)
▶ �Internet of things and robotics (human-robot 

interaction, connected vehicle)

2.3. Text mining approaches to understand XR
As the concept of metaverse has received a huge amount of interest from academia and 

industries, scholars have recently focused on understanding the concept. Though papers 
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related to the metaverse are yet rare compared to uprising interests in the metaverse, it 
seems that most of the studies, particularly using a text mining approach, focused on 
how XR applications can be used at a certain domain rather than emphasizing what 
constitutes XR technologies. Loureiro et al. (2019) tried to find how XR is currently 
used in the marketing domain by conducting a basic topic modeling on journal articles. 
Lampropoulos et al. (2022) focused on analyzing attitudes toward XR applications in the 
education domain by using a naïve sentiment analysis with Twitter mentions. Similarly, 
scholars (e.g., Loureiro et al., 2020; Tsang et al., 2022; Govindarajan et al., 2018) of diverse 
domains (i.e., tourism, logistics, manufacturing) considered XR as a novel tool and 
had questions on the potent of XR applications. Despite the valuable contributions of 
those studies, it is still hard to find what XR technologies are. In particular, comparing 
technological competitiveness of XR at the national level is not yet discussed well. Under 
this context, this paper could contribute significantly to academic readers, technological 
inventors, and policymakers as well.   

3. Research framework

Figure 1 shows an overall research process. Patent data relevant to XR is collected by 
searching a proper query based on heuristic trials from the WISDOMAIN a commercial 
patent data provider in the first phase. After that, two steps are conducted in the second 
phase to cleanse the collected data. First step is checking all the patents by reading title 
and abstract carefully. This step is surely time-consuming but badly required because 
collecting patents by a search query indicates that there probably exist terminology 
confusion. For example, the term, virtual space can be used as a non-volatile memory as a 
virtual disk or also can be used as a synonym of virtual world. Then, DBSCAN (density-
based spatial clustering of applications with noise), a density-based clustering method 
is adopted to eliminate outliers as the second step. For this, pragraph2vec embedding is 
applied to preprocessed patent texts (i.e., title and abstract) in order to provide numeric 
vectors representing individual inventions as input for DBSCAN. In the third phase, as 
preprocessed and cleansed text data is now prepared, STM (structural topic model) is used 
to clarifying technological areas within XR domain. Finally, patent portfolios of Unites 
States, Europe, China, South Korea, and Japan are created based on the results of STM.
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Figure 1. Research process

4. Results

4.1. Collecting and cleansing data
It is challenging to define what XR patents are due to the following reasons. First, it is 

hard to find a reliable source defining XR patents. Second, patent classification codes 
such as IPC (international patent classification) or CPC (cooperative patent classification) 
do not work well as XR covers several technological components. Hence, collecting XR 
patents should be conducted after defining a search query that can cover XR patents 
properly. In this study, the most proper search query1) has been defined by several 
heuristic trials. By doing so, 29,323 issued patents registered since September 30th, 2022, 
among patents applied after January 1st, 2000, in United States, Europe countries, South 
Korea, China, and Japan are collected. After that, text information included in individual 

1) �Title = ((virtual and (reality or society or world or space or environment)) or (augmented and (reality or society or world or 
space or environment or display)) or (mixed and (reality or society or world or space or environment)) or (extended and (reality 
or society or world or space or environment)) or (immersive and (reality or society or world or space or environment or 
control)) or (interactive and (reality or society or world or space or environment))) or (Title = ((virtual and (reality or society 
or world or space or environment)) or (augmented and (reality or society or world or space or environment or display)) or 
(mixed and (reality or society or world or space or environment)) or (extended and (reality or society or world or space or 
environment)) or (immersive and (reality or society or world or space or environment or control)) or (interactive and (reality 
or society or world or space or environment))) and Abstract = (interaction and (human or machine or voice or gesture)) or 
((gesture or voice) and (recognition or control))))

WISDOMAIL
(Commercial database provider)

Text-preprocessed 
data

Denoisd data
(final set)

Collecting patent data

Identifying XR technological areas

Creating patent protfolios
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1st phase
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Cllecting patent data
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Eliminating
data noise

- paragraph2 vec
- DBSCAN



82 Inter-country Comparison of XR Patent Status: Text Mining Analysis

patents (i.e., title and abstract) is preprocessed by lemmatization, elimination of stop 
words, punctuation, numbers, quotation, or other preprocessing techniques.

Figure 2 DBSCAN result

To cleanse raw data, a heuristic approach is first conducted to remove non-XR patents. 
As a result, 4,886 patents including machine virtualization or virtual network which are 
not directly related to XR are considered as unsuitable patents. Though the unsuitable 
patents are identified manually, it is still necessary to find data noise. Therefore, DBSCAN 
is adopted by using 10 embedded vectors created from paragraph2vec algorithm. 
As illustrated in the Figure 2, 113 patents represented as a black triangle symbol are 
considered as noise patents. 

4.2. Identifying XR technological areas
To identify technological areas of XR, the remaining 15,301 patents after the data 

cleansing process are finally used. As STM method is selected as the main analytical 
tool, a proper number of topics should be initially decided. For this, techniques proposed 
by Grimmer & Stewart (2013) and Mimno & Lee (2014) are used. As the Mimno & Lee 
(2014) method shows that 60 topics are proper, a more detailed search process proposed 
by Grimmer & Stewart (2013) is conducted by spanning search coverage from 40 to 200 
topics as shown in the Figure 3.
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Figure 3 Searching results by adopting Grimmer & Stewart (2013)

To decide the number of topics, four metrics (i.e., geld-out likelihood, residuals, semantic 
coherence, lower bound) are measured. Roughly speaking, held-out likelihood, residuals, 
and lower bound represent a model’s measure of fit, while semantic coherence indicates 
the quality of retrieved topics. In this study, the 60-topics model is finally selected for its 
relatively high held-out likelihood and semantic coherence while maintaining a relatively 
low residual and lower bound based on recommendations by Benoit (2018).

After adopting the 60-topics model, labeling is conducted based on four metrics  (i.e., 
probability, frequency and exclusivity, lift, and score). By doing so, labels for each topic are 
made as described in the Table 2.

Table 2 XR technological topics

Topic Label Topic Label

Topic 1
(1,100 patents)

XR headset for immersive 
experience

Topic 31
(193 patents)

Point of view implementation and 
management method based on user 

location

Topic 2
(113 patents) Graphic user interface for XR Topic 32

(220 patents)

XR avatar creation, avatar location 
tracking, and outfit changing 

method

Topic 3
(569 patents)

Physical device linked with XR to 
provide immersive experience

Topic 33
(606 patents)

Robot operation system based on 
XR or XR rehabilitation based on 

robotics

Topic 4
(313 patents)

Network environment to organize a 
session with some players within XR

Topic 34
(238 patents)

Design tool in a XR environment 
(e.g., building, toy, rehabilitation 

device, etc.)
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Topic Label Topic Label

Topic 5
(390 patents) Provision of various XR services Topic 35

(261 patents)

Generating haptic and immersive 
sound according to event/signal 

within a XR

Topic 6
(327 patents) XR motion sensing and controller Topic 36

(206 patents)

Management of data archive or 
cloud server to provide a good XR 

environment 

Topic 7
(360 patents)

Graphic streaming and resolution 
processing for XR

Topic 37
(382 patents)

Method to create digital stereoscopic 
and 3D contents (e.g., game playback 

video)

Topic 8
(327 patents)

Augmented system (gaze tracking, 
topology map development, and so 

forth)
Topic 38

(260 patents)
Camera calibration and image 

processing to generate XR scene

Topic 9
(125 patents)

Display synchronization depending 
on a user’s movement in a XR 

environment 
Topic 39

(287 patents) Head up display to navigate vehicle

Topic 10
(352 patents)

Physical-virtual worlds 
interconnection and management 

method
Topic 40

(210 patents)

Space-based technology (e.g., 
preventing motion sickness, 

location-based service)
Topic 11

(287 patents) XR eyeglass Topic 41
(222 patents)

Application of game service by using 
XR

Topic 12
(311 patents)

Data transmission between a XR 
service server and computer devices

Topic 42
(227 patents)

Smart home system and module 
based on XR

Topic 13
(227 patents)

Two dimensional code (e.g., barcode, 
QR code) en/decryption for XR 

services
Topic 43

(335 patents)
Enhancing XR experience by using 

light beam and light waveguide

Topic 14
(201 patents)

XR user information collecting and 
processing method

Topic 44
(127 patents)

Operating external facility and 
devices based on XR

Topic 15
(130 patents)

Creation of simulation environment 
for training and education based on 

XR
Topic 45

(348 patents)
Intelligent machine or smart home 
appliance by using XR equipment

Topic 16
(211 patents)

XR contents/advertisement display 
mechanism

Topic 46
(126 patents)

Method to enhance XR experience 
based on gesture recognition and 

gesture-based input

Topic 17
(147 patents)

Medical assistance system based on 
XR (e.g., overlaying musculoskeletal 

system)
Topic 47

(366 patents)
User position recognition and 
coordinate calibration for XR

Topic 18
(184 patents)

Algorithm system to create XR 
efficiently

Topic 48
(143 patents)

Control XR user visual angle and 
field of view

Topic 19
(248 patents)

XR devices (e.g., wearable) with 
password prompt feeding system

Topic 49
(158 patents)

Left/right eyeglasses display 
management and eye/gaze tracking 

for XR

Topic 20
(619 patents)

Novel method for displaying XR 
contents 

Topic 50
(178 patents)

Method for detection/expression/
interaction of physical objects 

within a XR
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Topic Label Topic Label

Topic 21
(166 patents)

Emotive emphasis for XR event 
and method or tool for user 

communications
Topic 51

(194 patents)

Various methods to enhance 
quality of XR service with HW/SW 

approaches 
Topic 22

(150 patents) Head mount display for XR Topic 52
(168 patents)

3D-2D image linking method to 
expand XR application coverage

Topic 23
(200 patents)

Method for health information 
transmission via XR environment

Topic 53
(352 patents)

Method of merging/capturing/
generating images within a XR 

environment
Topic 24

(179 patents) Education or training based on XR Topic 54
(121 patents)

Provision of interactions among XR 
users

Topic 25
(252 patents)

Method for commercial transactions 
and payment within a XR 

environment
Topic 55

(254 patents)
Customization techniques for XR 

users

Topic 26
(190 patents)

Novel XR display tool (e.g., 
hologram)

Topic 56
(156 patents) XR image signal processing 

Topic 27
(126 patents)

User behavior tracking/recording 
method or camera devices for XR

Topic 57
(265 patents)

Identifying/detecting/selecting a 
focal object among several other 

objects in XR

Topic 28
(198 patents)

Light source/amount control 
method for immersive XR object 

movements
Topic 58
(88 patents)

Displaying different outputs by 
using more than two input devices 

(i.e., sensor, camera)

Topic 29
(239 patents)

Moving object tracking method by 
using a marker (e.g., fiducial, sticker) 

for XR
Topic 59

(226 patents)
Interaction processing (e.g., attack, 
collision) for a target object in XR

Topic 30
(165 patents)

XR input (e.g., haptic) and output 
(e.g., sensory feedback) method and 

device
Topic 60
(4 patents)

Encoding method to secure 
information security for virtual 

keypad in XR

While 60 technological topics are identified in XR domain, there probably exist 
technological areas consisting of similar or related topics. To confirm this possibility of 
existing technological areas, the following three metrics are used; (i) within the sum of 
squares examination, (ii) silhouette test based on k-means clustering, and (iii) examining 
gap statistics of k-means clustering. While the three metrics show dissimilar results 
addressing an optimal number of clusters as shown in the Figure 4, eight clusters seem to 
be much more explainable.
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Figure 4. three metrics to determine an optimal number of clusters

Then, eight clusters are validated through hierarchical clustering. As shown in the Figure 
5, a dendrogram shows how eight clusters are created among 60 technological topics. 
In addition, when topic relationships are visualized based on cosine similarity, eight 
clusters seem to have coherent technological areas consisting of similar topics as shown 
in the Figure 6. The first technological area consisting of topics 5, 12, and 14 covers both 
frontend and backend technologies required to operate XR based services. And second 
technological area including topics 8, 10, 50, and 57 seems closely related to physical-
virtual link technologies. Addressing third technological area, topics 3, 11, 28, 43, and 49 
are basically related to XR support devices and methods enhancing immersive experience. 
Fourth technological area consisting of topics 27, 31, 38, 53, and 56 is considered as 
technologies for digital video/image processing. The topics 19, 20, 22, 26, 29, and 60 stick 
together as the fifth technological area which is related to XR access security and effective 
displaying methods. Sixth technological area consisting of topics 17, 24, 33, 34, 42, 45, 
and 53 is related to various XR applications in terms of education, training, designing, 
medical support, or even machine operation. As topics 1, 4, 18, 30, 32, 37, 54, and 55 are 
gaming technologies, seventh technological area is a technological cluster covering XR-
based game and enhancement of interactions among game users or digital avatars. While 
remaining technologies are also clustered as eighth technological area, these topics are not 
closely interrelated as shown in the Figure 6. Hence, the eighth technological area should 
be considered as other XR technologies.
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Figure 5. Eight clusters visualized via cluster dendrogram

Figure 6. Topic network with eight clusters

4.3. Creating patent portfolios
Based on the identified technological topics and areas, XR competitiveness of the United 

States, Europe , South Korea, China, and Japan can be analyzed by creating a patent 
portfolio. For this, national ownership of patents is determined by an assignee’s country, 
indicating patent systems’ territorial principle is not considered at all. As shown in the 
Figure 7, bar plot (with left axis) should be compared with the dashed line (with right 
axis) to confirm XR competitiveness because dashed line and bar plot mean total number 
of patents for all the countries and the number of patents owned by a focal country 
respectively.
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For distinguishing XR technological areas, bar plot changes its pattern and color. In 
specific, the first (i.e., frontend and backend technologies required to operate XR based 
services), second (i.e., linking physical-virtual worlds), and third areas (i.e., XR support 
devices and methods) are black, grey, and white bars respectively. The fourth technological 
area (i.e., digital video/image processing) is represented with a bar filled with horizontal 
lines. Bars showing a grey chessboard pattern are the fifth area (i.e., XR access security 
and effective displaying methods), and bars filled with vertical lines indicate the sixth 
area (i.e., various XR applications). White colored bars with dashed outline mean the 
seventh area (i.e., XR-based game and enhancement of interactions among game users or 
digital avatars). Finally, bars filled with black dots represent the eighth area (i.e., other XR 
technologies).

Figure 7. XR patent portfolios

(i) United States

(ii) China
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(iii) South Korea

(iv) Europe countries

(v) Japan

Based on the XR patent portfolios, XR technological competitiveness of the five countries 
can be captured. First of all, the United States shows relatively good technological 
competitiveness around all the XR areas except for the first area. In particular, the 
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United States seems to have great technological strength in the second and fourth areas. 
On the other hand, China shows its technological specialty in the third and fifth areas. 
South Korea has a distinctive technological leadership in the first area compared to other 
countries and shows moderate competitiveness in the second and third areas. However, 
Europe countries and Japan does not have an apparent strength for all the XR areas.

5. Conclusion

As it is hard to find extant studies having a clear guideline on how to collect XR patents 
or comparing technological competitiveness at the national level, this study aims to 
clarify XR patents collection and develop national level patent portfolios enabling 
technological strength comparisons among countries. By doing so, XR technologies are 
firstly identified in terms of 60 topics and 8 areas, and then analytical results are provided 
to understand XR competitiveness at the national level. Under the open innovation 
viewpoint, development of a cooperative research and development (R&D) program, 
trading technologies, or designing a global value chain could be established based on the 
XR patent portfolios. For example, firms in South Korea can focus on China, if they want 
to enhance technological competitiveness in the fifth technological area. In addition, a 
strategic exchange of human resources between Unites States and South Korea would 
be a good opportunity to catch up the second technological area for South Korea. On 
the one hand as a study providing detailed XR technologies by conducting a patent text 
mining is still hard to find to date, the results of this study can be considered as a good 
guide for readers who desire to understand what constitutes XR technologies. Therefore, 
this research contributes to support evidence-based policy makings on the XR domain by 
taking text mining approaches toward patents. 

Comparing to previous studies, papers addressing XR seem to focus on the potential 
impacts of XR applications in various domains. Though the contributions of extant studies 
are valuable, it is necessary to understand technologies before considering applications. 
A journal paper or a governmental report focusing on analyzing technological aspects is 
still unfortunately rare. This indicates that results of this research have useful academic 
and practical implications due to the timeliness. From the methodological viewpoint, 
this study’s analytic process of collecting, cleansing, classifying, and reorganizing based 
on a portfolio can be highlighted compared to studies regarding XR with text mining 
approach because the results of this study could play a baseline approach for the future.

Despite valuable implications of this study, two limitations still remain as follows. First, 
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while this study compares national technological competitiveness on XR, why these 
differences occur is not clarified. An Industrial structure of metaverse or political drivers 
on XR would be necessary to complement and understand the results of this study. 
Second, only text information is adopted for this study. Though patent database normally 
has large and fruitful bibliographic information, this study does not consider such 
information (e.g., patent classification code, forward/backward citations, etc.). Analyzing 
both text and bibliographic information could show a bit much useful results in the 
future.
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