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Abstract: In this paper Bibliometric analysis of articles scanned with the title “Extended 

Reality Applications” in the Web of Science database. This study was conducted using 

VosViewer software. The aim of this study is to determine which authors, which journals 

and countries have conducted the most studies on “Extended Reality Applications” with 

bibliometric analysis. On July 26, 2024, all fields were selected in the Web of Science 

database and studies on “Extended Reality Applications” were scanned. The countries 

most cited in the field of study are the United States and Germany. The journal "Applied 

Sciences-Basel" contains the most important studies on "Extended Reality Applications". As 

a result, the keywords virtual reality, augmented reality and mixed reality are the most used 

in Extended Reality Applications studies. 
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1. Introduction 

The change has been an undeniable reality throughout human life and has 

transformed into technological developments over time, becoming an element that 

makes human life easier. Technological developments in many areas affect many 

areas. Examples of this include people's lifestyles, their interactions with their 

environment, and even their living standards (Daskin, 2024). 

Nowadays, virtual information environments are used by a continuously 

increasing proportion of societies through mobile devices such as tablets and 

smartphones. The ongoing development in human-computer interface research is 

planned to be completed by providing users with six degrees of freedom (up/down, 

forward/back, left/right, pitch, roll, yaw). In this way, user experience can be 

provided with interesting visualization in 3D digital environments, allowing them 

to interact with different virtual objects without being disconnected from the real 

world (Salehi et al., 2023). 

The term extended reality (XR) is used as an umbrella term covering 

different technologies located along the reality–virtuality continuum (Schaal, 2019; 

Salmon et al, 2020; Memmesheimer & Ebert, 2022; Anastasiou, Balafoutis & 

Fountas, 2023; Arslan, 2023; Chuah, 2023). The first attempt to explain these 
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concepts by placing them along a continuum between reality and virtuality was 

made in 1994 by Milgram, Takemura, Utsumi and Kishino. Extended reality is a 

concept that covers different types of reality, such as augmented reality (AR) 

virtual reality (VR) and mixed reality (MR), which has a wide range of applications, 

including military, health, gaming, education, training and design visualization. 

These reality technologies are created by computers, are either completely virtual 

or are formed by blending the virtual and real world, have a high level of 

engagement, provide a sense of presence and are interactive. While augmented 

reality combines virtual and real objects on a real-time screen, virtual reality allows 

users to experience real or imaginary allows them to control and direct their 

movements in a world (Ro et al., 2018; Suh & Prophet, 2018). AR and VR 

technologies are also used together to create a more engaging and realistic 

experience called mixed reality. For example; watching a 360 ̊ movie, playing a 

game, Wandering around 3D models for buildings and travelling in the universe 

are application areas where the two technologies can be used together. In summary, 

XR devices are technologies that can provide a feeling for users like they are in a 

completely new digital environment (O'Donnell, 2018). Creating virtual tours in 

stores and virtually inspecting the design of a car regarding both interior and 

exterior, are some examples of applications (Sheikh, 2016).  

The elements that must be present in VR technology are the virtual 

environment and the user’s ability to feel their presence in the virtual environment. 

In VR, the feeling of presence for a person could be stated as being able to interact 

with the environment as in physical reality, and their actions must have a response. 

Presence refers to the feeling of being there even if the user is physically in a 

different place (Jerald, 2015). One of the main elements that distinguishes virtual 

reality from virtuality is the state of presence that makes the user feel like it is real. 

Milgram and Kishino (1994) stated that AR refers to situations that involve the 

augmentation / enrichment of the real environment with computer-based virtual 

objects, while they generally define MR as the merging of the real and virtual 

worlds. The relationship between the three concepts is expressed as; While VR 

includes users in a completely virtual environment, AR creates a virtual layer on 

reality without allowing real-virtual interaction, and MR can create virtual objects 

that can interact with the real environment (Alcañiz, Bigné & Guixeres, 2019). 

The concept of MR can be expanded to include the senses of touch 

(haptic/tactile), taste and smell, as well as sound (Speicher et al., 2019). Today, 

headsets that act as head-mounted displays are used for augmented, virtual and 

mixed reality. These headsets create a 3D environment for the user by processing 

inputs from the computer they are connected to or using the processor and imaging 

power within themselves. Nowadays, studies are ongoing on clothing that allows 

users to feel sensory stimuli such as contraction, tension, stinging, etc. in certain 

parts of their bodies according to their experience in VR. 

Previous research has documented an exponential rise in publications on 

extended reality, indicating the increasing significance of extended reality 
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applications in various fields. XR technology is increasingly being integrated into a 

wide range of areas, from education (Kerawalla et al., 2006), tourism (Jung et al., 

2015), retail (Yim et al., 2017) and healthcare (Glegg, 2017) gaming (Rauschnabel 

et al., 2017) to manufacturing (Choi et al., 2015). The main aim of study is to 

conduct a bibliometric analysis by focusing on highlighting the citation of authors, 

co-occurances of a keyword, bibliographic matching (coupling) of documents, 

bibliographic matching of sources and bibliographic matching of countries 

regarding articles on extended reality applications. 

2. Method 

In this paper Bibliometric analysis of articles scanned with the title 

“Extended Reality Applications” in the Web of Science database. This study was 

conducted using VosViewer software. The aim of this study is to determine which 

authors, which journals and countries have conducted the most studies on 

“Extended Reality Applications” with bibliometric analysis. On July 26, 2024, all 

fields were selected in the Web of Science database and studies on “Extended 

Reality Applications” were scanned. While performing the analyses in VosViewer, 

“Citation of authors, Co-occurrence-all keywords, Bibliographic coupling of 

documents, Bibliographic coupling of sources, Bibliographic coupling of countries” 

were examined. Within the scope of the research, the analyses related to 68 studies 

on “Extended Reality Applications” were tabulated and presented with graphics. 

3. Findings 

3.1 Citation of authors 

When analyzing the data regarding citations of authors, the “lowest number 

of documents of an author” was identified as 1. The “lowest number of citations of 

an author” was identified as 23, and only 6 of 209 authors meet the thresholds. 

Figure 1 and Table 1 show the most cited authors. 

 

Figure 1. Graph generated with VosViewer for citation of authors 
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Table 1. Table of citations of authors 

Author Documents Citations 
Total link 

strength 

"cantoral-ceballos, jose antonio" 1 23 0 

"cardenas-robledo, leonor adriana" 1 23 0 

"hernandez-uribe, oscar" 1 23 0 

"jungherr, andreas" 1 25 0 

"reta, carolina" 1 23 0 

"schlarb, damien b." 1 25 0 

3.2 Co-occurrence-all keywords 

While performing the relevant analysis, the “lowest number of occurrences 

of a keyword” was identified as 5. Among the 239 keywords, 5 meet the thresholds. 

In Figure 2 and Table 2 highlights the ”Co-occurrence-all keywords”. 

 

Figure 2. Graph generated with VosViewer for co-occurrence-all keywords 

 

Table 2. Table for co-occurrence-all keywords 

Keyword Occurrences Total link strength 

virtual-reality 6 17 

mixed reality 7 20 

augmented reality 12 26 

virtual reality 13 27 

extended reality 18 26 
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3.3 Bibliographic coupling of documents 

While conducting the relevant analysis, the “lowest number of citations of a 

document” was selected as 5. 14 out of 50 documents meet the threshold. In Figure 

3 and Table 3 shows that “bibliographic coupling of documents”.  

 

Figure 3. Graph generated with VosViewer for bibliographic coupling of documents 

 

Table 3. Table for bibliographic coupling of documents 

Document Citations Total link strength 

tu (2023) 7 0 

cardenas-robledo (2022) 23 1 

kim (2021) 13 0 

okanovic (2022) 22 1 

vi (2019) 20 0 

catalano (2022) 11 1 

sundararajan (2021) 7 0 

jungherr (2022) 25 0 

li (2020) 12 0 

vanoverschelde (2019) 5 1 

hu (2023) 5 0 

ahmmed (2021) 8 0 

vadakital (2022) 12 0 

israr (2019) 7 0 

 

3.4 Bibliographic coupling of sources 

While conducting the relevant analysis, the “lowest number of documents of a 

source” was identified as 2. The “lowest number of citations of a source” was 
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selected as 0. 3 out of 47 sources meet the thresholds. Figure 4 and Table 4 shows 

that bibliographic coupling of sources. 

 

Figure 4. Graph generated with VosViewer for bibliographic coupling of sources 

Table 4. Table for bibliographic coupling of sources 

Source Documents Citations Total link strength 

applied sciences-basel 2 25 0 

ieee open journal of the 

communications society 

2 5 0 

proceedings of the 2023 acm 

international conference on 

interactive 

2 1 0 

 

3.5 Bibliographic coupling of countries 

While conducting the relevant analysis, the “lowest number of published 

documents in a country” was selected as 5. The “lowest number of citations of a 

country” was identified as 0. 5 out of 30 countries “meet the thresholds” Figure 5 

and Table 5 shows the bibliographic coupling of countries. 

 

Figure 5. Graph generated with VosViewer for bibliographic coupling of countries 
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Table 5. Table for bibliographic coupling of countries 

Country Documents Citations Total link strength 

finland 5 25 47 

germany 6 27 19 

italy 5 16 0 

south korea 5 17 30 

usa 7 34 0 

 

4. Discussion 

In this study, the bibliometric analysis of the studies scanned in Web of 

Science using the keyword “Extended Reality Applications” along with graphs and 

tables was given using VosViewer. When the findings are examined, it is seen that 

the authors of the studies most cited with the keyword “Extended Reality 

Applications” are “jungherr, andreas” (1 Document, 25 Citations) and “schlarb, 

damien b.” (1 Document, 25 Citations). 

When “Co-occurrence-all keywords” are examined, the most used keywords 

in “Extended Reality Applications” studies are seen as virtual reality, augmented 

reality, mixed reality and virtual-reality, respectively. Extended reality (XR) is the 

general term used to cover virtual reality (VR), augmented reality (AR) and mixed 

reality (MR) (Vasarainen, Paavola & Vetoshkina, 2021). Therefore, it should not 

be surprising that research examining XR technology also addresses technologies 

in the virtual reality-reality continuum. 

According to the keyword "Extended Reality Applications", the most cited 

study is "The Extended Reach of Game Engine Companies: How Companies Like 

Epic Games and Unity Technologies Provide Platforms for Extended Reality 

Applications and the Metaverse" by Jungherr and Schlarb (2022). The study 

investigated the products of game engine companies for extended reality and 

metaverse  (Jungherr & Schlarb, 2022).  Two pioners of game engine developers 

were considered in the examinations regarding three dimensions by the researchers.  

The fact that the study has received the highest number of citations can be 

explained by the fact that it has guided other researchers. In addition, the most 

published journals are "applied sciences-basel" and "ieee open journal of the 

communications society". Within the scope of the study, the countries with the 

maximum number of publications in the relevant field are USA, Germany, Finland, 

Italy and South Korea. Since these countries are among the pioneers in 

technological developments, it should not be surprising that the number of studies 

on extended reality applications is the highest in these countries. Besides, extended 

reality technologies have been the subject of many studies due to their use in many 

fields. Cardenas-Robledo et. al (2022) revealed in their studies that extended reality 
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technologies are used in the fields of automotive, construction, energy, recreational, 

manufacturing, maritime, education and research, health and safety, aerospace, 

petrochemical, business, others. 

5. Conclusions 

In this study, articles in the Web of Science database were scanned with the title 

“Extended Reality Applications” in the scoop of bibliometric analysis. The 

VosViewer software was used in order to obtain data regarding the authors with the 

highest number of studies, journals which published the highest number of articles 

and countries where the highest number of studies were conducted on the extended 

reality applications. 

The findings show that the works of Professor Andreas Jungherr at the 

University of Bamberg and Assistant Professor Damien B. Schlarb at the Johannes 

Gutenberg-University, Mainz are the most influential authors in the Extended 

Reality Applications literature. The countries with the highest number of citations 

in the field of study are the United States and Germany. The journal "Applied 

Sciences-Basel" contains the most important "Extended Reality Applications" 

studies. As a result, the keywords virtual reality, augmented reality and mixed 

reality are the most used in Extended Reality Applications studies. This study 

aimed to present current research on extended reality applications and to guide 

future studies. 
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