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Introduction: As a defining feature of virtual reality, the sense of presence has
been a focal point of research for decades. Navigating the extensive body of
presence research can be challenging, yet it is essential for understanding the
evolution of the concept over time, recognising the contributions of key scholars,
and charting new research pathways. This study applied a bibliometric analysis to
map networks of influence and conceptual frameworks spanning over 30 years of
presence research to highlight the disciplines, authors, articles, and concepts that
have gained prominence in scholarly discourse.
Method: Bibliographic data for 6636 documents from 1992 to 2024 were
extracted from Web of Science (WoS) and Scopus citation indexes for analysis
using Biblioshiny and VOSviewer. Outputs fromWoS and Scopus databases were
combined to provide high-quality bibliographic records for co-occurrence, co-
citation, and bibliographic network analysis using Biblioshiny and VOSviewer. An
extended analysis of contemporary research discusses considerations for
presence research.
Results: Publication output since 2015 has grown rapidly. A source analysis
reflects a dominance of the discipline of computer science and engineering,
while interdisciplinary connections in applied settings are an emerging area of
growth. Citation and publication output are heavily dominated by the top
10 authors, indicating a reliance on relatively few contributors. Terminology
that co-occurs with presence remains dominated by the technical aspects of
immersion and experience design, while also reflecting more recent growth in
the use of virtual reality in applied settings. This demonstrates that recent
contributors and newer concepts have yet to be significantly reflected in
global presence research.
Discussion: This analysis underscores the need to view presence as a
multidimensional construct that requires a multidisciplinary approach and
methodologies providing user-centred, holistic perspectives that embrace the
nuances of individual psychological experiences. The present bibliometric review
provides a valuable overview of the evolving landscape of presence research as a
complement to previous, more focused systematic and scoping reviews. This
bibliometric analysis of the past 30 years of research demonstrates that presence
remains a defining concept in virtual reality and a field that warrants further
investigation and development to achieve compelling, relevant and memorable
virtual reality experiences.

KEYWORDS

presence, virtual reality, bibliometric analysis, scientometrics, immersive technology,
web of science, scopus

OPEN ACCESS

EDITED BY

Dioselin Gonzalez,
Independent Researcher, Seattle, WA,
United States

REVIEWED BY

Richard Skarbez,
La Trobe University, Australia
Axel Wiepke,
University of Potsdam, Germany

*CORRESPONDENCE

Philip Williams,
philip.williams@mymail.unisa.edu.au

Michelle A. Kelly,
michelle.kelly@unisa.edu.au

Debra Rowett,
debra.rowett@unisa.edu.au

Ian Gwilt,
ian.gwilt@unisa.edu.au

RECEIVED 23 August 2025
REVISED 31 October 2025
ACCEPTED 05 November 2025
PUBLISHED 04 December 2025

CITATION

Williams P, Kelly MA, Rowett D andGwilt I (2025)
Charting the landscape of presence in virtual
reality research: a bibliometric review.
Front. Virtual Real. 6:1691240.
doi: 10.3389/frvir.2025.1691240

COPYRIGHT

© 2025 Williams, Kelly, Rowett and Gwilt. This is
an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Virtual Reality frontiersin.org01

TYPE Systematic Review
PUBLISHED 04 December 2025
DOI 10.3389/frvir.2025.1691240

https://www.frontiersin.org/articles/10.3389/frvir.2025.1691240/full
https://www.frontiersin.org/articles/10.3389/frvir.2025.1691240/full
https://www.frontiersin.org/articles/10.3389/frvir.2025.1691240/full
https://orcid.org/0009-0001-8813-4219
https://orcid.org/0000-0002-6380-1150
https://orcid.org/0000-0002-8977-0401
https://orcid.org/0000-0002-3759-3423
https://crossmark.crossref.org/dialog/?doi=10.3389/frvir.2025.1691240&domain=pdf&date_stamp=2025-12-04
mailto:philip.williams@mymail.unisa.edu.au
mailto:philip.williams@mymail.unisa.edu.au
mailto:michelle.kelly@unisa.edu.au
mailto:michelle.kelly@unisa.edu.au
mailto:debra.rowett@unisa.edu.au
mailto:debra.rowett@unisa.edu.au
mailto:ian.gwilt@unisa.edu.au
mailto:ian.gwilt@unisa.edu.au
https://doi.org/10.3389/frvir.2025.1691240
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org/journals/virtual-reality#editorial-board
https://www.frontiersin.org/journals/virtual-reality#editorial-board
https://doi.org/10.3389/frvir.2025.1691240


1 Introduction

The sense of presence has been studied and cited as a defining
feature of virtual reality (VR) for over 4 decades (Krassmann et al.,
2024; Lombard et al., 2000; Minsky, 1980; Slater et al., 2022; Tran
et al., 2024). A computer-generated world viewed through a head-
mounted display (HMD) immerses users in an experience that no
other technology can provide (Sutherland, 1968). Despite knowing
they have not left their physical environment, users can become so
immersed that the virtual world almost entirely dominates their
perceptual experience. This sense of ‘being there’ in this virtual
world has been described as the sense of presence (Heeter, 1992;
Lioce et al., 2020; Minsky, 1980; Sanchez-Vives and Slater, 2005;
Sheridan, 1992; Steuer, 1992; Sheridan, 1996; Wirth et al., 2007). In
those moments when immersive virtual reality provides the most
compelling experiences, the sense of presence most aptly describes
the user experience. Presence is, therefore, the most investigated
construct in VR research (Wienrich and Gramlich, 2020). While the
sense of presence experienced in well-designed virtual reality has
been described as providing some of the most immersive,
meaningful, and memorable experiences for users, the term
remains an elusive concept to define and measure (Kelly et al.,
2024; Slater et al., 2022; Souza et al., 2021; Tran et al., 2024).

Therefore, the questions that emerge are:
Does the concept of presence continue to hold relevance in the

research and design of virtual reality experiences?
What are the disciplines, authors, articles, and concepts that

have, for better or worse, emerged as predominant in
scholarly discourse?

What do the patterns of scholarly discourse reveal regarding the
evolution of research within the field?

Where might opportunities for future research be identified
through an extended qualitative analysis of contemporary
publications?

The current study uses bibliometric methods to explore over
30 years of research to present a cartographic overview of the
research landscape, with insight into publication themes,
terminology, influential researchers, and key publications. A
bibliometric analysis reveals the evolution of the field over time,
highlighting dominant themes that may perpetuate biased practices
to be challenged by emerging research methodologies and
frameworks. The search string (“Presence” and “virtual reality”
(“VR”)) was used to extract 6,636 documents from the Web of
Science and Scopus databases to be analysed using VOSviewer and
Biblioshiny. Until now, no bibliometric review has considered the
field of presence in VR. Given the exponential growth of research
within this domain, the present moment represents an ideal
opportunity for such an analysis.

1.1 Presence in virtual reality

The sense of presence is a concept that resonates with laypeople,
artists, designers, and scholars, offering multiple dimensions of
relationality, profound existential questions, and diverse
interpretative frameworks (Beck et al., 2011). Indeed, the term
‘being’—embedded in most definitions of presence as the sense of
‘being there’—has been a focus of intense philosophical discourse for

thousands of years, from Plato to Descartes, Edmund Husserl to
Maurice Merleau-Ponty, and continues to be highly relevant in
contemporary discussions, particularly in relation to the experience
of presence in virtual reality (Chalmers, 2022; Clark and Chalmers,
1998; Mantovani and Riva, 1999; Sartre, 1956; Merleau-Ponty,
2014). Presence is a term, however, that evades reductive
definitions as any attempt at categorisation inevitably excludes
essential dimensions of the presence experience (Kelly et al.,
2024; Slater et al., 2003). Consequently, there remains a need to
adequately describe what makes presence such a compelling concept
in VR research and to offer practical frameworks to guide both
scholarly inquiry and design practice. This current study aims to
enhance scholarly discourse by providing a bibliometric overview of
over 3 decades of presence research.

At this point, it is important to note the distinction between
immersion and presence. Slater and Wilbur (1997) consider
immersion to refer to the objective technical specifications
required to provide the virtual experience to users (Bowman and
McMahan, 2007). Also framed as perceptual immersion, it is “the set
of sensorimotor and effective valid actions supported by the system”

(Skarbez et al., 2021). In contrast, presence is understood to be the
subjective psychological experience of the user (Wiepke and
Heinemann, 2024). The phrase “immersive VR” (IVR) is
frequently used in the literature to refer to virtual experiences
that involve a head-mounted display (HMD) that entirely
occludes the vision of a user’s physical environment, providing a
virtual environment that surrounds them in 360° (Bodzin et al.,
2021; Slater, 2009). An HMD enables the user to turn their head to
look around the environment and, in some virtual worlds, to move
amongst objects or other VR user avatars (Mancuso et al., 2024;
Sanchez-Vives and Slater, 2005; Soler-Domínguez et al., 2020). If full
spatial audio is enabled within the design, moving closer to a sound
source will make it more audible, and users can locate a sound by
turning their heads and moving closer to the source (Larsson et al.,
2010). Driving the global expansion of VR has been the release of
stand-alone headsets that operate without the need to connect to a
powerful computer to drive the graphics required to generate virtual
experiences. These stand-alone headsets now come at a cost point
that enables home users to enter a host of virtual worlds from the
comfort of their homes. Despite this more rapid recent progress,
widespread implementation as an education modality and through
enterprise applications remains in its infancy (Aebersold and
Gonzalez, 2023; Mota et al., 2024; Radianti et al., 2020; Rojas-
Sánchez et al., 2023).

1.2 Bibliometric reviews

Bibliometric reviews offer a range of mathematical and statistical
methods to map complex networks of publications within a given
field of research (Donthu et al., 2021). Bibliometric reviews have
become increasingly popular due to the improved accessibility of
bibliometric software for individuals without programming
expertise, the capacity to manage extensive volumes of
bibliographic data, and the production of high-impact research
(Donthu et al., 2021). The proliferation of scientific research in
many fields has required literature review approaches that enable
researchers to extract and analyse insights from publications that
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can number in the thousands. What emerges from the visualisations
of these networks is a birds-eye view of a vast field of study, revealing
networks of collaboration, evolving terminologies, and patterns of
influence (Mukherjee et al., 2022). Bibliometric reviews enable
researchers to explore topics more broadly and objectively across
many thousands of publications, providing a cartographic summary
of the intellectual structure of a field through an analysis of the
networked connections between publications (Donthu et al., 2021).
It is acknowledged that quantitative bibliometric measures do not
alone reflect the entirety of academic research in any given field. To
provide a necessary analytical balance, systematic reviews, meta-
analyses, or scoping reviews typically offer a focused scope, tighter
inclusion criteria, and an in-depth exploration of more specific
questions. Taken together, bibliometric analyses alongside
scoping, meta-analyses and systematic reviews provide a
comprehensive view of a field of study.

Until now, no bibliometric review has considered the field of
presence in VR. While several reviews focusing on a select group of
papers have attempted to refine and formalise definitions, the
broader application of the concept of presence in VR is largely
unmapped and fragmented across many research fields. These
reviews have proven valuable, as evidenced by the number of
attributed citations and contributions to academic discourse in
the field of VR presence. For example, Skarbez et al. (2017),
receiving 309 citations at the time of this review provides an
extensive survey of presence constructs found throughout the
literature. Similarly, Felton and Jackson (2022) unify disparate
definitions and identify presence determinants. Wilkinson et al.
(2021) limited their search to PsycINFO and ProQuest in their mini-
review of presence and immersion through a thematic content
analysis of 17 articles. A more recent review by Chen et al.
(2023) examines ways in which presence constructs have been
applied in the field of interactive marketing. A systematic review
by Wiepke and Heinemann (2024) explored the factors that
influence presence in virtual reality learning applications. From
yet another perspective, Caroux (2023) narrowed their focus to
55 articles from the Web of Science Core Collection, PsycINFO, and
Medline to investigate the relationship between game design and
presence. The role of immersive media as a tool for persuasive
communications is examined in a review by Breves (2023) focusing
on 108 articles taking spatial presence as the core focus. Oh et al.
(2018) carried out a systematic review of social presence, examining
the implications of various definitions and antecedents, gathering
495 citations. An early review of social presence theories and
measurement was carried out by Biocca et al. (2003), culminating
in 1221 citations. Further reviews have considered presence in
connection to embodiment (Schultze, 2010), human behaviour in
virtual environments (Barranco Merino et al., 2023), nonverbal
communication (Xenakis et al., 2022), sound design (Chaurasia
and Majhi, 2022), social robots (Almeida et al., 2022), flow and
narrative absorption (Pianzola, 2021), clinical care (Hilty et al.,
2020), presence questionnaires and physiological correlates
(Grassini and Laumann, 2020), cybersickness (Weech et al., 2019,
with 453 citations), and emotions (Diemer et al., 2015, receiving
585 citations). The following reviews consider presence in applied
settings such as serious games (Basille et al., 2023), augmented
reality games (Marto and Gonçalves, 2022), learning in virtual
reality (Hsu and Wang, 2021; Krassmann et al., 2024), pilot

training (Walters and Walton, 2021), social-emotional learning
(Hamzah et al., 2023), and cybertherapy (Spagnolli et al., 2014).
More recently, a systematic review by Kukshinov et al. (2025) found
that the use of presence questionnaires is frequently not a valid or
reliable measure of presence, and questionnaire modifications
perpetuate “confusion about the fundamental aspects of
presence” (p. 8). The present bibliometric review will
complement these previous reviews by providing a valuable
overview of presence in VR research that is unavailable through
the limited scope of systematic or scoping reviews.

A bibliometric analysis is carried out using twomain techniques:
performance analysis and science mapping (Donthu et al., 2021). A
performance analysis examines contribution measures, such as the
number of publications and citations per year, which become
proxies for productivity and influence. Science mapping examines
the relationships within a network through techniques such as co-
citation analysis, bibliographic coupling, and co-occurrence
analysis. Bibliometric reviews, therefore, require access to
bibliographic data that include document titles, abstracts,
keywords, and authors. Co-citation analyses and bibliographic
coupling require access to complete reference lists and, therefore,
provide a unique insight into the ways in which publications,
authors, and institutions are interconnected. Bibliographic
coupling examines the relatedness between documents, authors,
or journals based on the extent to which they share identical
references. For example, two papers are considered more
bibliometrically coupled if their reference lists include a number
of identical papers. A co-citation analysis considers document,
author, or journal relatedness based on how often they are cited
together (Ma et al., 2022). For example, two papers frequently
included in the reference lists across multiple publications have a
strong co-citation relationship. Keyword co-occurrence networks can
also be used to visualise terminology used across a body of scientific
literature. A co-occurrence network analysis extracts and visualises
the relationships between terms in titles, abstracts, and keywords of a
literature set to provide a map of conceptual structures. A
bibliometric review, therefore, provides valuable insight into large
fields of study to reveal key researchers, pivotal papers, emerging
themes, and network dependencies not available through other
literature review methods. The diversity and spread of presence
research make bibliometrics an ideal approach to objectively gain
insight into this complex field (Kraus et al., 2022; Lim and Kumar,
2024). A further aim of this study, as advocated by Mukherjee et al.
(2022), is to go beyond descriptions of the quantitative measures
entailed in performance analysis and science mapping to challenge
critical theoretical frameworks that dominate the extant literature
and uncover novel approaches for design and research.

2 Materials and methods

Selecting the source of bibliographic data is a central
consideration for a bibliometric review. The Web of Science
(WoS) and Scopus databases were selected because they are
regarded as two of the largest world-leading multidisciplinary
citation databases (Pranckutė, 2021; Zhu and Liu, 2020). Both
provide high-quality bibliographic records and, most importantly,
a complete list of references necessary for co-citation and
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bibliographic analyses. Google Scholar, in contrast, offers limited
search capabilities and no reference lists despite possibly providing
more comprehensive coverage (Wouters et al., 2015).

WoS and Scopus databases have been shown to contain highly
overlapping records; however, sufficient differences exist indicating that
selecting only one database would inevitably exclude papers only
available in the other source (Echchakoui, 2020; Visser et al., 2021;
Wouters et al., 2015). Caputo and Kargina (2022), Kumpulainen and
Seppänen (2022) and Ullah et al. (2023) have demonstratedmethods for
integrating bibliographic data fromWoS and Scopus to comprehensively
understand a research landscape. While merging data from both WoS
and Scopus creates data-wrangling hurdles, these challenges can be
outweighed by the importance of gathering a data set that is as
comprehensive as possible to ensure that critical authors and papers
are not excluded from analysis. Irregularities and duplicates in
bibliographic records can be corrected using systematic processes and
iterative corrections. Our approach began with a detailed data
identification process to ensure all relevant data were extracted from
WoS and Scopus (see Section 2.1). Data cleaning involved combining the
two data sets from each database, the removal of duplicate or irrelevant
documents, and the identification of data irregularities during the
creation of the tables and data visualisations (see Section 2.2).

For this study, Biblioshiny–an open-source R package from
Bibliometrix (Aria and Cuccurullo, 2017) version 4.0.0
(available at https://www.bibliometrix.org/home/index.php/
layout/biblioshiny) – was used in conjunction with VOSviewer
version 1.6.20 (van Eck andWaltman, 2010, https://www.vosviewer.
com/). Biblioshiny provides a user-friendly web interface to access
Bibliometrix without the need for coding and was used in the current
study to convert the WoS and Scopus files to a format amenable to
merging and to provide overviews of the entire dataset. Biblioshiny
also provided clear visualisations of the bibliographic data, ideal for
preliminary quantitative analysis (see Figures 2–7) and data cleaning.
VOSviewer was then selected to create the network visualisations not
available in Biblioshiny. VOSviewer uses the Leiden algorithm to
iteratively map and cluster nodes based on calculations of similarity
(Traag et al., 2019). VOSviewer applies a probabilistic calculation of
similarity using “association strength normalisation” resulting in
coloured clusters of closely related nodes [for a detailed discussion
of normalisation calculations, refer to van Eck and Waltman (2009)].
VOSviewer optimisations provide flexible ways to adjust visualisation
parameters, zoom and pan across network maps, search results, and
overlay visualisations of additional parameters. “Fractional counting”
used for calculating link strength in co-citation or bibliographic
coupling network maps provided a more balanced view of
parameter counts than “full-counting” methods by reducing the
excessive weighting influence of documents with larger numbers of
authors [see van Eck and Waltman (2018) for more details].
Combined, VOSviewer and Biblioshiny present multiple
perspectives on a bibliographic dataset that go beyond citation
counts as proxies for impact. They examine how publications,
authors and terminology are interconnected giving insight into the
structure of a scientific landscape.

The workflow for the current study followed the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) reporting guidelines, as illustrated in Figure 1 (Page
et al., 2021). Although PRISMA was designed primarily for
systematic reviews, the workflow provides a useful structure for

systematically and transparently reporting each stage of the review
process (Page et al., 2021).

Data analysis followed a sensemaking process involving an
iterative motion between scanning, sensing, and substantiating to
examine “where plausible meanings and rationales [can be] ascribed
to an observed phenomenon, subject, or trend after rigorous
evaluation, with the insights obtained having significant
implications for decision-making” (Lim and Kumar, 2024).
Scanning was required while adjusting algorithm parameters to
become familiar with the various network maps produced in
VOSviewer, to examine a map’s initial usefulness and to detect
data errors. Sensing involved a deeper analysis of the resultant
network maps to understand the underlying dynamics and
relationships that gave rise to the emergent patterns. Substantiating
involved a deeper reading of publications that emerged as prominent
in network maps. The third stage also included searches for papers
that offered novel insights but were less prominent in the network
maps. An extended analysis of these papers is beyond the scope of this
bibliometric analysis; however, this paper will present potential future
research directions to showcase links to the current study.

2.1 Data identification, search, and
extraction

Inclusion criteria were broad and inclusive of book chapters,
peer reviewed articles, conference presentations, and theses. Book
reviews, letters, publications in languages other than English,
retractions, and conference proceedings with no bibliographic
data were excluded. WoS and Scopus were searched in June
2024 using the following search strings, yielding a total of
21,482 records:

Scopus: TITLE-ABS-KEY (“Presence” AND (“Virtual Realit*”
OR “VR”)) yielding 9,210 results.

WoS: ALL = ((“Presence” AND (“Virtual Realit*” OR “VR”)))
yielding 12,272 results.

Scopus records were downloaded in one CSV file (BibTeX
format was unavailable for such a large file download). WoS
records could be downloaded in BibTeX format using the “Full
Record and Cited References” option, allowing 500 records to be
downloaded one at a time. Once downloaded, the WoS files were
opened in a text editor and then copy-pasted into one
combined document.

Following the work of Caputo and Kargina (2022), the WoS and
Scopus data were merged by importing the raw data into Biblioshiny
and then immediately saving them as two Microsoft Excel files, in
effect aligning formatting. The Scopus and WoS files were then
opened in Microsoft Excel, arranged vertically on the screen so the
WoS document was aligned under the Scopus file, then, the columns
in the WoS spreadsheet were rearranged to match the tags in the
Scopus sheet. Finally, the WoS data could then be manually copied
into the Scopus master spreadsheet to merge the two data sets.

2.2 Data cleaning

Several separate systematic and iterative processes were required
to clean the data set. First, duplicate records were removed, and
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second, records that included presence in the title or abstract but did
not relate to presence in VR were removed.

2.2.1 Duplicate removal
The find and remove duplicates feature of Microsoft Excel was

used for a combination of the Title (TI) AND author (AU) AND
publication year (PY) fields; however, this process was insufficient to
remove all duplicates. As stated by Ullah et al. (2023) “human
decision-making will always need to be involved in the selection and
merging process”. In this case, the most effective method in Excel
involved using Conditional Formatting (in the Home Tab) with
Highlight Cell rules to highlight duplicate values. A visual scan of the
highlighted TI, AU, abstract (ABS) and/or PY fields, although
lengthy, produced the most thorough and reliable method to
identify and mark duplicate records. Once marked, the sheet was
reordered, and duplicates were deleted. For consistency, the Scopus
record was retained in most cases, and the duplicateWoS record was
deleted. As the analysis through VOSviewer and Biblioshiny
proceeded, further duplicate or formatting discrepancies were
discovered and corrected in the Microsoft Excel file.

2.2.2 Dealing with the “presence of” phrase
A significant challenge for the database search was the many

different ways that “presence” was used in the title or abstract fields.
For example, presence was frequently used in a sentence where the
“presence of” a factor was under investigation and, in many cases,
these articles were not related to the study of presence in VR. The
search also brought in articles that included authors with “vr” in
their names. Furthermore, there was no consistency in the authors’
selection of presence as a keyword, which rendered a keyword search
insufficient for the retrieval of all presence-related publications. As a
result, it was not possible to use theWoS or Scopus search engines to

discriminate between the use of the phrase “presence of” in
unrelated studies. Consequently, the search string (“Presence”
AND (“Virtual Realit*” OR “VR”)), was used to capture all
documents and data cleaning was carried out in Microsoft Excel
to remove irrelevant titles.

The following process was used to highlight potentially
irrelevant articles with coloured text and a high-contrast
background to enable a visual scan through the Microsoft Excel
sheet. Firstly, conditional formatting was employed to highlight any
TI, AB, or Keyword cells that contained the term ‘presence’ with a
high-contrast background colour. Secondly, a Microsoft Excel
macro was constructed to search for terms and to make text
colour changes. The following sequence was used:

1. “Presence” and “Presence” changed to lighter pink
(colour code 7).

2. “Presence of” and “Presence of”, “presence/absence”, and
“presence or absence” “Presence and absence” changed to
dark blue (colour code 32).

3. “Sense of presence” and “Sense of presence” (including
“sensation of presence”, “immersion”, “copresence”,
“embodiment”, “level of presence”, “levels of presence”,
“feeling of presence”, “feelings of presence”, “co-presence”,
“feeling of presence”, “presence questionnaire”, “telepresence”,
“being there”, “cybersickness”, “virtual presence”, “tele-
presence”, “psychological presence”, “immersive presence”,
“spatial presence” and “social presence”) were changed to
yellow (colour code 6) for ease of identification of
relevant articles.

As a result, articles that contained “presence of” without other
phrases relevant to the current analysis could be identified and

FIGURE 1
A summary of the process following the PRISMA workflow. Title (TI), author (AU), abstract (AB) and publication year (PY) (Page et al., 2021).
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marked for removal (these fields in the Excel spreadsheet were
highlighted in yellow in step (3)). This method combined automated
processes to reduce the errors introduced by human decision-
making for relevance. If it was not clear whether an article was
relevant, the article was included since it would be unlikely to
significantly impact the overall data analysis, because calculations
of similarity for co-citation, co-occurrence, and bibliometric
coupling would be very low for an article not cited within the
field of presence research.

3 Results

The resultant data set now included 6,636 articles that addressed
presence in VR in some way. Several articles addressed the concept
of presence as the primary subject of investigation, while others
identified presence as a crucial factor in the selected research topic.
Additionally, some articles merely referenced presence within the
context of their background discussions. All were considered
relevant to this analysis with the aim of surveying all papers that
describe presence in VR as playing a role in their investigation.

3.1 Overview

A total of 6,636 documents (which included written works such
as conference papers, journal articles, and book chapters) were
included for analysis using Biblioshiny. Figure 2 shows the time
span from 1992 to June 2024 and includes 20,041 authors, 2,542
sources (which include journals, repositories, publishers and
conference proceedings), and 219,349 references (extracted from
reference lists found in document bibliographies). Please refer to the
Supplementary Table S1 for the complete bibliographic dataset of
6636 references.

3.1.1 Annual scientific publication
While consistent publication growth has occurred since 1992,

annual scientific production exhibits exponential growth, with the
most dramatic increase beginning in 2015 (see Figure 3). The
average annual growth rate was 14.54%. The sharp drop in
2024 appears because the data set only includes one-half
of the year.

3.1.2 Three-field plot of author-country, authors,
and cited references

A three-field plot is a Sankey diagram that traces the flow of
interactions across three bibliographic domains. Figure 4 provides a
view of interactions from author country (AU_CO) on the left,
author name (AU) in the middle, and cited references by name (CR_
SO) on the right (Riehmann et al., 2005). Sankey diagrams provide a
means to explore the complex information flows in highly connected
systems. The size of each rectangular node is proportional to the
strength of the interrelationships between each column.

In this case, while Italy shows the largest node, the spread of
countries indicates no single dominant country amongst the most
prominent authors. Several authors are affiliated by country, such as
Riva and Gaggioli in Italy, Latoschik and Steinicke in Germany, Kim
J, Kim GJ, Lee J and Lee S in the Republic of Korea, and Bessa and
Melo in Portugal. In general, thick lines of connection indicate that
most authors are strongly affiliated with one country, while thin
lines of connection to other countries suggest that some
international collaborations are evident. Line weightings
connecting to cited authors (CR_SO) on the right indicate a
heavy focus on frequently cited authors. For example, Slater in
the right column strongly connects to all authors in the middle
column. Authors, at times, frequently cite themselves, as is the case
for Riva and Slater. There is also a high incidence of authors (AU) in
the middle column, highly connected to many of the commonly
cited authors (CR_SO) in the right column. Therefore, while country
affiliations dominate researcher collaborations, citations indicate
strong reference connections across commonly cited authors.

3.1.3 Most relevant sources
A total of 2,542 sources were represented that refer to presence

in virtual reality. The top 25 sources are illustrated in Figure 5,
showing a dominance of the fields of computer science and human-
computer interaction journals in the top 10. Conference proceedings
are also prominent in this data set as evidenced by references to
Lecture Notes in Computer Science (Including Subseries Lecture
Notes in Artificial Intelligence and Lecture Notes in Bioinformatics),
IEEE (Institute of Electrical and Electronics Engineers) and ACM
(Association of Computing Machinery) publications. Psychology,
communications, health, and education fields appear as related fields
lower in the list. This source analysis reflects a dominance of
computer science and engineering sources, while interdisciplinary

FIGURE 2
Overview of the bibliometric dataset as produced using Biblioshiny.
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FIGURE 3
Annual scientific production as produced using Biblioshiny (N.B. 6 months data in 2024).

FIGURE 4
The three-field plot (Sankey diagram) of author country (AU_CO) on the left, author name (AU) in themiddle, and cited references by name (CR_SO)
on the right, created using Biblioshiny.
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connections in applied settings are emerging growth sectors. Note
that “Presence-Virtual and Augmented Reality” was formerly
“Presence-Teleoperators and Virtual Environments”, both titles
included in Figure 5.

3.1.4 Authors’ production over time
A longitudinal plot of authors’ production over time is presented

in Figure 6 where the size of each node indicates the number of
articles published, and the shade indicates tonal darkness
proportional to the total citations of articles from that year. A
dominant feature is the rapid increase in the number of
researchers from 2015 onwards and the evenness of distribution

of total citations during this period. A number of authors with a long
history of research related to presence in VR include Riva, Slater,
Steed, Alcañiz, Kim GJ, Gaggioli, Billinghurst, Lee S, Bouchard, Lee
J, Wang, Kim J, Kim H, and Kim S.

3.1.5 Lotka’s law
A classical bibliometric law used in scientometrics is Lotka’s law,

which sheds light on author productivity, positing that a small
number of authors disproportionately contribute to an overall body
of research while most authors contribute less (Lotka, 1926).
Figure 7 produced with Biblioshiny demonstrates such a pattern
of heavily imbalanced productivity in presence research, with

FIGURE 5
The top 25 most relevant sources produced using biblioshiny.

FIGURE 6
Top 25 authors’ production over time produced using Biblioshiny.
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16,073 authors contributing one publication. Alternatively,
20,031 authors collectively produced a total of 468 publications,
whereas the top 10 authors contributed 480 publications.

3.2 Network analysis

VOSviewer version 1.6.20 was selected to visualise the following
maps for the co-occurrence network, co-citation network, and
bibliographic coupling. Detailed VOSviewer settings are provided
with each analysis.

3.2.1 Co-occurrence analysis (title and abstract)
A co-occurrence analysis was carried out for words in the title

and abstract fields, representing a measure of the number of
documents where two words appear together. The size of each
node corresponds to the number of publications where the
corresponding term appears (van Eck and Waltman, 2014). The
proximity of nodes is proportional to the extent to which terms co-
occur. Of the seven clusters created, the first three dominate the
visualisation (See Table 1, and visualisation in Figure 8).

The VOSviewer settings for Figure 8 and Figure 9 were as
follows: Type: Co-occurrence Matrix (map) created based on text
data; Fields: Title and abstract (‘Ignore structured abstract labels’;
‘Ignore copyright statements’); Counting method: Binary counting;
Thesaurus used to correct formatting errors; Minimum number of
occurrences of a term: 10 (Of the 99,735 terms, 2,606 met the
threshold); Number of terms chosen: 2,606 chosen; Visualisation:
Weights: ‘Total link strength’ (not ‘total occurrences’, or ‘links’);
Colours: based on Clusters in Figure 8 and “Ave. pub. Year”
in Figure 9.

As expected, the term presence features in the central portions of
this visualisation in the blue cluster 3, as does virtual reality, sense,
immersion, experience, simulation and participant. The Blue cluster

centrally features terms related to studies of presence including
terms such as ‘study’, ‘effect’, ‘participant’, ‘data’, ‘level’ and ‘factor’.
Moving toward the upper left quadrant, the terminology centres on
therapeutic applications with terminology such as ‘intervention’,
‘efficacy’, ‘treatment’, ‘anxiety’, ‘disorder’, ‘symptom’, and
‘exposure’. Terms related to the measurement of presence such as
‘questionnaire’, ‘measure’, ‘reaction’, and ‘evidence’ also occur
within the blue cluster. To the upper central area are terms that
relate to adverse effects of VR including ‘cybersickness’ and
‘simulator sickness’.

The green cluster 2 is centred on the ‘user’ and the technical
elements required to provide an ‘environment’ or ‘virtual
environment’. Other terms related to the technical aspects of
immersive experiences such as ‘application’, ‘interaction’,
‘system’, ‘display’, ‘avatar’ and ‘performance’ appear in this lower
right quadrant. The red cluster 1 included the largest number of
terms with a focus on the ‘experience’ of users particularly in to
context of ‘learning’, ‘education’, ‘engagement’, and ‘teaching’.

The mustard, purple, teal and orange clusters are largely
hidden behind the three dominant clusters however if the larger
nodes in these clusters are selected in the VOSviewer map,
connecting lines to the first three clusters indicate that these
nodes are interconnected throughout the map. This is a unique
feature of this map. In contrast, co-occurrence networks in other
fields of study frequently show very distinct clusters positioned
apart from each other on the map. Of note in Figure 8 are the very
few occurrences of terms such as ‘illusion’, ‘place illusion’,
‘plausibility’ and ‘coherence’ which contrasts with their
prominence in recent literature reviews in the field of presence
(Skarbez et al., 2017; Weber et al., 2021). Similarly, the ‘gaming’
teal cluster 6 includes only 24 terms with lower occurrences
compared with the larger clusters, and is therefore not
prominent in the presence of VR literature. Cluster 6 includes
terms such as ‘gameplay’, ‘player’, and ‘game’.

FIGURE 7
Authors’ productivity through Lotka’s Law produced with Biblioshiny.
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The co-occurrence visual overlay illustrated in Figure 9 presents
an average year of publication spanning from 2014 to 2020. This
data indicates a notable increase in the frequency of the term’s
utilisation over the past decade. The lower right quadrant tends
toward an average age of 2014, while the upper left quadrant tends
toward an average age of 2020. Terms in 2014 are centred on
descriptions of the immersive features of a VR experience. These

include dominant terms such as system, environment, technology,
object, scene, display, real-time, tracking, etc. The upper and lower
left quadrant terms tend toward applied settings for VR, such as
intervention, efficacy, outcome, investigation, engagement, treatment,
teaching, learning, consumer, and user experience. The top right
quadrant features a range of terminology such as cybersickness,
sensory conflict, heart rate, intensity, and other terminology

FIGURE 8
A co-occurrence map generated by VOSviewer. Node size reflects ‘total link strength’, colour indicates the cluster to which a node belongs, and
lines between nodes represent links. The distance between nodes approximates relatedness (van Eck and Waltman, 2018).

TABLE 1 Co-occurrence clusters mapped in Figure 8.

Cluster 1 2 3 4 5 6 7

Colour Red Green Blue Mustard Purple Teal Orange

Topic User experience and
application in learning, play,
and the arts, tourism,
construction, collaboration

System
specifications and
the virtual
environment

Presence,
therapeutic
applications and
cyber-sickness

Simulation, and wide
range of topics inter-
connected with clusters
1, 2 & 3

A wide range of
topics inter-
connected with
clusters 1, 2 & 3

Gaming,
player
experience

Place
illusion,
plausibility

Number of
items

868 783 741 128 46 24 16
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describing the potentially adverse effects of VR. Overall, the colour
gradient from deep blue (average age 2014) to yellow (average age
2020) indicates a tendency toward emerging terms related to VR
applications in various fields, such as tourism, construction, training,
education, and medical interventions focusing on mental health,
anxiety, psychotherapy, and virtual reality exposure therapy.

A search for the term presence in the VOSviewer map reveals a
host of directly related words: cognitive presence; copresence;
experienced presence; greater presence; high presence; higher
presence; higher social presence; human presence; igroup
presence questionnaire; immersive presence; low presence; overall
presence; personal presence; physical presence; presence; presence
effect; presence experience; presence inventory; presence level;
presence questionnaire; presence rating; presence research;
presence score; presence theory; remote presence; self presence;
social presence; social presence theory; spatial presence; subjective
presence; telepresence; telepresence system; user presence; users
presence; and virtual presence (refer to Supplementary Table 2
for a complete list of all 2608 terms).

It is significant to note that of the 6636 publications found, only
2038 included presence as a keyword.

Presence remains a frequently used term in VR research and is
associated with many aspects of the VR experience, as evidenced by
its centrality in the map (Figure 9) and the number of connections to
other related words across the network. Furthermore, far from being
a simple conception, presence touches on all aspects of virtual reality

implementation. Therefore, presence remains a relevant and
multidimensional term. For a detailed review of presence
terminology, readers are encouraged to refer to reviews by
Skarbez et al. (2017), Oh et al. (2018), Felton and Jackson (2022),
Weber et al. (2021), Wilkinson et al. (2021) and Pianzola (2021).

3.2.2 Co-citation network
The VOSviewer settings for Figure 10 were as follows: Type: co-

citation analysis; Counting method: Fractional; Unit of analysis:
Cited references; Thesaurus used to correct formatting errors;
Minimum number of citations of a cited reference: 20 (Of
215,696 cited references, 181 met the threshold); Output:
6 clusters (see Table 2). Normalisation: by association strength.

A co-citation network analysis of cited references examines the
degree to which references are cited within the same document
(Perianes-Rodriguez et al., 2016). Each node represents a single
reference, and the size of the circle is proportional to the “total link
strength” of that reference. The distance between two nodes indicates
the link strength between two references as a measure of their
relatedness (van Eck and Waltman, 2018). A connecting line
indicates the co-citation links, and node colours indicate which
cluster the reference belongs to. A co-citation map provides insight
into the most interconnected documents within the global research
network. In this case, there are 181 references organised into six clusters
as outlined in Table 2 below. Figure 10 illustrates the co-citation map
generated by VOSviewer.

FIGURE 9
A co-occurrence average year of publication overlay map generated by VOSviewer. Node size reflects ‘total link strength’, coloured by the average
year of publication.
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The distinctive feature of this graph is the very high levels of
relationality between coloured clusters. While distinct clusters
were generated, there remains a high level of connection
between clusters, indicated by the numerous interconnected
curved lines and the centrality on the map of the largest nodes.
The publications indicated by the central large nodes in the map
have topics that focus on defining, measuring, and establishing a
framework to understand presence (Cummings and Bailenson,
2015; Heeter, 1992; Lee, 2004; Lombard and Ditton, 1997;
Sanchez-Vives and Slater, 2005; Slater et al., 1994; Slater and
Wilbur, 1997; Steuer, 1992; Witmer and Singer, 1998).
Furthermore, these large nodes around which the clusters form
are highly interconnected across clusters and are located in
relatively close proximity to each other, indicating high levels of
relatedness (van Eck and Waltman, 2018).

The top 30 references by citation count and “total link strength”
were published between 1976 and 2019 (average of 2002, see
Table 3). After the top 30 references shown in Table 3, the total
link strength shows only a marginal decrease among the remaining
references. Despite the rapid growth of publication output since
2015, the 181 references that met the link strength threshold for
inclusion in Figure 10, have an average age of 13 years (see
Supplementary Table S3 for a complete list of all 181 references
included in Figure 10). This shows both the extended period in
which presence has been researched and discussed while also
highlighting the elusive nature of generating one authoritative
definition and definitive measure of presence. The majority of the
earlier articles are concerned with describing, defining, and
explicating the concept of presence (Cummings and Bailenson,
2015; Heeter, 1992; Lee, 2004; Lombard and Ditton, 1997;

TABLE 2 Co-citation clusters as displayed in Figure 10.

Cluster 1 2 3 4 5 6

Colour Red Green Blue Mustard Purple Teal

Topic Defining presence Cybersickness Embodiment Physiological and therapeutic
outcomes

Learning and
education

Measuring and frameworks for
presence

Number of
items

46 41 36 22 22 14

FIGURE 10
A co-citation map generated by VOSviewer. Node size reflects ‘total link strength’, colour indicates the cluster to which a node belongs, and lines
between nodes represent links. The distance between nodes approximates the relatedness (van Eck and Waltman, 2018, p. 9).
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TABLE 3 Top 30 cited references ordered by ‘total link strength’ extracted from the co-citation map using VOSviewer.

Order Cluster Cited reference Citations Total link
strength

1 6 Witmer b.g., singer m.j., measuring presence in virtual environments: a presence questionnaire,
presence: teleoperators and virtual environments, 7, 3, pp. 225-240, (1998)

973 810.15

2 5 Kennedy r.s., lane n.e., berbaum k.s., lilienthal m.g., simulator sickness questionnaire: an enhanced
method for quantifying simulator sickness, the international journal of aviation psychology, 3, 3,
pp. 203-220, (1993)

471 396

3 1 Steuer j., defining virtual reality: dimensions determining telepresence, journal of communication, 42,
pp. 73-93, (1992)

410 377.71

4 2 Schubert t., friedmann f., regenbrecht h., the experience of presence: factor analytic insights, presence:
teleoperators and virtual environments, 10, 3, pp. 266-281, (2001)

409 363.67

5 6 Slater m., wilbur s., a framework for immersive virtual environments (five): Speculations on the role of
presence in virtual environments, presence: teleoperators and virtual environments, 6, 6, pp. 603-616,
(1997)

353 327.71

6 1 Lombard m., ditton t., at the heart of it all: the concept of presence, journal of computer-mediated
communication, 3, 2, (1997)

333 310

7 1 Lee k. m., presence, explicated, communication theory, 14, 1, pp. 27-50, (2004) 262 247

8 6 Heeter c., being there: the subjective experience of presence, presence: teleoperators and virtual
environments, 1, 2, pp. 262-271, (1992)

235 218

9 3 Sanchez-vives m.v., slater m., from presence to consciousness through virtual reality, nature reviews
neuroscience, 6, 4, pp. 332-339, (2005)

246 211

10 2 Slater m., usoh m., steed a., depth of presence in virtual environments, presence: teleoperators and virtual
environments, 3, 2, pp. 130-144, (1994)

222 205

11 5 Cummings j.j., bailenson j.n., how immersive is enough? a meta-analysis of the effect of immersive
technology on user presence, media psychology, 19, 2, pp. 272-309, (2016)

204 193

12 6 Lessiter j., freeman j., keogh e., davidoff j., a cross-media presence questionnaire: the itc-sense of presence
inventory, presence: teleoperators and virtual environments, 10, 3, pp. 282-297, (2001)

189 174

13 3 Slater m., place illusion and plausibility can lead to realistic behaviour in immersive virtual
environments, philosophical transactions of the royal society of london. series b, biological sciences, 364,
1535, pp. 3549-3557, (2009)

181 173

14 4 Slater m., a note on presence terminology, presence connect, 3, 3, pp. 1-5, (2003) 181 170

15 2 Usoh m., catena e., arman s., slater m., using presence questionnaires in reality, presence: teleoperators
and virtual environments, 9, 5, pp. 497-503, (2000)

188 164

16 6 Slater m., measuring presence: a Response to the witmer and singer presence questionnaire, presence:
teleoperators and virtual environments, 8, 5, pp. 560-565, (1999)

148 143

17 6 Sheridan t.b., musings on telepresence and virtual presence, presence: teleoperators and virtual
environments, 1, 1, pp. 120-126, (1992)

146 139

18 4 Bowman d.a., mcmahan r.p., virtual reality: How much immersion is enough?, computer, 40, 7, pp. 36-
43, (2007)

144 129

19 3 Short j., williams e., christie b., the social psychology of telecommunications, (1976) 150 111

20 6 Slater m., steed a., a virtual presence counter, presence: teleoperators and virtual environments, 9, 5,
pp. 413-434, (2000)

117 105

21 3 Kilteni k., groten r., slater m., the sense of embodiment in virtual reality, presence: teleoperators and
virtual environments, 21, 4, pp. 373-387, (2012)

102 96

22 2 Witmer b.g., jerome c.j., singer m.j., the factor structure of the presence questionnaire, presence:
teleoperators and virtual environments, 14, 3, pp. 298-312, (2005)

103 93

23 1 Diemer j., alpers g.w., peperkorn h.m., shiban y., muhlberger a., the impact of perception and presence
on emotional reactions: a Review of research in virtual reality, frontiers in psychology, 6, (2015)

93 89

24 5 Makransky g., terkildsen t.s., mayer r.e., adding immersive virtual reality to a science lab simulation
causes more presence but less learning, learning and instruction, 60, pp. 225-236, (2019)

97 88

25 2 88 85

(Continued on following page)
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Sanchez-Vives and Slater, 2005; Slater et al., 1994; Slater andWilbur,
1997; Steuer, 1992; Witmer and Singer, 1998), while more recent
articles expand to explore the impact of presence on users (Diemer
et al., 2015; Makransky et al., 2019; Sharples et al., 2008; Slater and
Sanchez-Vives, 2016; Weech et al., 2019).

3.2.3 Bibliographic coupling
A bibliographic coupling analysis of author networks is a method

that establishes a connection between two authors based on the number
of shared references in the documents they have authored. If two

authors cite one or more of the same document, they become
bibliographically coupled. Bibliographic coupling networks are used
to identify research communities and groups of authors working on
similar projects and topics within similar domains. Analysing the
relatedness between authors in a bibliographic network can also
reveal influential researchers and thought leaders within a field of
inquiry. The network map in Figure 11 provides a social network
analysis for visualising how authors are interconnected.

A bibliographic coupling network analysis of authors examines
the degree to which authors cite the same document (Perianes-

TABLE 3 (Continued) Top 30 cited references ordered by ‘total link strength’ extracted from the co-citation map using VOSviewer.

Order Cluster Cited reference Citations Total link
strength

Weech s., kenny s., barnett-cowan m., presence and cybersickness in virtual reality are negatively related:
a review, frontiers in psychology, 10, (2019)

26 3 Biocca f., harms c., burgoon j.k., toward amore robust theory andmeasure of social presence: Review and
suggested criteria, presence: teleoperators and virtual environments, 12, 5, pp. 456-480, (2003)

81 76

27 5 Csikszentmihalyi m., flow: the psychology of optimal experience, (1990) 80 73.71

28 5 Slater m., sanchez-vives m.v., enhancing our lives with immersive virtual reality, frontiers in robotics and
ai, 3, (2016)

80 70.5

29 3 Slater m., spanlang b., sanchez-vives m.v., blanke o., first person experience of body transfer in virtual
reality, plos one, 5, 5, (2010)

76 69

30 2 Sharples s., cobb s., moody a., wilson j.r., virtual reality induced symptoms and effects (vrise):
Comparison of head mounted display (hmd), desktop and projection display systems, displays, 29, 2,
pp. 58-69, (2008)

71 66

FIGURE 11
Bibliographic coupling map network of researchers generated by VOSviewer using fractional counting methodology–Node size reflects ‘total link
strength’, colour indicates cluster to which a node belongs, and lines between nodes represent links. The distance between nodes approximates
relatedness (van Eck and Waltman, 2018, p. 9).
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Rodriguez et al., 2016). Each circle represents a single author, and the
size of the circle is proportional to the “total link strength” of that author.
The distance between two circles indicates the link strength between two
authors as a measure of their relatedness (van Eck andWaltman, 2018).
Therefore, authors who frequently co-author will be located in close
proximity to each other. For example, ‘melo, miguel’ and ‘bessa,
maximino’ appear in very close proximity in Figure 11; a scan
through their output reveals that they frequently co-author
publications and therefore, their bibliographies are closely related. A
connecting line indicates the coupling links, and node colours indicate
which cluster the reference belongs to. A bibliographic coupling map
provides insight into authors who are most interconnected within the
global research network, with a focus on presence in virtual reality. Some
of the 545 authors in the network were not connected, so VOSviewer
provides the option only to include the 541 authors representing the
most extensive set of connected authors. In this case, the 541 authors
were organised into 34 clusters. The minimum cluster size was adjusted
to 35 to make the map more readable. Figure 11 illustrates the
bibliographic coupling map generated by VOSviewer.

The VOSviewer settings for Figure 11 and Figure 12 were as follows:
Analysis Type: Bibliographic coupling Unit of analysis: Author; Counting
method: fractional counting (Maximumnumber of authors per document:
25); Thesaurus used to correct formatting errors and duplications;
Threshold: Minimum number of documents of an author: 4; Minimum
citations of an author: 20. Number of authors: 546; 541 connected authors
included. Clustering: min. cluster size: 1; Weights: by Total link strength.
NOTE: Adjust settings to select Overlay Visualisation: Weights: by Total
link strength, Scores: Average publication date.

Figure 12 shows the same data set and map with an overlay that
colours each node based on the average publication year, providing a
longitudinal view of author output and network relatedness. Darker teal
coloured nodes indicate an average year closer to 2010 and the yellow
coloured nodes tend toward an average year of publication of 2020.

Similar to the co-citation network above, the bibliographic
coupling map presents a number of distinct clusters of authors
that align with instances of co-authorship. However, there are also
evident moderately high levels of relationality between clusters.
Several large clusters are centred around the authors with the
highest link strength (see Table 4). Cluster 4 appears distinct to
the left of the map (Figure 11), while clusters 1 and 2 are more
central and interconnected throughout the network.

4 Discussion

This bibliometric analysis of the past 30 years of research
demonstrates that presence remains a defining concept in virtual
reality. The exponential growth in usage (see Figure 3) signifies
that it continues to hold relevance in an expanding array of
applied settings. Nevertheless, it is also clearly demonstrated that,
beyond the concept of ‘being there’, how presence is defined continues
to be a focus for ongoing development (Kelly et al., 2024; Slater et al.,
2022; Souza et al., 2021; Tran et al., 2024). Figure 5 indicates that
virtual reality research is multidisciplinary in nature, yet it is also
evident that research outputs have been dominated by the domains of
computer science, psychology, telecommunications, and human-

FIGURE 12
An overlay bibliographic coupling network map of researchers generated by VOSviewer using fractional counting methodology. Colour indicates
the average age of publication. Node size reflects ‘total link strength’, and lines between nodes represent links. The distance between nodes approximates
relatedness (van Eck and Waltman, 2018, p. 9).
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computer interactions. Throughout the 1990s and early 2000s,
researchers were drawn to investigating how cognitive, emotional,
and sensory factors contributed to a user’s sense of presence (Figure 9
overlay co-occurrence map). The early focus was also on the technical
aspects of immersion and the impact of adjusting various parameter
settings in virtual reality, such as realism in graphics, spatial audio,
haptic feedback, and user interfaces (Figure 9). More recent studies
have diversified to explore the application of virtual reality more
broadly in domains such as tourism, construction, psychology (such
as VR exposure therapy), education and training (Figure 9). Of note in
Figure 8 is that current presence in VR terminology—such as ‘place
illusion’, ‘plausibility’ (cluster 7 in orange), ‘coherence’, ‘embodiment’

(the blue cluster 3 in Figure 10; Table 2), and ‘flow’—do not feature in
the 6636 articles reviewed in this study. It is also notable that despite
being an important feature in virtual reality design, ‘sound design’
(12 occurrences), ‘spatial audio’ (20 occurrences) or ‘audio’
(93 occurrences) receive very little attention in the presence
literature (Figure 8). Compare this with terms such as ‘haptic’
(297 occurrences), ‘display’ (864 occurrences), ‘virtual
environment’ (1728 occurrences), ‘environment’ (1643), ‘visual’
(654 occurrences) and ‘realism’ (401 occurrences), indicating a
more frequent focus in particular on visual aspects of virtual
reality design. In comparison, ‘sickness’ (in relation to
cybersickness, simulation sickness and motion sickness) accounts

TABLE 4 Top 30 authors ordered by ‘total link strength’ extracted from the map of bibliographic coupling using VOSviewer.

Author Cluster Documents Citations Total link strength

Riva, giuseppe 4 70 4,248 3377.49

Slater, mel 2 62 9,637 1755.86

Gaggioli, andrea 4 33 2,296 1755.53

Bessa, maximino 1 47 607 1743.24

Melo, miguel 1 46 617 1728.95

Latoschik, marc erich 6 29 913 1498.29

Alcañiz, mariano 4 38 2,727 1432.68

Mantovani, fabrizia 4 13 1,753 1267.21

Bailenson, jeremy 1 27 1,477 1227.15

Billinghurst, mark 3 39 1,023 1122.91

Steinicke, frank 2 38 954 1028.25

Lindeman, robert w. 5 27 614 902.79

Bruder, gerd 5 27 875 892.44

Welch, greg 5 22 1,018 862.22

Wienrich, carolin 6 19 247 843.51

Steed, anthony 2 33 3,199 825.11

Gonçalves, guilherme 1 16 177 798.38

Makransky, guido 1 13 2,034 723.69

Bouchard, stéphane 4 23 883 700.28

Botella, cristina 4 18 2,593 682.5

Chirico, alice 4 18 672 653.85

Felnhofer, anna 4 13 521 649.69

Kothgassner, oswald d. 4 12 504 609.29

Schild, jonas 4 15 186 595.82

Wolf, erik 6 10 108 592.71

Riecke, bernhard e. 2 15 516 580.93

Skarbez, richard 2 11 696 574

Palmisano, stephen 1 11 397 573.16

Renaud, patrice 4 12 603 567.48

kim, gerard j. 5 40 444 566.61
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for 632 occurrences. The largest growth in terminology usage as seen
in the left region of Figure 9 (indicated by the shading of colour from
teal to yellow) is in the use of presence in applied settings such as in
education, arts, tourism, construction and collaborative
environments. A call for further development of interdisciplinary
efforts and affordances of virtual reality have been echoed by van der
Meer et al. (2023), Chirico and Gaggioli (2023), Chatain et al. (2023),
Hartmann and Hofer (2022) and Pianzola et al. (2021).

While many authors in Figure 4 are affiliated with multiple
countries, most tend to collaborate primarily with colleagues from
one or two specific countries. It is also interesting to note the evenness
of distribution of cited authors across the countries of Italy, Portugal,
Korea, Spain, UK, USA, Germany and Australia (Figure 4). The Lotka
graph in Figure 7 indicates that the discourse has been dominated by a
few key authors. This provides a guide for researchers new to the field
to understand who the most prominent voices have been, however
this may also indicate the potential for bias due the dominance of a
small number of authors (Figure 6; Table 4). Figure 6 shows that this is
changing as more researchers have become increasingly prolific,
especially since 2016. A closer look at output over the last 9 years
from these authors also indicates emerging approaches to
understanding and researching presence in VR (see Section 4.1).

The results of this current study indicate that the historical
emphasis in the VR literature has been on the “technological
properties of the system rather than the human abilities or other
cognitive/affective variables” (red cluster 2 in Figure 8 and associated
Table 1; (Chen et al., 2023). Similarly, the historical focus on
technological properties of VR is showing signs of diversifying as
user-experience terminology and the expansion of applied settings for
VR indicates gradual change (indicated by the yellow terms in
Figure 9). Slater and Wilbur (1997) have ascribed these objective
technical features of VR to properties of immersion rather than
presence, therefore for the scholarly presence discourse to move
forward, this distinction needs to continue to become more clearly
reflected in the literature. Another imbalance in presence terminology
made apparent in Figures 8, 9, is a dominating emphasis on the spatial
dimensions of presence, where the user feels that they are ‘there’, with
the resultant associated terminology focused on the immersive
characteristics of VR that surround the user rather than the
psychological experience of presence. This observation is echoed by
Kelly et al. (2024), Latoschik and Wienrich (2022) and Riva and
Mantovani (2000). Furthermore, Wiepke and Heinemann (2024)
found that the personal psychological dispositions of users, such as
domain-specific interest, spatial intelligence, agreeableness, and
absorption, were the most prominent factors influencing learner
presence. This emphasises the influence of socio-cultural factors
beyond the technical and virtual features of a VR experience that
are yet to be reflected in the extant literature. The dominance of the use
of presence questionnaires and quantitative measures of presence is
represented in the literature sample by the terms most frequently
associated with presence (shown in italics following Figure 9), such as
“igroup presence”, “presence inventory”, and “presence score”. The co-
citation map (Figure 10) and associated Table 3, presenting the top
30 cited articles, illustrate that descriptions and the use of post-
experience presence questionnaires dominate the most commonly
cited papers. Despite being the most commonly used measure of a
user’s perception of presence, the value of the presence questionnaire
has been challenged because it “may bring about the very feelings that it

is supposed to measure” (Slater et al., 2022), leading to a
“methodological circularity” (Graf and Schwind, 2020; Sanchez-
Vives and Slater, 2005). In a recent systematic review by Kukshinov
et al. (2025), a lack of standardisation diminishes the reliability of
presence questionnaires, which may also lack necessary validation.
Questionnaires that examine the there-ness or the realism of an
experience are helpful but may not be sufficient to provide insight
into the phenomenology of presence. As noted by Kelly et al. (2024)
phenomenological methodologies that move beyond the technical
descriptions of immersion and prescriptive descriptions of the
presence experience are not significantly represented in the
literature. A number of studies utilise group discussions and
interviews to address this bias, however, these studies do not
feature in the extant literature (see Figures 8, 9, and discussion by
Slater et al., 2022).

Considering that only a third of the included papers applied presence
as a keyword in Scopus andWoS, it follows that a more consistent use of
presence as a keyword in related research would facilitate future
bibliometric, systematic, or scoping literature reviews. Bibliographic
data provide the foundation of searchability for researchers navigating
a body of research, therefore, implementing greater consistency in
keyword allocation would provide a simple means to connect research
from disparate disciplines engaged with presence in VR. The consistent
application of presence as a keyword would enable researchers to create
database alerts that would give new researchers fast access to a readership
interested in their field of research and give readers convenient access to
the most current developments in the field of presence research.

The results of this bibliometric review, therefore, present a unique
overview of publishing trends in relation to author networks,
evolution of presence terminology, seminal papers, and dominant
themes in presence research. These papers serve as valuable resources
not only for information regarding the evolution of research trends
but also potential points of departure for the exploration of emerging
concepts in presence research.

4.1 An extended analysis of contemporary
publications

The following discussion represents an extended analysis of
contemporary publications that present several examples of nascent
areas for development that are yet to feature in bibliographic data. These
emerging considerations for presence research are not a comprehensive
list or an in-depth analysis however they serve to illustrate ways in which
future research can both complement and depart fromdominant themes
evident in the broader presence literature.

One emerging approach capable of considering the
multidimensionality of presence is the phenomenological perspective
as described by Kelly et al. (2024). A phenomenological approach
retains space for the ongoing work of defining and describing key
aspects of the user experience while embracing complex systems views
where themultiple entangled factors can be considered and approached
from different design, implementation, and research perspectives
(Libin, 2001). It is at this juncture where opportunities for
researchers to explore presence through different ontologies offer
holistic approaches to understanding user experiences.

Latoschik and Wienrich (2022) (see Table 4; Figure 11)
challenge current presence terminology arguing that “place
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illusion cannot be the major construct” defining the sense of
presence and that illusion is an unnecessary suffix to place or
plausibility since all qualia are, by definition, subjective
psychological experiences. This is not a new idea. For Mantovani
and Riva (1999) who also feature in Table 4 and Figure 11, the
meaning of presence is an ontological concept embedded in a
sociocultural web of interactions rather than based solely on a
literal physical conception of ‘being there’. They aim to escape an
artificially dualistic notion of distinguishing between “real” and
“virtual” and the dependency of presence on the fidelity of
reproduction of physical realities. Therefore, presence is more
broadly described as “relational and interactive; from here, we
can start to see environments as networks in which people and
things construct themselves mutually” (Mantovani and Riva, 1999).
This sociocultural concept expands possible avenues for research by
considering the experience of presence in a way that recognises the
multidimensionality of the human experience of reality. This is
particularly relevant when considering VR as an educational
modality for meaning-making.

A bibliometric review provides insight into dominant influences
within a body of research however it is essential to examine what is
not made visible in the network maps. If we stop simply at
examining the most visible themes and trends in the presented
data, we risk reinforcing these trends without critically analysing
whether these trends indicate future directions or a need for change
and development. We can take, for example, two recent publications
by Pianzola et al. (Pianzola, 2021; Pianzola et al., 2021) to illustrate
this point. Pianzola (2021) examined questionnaires most
commonly used in studies of “presence”, “flow”, and “narrative
absorption”, uncovering the many overlapping concepts and, in the
process, revealing how bringing together convergent themes from
multiple domains provides useful insights for future design and
research. Pianzola et al. (2021) embody these opportunities in their
follow-up publication, where they “propose a new cognitive model
of presence-related phenomena for mediated and non-mediated
experiences” (p. 1) based on predictive processing. As such, a domain
that does not feature in this bibliometric review is the contribution of
cognitive neuroscience (41 occurrences in the cooccurrence map
Figure 8). As highlighted by Pianzola (2021), for example, the
concept of predictive processing appears to provide important
insights into the phenomenon of presence, however, the impact
of such ideas and research is yet to be fully realised in the extant
presence research. Neither these papers nor the concepts mentioned
(such as ‘embodied cognition’) feature in the bibliometric data.

A further avenue of research related to predictive processing not
prominent in the bibliometric data is the cognitive science theory of
embodied cognition (Lakoff, 2012; Schubert et al., 2001; Felisatti and
Fischer, 2024). This concept is distinct (but not exclusively) from
embodiment, which is commonly referred to in VR literature as the
extent to which a user integrates virtual entities, such as their avatar,
into their personal body representations (see Table 2; Figure 9;
Table 4; Forster et al., 2022). In contrast, embodied cognition refers to
the ways in which thinking and learning are inseparably entangled
with bodily states, actions, and interactions with the environment
(Walkington et al., 2023; Wilson, 2002). Walkington et al. (2023)
propose a Multimodal Analysis of Embodied Technologies (MAET)
to take advantage of the affordances of VR technologies that give
users up to 6 degrees of freedom (6DOF), haptics and body tracking,

engaging the user’s whole body in a virtual experience. While
embodiment in virtual environments is more frequently discussed
in the literature (301 occurrences in Figure 8), the bibliometric
review revealed that embodied cognition surprisingly receives little
mention (no occurrences in Figure 8) despite being a prominent
feature of VR technologies where the whole body can be involved
and tracked in a virtual experience (Pianzola et al., 2021). As an
emerging educational modality, VR is capable of providing
interactive, non-linear, dynamic, and multi-sensory simulations
engaging the potential of embodied cognition to enhance
learning (Johnson-Glenberg and Megowan-Romanowicz, 2017;
Liu, 2024; Radianti et al., 2020). Felisatti and Fischer (2024) used
bibliometric data to show a rapid growth in the number of journal
publications and citations that contain the term ‘embodied
cognition’ in the last 10 years. Bibliometric data in the field of
presence in virtual reality research does not follow this trend,
representing a potential area for future research.

5 Strengths and limitations

A bibliometric analysis provides a view of data from a certain
vantage point that risks an over-emphasis on quantitative measures
of scholarly output, which may not necessarily reflect the most
salient ideas in the extant research. Readers are encouraged to use
the presented data to guide further investigations of cited authors,
sources, and publications. The CoARA statement on the role of
scientometrics in the assessment of research advocates for the need
to use a combination of qualitative and quantitative approaches in
the evaluation of research and that research assessment reform
needs scientometrics (Balboa et al., 2024; Mukherjee et al., 2022).
Narrative bibliometrics as described by Torres-Salinas et al. (2024)
and the sense-making approach outlined by Lim and Kumar (2024)
provided methodological guidance to give meaningful context to the
presented quantitative data. The reader is also encouraged to explore
the list of literature reviews in Section 1.2 to provide additional
context to the overview of this bibliometric analysis.

6 Conclusion

Charting the landscape of presence in virtual reality research has
provided insight into publication themes, the evolution of
terminology, influential researchers, and central documents. In
answer to the guiding research questions, the concept of presence
continues to hold relevance in the research and design of virtual
reality experiences. Defining, measuring, and designing for presence
have been the topic of scholarly discourse for over 3 decades and it
continues to be an evolving concept. Researchers engage with
presence recognising its significance in VR experiences despite
being challenged by the idiosyncrasies of individual user
perceptions. This bibliometric review suggests that cross-
disciplinary connections in the conceptualisation of presence are
necessary due to the use of VR technologies in an ever-widening
range of applied settings. Despite this growth, what is evident is that
this research history has been dominated by computer science and
engineering publications. Multidisciplinary approaches open
pathways for understanding presence by combining
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methodologies and conceptual approaches that embrace multiple
complex variables. The dominance of quantitative measures of
presence highlights the need to explore other methodologies that
can provide richer data relevant to the idiosyncratic user
experience of presence. The increasing diversity of
terminology, authors, and article citations published since
2016 reflects this expanding scholarly conversation. The
extended analysis of contemporary publications further
revealed where research is beginning to challenge established
definitions of presence emphasising the need for future research
that complements and departs from dominant themes evident in
the bibliometric data.

Patterns of scholarly discourse evident in the network maps
have revealed dominant authors, papers, and themes, thereby
inviting further discussion about where opportunities lie to
challenge established practices and to identify future research
opportunities. What is apparent from the wealth of research is
that presence is a multidimensional and complex phenomenon
contingent on multiple interconnected influences that are
entangled in individual subjective human experiences. As an
emerging educational modality, presence offers a rich
conceptual framework to examine the unique affordances of VR
for learning and meaning-making. Similarly, fields such as
psychology, communications, and health are showing a
significant growth in research output. As the market for virtual
reality hardware and content continues to grow, educators, artists,
technologists, and scholars can find in the concept of presence rich
opportunities to continue to explore how best to implement VR in
their own settings.

7 Statements and declarations

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

All authors contributed to the study’s conception and design.
Data collection from the Web of Science and Scopus, and analysis
were performed by PhilipWilliams. The first draft of the manuscript
was written by Philip Williams, and all authors commented on
previous versions of the manuscript. All authors read and approved
the final manuscript.

Data availability statement

The complete bibliographic dataset analysed in this article is
included in the supplementary material (Supplementary Table S1).
Interactive versions of the network maps are available at https://
www.presenceinvr.com. Further inquiries can be directed to the
corresponding authors.

Author contributions

PW: Investigation, Resources, Conceptualization, Visualization,
Methodology, Formal Analysis, Writing – original draft,
Writing – review and editing, Data curation, Software. MK:

Writing – original draft, Conceptualization, Supervision,
Writing – review and editing, Investigation, Methodology. DR:
Writing – review and editing, Supervision, Writing – original
draft, Conceptualization, Methodology, Investigation. IG:
Writing – original draft, Methodology, Supervision, Investigation,
Writing – review and editing, Conceptualization.

Funding

The authors declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative AI statement

The authors declare that Generative AI was used in the creation
of this manuscript. No content was generated using generative AI.
All content was created through original authorship by
acknowledged contributors. The authors declare that Generative
AI was used to help with editing for spelling and
correcting grammar.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/frvir.2025.1691240/
full#supplementary-material

SUPPLEMENTARY TABLE S1
Complete bibliographic dataset as downloaded from Biblioshiny.

SUPPLEMENTARY TABLE S2
Co-occurrence terms included in Figure 8. The number of occurrences and
relevance score are included.

SUPPLEMENTARY TABLE S3
Extended version of Table 3 with all 181 references included in Figure 10.

Frontiers in Virtual Reality frontiersin.org19

Williams et al. 10.3389/frvir.2025.1691240

https://www.presenceinvr.com
https://www.presenceinvr.com
https://www.frontiersin.org/articles/10.3389/frvir.2025.1691240/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/frvir.2025.1691240/full#supplementary-material
https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://doi.org/10.3389/frvir.2025.1691240


References

Aebersold, M., and Gonzalez, L. (2023). Advances in technology mediated nursing
education. OJIN Online J. Issues Nurs. 28, 2. doi:10.3912/OJIN.Vol28No02Man06

Almeida, L., Menezes, P., and Dias, J. (2022). Telepresence social robotics towards co-
presence: a review. Appl. Sci. 12, 5557. doi:10.3390/app12115557

Aria, M., and Cuccurullo, C. (2017). Bibliometrix: an r-tool for comprehensive science
mapping analysis. J. Inf. 11 (4), 959–975. doi:10.1016/j.joi.2017.08.007

Balboa, L., Gadd, E., Mendez, E., Pölönen, J., Stroobants, K., Cithra, E. T., et al. (2024).
Lse impact blog: the role of scientometrics in the pursuit of responsible research
assessment. Available online at: https://coara.eu/news/lse-impact-blog-the-role-of-
scientometrics-in-the-pursuit-of-responsible-research-assessment/.

BarrancoMerino, R., Higuera-Trujillo, J. L., and Llinares Millán, C. (2023). The use of
sense of presence in studies on human behavior in virtual environments: a systematic
review. Appl. Sci. 13, 24. doi:10.3390/app132413095

Basille, A., Lavoué, É., and Serna, A. (2023). “Presence and embodiment in serious
games: a literature review,” in ACM International Conference Proceeding Series, 2023
(New York, NY, United States: Association for Computing Machinery). doi:10.1145/
3583961.3583982

Beck, D. E., Fishwick, P. A., Kamhawi, R., Coffey, A. J., and Henderson, J. (2011).
Synthesizing presence: a multidisciplinary review of the literature. J. Virtual Worlds Res.
3. doi:10.4101/jvwr.v3i3.1999

Biocca, F., Harms, C., and Burgoon, J. K. (2003). Toward a more robust theory and
measure of social presence: review and suggested criteria. Teleoperators and Virtual
Environ. 12, 456–480. doi:10.1162/105474603322761270

Bodzin, A., Junior, R. A., Hammond, T., and Anastasio, D. (2021). Investigating
engagement and flow with a placed-based immersive virtual reality game. J. Sci. Educ.
Technol. 30 (3), 347–360. doi:10.1007/s10956-020-09870-4

Bowman, D. A., and Mcmahan, R. P. (2007). Virtual reality: how much immersion is
enough? Computer 40 (7), 36–43. doi:10.1109/MC.2007.257

Breves, P. (2023). Persuasive communication and spatial presence: a systematic
literature review and conceptual model. Ann. Int. Commun. Assoc. 47 (2), 222–241.
doi:10.1080/23808985.2023.2169952

Caputo, A., and Kargina, M. (2022). A user-friendly method to merge scopus and web
of science data during bibliometric analysis. J. Mark. Anal. 10 (1), 82–88. doi:10.1057/
s41270-021-00142-7

Caroux, L. (2023). Presence in video games: a systematic review and meta-analysis of
the effects of game design choices. Appl. Ergon. 107, 103936. doi:10.1016/j.apergo.2022.
103936

Chalmers, D. J. (2022). Reality+: virtual worlds and the problems of philosophy. New
York, Ny: W. W. Norton and Company.

Chatain, J., Kapur, M., and Sumner, R. (2023). Three perspectives on embodied
learning in virtual reality opportunities for interaction design, 23. Hamburg,
Germany: CHI EA, 1–8. doi:10.1145/3544549.3585805

Chaurasia, H. K., and Majhi, M. (2022). “Sound design for cinematic virtual reality: a
state-of-the-art review,” in Lecture notes in networks and systems. Editors
D. Chakrabarti, S. Karmakar, and U. R. Salve (Springer Science and Business Media
Deutschland GmbH), 357–368. doi:10.1007/978-3-030-94277-9_31

Chen, C., Hu, X., and Fisher, J. T. (2023). “The conceptualization of “presence” in
interactive marketing: a systematic review of 30 years of literature,” in The palgrave
handbook of interactive marketing. Editor C. L. Wang (Cham: Springer International
Publishing). doi:10.1007/978-3-031-14961-0_18

Chirico, A., and Gaggioli, A. (2023). “Virtual reality for awe and imagination,” in
Virtual reality in behavioral neuroscience: new insights and methods. doi:10.1007/7854_
2023_417

Clark, A., and Chalmers, D. (1998). The extended mind. Anal. Oxf. 58 (1), 7–19.
doi:10.1111/1467-8284.00096

Cummings, J. J., and Bailenson, J. N. (2015). How immersive is enough? A meta-
analysis of the effect of immersive technology on user presence. Media Psychol. 19 (2),
272–309. doi:10.1080/15213269.2015.1015740

Diemer, J., Alpers, G. W., Peperkorn, H. M., Shiban, Y., and Mühlberger, A. (2015).
The impact of perception and presence on emotional reactions: a review of research in
virtual reality. Front. Psychol. 6, 26. doi:10.3389/fpsyg.2015.00026

Donthu, N., Kumar, S., Mukherjee, D., Pandey, N., and Lim, W. M. (2021). How to
conduct a bibliometric analysis: an overview and guidelines. J. Bus. Res. 133, 285–296.
doi:10.1016/j.jbusres.2021.04.070

Echchakoui, S. (2020). Why and how to merge scopus and web of science during
bibliometric analysis: the case of sales force literature from 1912 to 2019. J. Mark. Anal. 8
(3), 165–184. doi:10.1057/s41270-020-00081-9

Felisatti, A., and Fischer, M. H. (2024). Experimental methods in embodied cognition:
how cognitive psychologists approach embodiment. Abingdon, Oxon: Routledge.

Felton, W. M., and Jackson, R. E. (2022). Presence: a review. Int. J. Human-Computer
Interact. 38 (1), 1–18. doi:10.1080/10447318.2021.1921368

Forster, P.-P., Karimpur, H., and Fiehler, K. (2022). Why we should rethink our
approach to embodiment and presence. Front. Virtual Real. 3, 838369. doi:10.3389/
frvir.2022.838369

Graf, S., and Schwind, V. (2020). “Inconsistencies of presence questionnaires in
virtual reality,” in Proceedings of the 26th ACM symposium on virtual reality software
and technology. Canada: Association for Computing Machinery. doi:10.1145/3385956.
3422105

Grassini, S., and Laumann, K. (2020). Questionnaire measures and physiological
correlates of presence: a systematic review. Front. Psychol. 11, 349. doi:10.3389/fpsyg.
2020.00349

Hamzah, I., Salwana, E., Billinghurst, M., Baghaei, N., Ahmad, M. N., Rosdi, F., et al.
(2023). “Virtual reality for social-emotional learning: a review,” in Advances in Visual
informatics: 8th International visual informatics conference, IVIC 2023, Selangor,
Malaysia, November 15–17, 2023, proceedings. Editors H. B. Zaman, P. Robinson,
A. F. Smeaton, R. L. D. Oliveira, B. N. Jørgensen, T. K. Shih, et al. (Singapore: Springer
Nature Singapore Pte Ltd.), 119–130. doi:10.1007/978-981-99-7339-2

Hartmann, T., and Hofer, M. (2022). I know it is not real (and that matters) media
awareness vs. presence in a parallel processing account of the vr experience. Front.
Virtual Real. 3, 694048. doi:10.3389/frvir.2022.694048

Heeter, C. (1992). Being there: the subjective experience of presence. Presence
Teleoperators Virtual Environ. 1 (2), 262–271. doi:10.1162/pres.1992.1.2.262

Hilty, D. M., Randhawa, K., Maheu, M. M., Mckean, A. J. S., Pantera, R., Mishkind,
M. C., et al. (2020). A review of telepresence, virtual reality, and augmented reality
applied to clinical care. J. Technol. Behav. Sci. 5 (2), 178–205. doi:10.1007/s41347-
020-00126-x

Hsu, H. C. K., andWang, C. (2021). “Assessing the impact of immersive virtual reality
on objective learning outcomes based on presence, immersion, and interactivity: a
thematic review,” in Learning technologies and user interaction: diversifying
implementation in curriculum, instruction, and professional development. New York,
NY, United States: Taylor & Francis. doi:10.4324/9781003089704-5

Johnson-Glenberg, M. C., and Megowan-Romanowicz, C. (2017). Embodied science
and mixed reality: how gesture and motion capture affect physics education. Cognitive
Res. Princ. Implic. 2, 24. doi:10.1186/s41235-017-0060-9

Kelly, N. J., Hallam, J., and Bignell, S. (2024). Using interpretative phenomenological
analysis to gain a qualitative understanding of presence in virtual reality. Virtual Real.
28, 1–58. doi:10.1007/s10055-024-00940-1

Krassmann, A. L., Melo, M., Pinto, D., Peixoto, B., Bessa, M., and Bercht, M. (2024).
How are the sense of presence and learning outcomes being investigated when using
virtual reality? A 24 years systematic literature review. Interact. Learn. Environ. 32 (7),
1–24. doi:10.1080/10494820.2023.2184388

Kraus, S., Breier, M., Lim, W. M., Dabić, M., Kumar, S., Kanbach, D., et al. (2022).
Literature reviews as independent studies: guidelines for academic practice. Rev. Manag.
Sci. 16 (8), 2577–2595. doi:10.1007/s11846-022-00588-8

Kukshinov, E., Tu, J., Szita, K., Senthil Nathan, K., and Nacke, L. E. (2025).
Widespread yet unreliable: a systematic analysis of the use of presence
questionnaires. Interact. Comput., iwae064. doi:10.1093/iwc/iwae064

Kumpulainen, M., and Seppänen, M. (2022). Combining web of science and scopus
datasets in citation-based literature study. Scientometrics 127 (10), 5613–5631. doi:10.
1007/s11192-022-04475-7

Lakoff, G. (2012). Explaining embodied cognition results. Top. Cognitive Sci. 4 (4),
773–785. doi:10.1111/j.1756-8765.2012.01222.x

Larsson, P., Väljamäe, A., Västfjäll, D., Tajadura-Jiménez, A., and Kleiner, M. (2010).
“Auditory-induced presence in mixed reality environments and related technology,” in
The engineering of mixed reality systems. Editors E. Dubois, P. Gray, and L. Nigay
(London: Springer). doi:10.1007/978-1-84882-733-2_8

Latoschik, M. E., andWienrich, C. (2022). Congruence and plausibility, not presence:
pivotal conditions for XR experiences and effects, a novel approach. arXiv.Org. 3,
694433. doi:10.3389/frvir.2022.694433

Lee, K. M. (2004). Presence, explicated. Commun. Theory 14 (1), 27–50. doi:10.1111/j.
1468-2885.2004.tb00302.x

Libin, A. (2001). “Virtual reality as a complex interactive system: a multidimensional
model of person artificial partner co-relations,” in Proceedings Seventh International
Conference on Virtual Systems and Multimedia, 652–657. doi:10.1109/VSMM.2001.
969724

Lim, W. M., and Kumar, S. (2024). Guidelines for interpreting the results of
bibliometric analysis: a sensemaking approach. Glob. Bus. Organ. Excell. 43 (2),
17–26. doi:10.1002/joe.22229

Lioce, L., Lopreiato, J., Downing, D., Chang, T. P., Robertson, J. M., Anderson, M.,
et al. (2020). in Healthcare simulation dictionary. 2.1 ed. (Rockville, MD: Agency for
Healthcare Research and Quality).

Liu, H. (2024). Mathematical modeling of embodied cognition and personalized
learning in interactive virtual reality: a nonlinear systems approach. Appl. Math.
Nonlinear Sci. 9, 20242630. doi:10.2478/amns-2024-2630

Frontiers in Virtual Reality frontiersin.org20

Williams et al. 10.3389/frvir.2025.1691240

https://doi.org/10.3912/OJIN.Vol28No02Man06
https://doi.org/10.3390/app12115557
https://doi.org/10.1016/j.joi.2017.08.007
https://coara.eu/news/lse-impact-blog-the-role-of-scientometrics-in-the-pursuit-of-responsible-research-assessment/
https://coara.eu/news/lse-impact-blog-the-role-of-scientometrics-in-the-pursuit-of-responsible-research-assessment/
https://doi.org/10.3390/app132413095
https://doi.org/10.1145/3583961.3583982
https://doi.org/10.1145/3583961.3583982
https://doi.org/10.4101/jvwr.v3i3.1999
https://doi.org/10.1162/105474603322761270
https://doi.org/10.1007/s10956-020-09870-4
https://doi.org/10.1109/MC.2007.257
https://doi.org/10.1080/23808985.2023.2169952
https://doi.org/10.1057/s41270-021-00142-7
https://doi.org/10.1057/s41270-021-00142-7
https://doi.org/10.1016/j.apergo.2022.103936
https://doi.org/10.1016/j.apergo.2022.103936
https://doi.org/10.1145/3544549.3585805
https://doi.org/10.1007/978-3-030-94277-9_31
https://doi.org/10.1007/978-3-031-14961-0_18
https://doi.org/10.1007/7854_2023_417
https://doi.org/10.1007/7854_2023_417
https://doi.org/10.1111/1467-8284.00096
https://doi.org/10.1080/15213269.2015.1015740
https://doi.org/10.3389/fpsyg.2015.00026
https://doi.org/10.1016/j.jbusres.2021.04.070
https://doi.org/10.1057/s41270-020-00081-9
https://doi.org/10.1080/10447318.2021.1921368
https://doi.org/10.3389/frvir.2022.838369
https://doi.org/10.3389/frvir.2022.838369
https://doi.org/10.1145/3385956.3422105
https://doi.org/10.1145/3385956.3422105
https://doi.org/10.3389/fpsyg.2020.00349
https://doi.org/10.3389/fpsyg.2020.00349
https://doi.org/10.1007/978-981-99-7339-2
https://doi.org/10.3389/frvir.2022.694048
https://doi.org/10.1162/pres.1992.1.2.262
https://doi.org/10.1007/s41347-020-00126-x
https://doi.org/10.1007/s41347-020-00126-x
https://doi.org/10.4324/9781003089704-5
https://doi.org/10.1186/s41235-017-0060-9
https://doi.org/10.1007/s10055-024-00940-1
https://doi.org/10.1080/10494820.2023.2184388
https://doi.org/10.1007/s11846-022-00588-8
https://doi.org/10.1093/iwc/iwae064
https://doi.org/10.1007/s11192-022-04475-7
https://doi.org/10.1007/s11192-022-04475-7
https://doi.org/10.1111/j.1756-8765.2012.01222.x
https://doi.org/10.1007/978-1-84882-733-2_8
https://doi.org/10.3389/frvir.2022.694433
https://doi.org/10.1111/j.1468-2885.2004.tb00302.x
https://doi.org/10.1111/j.1468-2885.2004.tb00302.x
https://doi.org/10.1109/VSMM.2001.969724
https://doi.org/10.1109/VSMM.2001.969724
https://doi.org/10.1002/joe.22229
https://doi.org/10.2478/amns-2024-2630
https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://doi.org/10.3389/frvir.2025.1691240


Lombard, M., and Ditton, T. (1997). At the heart of it all: the concept of presence.
J. Computer-Mediated Commun. 3, 0. doi:10.1111/j.1083-6101.1997.tb00072.x

Lombard, M., Bolmarcich, T., Villanova, P., Crane, D., Davis, B., Gil-Egui, G., et al.
(2000). “Measuring presence: a literature-based approach to the development of a
standardized paper-and-pencil instrument,” in Book measuring presence: a literature-
based approach to the development of a standardized paper-and-pencil instrument.

Lotka, A. J. (1926). The frequency distribution of scientific productivity. J. Wash.
Acad. Sci. 16 (12), 317–323. Available online at: https://www.jstor.org/stable/24529203

Ma, T.-J., Lee, G.-G., Liu, J. S., Lan, R., andWeng, J.-H. (2022). “Bibliographic coupling: a
main path analysis from 1963 to 2020,” Inf. Res. 27 1. doi:10.47989/irpaper918

Makransky, G., Terkildsen, T. S., and Mayer, R. E. (2019). Adding immersive virtual
reality to a science lab simulation causes more presence but less learning. Learn. Instr.
60, 225–236. doi:10.1016/j.learninstruc.2017.12.007

Mancuso, V., Borghesi, F., Bruni, F., Pedroli, E., and Cipresso, P. (2024). Mapping the
landscape of research on 360-degree videos and images: a network and cluster analysis.
Virtual Real. 28 (2), 101. doi:10.1007/s10055-024-01002-2

Mantovani, G., and Riva, G. (1999). “real” presence: how different ontologies generate
different criteria for presence, telepresence, and virtual presence. Presence Teleoperators
Virtual Environ. 8 (5), 540–550. doi:10.1162/105474699566459

Marto, A., and Gonçalves, A. (2022). Augmented reality games and presence: a
systematic review. J. Imaging 8, 91. doi:10.3390/jimaging8040091

Merleau-Ponty, M. (2014). Phenomenology of perception. Oxfordshire, United
Kingdom: Routledge.

Minsky, M. (1980). Telepresence. Omni. Available online at: https://web.mit.edu/dxh/
www/marvin/web.media.mit.edu/~minsky/papers/Telepresence.html.

Mota, F. B., Braga, L. a. M., De Souza, C. a. M., and Lopes, R. M. (2024). Mapping the
global technological landscape of virtual reality in education: a bibliometric and network
analysis. Soc. Netw. Analysis Min. 14 (1), 49. doi:10.1007/s13278-024-01222-z

Mukherjee, D., Lim, W. M., Kumar, S., and Donthu, N. (2022). Guidelines for
advancing theory and practice through bibliometric research. J. Bus. Res. 148, 101–115.
doi:10.1016/j.jbusres.2022.04.042

Oh, C. S., Bailenson, J. N., and Welch, G. F. (2018). A systematic review of social
presence: definition, antecedents, and implications. Front. Robotics AI 5 (OCT), 114.
doi:10.3389/frobt.2018.00114

Page, M. J., Mckenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C.
D., et al. (2021). The prisma 2020 statement: an updated guideline for reporting
systematic reviews. BMJ (Online) 372, n71. doi:10.1136/bmj.n71

Perianes-Rodriguez, A., Waltman, L., and Van Eck, N. J. (2016). Constructing
bibliometric networks: a comparison between full and fractional counting. J. Inf. 10
(4), 1178–1195. doi:10.1016/j.joi.2016.10.006

Pianzola, F. (2021). Presence, flow, and narrative absorption questionnaires: a scoping
review. Open Res. Eur. 1, 11. doi:10.12688/openreseurope.13277.1

Pianzola, F., Riva, G., Kukkonen, K., and Mantovani, F. (2021). Presence, flow, and
narrative absorption: an interdisciplinary theoretical exploration with a new
spatiotemporal integrated model based on predictive processing. Open Res. Eur. 1,
28. doi:10.12688/openreseurope.13193.2

Pranckutė, R. (2021).Web Sci. (wos) Scopus Titans Bibliogr. Inf. Today’s Acad. World.
Publ. 9 1–12. doi:10.3390/publications9010012

Radianti, J., Majchrzak, T. A., Fromm, J., and Wohlgenannt, I. (2020). A systematic
review of immersive virtual reality applications for higher education: design elements,
lessons learned, and research agenda. Comput. and Educ. 147, 103778. doi:10.1016/j.
compedu.2019.103778

Riehmann, P., Hanfler, M., and Froehlich, B. (2005). “Interactive sankey diagrams,” in
IEEE symposium on information visualization. Minneapolis, MN, United States: INFO
VIS. doi:10.1109/INFVIS.2005.1532152

Riva, G., and Mantovani, G. (2000). The need for a socio-cultural perspective in the
implementation of virtual environments. Virtual Real. 5 (1), 32–38. doi:10.1007/
BF01418974

Rojas-Sánchez, M. A., Palos-Sánchez, P. R., and Folgado-Fernández, J. A. (2023).
Systematic literature review and bibliometric analysis on virtual reality and education.
Educ. Inf. Technol. 28 (1), 155–192. doi:10.1007/s10639-022-11167-5

Sanchez-Vives, M. V., and Slater, M. (2005). From presence to consciousness through
virtual reality. Nat. Rev. Neurosci. 6 (4), 332–339. doi:10.1038/nrn1651

Sartre, J. P. (1956). Being and nothingness: an essay on phenomenological ontology.
Translated and with an introduction by hazel e. Barnes: Citadel Printing.

Schubert, T., Friedmann, F., and Regenbrecht, H. (2001). The experience of presence:
factor analytic insights. Presence Teleoperators Virtual Environ. 10 (3), 266–281. doi:10.
1162/105474601300343603

Schultze, U. (2010). Embodiment and presence in virtual worlds: a review. J. Inf.
Technol. 25 (4), 434–449. doi:10.1057/jit.2009.25

Sharples, S., Cobb, S., Moody, A., and Wilson, J. R. (2008). Virtual reality induced
symptoms and effects (vrise): Comparison of headmounted display (hmd), desktop and
projection display systems. Displays 29 (2), 58–69. doi:10.1016/j.displa.2007.09.005

Sheridan, T. B. (1992). Musings on telepresence and virtual presence. Presence
Teleoperators Virtual Environ. 1 (1), 120–126. doi:10.1162/pres.1992.1.1.120

Sheridan, T. B. (1996). Further musings on the psychophysics of presence. Presence
Virtual Augmented Real. 5 (2), 241–246. doi:10.1162/pres.1996.5.2.241

Skarbez, R., Brooks, J. F., and Whitton, M. (2017). A survey of presence and related
concepts. ACM Comput. Surv. 50 (6), 1–39. doi:10.1145/3134301

Skarbez, R., Brooks, F. P., and Whitton, M. C. (2021). Immersion and coherence:
research agenda and early results. IEEE Trans. Vis. Comput. Graph. 27 (10), 3839–3850.
doi:10.1109/TVCG.2020.2983701

Slater, M. (2009). Place illusion and plausibility can lead to realistic behaviour in
immersive virtual environments. Philosophical Trans. R. Soc. B Biol. Sci. 364 (1535),
3549–3557. doi:10.1098/rstb.2009.0138

Slater, M., and Sanchez-Vives, M. V. (2016). Enhancing our lives with immersive
virtual reality. Front. Robotics AI 3. doi:10.3389/frobt.2016.00074

Slater, M., and Wilbur, S. (1997). A framework for immersive virtual environments
(five): speculations on the role of presence in virtual environments. Presence
Teleoperators Virtual Environ. 6 (6), 603–616. doi:10.1162/pres.1997.6.6.603

Slater, M., Usoh, M., and Steed, A. (1994). Depth of presence in virtual environments.
Presence Virtual Augmented Real. 3, 130–144. doi:10.1162/pres.1994.3.2.130

Slater, M., Brogni, A., and Steed, A. (2003). Physiological responses to breaks in
presence: a pilot study. Presence 2003 6th Annu. Int. Workshop Presence. Available
online at: http://www0.cs.ucl.ac.uk/staff/ucacaxb/public/download/2003_Slater_
PRT.pdf

Slater, M., Banakou, D., Beacco, A., Gallego, J., Macia-Varela, F., and Oliva, R. (2022).
A separate reality: an update on place illusion and plausibility in virtual reality. Front.
Virtual Real. 3, 914392. doi:10.3389/frvir.2022.914392

Soler-Domínguez, J. L., Juan-Ripoll, C. D., Contero, M., and Alcañiz Raya, M. L.
(2020). I walk, therefore i am: a multidimensional study on the influence of the
locomotion method upon presence in virtual reality. J. Comput. Des. Eng. 7, 5.
doi:10.1093/jcde/qwaa040

Souza, V., Maciel, A., Nedel, L., and Kopper, R. (2021). Measuring presence in virtual
environments: a survey. ACM Comput. Surv. 54 (8), 1–37. doi:10.1145/3466817

Spagnolli, A., Bracken, C. C., and Orso, V. (2014). The role played by the concept of
presence in validating the efficacy of a cybertherapy treatment: a literature review.
Virtual Real. 18 (1), 13–36. doi:10.1007/s10055-013-0241-x

Steuer, J. (1992). Defining virtual reality: dimensions determining telepresence.
J. Commun. 42 (4), 73–93. doi:10.1111/j.1460-2466.1992.tb00812.x

Sutherland, I. E. (1968). “A head-mounted three dimensional display,” in Proceedings
of the December 9-11, 1968, fall joint computer conference, part I on - AFIPS ’68 (fall,
part I). doi:10.1145/1476589.1476686

Torres-Salinas, D., Orduña-Malea, E., Delgado-Vázquez, Á., Gorraiz, J., and Arroyo-
Machado, W. (2024). Foundations of narrative bibliometrics. J. Inf. 18 (3), 101546.
doi:10.1016/j.joi.2024.101546

Traag, V. A., Waltman, L., and Van Eck, N. J. (2019). From louvain to leiden:
guaranteeing well-connected communities. Sci. Rep. 9 (1), 5233. doi:10.1038/s41598-
019-41695-z

Tran, T. Q., Langlotz, T., Young, J., Schubert, T. W., and Regenbrecht, H. (2024).
Classifying presence scores: insights and analysis from two decades of the igroup
presence questionnaire (Ipq).ACMTrans. Computer-Human Interact., 3689046. doi:10.
1145/3689046

Ullah, R., Asghar, I., and Griffiths, M. G. (2023). An integrated methodology for
bibliometric analysis: a case study of internet of things in healthcare applications.
Sensors (Basel) 23, 67. doi:10.3390/s23010067

Van Der Meer, N., Van Der Werf, V., Brinkman, W.-P., and Specht, M. (2023).
Virtual reality and collaborative learning: a systematic literature review. Front. Virtual
Real. 4, 1159905. doi:10.3389/frvir.2023.1159905

Van Eck, N. J., and Waltman, L. (2009). How to normalize cooccurrence data? An
analysis of some well-known similarity measures. J. Am. Soc. Inf. Sci. Technol. 60 (8),
1635–1651. doi:10.1002/asi.21075

Van Eck, N. J., and Waltman, L. (2010). Software survey: vosviewer, a computer
program for bibliometric mapping. Scientometrics 84 (2), 523–538. doi:10.1007/s11192-
009-0146-3

Van Eck, N. J., and Waltman, L. (2014). “Visualizing bibliometric networks,” in
Measuring scholarly impact. Editors Y. Ding, R. Rousseau, and D. Wolfram (Cham:
Springer International Publishing). doi:10.1007/978-3-319-10377-8_13

Van Eck, N. J., and Waltman, L. (2018). Vosviewer manual. Leiden University.
Available online at: https://www.vosviewer.com/documentation/Manual_VOSviewer_
1.6.8.pdf.

Visser, M., Van Eck, N. J., and Waltman, L. (2021). Large-scale comparison of
bibliographic data sources: scopus, web of science, dimensions, crossref, and microsoft
academic. Quantitative Sci. Stud. 2 (1), 20–41. doi:10.1162/qss_a_00112

Walkington, C., Nathan, M. J., Washington, J., and Hunnicutt, J. (2023). Multimodal
analysis of interaction data from embodied education technologies. Educ. Technol. Res.
Dev. 72, 2565–2584. doi:10.1007/s11423-023-10254-9

Frontiers in Virtual Reality frontiersin.org21

Williams et al. 10.3389/frvir.2025.1691240

https://doi.org/10.1111/j.1083-6101.1997.tb00072.x
https://www.jstor.org/stable/24529203
https://doi.org/10.47989/irpaper918
https://doi.org/10.1016/j.learninstruc.2017.12.007
https://doi.org/10.1007/s10055-024-01002-2
https://doi.org/10.1162/105474699566459
https://doi.org/10.3390/jimaging8040091
https://web.mit.edu/dxh/www/marvin/web.media.mit.edu/%7Eminsky/papers/Telepresence.html
https://web.mit.edu/dxh/www/marvin/web.media.mit.edu/%7Eminsky/papers/Telepresence.html
https://doi.org/10.1007/s13278-024-01222-z
https://doi.org/10.1016/j.jbusres.2022.04.042
https://doi.org/10.3389/frobt.2018.00114
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.joi.2016.10.006
https://doi.org/10.12688/openreseurope.13277.1
https://doi.org/10.12688/openreseurope.13193.2
https://doi.org/10.3390/publications9010012
https://doi.org/10.1016/j.compedu.2019.103778
https://doi.org/10.1016/j.compedu.2019.103778
https://doi.org/10.1109/INFVIS.2005.1532152
https://doi.org/10.1007/BF01418974
https://doi.org/10.1007/BF01418974
https://doi.org/10.1007/s10639-022-11167-5
https://doi.org/10.1038/nrn1651
https://doi.org/10.1162/105474601300343603
https://doi.org/10.1162/105474601300343603
https://doi.org/10.1057/jit.2009.25
https://doi.org/10.1016/j.displa.2007.09.005
https://doi.org/10.1162/pres.1992.1.1.120
https://doi.org/10.1162/pres.1996.5.2.241
https://doi.org/10.1145/3134301
https://doi.org/10.1109/TVCG.2020.2983701
https://doi.org/10.1098/rstb.2009.0138
https://doi.org/10.3389/frobt.2016.00074
https://doi.org/10.1162/pres.1997.6.6.603
https://doi.org/10.1162/pres.1994.3.2.130
http://www0.cs.ucl.ac.uk/staff/ucacaxb/public/download/2003_Slater_PRT.pdf
http://www0.cs.ucl.ac.uk/staff/ucacaxb/public/download/2003_Slater_PRT.pdf
https://doi.org/10.3389/frvir.2022.914392
https://doi.org/10.1093/jcde/qwaa040
https://doi.org/10.1145/3466817
https://doi.org/10.1007/s10055-013-0241-x
https://doi.org/10.1111/j.1460-2466.1992.tb00812.x
https://doi.org/10.1145/1476589.1476686
https://doi.org/10.1016/j.joi.2024.101546
https://doi.org/10.1038/s41598-019-41695-z
https://doi.org/10.1038/s41598-019-41695-z
https://doi.org/10.1145/3689046
https://doi.org/10.1145/3689046
https://doi.org/10.3390/s23010067
https://doi.org/10.3389/frvir.2023.1159905
https://doi.org/10.1002/asi.21075
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/978-3-319-10377-8_13
https://www.vosviewer.com/documentation/Manual_VOSviewer_1.6.8.pdf
https://www.vosviewer.com/documentation/Manual_VOSviewer_1.6.8.pdf
https://doi.org/10.1162/qss_a_00112
https://doi.org/10.1007/s11423-023-10254-9
https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://doi.org/10.3389/frvir.2025.1691240


Walters, W. T., andWalton, J. (2021). Efficacy of virtual reality training for pilots: a review
of links between user presence, search task performance, and collaboration within virtual
reality. Proc. Hum. Factors Ergonomics Soc. 65, 919–922. doi:10.1177/1071181321651347

Weber, S., Weibel, D., and Mast, F. W. (2021). How to get there when you are there
already? Defining presence in virtual reality and the importance of perceived realism.
Front. Psychol. 12, 628298. doi:10.3389/fpsyg.2021.628298

Weech, S., Kenny, S., and Barnett-Cowan, M. (2019). Presence and cybersickness in
virtual reality are negatively related: a review. Front. Psychol. 10, 158. doi:10.3389/fpsyg.
2019.00158

Wienrich, C., and Gramlich, J. (2020). Appraisevr – an evaluation framework for
immersive experiences. I-com 19 (2), 103–121. doi:10.1515/icom-2020-0008

Wiepke, A., and Heinemann, B. (2024). A systematic literature review on user factors
to support the sense of presence in virtual reality learning environments. Comput. and
Educ. X Real. 4, 100064. doi:10.1016/j.cexr.2024.100064

Wilkinson, M., Brantley, S., and Feng, J. (2021). “A mini review of presence and
immersion in virtual reality,” 65. Proc. Hum. Factors Ergonomics Soc. 1099–1103. doi:10.
1177/1071181321651148

Wilson, M. (2002). Six views of embodied cognition. Psychonomic Bull. and Rev. 9 (4),
625–636. doi:10.3758/bf03196322

Wirth, W., Hartmann, T., Böcking, S., Vorderer, P., Klimmt, C., Schramm, H., et al.
(2007). A process model of the formation of spatial presence experiences. Media
Psychol. 9 (3), 493–525. doi:10.1080/15213260701283079

Witmer, B. G., and Singer, M. J. (1998). Measuring presence in virtual environments:
a presence questionnaire. Presence Teleoperators Virtual Environ. 7 (3), 225–240. doi:10.
1162/105474698565686

Wouters, P., Thelwall, M., Kousha, K., Waltman, L., De Rijcke, S., Rushforth, A., et al.
(2015). The metric tide: literature review.

Xenakis, I., Gavalas, D., Kasapakis, V., Dzardanova, E., and Vosinakis, S. (2022).
Nonverbal communication in immersive virtual reality through the lens of presence: a
critical review. Presence Teleoperators Virtual Environ. 31, 147–187. doi:10.1162/pres_
a_00387

Zhu, J., and Liu, W. (2020). A tale of two databases: the use of web of science and
scopus in academic papers. Scientometrics 123 (1), 321–335. doi:10.1007/s11192-020-
03387-8

Frontiers in Virtual Reality frontiersin.org22

Williams et al. 10.3389/frvir.2025.1691240

https://doi.org/10.1177/1071181321651347
https://doi.org/10.3389/fpsyg.2021.628298
https://doi.org/10.3389/fpsyg.2019.00158
https://doi.org/10.3389/fpsyg.2019.00158
https://doi.org/10.1515/icom-2020-0008
https://doi.org/10.1016/j.cexr.2024.100064
https://doi.org/10.1177/1071181321651148
https://doi.org/10.1177/1071181321651148
https://doi.org/10.3758/bf03196322
https://doi.org/10.1080/15213260701283079
https://doi.org/10.1162/105474698565686
https://doi.org/10.1162/105474698565686
https://doi.org/10.1162/pres_a_00387
https://doi.org/10.1162/pres_a_00387
https://doi.org/10.1007/s11192-020-03387-8
https://doi.org/10.1007/s11192-020-03387-8
https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://doi.org/10.3389/frvir.2025.1691240

	Charting the landscape of presence in virtual reality research: a bibliometric review
	1 Introduction
	1.1 Presence in virtual reality
	1.2 Bibliometric reviews

	2 Materials and methods
	2.1 Data identification, search, and extraction
	2.2 Data cleaning
	2.2.1 Duplicate removal
	2.2.2 Dealing with the “presence of” phrase


	3 Results
	3.1 Overview
	3.1.1 Annual scientific publication
	3.1.2 Three-field plot of author-country, authors, and cited references
	3.1.3 Most relevant sources
	3.1.4 Authors’ production over time
	3.1.5 Lotka’s law

	3.2 Network analysis
	3.2.1 Co-occurrence analysis (title and abstract)
	3.2.2 Co-citation network
	3.2.3 Bibliographic coupling


	4 Discussion
	4.1 An extended analysis of contemporary publications

	5 Strengths and limitations
	6 Conclusion
	7 Statements and declarations
	Data availability statement
	Author contributions
	Author contributionsPW: Investigation, Resources, Conceptualization, Visualization, Methodology, Formal Analysis, Writing – ...
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


