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Abstract

Recent research suggests that Virtual Reality (VR) and Augmented Reality (AR) as
immersive technologies are effective in developing empathy. The main reason behind this
assumption is that immersive technologies allow people to experience perspective-taking.
However, there is a lack of systematic literature reviews that summarize the current state of
research on VR and AR to elicit empathy. This paper reports a systematic literature review
of 37 academic papers published between 2007 and 2023. The following categories were
analyzed in this review: field of education, data collection instruments, sample size, statis-
tically significant results, technologies used, research design, advantages, limitations, and
future research. The main findings of this review provide an overview of the current state of
research on immersive technologies to elicit empathy and the future challenges in this field.
Some of the main findings involve: VR/AR immersion devices are effective and appealing
to participants; the Interpersonal Reactivity Index was found to be the most relevant self-
report measure; and larger sample sizes (over 100 participants) are vital in VR/AR-based
empathy research to provide a quantitative perspective on participants distribution.
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1 Introduction

The rise of disruptive technologies has redefined patterns of social interaction, show-
casing an adaptation in the ways individuals engage with one another. Virtual reality
(VR) is a collection of hardware, including computers, head-mounted displays (HMD),
and sensors, designed to experience telepresence [1]. Moreover, VR is also consid-
ered a computer system that enables users to create artificial environments in which
they can interact, navigate, and immerse themselves in a three-dimensional space [2].
Augmented Reality (AR) is a technology that allows a real-time combination of virtual
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objects and real objects so that it seems that the virtual objects are part of the real world
[3]. The main difference between VR and AR is that in VR the participant is completely
immersed in a computer-generated visual environment and everything that the partici-
pant sees is artificial while in AR the participant sees the real world with some virtual
objects superimposed that seem to co-exist in the real world.

VR and AR have emerged as cutting-edge tools that allow users to immerse them-
selves in simulated environments and experience sensory sensations that simulate real
life. Considering this, VR and AR often refers to “enhanced user interfaces.” This
encompasses viewing and navigating a 3D environment and interacting with its com-
ponents in real time. For these creators, the user’s interactive experience in the real
world can be received through stimulation of the five human senses (sight, hearing,
touch, taste, and smell). In the same line of thought, VR and AR can be an enhancer of
prosocial behaviors through empathy, using tools intertwined with current technologi-
cal developments. In other words, VR enables immersion in a simulated environment
like real life, and through interaction with this sensory environment, it can strengthen
communication and understanding of others’ perspectives [4]. In that regard, VR has
been considered a medium for perspective-taking [5]. It allows users of this technology
to directly experience feelings and perspectives in a controlled and safe environment.
Thus, VR can be understood as a set of computer technologies that provide access to
simulated spaces through visual devices, where a person can acquire the sensation of
presence, interact within that space and be in the shoes of others.

AR and VR can be used in different contexts for creating empathy and pro-social behav-
iors [6, 7]. From an etymological perspective, empathy can be understood from its Greek
root ITaBeliv (epathdn, to feel) and the prefix ev (an inseparable preposition meaning
within). The origin of the term empathy dates back to 1873 when the philosopher Robert
Vischer used the German term “Einfiihlung” (feeling into) as an expression in art appre-
ciation. Later, the term was used in English in the book “Lectures on the Experimental
Psychology of the Thought-processes” in 1909, with a meaning of “feeling oneself into the
other, being interpenetrated” [8, p.1].

Empathy can be initially defined as the emotional communication between one person
and another, responding assertively within their social environment. Empathy is the ability
to identify one’s own emotions and those of others and respond to them constructively [9,
p-40]. In other words, the development of these skills not only influences personal well-
being but also has a significant impact on various areas of individual adjustment. In sim-
pler terms, it can be understood as the process by which an individual has the ability to
understand the feelings of others, allowing them to perceive reality from the other person’s
perspective rather than their own. Empathy is usually divided into emotional empathy and
cognitive empathy [10]. One the one hand, emotional empathy means that the person is
emotionally moved by a situation. On the other hand, cognitive empathy involves under-
standing thoughts and the emotion of others and this has been regarded as perspective
taking.

It is worth mentioning that applications of VR and AR to develop empathy, while
diverse and booming in various fields of study, lack extensive systematic research that
reviews data from multiple individual studies to determine a general estimation of the
effects of interventions, scope, limitations, variables of interest, and to assess the consist-
ency and variability of results among individual studies. Therefore, it is of methodological
importance to conduct a systematic review of current technological trends in various areas
and fields of research where VR has been used as a medium for empathy development.
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In alignment with this perspective, the present systematic review seeks to compre-
hensively address 11 research inquiries aimed at elucidating the correlation between
exposure to immersive experiences in virtual reality (VR) or augmented reality (AR)
and the cultivation of empathy. These 11 research questions have been categorized into
four dimensions for the sake of facilitating understanding, organization, and presenta-
tion of information. The ensuing research questions steer the course of this review:

Application-domain related research questions The primary objective of these inquir-
ies is to delineate how AR and VR have been employed to foster empathy across diverse
professional domains and to ascertain the prevalence of significant findings in related stud-
ies. The relevance of these research questions lies in their capacity to enable researchers to
pinpoint specific professional fields wherein AR/VR could potentially be applied to nur-
ture empathy. Additionally, they aid in identifying research lacunae within various profes-
sional domains. The consequential significance of results in these studies provides valu-
able insights for researchers to recognize potential benefits conferred by these immersive
technologies.

1. What are the professional fields of study where virtual reality or augmented reality have
been used to promote empathy?

2. How many studies have reported statistically significant effectiveness percentages in
research utilizing virtual reality or augmented reality to foster empathy?

Research questions about methodological aspects the objective of this set of research
questions is to elucidate the methodological intricacies employed in studies investigating
the promotion of empathy through AR and VR. The significance of these research ques-
tions lies in their capacity to provide insights into the methodologies utilized within the
field. This comprehension is instrumental in evaluating the robustness and reliability of
findings, fostering a deeper understanding of the research landscape in this domain.

3. What data collection instruments have been most used in studies utilizing virtual reality
or augmented reality to foster empathy?

4. How many participants or research sample have been used most frequently in studies
where virtual reality or augmented reality has been used to foster empathy?

5. What research design has been predominantly employed in studies where virtual reality
or augmented reality has been used to foster empathy?

6. What percentage of studies have been reported as scientific articles versus conference
papers?

Advantages, limitations and future research directions this set of research queries
seeks to elucidate the merits, constraints, and prospective avenues for further investigation
as documented in the literature pertaining to the application of AR and VR in empathy
development. These inquiries hold significance as their responses encapsulate a concise
overview of primary discoveries within the field, the principal constraints and challenges
encountered, and the potential avenues for future research endeavors. Exploring these
research questions contributes to a comprehensive understanding of the current state of
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knowledge, facilitating informed discussions on the advancements, challenges, and poten-
tial future directions in the domain of AR and VR’s impact on empathy.

7. What advantages have been described in studies where virtual reality or augmented
reality has been used to foster empathy?

8.  What limitations have been reported in studies where virtual reality or augmented reality
has been used to foster empathy?

9. What have been the most frequent recommendations for future research in studies utiliz-
ing virtual reality or augmented reality to foster empathy?

Technology-related research questions this set of questions seeks to ascertain the spe-
cific technological hardware and software utilized in studies focused on the utilization of
AR and VR in empathy development. The intent behind these questions is to discern the
capabilities of particular devices and explore potential avenues for further enhancement,
aligning with the imperative for increased research in this domain emphasized by Ventura
etal. [11].

10. What equipment or technological tools have been used for immersion in virtual or
augmented reality in the analyzed studies?

11.  Which software has been used to develop immersive environments in research studies
where virtual reality or augmented reality has been used to foster empathy?

In essence, the research team has formulated this set of research questions with the aim
of delineating the research landscape concerning empathy development through AR and
VR applications. From our standpoint, these research questions serve the purpose of offer-
ing a comprehensive survey of studies within this domain, enabling fellow researchers to
pinpoint existing gaps in the literature and identify potential avenues for further research.

The rest of this paper is organized as follows: Section 2 describes the related work; Sec-
tion 3 describes the method followed to conduct the systematic literature review. Section 4
presents the results organized by each research question. Section 5 presents the risk of bias
analysis. Section 6 discuss the results obtained in this review. Section 7 describes the limi-
tations of this review. Finally, Section 8 describes the implications of this review for educa-
tion and training and Section 9 presents the conclusions of this study.

2 Related work

There is a large and growing body of literature that has demonstrated that VR can be effec-
tively utilized as a tool for the development of social and emotional skills, such as empathy.
In this context, various studies have investigated the viability of virtual reality in enhanc-
ing empathy in individuals. In this section, we present a summary of similar systematic
reviews and meta-analysis on VR and empathy and we show how our systematic review
extend previous studies in the field and how the systematic review fills a gap in the litera-
ture. Table 1 shows a summary of previous studies in the field.

Overall, previous systematic reviews, surveys and meta-analysis on VR and empathy have
shown an overview of how VR has been used to create empathy and how some associated
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Multimedia Tools and Applications

factors such as prejudice and intergroup bias might mediate or moderate the influence of VR
on empathy. However, the systematic review presented in this article extend previous reviews
by updating the research up to 2023 and addressing research questions that have not been
addressed in previous reviews. The systematic review presented in this paper holds significant
importance in the academic domain as its primary objective is to address aspects that have not
been thoroughly explored in other systematic reviews, surveys or meta-analysis such as the
ones reported in [11-13]. Particularly, by providing detailed information, it establishes a solid
foundation for future investigations, facilitating the path for researchers who seek to consult
tools and technologies utilized within the study’s context, as well as identifying statistically
significant impacts on empathy. Moreover, a rigorous examination of limitations encountered
in previous research is proposed to establish a critical and reflective framework concerning the
current frontiers of knowledge in the field. Considering the above, this systematic literature
review contributes to the body of knowledge in the field of VR and AR to develop empa-
thy and is a valuable resource to guide and suggest future research, offering clear and well-
founded recommendations that will contribute to the advancement of this field.

The main contribution of this paper is that it summarizes previous research done on the
use of VR and AR to develop empathy. This literature review updates previous literature
reviews and surveys on VR to develop empathy and, to the best of our knowledge, is the
first literature review that also summarizes research on AR to develop empathy.

3 Method

Following the guidelines outlined by Botella and Zamora [22], a systematic literature
review is structured as follows:

1. Problem Formulation

2. Study Search

3. Study Coding

4. Analysis and Interpretation
5. Publication

Figure 1 depicts the PRISMA flow diagram. This diagram was generated based on
the PRISMA 2020 statement [23]. It depicts the process of study identification and
selection for the current systematic review. First, a total of 738 records were found after
conducting the search. By excluding those published prior to 2007, those written in
a language different to English or Spanish, and those different to articles, conference
papers or book chapters, the dataset resulted in 636 records. Following the screening
process, 58 records were excluded as the key terms (empathy and AR/VR) were merely
mentioned in the paper but did not constitute the primary focus. Instances included ref-
erences to AR and VR technologies without the main topic centering on empathy, or the
co-occurrence of empathy, AR, and VR terms without the primary objective of foster-
ing empathy through these technologies. Consequently, 578 records underwent evalua-
tion for eligibility. During this phase, the authors meticulously reviewed the abstracts of
each document to confirm its relevance to the designated topic. If the abstract did not
provide sufficient clarity regarding the study’s suitability, a comprehensive examination
of the full text was undertaken to determine inclusion in the review. Ultimately, 37 stud-
ies met the criteria for inclusion. The authors then scrutinized the full text of these 37
articles to extract pertinent information and address the research questions.
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Identification of studies via databases and registers
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Fig.1 PRISMA flowchart and selection of bibliographic material

It should be noted that the three authors of this article were in charge of collecting
the articles (identification phase in Fig. 1) and the screening process. Then, two of the
authors coded the selected articles through a matrix where all the inclusion and exclu-
sion criteria were established. Then the third author also validated the coding process.

Taking into account the aforementioned aspects and the model proposed by Botella
and Zamora [22], the impact of VR and AR to develop empathy was addressed through
a systematic literature review of 37 articles retrieved from SCOPUS, using the search
string ( TITLE-ABS-KEY ( “virtual reality” ) OR TITLE-ABS-KEY ( “augmented real-
ity” ) ) AND TITLE-ABS-KEY ( “empathy” ). Scopus was selected as the primary data-
base for retrieving studies because it is one of the largest abstracts and citation databases
with a high quality of indexed publications. In this systematic review, we did not con-
sider other databases because we had restrictions in accessing other databases such as
Web of Science. Other databases such as APA PsycArticles were not included because
the pilot searches did not retrieve relevant results for the scope of this systematic review.
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In this review, we did not include any other term related to empathy because in the pilot
searches before conducting the final search the inclusion of other terms such as prejudice,
intergroup, perspective-taking among others restricted the number of results obtained and the
results overlapped other existing systematic reviews. In that regard, we decided to maintain a
more general search string to collect articles on the topic of VR and AR to develop empathy.
In this way, we are able to provide a more general landscape of research instead of a more
focused review that might overlap previous reviews.

The inclusion criteria considered in the systematic review were as follows:

e Studies conducted between 2007 and 2023. The timeframe was selected and studies before
2007 were not included because the pilot searches conducted prior to the main search
for this systematic review showed that the articles before 2007 provided important back-
ground and foundations on the use of VR to develop empathy but did not provide insights
into the effect of VR to develop empathy due to the maturity of VR before 2007.

Research about the use of virtual reality and/or augmented reality to develop empathy.
Studies written in English or Spanish.
Journal papers, conference papers and book chapters.

Exclusion criteria was:

Studies in languages other than English and Spanish, studies prior to 2007.
Other systematic reviews (these were reported in the related work of this paper), and those
that did not involve virtual reality and/or augmented reality as technologies for fostering
empathy.

e Book reviews, notes, erratum, editorials, letters to the editor, doctoral theses, master’s dis-
sertations, and other non-scientific documents.

The 37 articles were thoroughly read and analyzed by two of the authors and each article
was coded according to the categories defined by the researchers to consolidate and answer
the research questions. The categories emerged from the research questions. Table 2 shows the
11 research questions grouped into the four dimensions (as presented in the introduction) and
each research question has the category that was used to code each study.

Once the analysis categories were defined, they were coded into two groups based on
their unit of measurement. On one hand, categories that could be numerically evaluated were
included, organizing them into subcategories and tallying the number of identified studies and
their respective percentages. This process was carried out using software such as Excel and
JASP. On the other hand, categories with nominal characteristics that required interpretation
were considered as the second group for coding, thus providing answers to the research ques-
tions. It is important to note that the coding matrix design and article consolidation were con-
ducted by two researchers and validated by a third party.

4 Results

This section in the systematic literature review answers the research questions previ-
ously formulated. Through a detailed analysis of the existing scientific literature, rel-
evant data has been collected and subsequently encoded according to the catego-
ries defined to be presented in the form of tables and structured subcategories with

@ Springer



Multimedia Tools and Applications

*SJUQUIUOITAUD JATSIQUIWIT Y} P[ING 0} Pasn AIem)JOS
‘A)1Teal pajuswidne 10 [enyaIA
Ul UOTSISWIWI JOJ Pasn $[00) [ed13o[ouyod) Jo juawdimbyg

‘Ayredwd dojaaap 0y
AV/IA JO PIOY U3 UI SUOIIRIIP YOIeasal aInny pajiodoy]

‘Ayredwd dojoaap 01 Yy /I A Suisn jo suonejwi] parioday]

‘Ayredwa dojoaap 01 Y/ I A Juisn jo saSejueape pajrodoy

‘s1oded 90ua19ju00 10 SI[ONIE
JYnuaIos se parrodal uaaq dARY JBY) SAPNIS JO JoqUINN

sarpnys oy ur paydope uSisop yoreasar jo adAJ,

Apms yoea ut syuedronaed jo roquiny

'sa1pns ul Ajjuanb
-91J 2I0W Pasn U3q JABY SIUAWNINSUI UOTIOJ[[0D BIR

*SSQUAAT)OJJQ JO sade
-uoorad Jueoytugis Afreonsne)s partodar oaey jey) saipnis

‘Ayredwrd dojoaap 0) pasn udaq sey Ajiear
pajuswidne Jo/pue [BNIIIA IYM SBAIR APNJS [BUOISSYOI]

({,SOIpNIs pPazATeue

) ur AJIfeal payuswiSne J0 [BNYIIA UI UOISISWWI JO)
Pasn u2aq ALY S[00} [ed1S0o[ouyd9) Jo Judawdmba Jeypy

(Ayredwd 19350 03 TRl pojuswISne

10 A11eal [emyarA SUIZI[NN SAIPNYS UT YOIeasal aIning
1O} SUOTIEPUSWIIOID] Juanbaly JSouw Y} Uaaq 9ABY JEYA

(Ayredund 19)50)

0) Pasn ud2q sey AJ[eal pAjuswisne Jo AJ[ear [enisa
Q1oyMm SaIpMIs UT pajIodar usaq dABY SUOTIBITWI] JRUYA

(Ayredund 193501

0] pasn ua3q sey A)pear pajuawdne 10 A)eal [enyaia
QIoUM SOIPNIS UT PAQLIDSIP U9 IARY SATBIUBAPE JRUA

(s10ded 90ULIOJUOD SNSIOA SO[OTIE YT}
-uaI0s se partodar usaq aAey sarpnis Jo adeuadrad jeypn

(Ayredwd 19)s0J 01 pasn udaq Sey

KyrTear poyuowiSne 10 AJI[eal [enIIA 9IoUM SIIPMIS UT
pakodws Apyueurwopald uaaq sey uSIsap Yoreasal Jeyp

(Ayreduwrs 191505 01 pasn uaaq sey AJIfeal pojuswisne

10 A)1[eal [emIrA 9IoyM SIIpmIs ul Ajjuenbaij jsowr pasn
ua3q aaey 9dwres yoreasar 1o syuedionied Auew moy

(Ayreduwd 19)50§

03 Aj1Tear pajuswiSne 10 A)I[eal [enyaA Suzinn saIpnis
Ul pasn JSOW U9q 9ABY SJUSWNIISUT UOTIOA[[0D BIEP TRUA

(Ayedwa 193505 03 A1Tea1 pajuswsne 10 A)[ear

[emaIA SUIZIIN YoIeasal ur sagejuadrad SSoUaAnIfe
JueoyIudIs A[[eonsnels payiodal aAry SAIpN)s AueW MOH

(Ayredwo

9jowoid 0} pasn uaaq dABY AJI[eal pajuswisne 1o AJfear
[enIIA 219UMm Apnis JO Sp[oy [euolssajord dy) aIe Jey

suonsonb yoreasar pajea1-A3ojouyda],

SUOT)ORIIP YOIBISAT 2INNJ PUL SUOTIEITWIT ‘SATeIUBAPY

:s10adse [eorSo[opoyiowr Jnoqe suonsanb yoreasoy

suonsonb yoreasar pejerar urewop-uoneorddy

K103918D

uonsanb yoreasay

UoISuUaWI(]

MITAJI 10J SaLI03re)) 7 9|qel

pringer

As



Multimedia Tools and Applications

corresponding percentages. These tools allowed for a clear and comparative visualiza-
tion of the results, facilitating the understanding of the patterns and trends identified in
the research. The percentage analysis provides a deeper understanding of the data distri-
bution and enables significant conclusions to be drawn regarding the research questions.
This was achieved by dividing the frequency of each subcategory by the total number
of subcategories mentioned and multiplying by 100 to obtain the percentage value. The
following sub-section presents the results in detail, offering a comprehensive and rigor-
ous overview of the collected data organized for each research question.

4.1 Application-domain related research questions

4.1.1 What are the professional fields of study where virtual reality or augmented
reality have been used to promote empathy?

Table 3 describes the areas where studies on virtual and/or augmented reality have been
reported, along with their respective nominal quantity of studies and percentages.

The analysis examined the different areas in which virtual or augmented reality has
been used to promote empathy. The results revealed that research has been conducted
in fields such as Experimental Psychology, Medicine, Education, Organizational Psy-
chology, Social Psychology, Art, Marketing, and Neuroscience. When looking at the
percentages, it was observed that most of the studies focused on Education (29.73%),
followed by Experimental psychology (24,32%), and Medicine (16.22%).

4.1.2 How many studies have reported statistically significant effectiveness rates in research
where virtual reality or augmented reality has been used to foster empathy?

Table 4 shows the results obtained for studies that have reported statistically significant results,
as well as those where, due to the nature of the research, such significance does not apply.

The percentages mentioned address the question regarding the number of studies that
have reported statistically significant effectiveness in research using virtual reality or aug-
mented reality to foster empathy. It is noteworthy that 59.46% of the reviewed studies
reported statistically significant differences. On the other hand, only 2.70% reported that
there were no statistically significant differences.

Table 3 Areas of professional

study where virtual and/or Areas zs(rj?::r of Percentage (%)

augmented reality has been used
Art 1 2,70%
Education 11 29,73%
Historical-contextual 2 541%
Marketing 1 2,70%
Medicine 6 16,22%
Neurosciences 1 2,70%
Experimental psychology 9 24,32%
Organizational psychology 2 5,41%
Social psychology 4 10,81%
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4.2 Research questions about methodological aspects

4.2.1 What data collection instruments have been most used in studies utilizing
virtual reality or augmented reality to foster empathy?

Table 5 shows the data collection instruments used, as well as the number of studies that
report them and their respective percentages.

Table 5 reveals valuable information regarding the data collection instruments used in
empathy studies. The Interpersonal Reactivity Index (IRI) stands out with a significantly
high percentage of 18.75%, indicating its relevance and frequent use in empathy assess-
ment. Furthermore, the results highlight the importance of two research approaches: the
Likert-type surveys and interviews, both of which obtained similar percentages around
16,67%. This suggests that these methods are considered significant in measuring and
understanding empathy. On the other hand, categories such as Multidimensional empathy
scale, Virtual reality quiz, Cognitive and affective empathy test, Jefferson Empathy Scale
(JSE) questionnaire presented lower percentages, approximately ranging from 2,08-4,17%.
Additionally, other instruments such as questionnaires accounted 14.58%.

4.2.2 How many participants or research sample have been used most frequently
in studies where virtual reality or augmented reality has been used to foster
empathy?

Table 6 shows the number of participants in virtual reality or augmented reality studies,
along with their respective percentages.

The participants were classified into different categories based on sample size. The cat-
egory with the highest percentage corresponds to studies that included more than 100 par-
ticipants, representing approximately 35.14% of the total. On the other hand, there were
groups with lower representation, such as those with less than 51-75 and cases of 76100
participants both with a percentage 8,11% and 10,81%, respectively. The intermediate cat-
egories show a range where sample size was not applicable due to the type of study,13,51%
and, the studies with a range of participants between 25 and 50, accounting 16,22%.

4.2.3 What research design has been predominantly employed in studies
where virtual reality or augmented reality has been used to foster empathy?

Table 7 contains the information on the percentages of research design types where virtual
reality or augmented reality has been used to foster empathy.

Regarding the methodological design, five different types of research were found in the
total number of studies reviewed. In terms of classification by types, experimental studies

Table 4 Studies that have

reported statistically significant Subcategories Studies Percentage (%)
percentages of effectiveness in Yes 2 50.46%
research where virtual reality or ’
augmented reality has been used Not specified 12 32,43%
to promote empathy Does not apply 2 5,41%

No 1 2,710%
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Table 5 Data collection instruments in studies where virtual reality or augmented reality has been used to
promote empathy

Instruments Studies Percentage (%)
Interpersonal Reactivity Index for Empathy Measurement (IRI) 9 18,75%
Interviews 8 16,67%
Likert-type surveys 8 16,67%
Not specified 7 14,58%
Questionnaire 7 14,58%
Jefferson Empathy Scale (JSE) questionnaire 2 4,17%
Cognitive and affective empathy test 2 4,17%
Questionnaire of Empathy towards People with Intellectual Disabilities 1 2,08%
(EMP-ID)

Perspective Taking Scale (IRI-PTS) 1 2,08%
Empathic Concern Scale (IRI-ECS) 1 2,08%
Virtual reality quiz 1 2,08%
Multidimensional empathy scale 1 2,08%

A higher overall score is added because multiple studies encompass various assessment instruments

Table 6 Number of participants

Participants Studies Percentage (%
or research sample that has P U ge (%)

beeq used more frequently in 25« 6 16.22%

studies where virtual reality or

augmented reality has been used 25-50 6 16,22%

to promote empathy 51-75 3 8,11%
76-100 4 10,81%
100> 13 35,14%
Does not apply 5 13,51%

accounted for a total of 19 studies, representing 51.35% of the total studies reviewed. Fol-
lowing that, descriptive studies accounted for 7 studies, accounting for 18,92%. Qualitative
studies accounted for a total of 4 studies, with an equivalent average of 10.81%. Quasi-
experimental and mixed methods came next, each comprising 3 studies, and a percentage
of 8.11%. Finally, Exploratory methods studies accounted for 1 article representing 2,70%.

4.2.4 What percentage of studies have been reported both as scientific articles
and conference papers?

Table 8 shows a summary of the studies reviewed classified according to the typology as
journal articles, conference papers or book chapters.

Regarding the analyzed articles that used virtual or augmented reality for empathy
enhancement, there is a percentage of 83.78% of studies reported as journal articles, which
represents a total of 31 articles from all the reviewed documents. This is followed by 4
conference papers, equivalent to 10.81%, and finally, two book chapter with a percentage
value of 5.40%.
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Table 7 Research design that

Re h desi ies P
has been used in studies where esearch design type Studies ercentage (%)
Vlrtgal reality or augmented Experimental 19 51.35%
reality has been used to promote
empathy Descriptive 7 18,92%
Qualitative 4 10,81%
Quasi experimental 3 8,11%
Mixed 3 8,11%
Exploratory 1 2,70%

4.3 Advantages, limitations and future research directions

4.3.1 What advantages have been described in studies where virtual reality
or augmented reality has been used to foster empathy?

Regarding the advantages described in studies where virtual reality or augmented real-
ity has been used to foster empathy, it has been found that statistically significant changes
occurred in various empathy-related aspects, increasing participants’ ability to understand
others’ perspectives through the alteration of their virtual bodies. This is supported in the
study by Wilding et al. [4], where participants gained a greater understanding of the chal-
lenges faced by individuals with disabilities when experiencing frustration within the vir-
tual world.

Furthermore, Fisher [24] argues that although empathy in virtual reality is not directly
established between a user and the subject of a real-life experience, the medium’s capacity
to place a body within a new space provides an opportunity for enhanced understanding
of others through empathic realities. Additionally, statistical results and user testimonials
reveal that the functionalities and elements implemented in the developed application con-
tribute to the promotion of empathy compared to conventional methods of visualization
and annotation in 360-degree videos. Findings indicate that experiencing news through a
head-mounted display for 360-degree videos resulted in higher self-location and co-pres-
ence compared to interacting with the same video on a desktop or reading a textual ver-
sion. Therefore, the use of virtual reality as a medium to support empathy generation holds
promise due to the benefits and advantages it offers.

It is worth noting the significant contributions that VR offers to educational spaces,
particularly in terms of additional pedagogical considerations regarding the use of VR in
historical education, including incorporating virtual reality into constructivist approaches.
According to Castafio & Gonzalez [25], university students attribute importance to AR
and VR in the educational context: it improves academic performance, changes the way
of teaching and learning, enables more experimental learning, increases the level of under-
standing, offers models of relevant experiences, and enhances possibilities for engagement

Table 8 Percentage of studies

that have been reported as both Journal/Conference Studies Percentage (%)
scientific articles and conferences Journal 31 83.78%
Conference 4 10.81%
Book chapters 2 5,40%
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and interaction in the educational context. Furthermore, by generating a highly stimulating
space for understanding the reality faced by others, a sense of shared frustration and pain is
incorporated within the virtual world, leading participants to gain a greater understanding
of the challenges faced by individuals with disabilities, autism, among others.

Parra Vargas et al. [26] illustrate the potential of a new VR organizational environment
combined with machine learning to discriminate empathy dimensions. Additionally, this
multi-method approach can increase knowledge about attention and behavior patterns and
decision-making processes carried out by workers with different levels of empathy in com-
plex work situations. Furthermore, unlike most assessments that use subjective self-report
measures, this method combines neuroscience with VR, attributing greater objectivity and
ecological validity to the results.

In summary, the findings suggest that augmented reality (AR) and virtual reality (VR)
hold significance in enhancing individuals’ capacity to comprehend others’ perspectives. A
primary advantage of AR and VR lies in their capability to immerse individuals in novel
environments, fostering a deeper understanding of others’ thoughts and conditions. Addi-
tionally, the heightened levels of interaction facilitated by AR and VR surpass the efficacy
of 360-degree videos in empathy development. Finally, the integration of artificial intel-
ligence methods with AR and VR technologies introduces novel possibilities for empathy
cultivation, as applications can adapt to individual participants, offering more personalized
scenarios to enhance empathic experiences.

4.3.2 What limitations have been reported in studies where virtual reality
or augmented reality has been used to foster empathy?

Regarding the limitations evidenced in studies where virtual reality or augmented real-
ity has been used to foster empathy, several aspects have been identified. One limitation
is the sample size, as in many cases, the total number of participants was not significant
enough to establish generalizability of the findings. This lack of a representative sample
also reflects limited socio-demographic information, and in some instances, the absence of
a control group, pretest and posttest data, and long-term follow-up of the results. Addition-
ally, participants’ unfamiliarity with virtual reality tools was detected, which were often
presented in foreign languages or with proprietary licenses that limited their use. Further-
more, difficulties related to the COVID-19 pandemic were reported in studies that started
before the preventive isolation measures were implemented. These studies had to change
their initially planned methodology, requiring new organization and logistics to carry out
the interventions in a timely manner, as mentioned by Villalba [27].

In terms of the content and format of empathy-building interventions, problems have
been identified. Previous studies have shown that people exposed to persuasive messages
can experience a psychological reaction, perceiving these messages as a threat to their free-
dom. As a result, a “boomerang” effect can occur, where the recipient acts in the opposite
direction to that advocated by the message. This limitation implies not fully utilizing all
emotions, as participants’ responses may be influenced by individual differences or previ-
ous experiences with the displayed content, resulting in a poor and somewhat biased under-
standing of empathy and prosocial moral reasoning.

In line with the issues, inadequate methodologies have been implemented, which in
turn present inconveniences. This includes qualitative data being used inappropriately,
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risking objectivity, and studies that are solely descriptive, making it impossible to com-
pare theory and practice to validate theoretical assumptions. Additionally, studies solely
relying on self-reported measures limit researchers’ ability to draw conclusions about how
the use of virtual reality devices influenced participants’ behavior, particularly their ability
to empathetically communicate with individuals experiencing auditory verbal hallucina-
tions (AVH). Since self-reported measures are based on participants’ subjective percep-
tions, it cannot be certain if the perceived changes in empathetic communication would
translate into empathetic behavior in real life. As mentioned by Libera et al. [28], research-
ers face challenges in drawing conclusions about how the use of devices influenced par-
ticipants’ behavior, especially their ability to empathetically communicate with individuals
experiencing AVH. Due to the subjective nature of self-reported measures, it is uncertain
whether these perceived changes in empathetic communication would translate into empa-
thetic behavior in real-life situations.

In summary, the limitations identified in the reviewed studies revolve around factors
such as small sample sizes, impeding the generalizability of results and the demonstra-
tion of genuine effects. The absence of long-term follow-ups and a scarcity of stud-
ies employing longitudinal research designs further underscore limitations within the
research landscape. These findings align with Ventura et al.‘s [11] observations. Addi-
tionally, the restricted familiarity with augmented reality (AR) and virtual reality (VR)
equipment hampers the potential impact of these technologies on empathy, complicat-
ing researchers’ efforts to measure their effects. The influence of individual differences
on participants’ responses introduces another layer of complexity, potentially leading
to unexpected results in the effects of AR and VR. Lastly, the reliance on self-reported
measures in some studies introduces a potential source of bias, as these measures may
not fully capture participants’ attitudes.

4.3.3 What have been the most frequent recommendations for future research
in studies that have used virtual reality or augmented reality to promote
empathy?

Regarding the recommendations for future research, one is to conduct longitudinal stud-
ies that assess empathy [29]. In longitudinal studies, the novelty of the technology effect
can be controlled and determine the real affordances of VR and AR to develop empa-
thy. Additionally, for upcoming research on virtual tools, empathy, and prosocial moral
reasoning, these studies can be conducted with larger sample sizes and implemented
in other countries to determine the effect of cultural differences on empathy. It is also
emphasized the importance of research that integrates VR embodiment with clinical
assessments and patient experiences, as stated by Aya Brifiez et al. [30]. Embodiment
is relevant for perspective-taking because the participant can take the body of another
person and have a better experience that might increase empathy. Furthermore, future
research is needed to explore the use of virtual reality for disability advocacy. On a
different note, there were some comments about technical issues, such as interruptions
during the presentation due to network problems or getting lost in the virtual world,
especially for those who experienced VR for the first time. Li & Kyung Kim [31] sug-
gest that future work should further examine the distinctions between visual perspec-
tives and perspective-taking in virtual reality.
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4.4 Technology-related research questions

4.4.1 What equipment or technological tools have been used for immersion in virtual
reality or augmented reality in the analyzed studies?

Table 9 shows the technological means used for immersion in virtual reality environ-
ments, along with the number of related studies for this analysis and their respective
percentages.

In this research question, the sub-category with the lowest number of studies were
“Mobile AR”, “Augmented Reality Cards”, “Oculus Go 3607, “Google Cardboard”
and “NVIS nVisor SX111” each accounting for 2.70% of the studies. “360 Immersion
Device” is the category with the highest percentage of studies after “Not specified,” rep-
resenting 18,92% of the total. Moreover, the subcategory “Not specified” has the high-
est number of studies, accounting for 37.84% of the total. An explanation of this result
might be that some of the articles reviewed are theoretical so in the research the authors
did not use a particular device.

4.4.2 Which software has been used to develop immersive environments in research
studies where virtual reality or augmented reality has been used to foster
empathy?

Table 10 shows the software that have been used to build immersive environments in
research studies where virtual reality or augmented reality has been used to promote
empathy.

Regarding programming languages and software, we found that software developed
by Embodiedlabs*, Autopano Video, ImercyVE, AR Foundation, Optitrack Arena
Motion, Ataturk, Skybox, Unreal, and AR Core accounted for only 2.5%, with each
being the focus of a single study. Unity was used in 6 articles, representing a percent-
age of 15%. Additionally, it is found that 22 articles did not specify the programming
language, or the tool used to develop de immersive experience, accounting for 55%.
Finally, the software developed by https://www.embodiedlabs.com is mentioned, which
was present in two of the reviewed articles, resulting in a percentage of 5%.

Table 9 Equipment or
technological tools have been
used for immersion in virtual or
augmented reality

Equipment/Technology Studies Percentage(%)

—
N

Not specified 37,84%

360-degree video 7 18,92%
Oculus Rift 4 10,81%
Oculus Quest 5 13,51%
HTC Vive VR 2 5,41%
NVIS nVisor SX111 1 2,70%
Google Cardboard 1 2,70%
Oculus Go 360 1 2,70%
Augmented Reality Cards 1 2,70%
Mobile AR 1 2,70%

A higher aggregation is added due to multiple studies covering various
technological tools
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Table 10 Software that have
been used to build immersive
environments in research where
virtual reality or augmented

Software Studies Percentage (%)

N
[\

Not specified 55%

reality has been used to promote ~ UNity 6 15%

empathy Avatar SDK 2 5%
Developed by Embodiedlabs* 2 5%
Autopano Video 1 2,5%
ImercyVE 1 2,5%
AR Foundation 1 2,5%
Optitrack Arena Motion 1 2,5%
Ataturk 1 2,5%
Skybox 1 2,5%
Unreal 1 2,5%
AR Core 1 2,5%

*https://www.embodiedlabs.com/

A higher overall score is added because multiple studies included vari-
ous programming languages

5 Risk of bias analysis

A risk of bias analysis of the selected literature was carried out using the analysis tool
proposed by Sterne et al. [32]. To perform this analysis, both qualitative and quanti-
tative research designs, including experimental, non-experimental, and correlational
designs, were considered. This is because these types of designs can be assessed using
the tool, and a total of 32 articles were analyzed and the results are shown in Table 11.
In this table, 5 dimensions are assessed by using a group of criterions and finally the
overall bias for each study is calculated. Table 11 shows the average score obtained for
each dimension for the total of articles analyzed Fig. 2.

The Table 11 with the case analysis shows the percentage values of the categories or
dimensions and the slight biases.

On one hand, it can be observed that all the dimensions analyzed by the instrument
meet or exceed the 74,1% threshold for low risk of bias overall. However, it is relevant
to note that the dimensions of randomization, measurement of the outcome, and selec-
tion of the reported outcome show a percentage of medium risk or are categorized as
‘some concerns,” with a maximum of 22,2% for the first, 3,7% and 7,4% for the latter
two, respectively. It is important to highlight that only one study, in a single dimension

Table 11 Bias analysis

Level of bias  Randomi-  Deviations Mising Measurement  Selection of Overall Bias
zation from intended outcome  of the outcome the reported (in percent-
process interventions  data result age)

Low risk 77,8 96,3 100 92,6 92,6 74,1%

Some concerns 22,2 0 0 3,7 7.4 22.2%

High risk 0 3,7 0 0 0 3,7%
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As percentage (intention-to-treat)

Overall Bias

Selection of the reported result
Measurement of the outcome
Mising outcome data

Dimensions

Deviations from intended interventions
Randomization process

0 20 40 60 80 100
Percentages

Low risk Some concerns High risk

Fig.2 Risk of bias analysis

(variation in the intervention), presents a high risk of bias due to a lack of information
when assessing research criteria.

In general, a predominantly low risk of bias trend was obtained in the studies ana-
lyzed, with at least 74,10% assessed by both the researchers and the instrument’s algo-
rithm. However, the remaining 25,90% of the studies analyzed presented a moderate
or high risk of bias. These studies may be more susceptible to systematic errors that
could influence the results and conclusions, emphasizing the importance of caution
when interpreting these findings and considering potential limitations in the available
evidence.

6 Discussion

Although the different bibliographical sources consulted differ slightly in their focus
of interest, such as the systematic review by Lee et al. [19], who explored the design
and effectiveness of virtual patient-based medical communication skills training sys-
tems through 14 mostly quantitative studies, finding that effective virtual patient sys-
tems include well-designed educational interventions, human feedback, and reflection
after the activity. Similar results to the systematic review presented in this paper are
presented because it confirms that virtual reality increases and improves empathy pro-
cesses, a result that is also present in the meta-analysis by Ventura et al. [14] whose
main interest is focused on clarifying the existing research on virtual reality as a means
to provoke empathy. The results reveal statistically significant positive changes in per-
spective taking after VR exposure. Likewise, Gerry et al. [11] investigated the efficacy
of VR training for empathy and compassion. These components correspond to three key
design characteristics of immersive VR technologies: biofeedback, perspective taking,
and simulation, thus demonstrating that empathy can be trained and promoted thanks to
different immersive technologies. This is something that is intended to be emphasized
throughout this systematic review. Finally, Foxman et al. [20] propose that empathy is
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a term that journalists and researchers aspire to show the potential of immersive media
for prosocial change, building on fundamental research in the field. However, it is not
the only field of interest. Therefore, our systematic review seeks to delve into various
areas such as the arts, education, marketing, neurosciences, and other previously men-
tioned areas in which VR, AR, and empathy are treated as an area of interest. The main
purpose of this systematic literature review is to show an overview of the research done
in the field of VR and AR to promote empathy. In this section, the results and identified
trends are interpreted, the effects and relationships found will be examined, as well as
the differences or similarities between subgroups and analyzed variables. Furthermore,
these results will be contextualized with the existing literature, allowing for the estab-
lishment of connections and significant contributions to the field of study.

6.1 Is AR and VR effective for fostering empathy?

By analyzing current research in the field of AR and VR to develop empathy, the main con-
clusion is that: It is premature at this early stage to consider VR as a medium that generates
empathy over other media such as film, television or photography. This finding is also in
line with the findings by Sora-Domenjé [33]. This finding is also supported by previous
research stating that there still a lack of empirical support for the popular claim of VR
as the “ultimate empathy machine” [34]. It is clear from the research that, under certain
conditions, alterations in one’s own digital representation of oneself can have a significant
impact on how a person behaves in a virtual environment and that also affects their behav-
iors and attitudes, promoting some of the qualities of empathy. The results also indicate a
lack of consensus when considering VR as a narrative medium that provokes empathy due
to its immersive qualities. Empathy is a complex phenomenon where cultural and personal
implications can affect VR experiences, modulating and differentiating empathy awareness
depending on each person.

As shown in this article, some VR experiences designed to elicit empathy could gener-
ate negative and counterproductive effects in relation to the outgroup, depending on the
subjects and the experimental design. It has been widely demonstrated that empathy in
virtual reality films includes, at a minimum, social, cultural, and physical biases that can
hinder empathic responses, and that different technical configurations may also be related
to these affective responses. The role of interactivity and action in arousing empathy in
virtual reality experiences using current technical configurations does not appear to be par-
ticularly relevant.

Furthermore, although some results suggest that VR cinematic experiences can modu-
late emotions and empathy in a short period of time for a specific group of people, the
long-term effects of exposure with VR is still unclear, as researchers point out [33]. Based
on the previous effects of mobile and web exposure, one can predict that immersive virtual
reality technologies could eventually have similar or even worse results, affecting the same
limbic areas involved in sympathetic resonance.

A related comment has been made about the need to consider the “conceptual position
of the subject” in relation to the personal narratives developed (especially in VR social
films) and the audience. Furthermore, at these stages of VR development, the reflection on
the future consequences of using VR is necessary because the impact of VR on society is
difficult to predict [33]. According to Sora-Domenj6 [33], VR experiences could be defined
as part of a collective reflection. In that regard, co-design and co-creation methodologies
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could be effective so that stakeholders can actively participate in the design and develop-
ment process so that VR experiences can be more effective to develop empathy in certain
fields.

6.2 Methodological aspects of studies about AR and VR to develop empathy

It is important to contrast the results considering the findings by Dhar et al. [18], where it
is stated that virtual reality immersion devices are safe, effective, and appealing to partici-
pants despite their interdisciplinary variations. From this perspective, it can be confirmed
that these findings demonstrate the wide range of areas, especially education and medi-
cine, that have explored the potential of virtual and augmented reality as tools for foster-
ing empathy in a transdisciplinary manner, as evidenced in the Section 4 (Table 3). Addi-
tionally, the importance of considering multiple data collection instruments in the study of
empathy is highlighted, with the IRI report being the most relevant. This result echoes the
findings by Mestre Escriva et al. [35]: “The Interpersonal Reactivity Index (IRI) (Davis,
1980, 1983) is one of the most widely used self-report measures to assess empathy. It has
been applied in different studies to evaluate gender differences in empathic disposition” (p.
255). Furthermore, adapted questionnaires on the use of virtual reality enrich the under-
standing of this field and have vast potential to be explored as information gathering tools
for subsequent social interventions, as presented in Section 4 (Table 5). Moreover, this
result is in line with the results of the survey of literature by Christofi [13], who found that
most of the research on VR and empathy has used self-reported instruments. An implica-
tion of this result might be that future researchers in this field should validate adaptations
of the questionnaires to other languages or tailor-made questionnaires to ensure the reli-
ability and validity of the instrument.

Moving on to the population perspective, the reported findings emphasize the need to
consider studies with more than 100 participants, as corroborated in Section 4 (Table 6).
This is relevant as it underscores the importance of sample size, offering a quantitative per-
spective on how participants are distributed in the context of fostering empathy through the
use of virtual reality, as supported by Garcia-Garcia et al. [36]: “Calculating the number of
participants to be included in a study (...) enables researchers to know how many individu-
als need to be studied to estimate the desired degree of confidence or difference between
study groups” (p. 218). A bigger sample size allows researchers to conduct more robust
studies that are less sensible to biased, reduce error, and increase precision. According to
Garcia-Garcia et al. [36]. “a study with an insufficient sample size will estimate a param-
eter with low precision or will be unable to detect differences between groups, leading to
erroneous conclusions” (p. 218).

Regarding the technological means for virtual immersion, Useche Rodriguez [37]
pointed out that “360 videos can be used to present audiovisual content aimed at generating
empathy in viewers. The research evaluates the effectiveness of the tool developed to sup-
port empathy in 360 videos” (p. 8). These technological means encompass a wide range of
equipment used in various disciplines, with the most common being 360° video immersion
devices and Oculus Rift mixed reality headsets, as evidenced in the Section 4 (Table 9). A
possible interpretation of this result is that 360° videos are easy to deploy in VR devices,
are cheaper to produce and provide more realism when compared to the development of a
tailor-made VR or AR experience because VR/AR experiences require the support of soft-
ware developers, and their development is more time-consuming and expensive. Moreo-
ver, in 360° videos the interaction is more limited whereas in VR/AR environments the
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interaction is higher. Thus, we call for more research studies that involve the development
of VR/AR experiences to really exploit the potential of this technologies and uncover the
real affordances of the technology to foster empathy.

Another finding in this review of literature deals with the reporting of statistically signif-
icant results in research where virtual reality or augmented reality has been used to foster
empathy. In total 45.95% of the studies (as shown in Table 4) report statistically significant
results. This finding is in line with previous research that has found that VR is effective
for perspective-taking but there are still some inconclusive results regarding empathy [14]
so further research is needed. Connected to this idea, according to Ordofiez [38], some of
the advantages of VR and AR include “multisensory learning (sight, sound, touch), cogni-
tive improvement, effective combination of physical and virtual worlds, high-quality 3D
content and animations in real space, elimination of geographical and temporal limits, con-
tent enrichment, and user-friendliness” (p.13). In this literature review, we confirmed that
another advantage of VR and AR is that these technologies are effective for developing
empathy and this finding contributes to the body of knowledge on the advantages of these
technologies.

Experimental research designs have been used in studies of VR and AR to develop
empathy (Table 7). Experimental research design can be useful to identify the affordances
and benefits of VR and AR to foster empathy when compared to other technologies or
strategies. Moreover, changes in empathy can be identified by using pre-post tests in exper-
imental research designs. We recommend that, in future studies, researchers use experi-
mental research designs and more robust statistical methods such as Structural Equation
Modeling (SEM) to identify some predictors of empathy during VR and AR experiences
that are used to foster empathy. Moreover, there is still a lack of research on the features of
VR and AR that positively influence empathy and the personal traits that might moderate
the factors that influence empathy. Thus, further research is needed in this aspect.

Additionally, it is highlighted that 83.78% of the research has been published in aca-
demic journals (31 out of 37 studies reviewed as depicted in Table 8) and only 4 studies
were published in conference papers and 2 in book chapters. This result shows that most of
the research conducted in the field has been peer-reviewed and this ensures the quality of
the findings in each paper.

Research has demonstrated the potential of the new organizational context of VR com-
bined with machine learning to distinguish empathy dimensions. Unlike most evaluations
that use subjective self-report measures, this approach combines neuroscience with VR,
providing greater objectivity and validity to the results. This, in turn, facilitates systematic
reviews analyzing the role of these techniques in the importance of immersion in different
contexts, as mentioned by Parra Vargas et al. [26].

6.3 Technological aspects

In this review, we identified some technologies used to create experiences in VR and AR
to develop empathy. A remarkable result is that most of the studies analyzed in this review
used 360° video in VR headsets. This means that participants were, in most of the cases,
passive subjects in the VR experience and therefore the effect on empathy might have
been diminished as a result of the lack of interaction with some elements in the experi-
ence. However, a positive aspect of using 360° videos is that the VR experience is closer
to the reality. Previous research have demonstrated that social presence (which involves
the sense of being there in VR) in 360° videos has a positive effect on prosocial behaviors
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[39]. In that regard, future studies in which the participants’ sense of presence can be maxi-
mized could contribute to a better experience increasing the levels of empathy. Moreover,
another feature of VR that can be exploited for developing empathy is embodiment. Previ-
ous research has shown that empathy might increase when some features of embodiment
are present [40]. The engagement and sense of presence created by VR experiences might
intensify some emotional reactions such as empathy [41]. According to Ventura et al. [14],
further research should determine if the sense of presence is better than the embodiment
or not. The use of other VR headsets or fully immersive VR experiences is still limited so
further research on the effect of highly interactive VR experiences (apart from 360° video)
might provide more insights into the real effect of VR on empathy. To date, it is unclear
which device would be the most effective for presenting VR or AR experiences and this is
line with the call for more research stated by Ventura et al. [14].

Research on AR or Mixed Reality (MR) to develop empathy is still in its infancy. There
are few studies that use AR or MR as immersive technologies to create empathy when
compared to the number of studies using VR. An interpretation of this result might be that
VR as a more immersive technology could be seen as a more powerful to develop empa-
thy when compared to less immersive technologies such as AR or MR. However, further
research needs to be conducted to determine the affordances of AR and MR to develop
empathy. Mobile AR could be a more affordable way of creating experiences to develop
empathy because smartphones are, in general, cheaper than VR headsets and most people
own smartphones that can be used to deploy mobile AR apps. Mobile AR can be used to
situate experiences in the user’s context to develop empathy in certain physical contexts
instead of recreating the entire context in VR.

Regarding the software used to develop immersive experiences to create empathy, most
of the studies do not specify the software used and some other studies use general pur-
pose commercial software. In that regard, there are no open source frameworks for design-
ing and developing immersive experiences to create empathy. We call for more research to
fill this gap in the literature so that the software allows to configure certain parameters to
effectively create the experiences and save time in the development process.

Finally, the combination of VR/AR/MR technologies and artificial intelligence (AI)
for training empathy is another field that deserves more research. The possibilities offered
by generative Al might provide more personalized and adaptive experiences for empathy
development and current research in this aspect is still in its infancy.

6.4 Limitations and future research directions

Finally, we found some limitations in the reviewed studies. First, the sample size was not
significant, which affected the generalizability of the findings. In this sense, we suggest that
future research consider larger research samples. Stavroulia & Lanitis [42] conducted a
study with 69 participants. On the other hand, regarding the instructions given, some were
not given adequately, guaranteeing that the participants understood and complied with
them, causing confusion among the participants during the execution of the test. Addition-
ally, in terms of descriptive studies, 9 studies were used (Table 7), which received negative
criticism since the authors suggest that they reflected deficiencies such as the qualitative
use of data, which prevented a comparison between theory and theory. the practice.
However, as a future recommendation, delving into qualitative studies is suggested since
this methodology also has valuable theoretical support. According to Quecedo & Castafio
[43], “a qualitative study allows us to know the personal aspect, inner life, perspectives,
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beliefs, concepts (...) successes and failures, moral struggle, efforts,” which are close and
congruent traits when fostering empathy.

7 Limitations of this review

The main limitation of this study is that some papers might have been published in other
bibliographic databases such as Web of Science and those papers were not included in this
review. The categories considered in this review of literature are not unique. Other catego-
ries might be considered in the systematic literature review to obtain more information
about the current state of research in the field of VR and AR to develop empathy.

8 Implications for education and training

In the realm of education, it is well-established that basic empathy is a trainable trait rather
than an inherent quality [44]. This implies that individuals do not possess a predetermined
amount of empathy at birth but instead develop and acquire this attribute over time. Con-
sequently, the pivotal implication drawn from the review presented in this paper is that
virtual reality (VR) emerges as an effective medium for training and fostering empathy
across various educational levels, including primary, secondary, and higher education.
VR'’s unique capabilities allow for intricate and nuanced empathy training programs that
surpass the possibilities offered by other technologies [45]. Such training programs hold
significant potential for students, teachers, and society at large, fostering better relation-
ships within the educational community, cultivating prosocial behaviors among students,
broadening perspectives, promoting understanding of global inequalities, and contributing
to conflict resolution and mediation.

While there exists an expanding body of literature on empathy training within health-
care, medicine, and related disciplines [46], a noticeable research gap is observed in the
training of empathy within other educational domains such as psychology, marketing,
and art. Consequently, future research endeavors should concentrate on investigating how
empathy can be effectively trained in these diverse fields, exploring the unique variables
that influence this trait within specific disciplines.

Within this review, the Empathy Index (IRI) emerged as the most employed instrument
for measuring empathy. However, future studies in the realm of education and training
should consider validating this instrument within educational contexts or developing new
instruments tailored to educational settings. In accordance with Villalba et al.‘s [27] rec-
ommendations, a periodic revision of the IRI instrument is suggested to incorporate cur-
rent discussions and advancements in empathy research. Additionally, the incorporation
of physiological measures and eye-tracking technologies holds promise in offering a more
objective assessment of the impact of VR on empathy.

Despite the progress in research on empathy development utilizing augmented reality
(AR) and VR, a notable research gap persists in understanding how to effectively train
empathy across different educational levels using these technologies. Thus, an additional
implication derived from this review is the imperative need for further research dedicated
to elucidating mechanisms, frameworks, and methodologies for empathy training across
diverse educational levels.
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9 Conclusions

This systematic review underscores the potential of VR and AR as effective tools for fos-
tering empathy in various domains. It emphasizes the importance of larger sample sizes,
validated questionnaires, and rigorous research designs to advance our understanding of
the VR/AR-empathy relationship and shed light on the specific factors and personal traits
that influence empathetic experiences in virtual environments. It is important to note that
there is a lack of research on the use of AR or MR to develop empathy and this is a gap in
the literature that requires more attention. This systematic review presents a comprehensive
analysis of the relationship between VR/AR and empathy, yielding significant findings:

VR/AR immersion devices are not only safe but also effective and appealing to par-
ticipants, corroborating previous research. These results confirm the broad application of
VR and AR in fostering empathy, particularly in education and medicine. However, more
research is needed to identify the real affordances of VR/AR to develop empathy.

To study empathy, it is crucial to employ multiple data collection instruments, with the
IRI report emerging as the most relevant self-report measure. However, we suggest that
future research can combine self-reported instruments with more objective measures such
as physiological measurements to have more insights into the effect of AR/VR technolo-
gies on empathy.

The use of adapted questionnaires tailored to VR/AR enhances the understanding of
the field and holds potential as information-gathering tools for social interventions. Future
researchers should validate questionnaire adaptations in different languages or develop cus-
tomized instruments to ensure the reliability and validity of the assessment.

Large sample sizes (over 100 participants) are vital in VR/AR-based empathy research
to provide a quantitative perspective on participant distribution. Robust studies with larger
sample sizes minimize biases, reduce errors, enhance precision, and facilitates generaliz-
ability of results.

Technological means for virtual immersion, such as 360° videos and VR headsets,
have gained popularity in fostering empathy across diverse disciplines. While 360° videos
offer cost-effective and realistic experiences, VR environments provide higher interaction
possibilities. Furthermore, the noticeable absence of research on augmented reality (AR)
and mixed reality (MR) for empathy development becomes apparent in the studies scru-
tinized. Consequently, it is imperative for future research endeavors to delve deeper into
and explore the untapped potential of AR or MR experiences in promoting and enhancing
empathy.

Approximately 45.95% of the studies reported statistically significant results regarding
the effectiveness of VR or AR in fostering empathy. However, the field still lacks conclu-
sive evidence, necessitating further research to gain a comprehensive understanding of the
impact of VR/AR/MR on empathy.

VR and AR offer various advantages, including multisensory learning, cognitive
improvement, content enrichment, and user-friendliness. This review adds to the body of
knowledge by highlighting their effectiveness in developing empathy.

Experimental research designs have commonly been employed in VR/AR empa-
thy studies to identify the affordances and benefits of these technologies. Pre-post tests
in experimental designs enable the identification of changes in empathy. Future studies
should utilize experimental designs and robust statistical methods, such as Structural Equa-
tion Modeling (SEM), to identify predictors of empathy during VR/AR experiences and
explore the influential features and personal traits.
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