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Virtual reality (VR) is increasingly used as a social platform for users to interact and build connections
with one another in an immersive virtual environment. Reflecting on the empirical progress in this area
of study, a comprehensive review of how VR could be used to support social interaction is required to
consolidate existing practices and identify research gaps to inspire future studies. In this work, we conducted
a systematic review of 94 publications in the HCI field to examine how VR is designed and evaluated for
social purposes. We found that VR influences social interaction through self-representation, interpersonal
interactions, and interaction environments. We summarized four positive effects of using VR for socializing,
which are relaxation, engagement, intimacy, and accessibility, and showed that it could also negatively affect
user social experiences by intensifying harassment experiences and amplifying privacy concerns. We introduce
an evaluation framework that outlines the key aspects of social experience: intrapersonal, interpersonal, and
interaction experiences. According to the results, we uncover several research gaps and propose future
directions for designing and developing VR to enhance social experience.
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1 INTRODUCTION

As an emerging communication tool, Virtual Reality (VR) is drawing an increasing number of
users into its virtual spaces to interact with one another [15, 63, 173, 176]. Unlike traditional visual-
audio communication tools, VR delivers a fully immersive experience that simulates face-to-face
communication, enabling various interaction cues (e.g., interpersonal distance, body orientation,
etc.) to exchange ideas and intentions beyond simply looking at a screen [63, 127, 196]. This distinct
capacity of VR to support social interactions has led to the flourishing of social VR applications in
the commercial market such as Rec Room, BigScreen, AltspaceVR, and VRChat [63, 131]. It has
also garnered substantial academic interest in the HCI field, prompting significant research into its
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application for social purposes. This research includes investigating users’ challenges and needs or
proposing innovative designs to support social interactions [14, 130, 161, 172, 192, 214].

While existing literature reviews have investigated multi-user interactions within VR environ-
ments, their primary focus has been on VR’s potential to enhance communication efficiency [9, 150,
168, 214]. Although informative, these studies offer limited information on VR’s role in fostering
emotional connections and nurturing interpersonal relationships, which are crucial for achieving
satisfactory social experiences [10, 51, 171]. Recognizing this gap, our systematic literature review
aims to understand the use of VR for social purposes from multiple perspectives.

First, it is vital to comprehensively understand the specific VR features that support social inter-
action and their impact on user perceptions. Gaining such insights is crucial for future researchers
and designers, as it enables them to customize VR features to meet specific user requirements
effectively. Although previous research has explored different VR features for social interaction,
such as creating expressive avatars to enhance emotional expression [19, 26], or augmenting user
behavior to foster social engagement [52, 161], there is a lack of cohesive analysis regarding the di-
verse intentions behind these VR feature designs. Therefore, we propose our first research question
(RQ1): What VR features have been investigated and what are their roles in supporting
social interaction?

Second, gaining a thorough understanding of VR’s effects on social interactions and their po-
tential causes is crucial. While numerous studies demonstrated VR’s benefits including enhancing
emotional well-being and offering innovative entertainment experiences [6, 61, 229], several works
also reveal its potential drawbacks, such as leading to lower emotional stability [47, 109] and devel-
opmental impacts on young users [124, 126]. Therefore, a comprehensive analysis of VR’s effects on
social interaction is imperative to provide future researchers with a nuanced understanding of VR’s
complex influence on social dynamics. This knowledge is also crucial in developing VR systems that
not only enhance positive experiences but also mitigate negative ones. Consequently, we explore
RQ2: What are the positive and negative effects of using VR for social interaction, and
what are their potential causes?

Last, establishing a structured evaluation methodology is crucial for guiding future researchers in
assessing users’ social experiences in VR and determining the effectiveness of VR designs. However,
the evaluation process is complex, requiring the examination of not only communication quality
and efficiency but also emotional experiences and interpersonal connections [51, 128, 130, 171]. Fur-
thermore, different studies have investigated various dimensions, employed different settings, and
tested with participants of diverse characteristics in their evaluations, contributing to a fragmented
understanding of how to evaluate social experiences in VR. For instance, applying inconsistent
scales or questionnaires on the same metrics hinders effective comparison and generalization
of findings, while variations in experimental settings and participant characteristics affect study
outcomes and interpretations. To summarize current evaluation methods and offer a cohesive
framework for future studies, we propose to answer our RQ3: How are social experiences in VR
evaluated, considering the evaluation dimensions, experimental settings, and participant
characteristics?

We conducted a systematic review following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) method [137] to answer these RQs. We identified papers
from high-impact venues within the HCI field according to Google Scholar Metrics [76]. To include
the papers that offer sufficient insights for addressing our RQs, we collected papers based on the
following criteria: 1) the paper should explore human-to-human interactions within immersive VR
environments, 2) the paper should detail the influence of VR on social experiences, characterized as
the range of emotional sensations and responses elicited in users during interpersonal interactions
and relationships, including but not limited to aspects like mutual awareness, emotional connections,
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and affective interdependence [41, 52, 68, 111, 158, 172]. We finally included a total of 94 articles
for further analysis and investigation.

Our study offers multiple contributions to the HCI community. First, we find that VR influ-
ences social interaction in three key ways, including leveraging self-representation to shape users’
self-perceptions and social experiences; offering various interaction strategies to create a natural
and engaging experience; and providing interaction environments that set the context and norms
to scaffold social behaviors. Second, we show that while VR offers numerous benefits for social
interaction, including promoting relaxation, enhancing engagement, fostering intimacy, and im-
proving accessibility, it also presents challenges like harassment and privacy issues that require
future attention and resolution. Third, we summarize the evaluation methodology employed in
the reviewed studies, considering evaluation dimensions, experimental settings, and participant
characteristics, to unify evaluation methods and provide a cohesive framework for future studies.
Fourth, based on our findings, we discuss research directions that can inform future studies in
social VR. Our goal is to outline open issues in current studies, to develop a more positive and
harmonious social atmosphere in VR, and to reflect on the ecological validity and rigorousness of
the existing empirical work.

2 RELATED WORK
2.1 Evolution of VR for Social Interaction

VR is a technology that uses computer-generated simulations to create a three-dimensional en-
vironment that users can experience and interact with through specialized devices like headsets.
Emerging in the 1960s, the initial VR systems were predominantly tailored for individual usage,
serving specific sectors such as medicine, flight simulation, automobile design, and military train-
ing [57]. With technology advancing, VR systems began to facilitate multi-user experiences,
enabling users to enter a communal virtual space where they could interact with one another [206].
From the late 1990s to the early 21st century, the focus on multi-user VR was mainly channeled into
various professional and specialized domains, such as workplace training [23, 210], healthcare [21],
education [55, 91], exhibition [187], and engineering [173]. In these works, researchers investigated
VR to support successful collaboration by designing effective collaborative systems and providing
efficient communication strategies.

The focus on VR as a medium for social purposes has gained substantial attention post-2010. This
can be attributed to key technological advancements in VR display and computational capacities [95].
Market introduction of accessible and affordable devices like Oculus Rift and HTC Vive made
VR become more palatable for people’s daily consumption. As hardware constraints have eased,
there has been a proliferation of commercial social VR platforms such as Rec Room, BigScreen,
AltspaceVR, and VRChat. These platforms offer a compelling alternative to traditional audio-
visual communication tools (e.g., phone calls or video chat) in providing a greater sense of co-
presence [1, 186], natural and intuitive communication cues [63, 127, 196], and various social
activities [115, 130, 186]. These advantages have attracted more and more people to interact,
socialize, and build connections in a shared VR environment [61, 192].

The emergence of social VR has captured the attention of researchers in the HCI and CSCW
fields to explore how to leverage VR to support social interaction. These studies can be categorized
into several key areas: some focus on improving the efficiency of communication by enabling
real-time reconstruction of facial and body movements [181, 212]; others aim to amplify emotional
expressions by visualizing users’ affective states [19, 26, 161, 172]; a different set of studies explores
fostering social connections by investigating the design requirements for creating meaningful
shared activities [14, 18, 165, 223]; and finally, some delve into the design challenges and needs
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specific to diverse demographics [17, 65, 142]. This research demonstrated that social interaction
in VR offers users benefits such as enhanced companionship and social support [6, 61, 213, 228],
which encourages researchers and practitioners to design and develop VR social platforms in the
future.

However, previous research on the use of VR for social purposes has been fragmented, making
it challenging to grasp how VR is effectively used for socialization and its potential effects. A
comprehensive understanding of this body of work is required to pinpoint common practices that
enable subsequent researchers to quickly understand and draw inspiration from previous studies.

2.2 Gaps in Existing Literature Review

There are existing literature reviews investigating social interaction in VR [9, 150, 168, 214]. A
focal point of these reviews is assessing VR’s contribution to enhancing communication efficacy.
For example, Wei et al. examine the use of nonverbal cues for effective communication in VR
settings [214]. Pan’s review focuses on applying VR in multi-person psychological experiments and
describes the challenges that psychologists may encounter in VR, such as embodiment, uncanny
valley, simulation sickness, ethics, and experimental design [150]. However, these reviews offer
limited insights into VR’s use in social contexts, such as understanding VR’s impact on emotional
connections and interpersonal relationships, which are essential for satisfactory social experi-
ences [10, 51]. To address this, we undertake a systematic review aiming at bridging this knowledge
gap.

Our initial investigation reveals several areas that necessitate further study, leading us to develop
three distinct yet interrelated RQs. Firstly, we plan to examine specific VR features and their roles
in supporting social interaction (RQ1), to understand the current research landscape. Secondly,
we seek to provide a holistic understanding of VR’s positive and negative effects and their causes
on social interactions (RQ2), to help researchers build better social VR that promotes positive
experiences and minimizes negative ones. Lastly, we investigate how social experiences in VR
are measured (RQ3) to develop a consistent and comprehensive methodology for assessing the
effectiveness of VR in facilitating social interactions. These three RQs guided our subsequent paper
collection and data analysis.

3 METHODOLOGY

To answer these RQs, we conducted a systematic review of the relevant literature using the PRISMA
method [137]. Following this method, we divided our review process into four phases, which are
outlined in Figure 1. In the subsequent sections, we provide a detailed explanation of each phase.

3.1 Identification

To identify high-quality research, we used Google Scholar Metrics to select prominent conferences
in the fields of HCI and VR [76] to collect papers from, including CHI, CSCW, IMWUT, UIST,
IUL DIS, TOCHI, VRST, TOG, IEEE VR, TVCG, IJHCS, JHCI, VR, and ISMAR. These venues are
sourced from five databases: ACM Digital Library, IEEE Xplore, Science Direct, Taylor&Francis,
and Springer. Additionally, we conducted a supplementary search using the relevant keywords in
Google Scholar to avoid omissions.

We used the keywords ‘social®’, ‘interperson™, ‘multi-user®’, and ‘interact™ to capture articles
that discuss social interaction beyond individuals; ‘virtual reality’ and ‘VR’ to ensure that the studies
were specifically conducted within the VR medium. We used ‘social®’ to represent variations of
the word “social” such as ‘socialize’ and ‘sociality’. The same strategy is applied to ‘interperson®’,
‘multi-user®’, and ‘interact”’. As each database has its own search logic, we tailored our search
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queries accordingly. Table 1 presents the search queries used in five different databases. We allowed
these terms to appear in the title or abstract of the articles.

Table 1. Boolean instructions for ACM Digital Library, IEEE Xplore, Science Direct, Taylor&Francis and
Springer

Database Boolean Instructions

ACM Digital Library Title: (social* OR interperson* OR multi-user* OR inter-
act”) AND (“Virtual reality” OR VR) OR Abstract: (social*
OR interpersonal® OR multi-user” OR interact*) AND
(“Virtual reality” OR VR)

IEEE Xplore "Abstract": (social” OR interperson” OR multi-user® OR
interact) AND (“Virtual reality” OR VR)
ScienceDirect Title or Abstract: (social OR socialize OR multi-user OR

interpersonal OR interaction OR interact) AND (“Virtual
reality” OR VR)

Taylor&Francis Abstract: (social* OR interperson® OR multi-user* OR
interact®) AND (“Virtual reality” OR VR)

Springer Title: social* OR interperson® OR multi-user® OR interact”
AND “Virtual reality” OR VR
Google Scholar intitle:((social OR socialize OR multi-user OR interper-
sonal OR interaction OR interact) AND (“Virtual reality”
OR VR))

We included articles published between January 2013 and June 2023, and written in English.
We included full-text papers, works-in-progress, and posters in order to create a comprehensive
collection of publications that cover various aspects and applications related to social interaction
in VR. Although short papers (e.g., works-in-progress and posters) typically do not have the
same expectation of rigor regarding evaluation, we included them because they show the latest
explorations of HCI researchers to leverage VR to support social interaction.

The paper identification process resulted in 2608 papers. Specifically, 2471 papers were gathered
from five databases. Among the database-sourced papers, 1186 came from the ACM Digital Library,
521 from IEEE Xplore, 638 from Springer, 56 from Taylor&Francis, and 70 from Science Direct.
To ensure comprehensive coverage, we included 137 additional articles from Google Scholar —
we initially selected the top 200 most relevant papers from Google Scholar and, after removing
duplicates already presented in the five databases, 137 unique papers remained.

3.2 Screening and Eligibility

To select the papers that offer sufficient insights for addressing our RQs, we screened whether the
2608 papers meet the following two criteria:

(1) The paper explores multi-user interactions within immersive VR environments.
Social interactions are the activities or actions that happen between two or more individu-
als [183]. Therefore, we included articles that investigate interaction strategies or challenges
involving at least two users within immersive VR environments. In contrast, we excluded
articles that only 1) investigate interaction strategies for a single user(e.g., [24, 225]); 2)
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Articles identified Articles for title and Articles for full- Articles included in
through databases abstract text screening (N=446) final analysis (N=94)
searching (N=2471) screening (N=2608)

Articles supplmented licesloxclices Articles excluded (N=352)
by Google Scholar _ (N=2050) Criteria 1 (N=298)
(N=137) Criteria 1 (N=1873) Criteria 2 (N=54)
Criteria 2 (N=289)

Fig. 1. Our literature search and inclusion phases followed the PRISMA procedure. The diagram illustrates
the information flow across the four phases: identification, screening, eligibility, and inclusion. It provides the
numbers of identified, included, and excluded literature, along with the reasons for exclusions.

address communication problems between a user and a virtual agent (e.g., [152]); 3) estab-
lish connections between immersive VR users and individuals outside the VR environment
(e.g., [40]); or 4) explore social interaction on 2D virtual world, augmented reality, CAVEs, or
other stereoscopic displays (e.g., [120]). However, studies investigating from imagined part-
ners (e.g., [97, 144]) were included as we were interested in the perception of interpersonal
interaction in social contexts, even if hypothetical.

(2) The paper details the influence of specific VR designs on social experiences. Our
primary objective is to explore how VR is concretely being leveraged for socialization and its
effects. Therefore, we included articles that report and discuss the influence of particular
VR features on users’ social experiences, in which we characterized “social experiences”
as the range of emotional sensations and responses elicited in users during interpersonal
interactions and relationships, such as mutual awareness, emotional connections, and affective
interdependence [41, 52, 111, 158, 172]. To be noted, while we acknowledge papers proposing
VR designs or systems with potential social interaction applications, we excluded those
that did not empirically investigate or detail the impact of specific VR features on social
experiences in the paper, such as [99, 102, 104, 147], because these papers may not offer
sufficient insight to answer our RQs.

Based on our predefined criteria, all authors independently reviewed the titles and abstracts of
the identified articles during the screening phase. To ensure a consistent understanding of the
criteria, the authors conducted five rounds of selection, each with 10 papers. During each round,
they discussed their selections and resolved disagreements to reach a consensus. Once researchers
established reliability, the remaining articles were evenly divided between the two authors for
further screening. This process resulted in the inclusion of 446 articles and the exclusion of 2162
articles.

In the subsequent eligibility phase, we conducted a thorough reading of the full texts of the
included articles. The 446 articles were evenly divided between two authors. Each author carefully
read and evaluated the full texts against our established criteria. If an article was flagged for removal
by one author, it was independently reviewed and verified by another author before being excluded.
If a reviewer questioned whether an article met the inclusion criteria, it was marked as “need to
discuss,” and a final decision was made collectively by all reviewers. Ultimately, 352 articles were
excluded for not meeting the criteria, resulting in 94 articles selected for in-depth analysis and
investigation.
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Among the included articles, 79 were full papers providing detailed information about the
experimental methodologies and results, while 15 were extended abstracts (e.g., posters or works-
in-progress). These 94 articles are marked with an asterisk (*) in the references.

3.3 Data Analysis

We employed an integrated coding strategy that combined deductive and inductive approaches to
analyze the final paper sets. Initially, we employed deductive method to categorize findings according
to our established RQs, including descriptive statistics of literature (i.e., publication year, venues,
research contribution, interaction contexts), VR features influencing social interaction, proven
effects of VR usage, and evaluation methodology. These predefined topics provided a structured
foundation for our systematic review and analysis.

Subsequently, we applied inductive coding to facilitate the emergence of new themes within
the predefined topics, enhancing our flexibility to integrate unforeseen insights and deepen our
analysis. In this process, two authors independently coded the same 10 papers from the final paper
sets according to the predefined topics and employed Affinity Diagramming to further refine and
organize the coding [27]. Through collaborative and iterative weekly meetings, they discussed and
refined the themes within each topic, incorporating additional insights from advisors to bolster the
validity and impartiality of the findings. After reaching a consensus, the two authors independently
applied this coding strategy to the remaining literature. Once all the papers were comprehensively
coded, we convened meetings to further refine the final results, ensuring rigor and thoroughness
in our analysis.

4 RESULTS
4.1 Overview of the studies and their theoretical foundations

4.1.1 Published years and venues. Starting from the year 2016, when VR hardware and software
became accessible and affordable for daily use, the number of articles on social experience has
gradually increased over the years (as shown in Figure 2 (a)). Before that, researchers paid more
attention to exploring VR for industry proposes (e.g., medical intervention [151] or construction
projects [155]), than using VR to support daily social interaction. The reviewed articles were
published in 14 unique venues as shown in Figure 2 (b).

4.1.2  Research contribution types. Based on the categorization of research contribution types in
the HCI field [220], we identified two primary research types among the studies in our paper sets
shown in Figure 2 (c). The majority of the studies (n=63) are empirical contribution research (i.e.,
"articles that collect, analyze, and interpret observations about known designs, systems, or models,
or about abstract theories or subjects”), including interview studies [16, 64, 117, 124], quantitative
lab experiments [1, 116, 163, 186], and qualitative field studies [4, 100, 196], to explore how people
interact and communicate in VR to understand their actual needs and challenges. The remaining
31 studies contributed valuable artifacts, which focused on designing, building, and evaluating
interactive technologies (e.g., system [48, 56, 138, 165, 172, 223], interaction method [105, 161, 172],
input device/technique [39, 212], and hardware toolkit [144]) that reveal new possibilities, enable
new explorations, facilitate new insights, or compel us to consider new possible futures toward
leveraging VR to support users’ social interaction.

4.1.3  Target users. Most studies (n=79) focused on general users (the broader population of users),
investigating their general interactions’ challenges and proposing interactive technologies to
support their VR interaction. Researchers also explored social interaction in more specific groups
of users (n=15), including older adults [6, 14-18, 213, 222], children [60, 124], teenagers [126],
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Fig. 2. Visualization of descriptive statistics of reviewed paper: (a) shows the years of publication with the
number of papers (Please note that the data for 2023 only includes the first six months), (b) shows the venues
of publication, (c)(d)(e) show the distribution of research contribution types, target users, and Interaction
contexts in the final set of papers

middle-age women [142], and LGBTQ [5, 62, 65, 117], to understand their specific strategies and
needs in VR interaction.

4.1.4 Interaction contexts. Social interaction always happens in and is affected by different con-
texts [53, 156]. To understand the research interests in different interaction contexts, we categorize
studies into public, group, or interpersonal social contexts [38].

Public context. Most reviewed works investigated users’ social interactions in public contexts
(n=67). These studies aimed to help users better express their ideas and emotions with general users
in VR. Most studies leveraged VR features to support social interaction, such as changing avatar
appearances [11, 26, 42, 42, 67, 108, 118, 163, 170, 186], reconstructing facial/body movements [39,
204, 212], or visualizing users’ affective states [26, 111]. Some studies explored the design needs of
VR shared activities (e.g., watching movies, dancing, and so on) that encourage users to socially
engage with strangers [48, 116, 138, 153, 165, 192]. Others investigated ethical risks (e.g., harassment
and privacy concerns) that could negatively impact users’ social experiences when interacting in
public [30, 66, 117, 128, 171, 185, 209].

Group context. In group contexts (n=18), researchers mostly focused on improving interaction
quality and enhancing group bonding between friends [191], alumni [223], team members [3,
63, 82, 113, 148], or a group of people with similar hobbies [14, 112]. Research has explored sev-
eral activities such as group reminiscence [14, 16], social meeting [3, 63, 82, 148, 216], playing
game [89, 143, 180, 191], visiting museum [161], attending opera [112], celebrating graduation [223],
group rehearsal [113], co-design cake [133], and group chatting [15, 17]. These studies focused
on exploring how VR could be designed to support group connections beyond improving users’
working efficiency.

Interpersonal context. Nine studies were explored toward connecting dyads with certain at-
tachments. Such studies mainly investigated how to better cultivate users’ emotional bonds and
relationships in VR. Two of them explored design considerations of VR systems for dyads with close
relationships, such as family relations [6, 213], romantic partners [228], and others [143]. The other
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four systems are tailored to connect pairs using shared activities, such as social meditation [172],
photo sharing [115], playing cards [89], experience sharing [208], and two-player VR games [52].

4.1.5 Theoretical foundations of studies. Incorporating established theories into empirical research
is crucial, as it offers a solid framework that systematically guides the design and interpretation
of research findings. Our review highlights the adoption or development of three main types of
theories across the studies we examined.

Firstly, theories considering social dynamics in 3D real-world settings, like Personal Space, have
been explored in VR to understand how spatial dimensions and emotional states influence personal
boundaries [32, 42, 218]. The researcher used Similarity Effects [139] to investigate the impact of
embodied avatar resemblance on persuasion within VR environments [182]. Moreover, theories
such as Communication Privacy Management Theory and Self-Determination Theory have been
utilized to study information disclosure and enhance user motivation for social interactions in
VR, respectively [86, 209]. Scholars have also applied theories like Queer Theory to address social
challenges within VR communities, especially regarding marginalized groups [62].

Secondly, researchers have applied and extended the theories originally rooted in screen-based
platforms (e.g., online video games) into VR settings. For instance, they adopted theory like the
Proteus Effect [227], initially developed for interactions in online games and web-based chat rooms,
to investigate users’ perception of themselves when embodied in VR avatars [182]. Similarly,
concepts from Nonverbal Communication for Virtual Worlds have been applied to analyze nonverbal
communication in commercial VR applications [196].

Thirdly, in addition to the adaptation of theories drawn from non-VR contexts, a few studies
have pioneered the development and application of theories specifically tailored for social VR
environments. For example, Li and colleagues developed an evaluation framework for measuring
photo-sharing experiences in VR [115], subsequently adopted by multiple studies to assess user
experiences in social VR settings [116, 138, 208, 209].

However, despite these advancements, our analysis indicates that a significant portion of studies
(82 out of 94) lack substantial theoretical guidance, suggesting a potential oversight in leveraging
theory to inform empirical research.

4.2 VR features and their roles in social interaction (RQ1)

We categorized our results into self-representation, interaction strategies, and interaction environment,
which refer to how users, the interaction process, and the environment have been investigated to
support social interaction, as shown in Fig 3. Within each aspect, we introduce how specific VR
features have been investigated in the literature, and their roles in social interaction.

4.2.1  Self-representation. In VR, embodied avatars are digital representations of users [105, 130].
This section demonstrates how the visual representation of an avatar shapes users’ perceptions
and influences their social behaviors.

First, customizing avatars’ appearance enables users to manage their self-image, impacting
their self-perceptions and affecting social behaviors. This phenomenon is known as the Proteus
Effect [64, 227]. In these studies, researchers revealed how different avatars’ appearance, such as
aesthetics [26, 64, 105, 213], age [142], gender [65], race [66], style [118], body size [41, 42], clothes and
accessories [65, 153], and similarity [182], impact users’ affective states and cognitive perceptions
during social interaction. For example, embodying a younger avatar can make older people feel more
confident, leading to more body movements and interactions with their partners [213]. Additionally,
studies also reveal that one’s avatar appearance can effectively influence others’ willingness to
interact [20, 42, 65, 105, 108, 163, 214]. For instance, creating a glamorous and well-dressed avatar
makes users appear more vibrant and encourages others to engage with them [64]. Therefore,
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Fig. 3. This image shows our classifications of VR features, complemented by example figures sourced from
reviewed papers: self-representation [105, 108], interaction strategies [63, 111, 127, 160, 163], and interaction
environment [117, 130]. We provide the social effect of each VR feature and summarize the social influence
of three classifications.

users can customize their avatars’ appearance to modify their perceptions and achieve ideal social
experiences.

Studies also investigated the effects of avatars’ fidelity (e.g., visibility [11, 107, 186] and real-
ism [108, 213]) and showed that it could impact users’ sense of body ownership (e.g., the feeling
that one’s body has been substituted by the avatar and that the new body is the source of the
sensations [75]). A higher sense of body ownership users could allow users to immerse themselves
in a simulated world and interact with others more authentically and persuasively [182]. However,
it does not always result in an ideal social experience. A few studies also reveal that the low-fidelity
avatars (e.g., cartoonish and unreal) make users feel more relaxed [143, 213], offering casual and
equal interaction experiences and encouraging active engagement.

4.2.2 Interactions strategies. VR enables various interaction strategies for users to express them-
selves. In this section, we introduce the dynamic actions and behaviors that users perform within
the VR to communicate and interact with others. We identified two primary interaction strategies
discussed in the literature: interactions resembling reality, and interactions beyond reality.

Interactions resembling reality are the most common interaction strategies in VR, which
provide an intuitive and acceptable way for social interaction since they mimic real-life interac-
tions [65, 127, 143, 186, 208]. Among these, verbal communication is the most direct way. Features
such as pitch, tone, accent, stress, and turn-taking in voice convey information about users’ affective
states, gender, age, and country of origin, enhancing the richness of communication [1, 96, 186]. To
complement verbal communication, users also use a variety of non-verbal communication cues to con-
vey their emotions and intentions. For instance, facial expressions (e.g., laughter, frowning) and body
movements (e.g., postures and head orientations) naturally convey feelings such as joy, nervousness,
and excitement, adding depth to the social interaction experience [8, 19, 58, 63, 127, 196, 226]. Gaze
indicates attention, regulates intimacy and provides information [180, 204], while lip movements
improve comprehension of conversations [11, 224]. Additionally, users adjust their interpersonal
distance in VR based on offline spatial behaviors, nonverbally indicating their level of closeness to-
wards others [31, 41, 42, 118, 196, 218]. In addition, users engage in body contact through embodied
avatars in VR to express the sense of presence or intimacy, such as shaking hands, hugging, and
touching [59, 61, 97, 143, 144, 170, 191, 213, 228].

Additionally, the application of communication-supportive tools, such as virtual pens, markers,
cards, images, mirrors, and 3D objects, allow users to efficiently express their ideas and thoughts in
VR world [63, 69, 143]. For instance, users can exchange photos in VR by virtually passing them to
one another and highlighting interesting areas to stimulate conversation and discussion about the
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images [115, 175]. Moreover, these communication-supportive tools could also benefit for users to
engage in creative and collaborative activities [14, 63, 82, 115]. For example, users could employ
virtual markers to sketch their ideas and create 3D illustrations that offer a vivid visualization of
concepts, surpassing traditional methods of interaction [63, 82].

Interactions beyond reality. As a digital virtual world, VR offers interactions beyond reality
for users to express emotional states, enhancing the appeal of social interaction. Reviewed studies
showed that the emotes (e.g., a smiling face with hearty eyes or star-struck, liking, etc.) serves as an
alternative way to convey emotions when the current VR technology may limit the expression of
facial expressions and body gestures [19, 105, 196]. Reviewed works also explored other virtual
effects that can be used in social interaction, such as particles, creatures, fur, skeuomorphic objects,
ambient light, halos, and bars. These effects are employed to visualize users’ states [26, 52, 111, 172]
or social behaviors [161] by changing the size, color, or shape. For instance, Salminen’s work
displayed real-time visualization of brain activation and breathing rate by changing the color of
halos around users’ avatars to increase affective interdependence and led to better social meditation
effects [172]. Studies found that leveraging virtual effects in VR made social interaction more
appealing and attractive, leading to higher valence emotional states and a greater willingness to
communicate with others [26, 52, 111, 143, 161, 172, 214].

4.2.3 Interaction environment. The review indicates the role of virtual spaces in VR in fostering
interactive environments and shaping social experiences. Previous research has demonstrated that
the physical settings where communication occurs significantly influence interaction patterns
and norms [51]. This phenomenon also applies in the VR world, where users’ social norms and
interaction behaviors are influenced by the architectural features of virtual spaces [130]. For
instance, the size of the VR environment (e.g., expansive outdoor or confined indoor settings) could
impact users’ social behavior and interpersonal distances [189, 218]. Consequently, users create
various VR spaces and engage in shared activities tailored to their desired social experiences, such
as intimate conversations in private rooms [63], celebratory gatherings in large party rooms [223],
or leisurely visits to tourist attractions with family members [214]. Several studies also highlight
users’ expectations of a customizable and personalized VR environment [130, 213].

4.3 Demonstrated effects of VR on social interaction (RQ2)

Our literature review and thematic synthesis identified four positive and three negative effects of
VR on social interaction. For each identified effect, we present the potential underlying causes.

4.3.1 Promoting relaxation. VR could create relaxing social experiences for users for the following
reasons. First, VR offers customizable avatars for users to present themselves. This avatar is regarded
as a protective shield as it provides a certain level of anonymity for users [5, 123, 161, 192, 194, 213,
229]. Users crafted their preferred self-appearance to interact in the VR world without the fear of
judgment or ridicule, which encourages them to initiate communication [15, 61, 64, 172]. Second,
VR provides shared activities that entertain users, allowing them to escape the stresses of daily life
and enjoy relaxing experiences together [5, 14, 17, 61, 123, 124, 126, 153, 192, 223]. Additionally,
they could alleviate users’ concerns about encountering awkward silent moments by offering
conducive shared contexts that stimulate conversation topics and maintain a natural conversational
flow [61, 130, 213]. Last, VR offers an easy-to-escape social environment to provide a safe experience
and encourage socialization. For example, users can interact with others in virtual clubs while
physically staying in their bedrooms. They could easily escape from the virtual environment when
they feel uncomfortable by taking off the headset [30, 66, 117]. This reduces anxiety during VR
use [33, 141, 207]. Overall, findings from most reviewed studies confirmed that social interaction in
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VR could help them relax and alleviate the stresses of everyday life [5, 14, 17, 61, 123, 124, 126, 153,
192, 223].

4.3.2  Enhancing engagement. VR fosters users’ engagement in social interactions for three reasons.
First, immersive VR environments provide a higher sense of co-presence, making users feel like they
are actually in the same physical space with others, even if they are geographically separated [11, 108,
115, 116, 163, 186]. This feeling of being “present” together lets them be deeply engaged, absorbed,
and mentally connected with the social interaction [17, 61, 110, 143, 170, 191, 213]. Furthermore,
the full-body tracking avatar in VR (e.g., one’s avatar mirrors their physical body movements in
real-time) allows users to intuitively express their thoughts through interactions that replicate the
natural flow of conversation (e.g., body language, interpersonal distance) to reduce the cognition
burden that may distract engagement [1, 82, 186]. Finally, the VR headset could contribute to users’
engagement by blocking out environmental distractions such as noise and visual stimuli from
reality (e.g., notifications in smartphones, surrounding people, and so on) [52, 115, 161, 172, 186].
This allows users to prioritize the interaction in the VR world and devote their attention to their
partner. However, two studies also highlighted safety concerns brought by VR headsets’ limitation
of environmental awareness [3, 213]. Participants expressed worries about falls and collisions as VR
headsets obstruct their view of the physical world, emphasizing the need for safety while enjoying
VR benefits [213]. Future VR designers need to adopt methods to balance users’ focus on the VR
environment with an awareness of external circumstances for safer VR social interactions, such as
integrating distracting stimuli from the physical surroundings into the VR experience [197].

4.3.3  Fostering intimacy. VR demonstrates the potential to cultivate intimacy for two reasons.
On the one hand, VR offers multimodal interactive feedback, encompassing visual and spatial
information, tactile feedback, etc. [127, 192, 196]. Coupled with the sense of embodiment provided
by the embodied avatar, users can engage in more intimate contact to convey closeness compared
to other visual-audio social media [1, 34, 94]. For instance, users could approach or even touch
close friends in VR [7, 78, 149]. On the other hand, VR overcomes geographical limitations and
enables users to engage in VR activities physically. This helps to foster conversation topics and
strengthen mutual understanding, which could help to get and build stronger bonds [213]. This
ability is particularly important for remote people who are in close relationships [143, 213, 228].
For example, geographically dispersed grandparents and grandchildren indicated that entering the
virtual world together and interacting with each other help them alleviate their nostalgia [213].

4.3.4 Improving accessibility. VR enables social interaction resembling reality while keeping the
accessibility and convenience of online social media. Users from different locations could use VR to
transcend geographical boundaries and engage within different virtual environments [61, 130, 213].
Studies revealed that the accessibility and convenience of VR interaction are particularly important
for people with mobility constraints [14, 15, 213]. For example, Baker et al. [14] developed a bespoke
VR application that allows geographically dispersed older adults to meet in a virtual environment
and reminisce about their school experiences. This inspires future researchers to explore the
application of VR social interactions among people with mobility constraints, such as the elderly
in nursing homes and individuals with disabilities facing travel difficulties. This not only ensures
their convenience and safety, but also helps them establish closer social connections and gain a
degree of social support [5, 14, 202].

4.3.5 Intensifying harassment experiences. Harassment was described as any interaction or expe-
rience that intentionally upsets them and causes harm, aggravation, anxiety, and instability [66].
Reviewed articles indicated that harassment in VR can be more severe compared to other forms
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of online social media due to the strong sensation of presence and embodiment created by em-
bodied avatars [188, 195]. This heightened immersion exposes users to malicious behaviors, such
as unwanted touching, obstructing movement, and throwing objects, in a more realistic manner,
increasing their vulnerability compared to less immersive audio-visual social media platforms [30].
Furthermore, synchronous voice chat in VR facilitates the easy spread of offensive content, such as
personal insults, hate speech, and sexualized language. Additionally, the anonymity afforded by VR
enhances the likelihood of spreading harmful content, as users feel less accountable for their ac-
tions [30, 59]. Despite the urgent need to prevent and mitigate harassment in VR, it poses significant
challenges for future researchers, including the lack of consensus amongst VR users of “harassment”,
the lack of documentation of harassment, and the lack of unbiased moderators [30, 179]. Future
research should explore more nuanced methods to address harassment in social VR environments.

4.3.6  Amplifying privacy concerns. VR provides a limited but impactful set of identity cues that
can inadvertently expose users’ private information, such as voice, avatar appearances, and recon-
struction of real environments. While appropriate self-disclosure is necessary to establish social
connections and foster closeness with others [194], unintentional exposure of sensitive personal
information can pose privacy risks [125, 128]. In VR, the user’s voice can unintentionally reveal
personal information such as dialect, age, or gender [30]. Similarly, avatar appearances based on
users’ actual looks can also inadvertently expose information. For example, avatars’ height can
indicate whether a user is a child or an adult [30]. The exposure of such information can lead to
potential harassment, such as users being asked or ridiculed if their voice does not match their
avatar’s gender identity [5] or teenagers being mocked for their pre-puberty voice [124]. While
current studies are striving to achieve more efficient interaction by reconstructing users’ personal
information (e.g., appearance, body and facial movements, environment, and biosignals) to achieve
higher communication quality in the VR environment [212], these techniques also raise more
privacy concerns [136, 194]. How to balance the reconstruction of realistic users’ identities and the
concerns about privacy exposure in VR remains a challenge.

4.3.7 Feeling inconvenient and uncomfortable. While studies show that participants were generally
positive about VR’s possibility to facilitate interaction, they also perceive traditional visual-audio
media, such as phone calls or video chats, to be more convenient and practical for their daily
communication [17, 133]. They suggested the overhead of initiating communication reduces users’
willingness to use VR as a communication medium in their daily life [17, 113, 148, 213]. Moreover,
users encounter challenges interacting with others in VR due to the non-intuitive nature of hand
controllers, which increases cognitive load and distracts from effective communication [71, 213]. In
addition to operational difficulties, discomfort issues with VR devices are prevalent. Studies have
shown that the weight of VR devices can induce user fatigue and serve as constant reminders of the
artificial environment [3, 115, 143]. Furthermore, some users experience motion sickness during VR
use, impeding their ability to engage actively in social interaction [3].

4.4 Measurement of social experience in VR (RQ3)

We examine the measurement employed in reviewed studies to measure users’ social experiences
in VR, focusing on three key aspects: Evaluation Dimensions, Experimental Settings, and Par-
ticipant Characteristics. By examining these dimensions, our goal is to offer a comprehensive
overview of current research practices. Additionally, it could uncover important insights into
identifying unresolved issues in evaluation methods, prompting a critical assessment of current
study methodologies, and encouraging a more thorough consideration of the ecological validity
and methodological rigor in future empirical investigations.
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4.4.1 Evaluation Dimensions. Researchers evaluated participants’ social experiences in VR from dif-
ferent dimensions. Inspired by the taxonomy of social-emotional competencies [175], we categorize
them into three main aspects: intrapersonal experiences, interpersonal experiences, and interaction
experiences, and provide commonly used metrics of reviewed papers for their assessment, as
shown in Table 2. We also provided the comprehensive list in Table 5 in the appendix to show the
measurement tools used in the reviewed paper for reference.

Intrapersonal experience. Participants’ intrapersonal experiences reflect their internal percep-
tions and ultimately affect their social behaviors [175]. Researchers have measured participants’
intrapersonal experiences by following dimensions.

Embodiment refers to the effect of users partly or fully perceiving a virtual body as their own.
A higher sense of embodiment is always accompanied by a high fidelity of avatar and sufficient
haptic feedback [59, 97, 108]. The sense of embodiment enhances users’ feelings of immersion,
and behavioral conforms towards avatar appearance, thereby impacting their social behaviors in
VR [64, 108, 143, 213]. Seven studies measured users’ embodiment through users’ self-reported
data on subjective scales, such as The Illusion of Virtual Body Ownership[108, 164] and Avatar
Embodiment Questionnaire [75]. The example question is “I felt as if the body I saw in the mirror
might be my body” [108].

Presence (also known as telepresence and spatial presence) is users’ illusion of being in the virtual
environment [146, 177], which is measured by 23 studies. This perception affects users’ engagement
with the virtual world and fosters genuine interactions [219]. For example, users experiencing lower
levels of presence may perceive themselves as mere observers rather than active participants. The
measurements primarily relied on users’ self-reported data through subjective scales, such as the
Slater-Usoh-Steed Questionnaire [200] and the Witmer and Singer Presence Questionnaire [219].
The example question is “To what extent did you feel like you were inside the environment you
saw?” [163].

Affective states indicate users’ emotional and mood-related conditions during social interaction,
impacting users’ willingness to interact with others either positively or negatively. 14 studies
measured affective states by users’ self-reported data through subjective questionnaires, such as
Pictorial Mood Reporting Instrument [203] and Positive and Negative Affect Schedule [121, 211].
The example question is “I felt happy/excited/relaxed/tense/irritated..” [115]. Two studies measured
this experience by analyzing participants’ verbal behaviors such as valence and arousal [115] or
the duration of laughter [191].

Interpersonal experience. This dimension reflects users’ perceptions of each other in VR set-
tings, crucial for assessing VR’s potential in fostering communication, connection, and relationship
development among users. Researchers have detailed this aspect through the following aspects.

Mutual awareness, measured by 17 studies, refers to the shared understanding of others’ presence
and actions, which leads to more authentic interactions and encourages engagement and respon-
siveness with each other [28]. This experience is associated with avatar fidelity and the naturalness
of users’ gestures reconstruction [11, 186]. The commonly used scales include the co-presence
module of Nowak and Biocca questionnaire [28, 146] and the Game Experience Questionnaire [92].
Sample items from these questionnaires include “I often felt that my partner and I were sitting
together in the same space.” [115]

Psychological involvement, measured by 21 studies, refers to users’ degree of cognitive and
emotional investment to others, which could be facilitated by emotion-sharing features [52, 172] and
the activities encouraging personal experiences sharing [18, 213]. When users are psychologically
involved with others, they are more likely to understand others’ emotions and develop deeper
connections [28, 146]. It is often assessed by measuring participants’ perceived closeness, trust, and
importance toward others. Studies reported them by collecting self-reported data using the Social
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Table 2. Summary of aspects of user experience affecting social interaction in VR. The table outlines the
evaluation dimensions, describes how each experience influences social interaction, identifies contributing VR
features, and lists commonly used metrics (with color blue) and tracking data (with color red) for assessment.

Evaluation Example
. Paper Commonly used scale and
Dimen- Influences on Influenced by . stud-
. Count tracking data .
sions ies
Heightens = immersion, Avatar fidelity, Haptic ® The Ilusion of Virtual
Embodiment | 7 Behavioral conforms to ¥ Hap . [67, 108]
feedback, etc. Body Ownership[164]
Intrapersonal avatar appearance
. Increases commitment
E L . . . ~
Xxperiences Presence 23 and Fosters genuine Rea%lstlc spaces, Spatial Q Slat.er Usoh-Steed Ques [56, 107]
. . audio, etc. tionnaire [200]
interactions
S @ Positive and Negative Af- 5 5
: Impacts users’ willing- : 52, 216
Affective 14 p Ser ng Perceptions of overall VR fect Schedule [121, 211] [ 1
states ness of social interaction experiences
either positively or nega- ® Valence and Arousal of [115, 191]
tively speech; Duration of laughter ’
. Avatar fidelity, Gest .
Mutual Facilitates mutual atten- vatar Adeily, esture ® Nowak and Biocca ques-
17 . . recognition (e.g., eye con- . ) [186, 204]
awareness tion and responsiveness . tionnaire [28, 146]
tacts, Expressxons), etc.
Interpersonal
E . . D ion. E Emoti hari ® Social Connectedness 138, 208
Xperiences Psychological eepens connection, En- motion sharing R’ . [138, 208]
21 . . . Questionnaire [201]
involvement able more meaningful in- features, Activities
teraction encouraging experiences @ Interpersonal distances [35, 218]
E}ldlitl.lg, etc: bt
. . . motion sharing
Affect Enabl tional inter- A .
ective n_a ¢ emotional n e_r features, Activities ® Networked Minds Sub- .
Interdepen- 9 twine, Leads empathic .. . [138, 163]
. requiring emotional scales [29]
dence behaviors
goals, etc.
. . . ® Networked Minds Sub-
Quality of in- | |, Determines satlsfactlot?, Quality and efficiency of scale [29, 146] (52, 208]
teraction Sh?‘PeS the long-term vi- information exchange ’
Interaction ability of VR platforms ® Conversation turn-taking [186]
Experiences Satisfaction Reinforces social bonds Personalized  content, . .
) . X ® Immersive Experience
of interac- | 11 and strength, Increases Adaptive operation . . [56, 208]
: . Questionnaire [98]
tion further engagements difficulty levels, etc.
Sustains interest and par- Immersive spaces, In- ;(;onvlersa;;on Engagement [116, 208]
Engagement | 15 ticipation, Extends the teractive objects/effects, ubscales (73]
duration and depth of so- Shared activities, etc. ® Speech duration, Unique
cial interactions word count metric, Duration
and Frequency of eye con- | [1,186]
tact, Body or Head orienta-
tions

Connectedness questionnaire [201], the Interpersonal Trust Scale [167], and so on. Sample questions
from these scales include “I was emotionally close to your partner” [129]. Studies also tracked
‘interpersonal distance’ as a measurement of psychological involvement. Different interpersonal
distances (e.g., intimate, personal, social, or public distances) were employed to assess participants’
perceived closeness in VR contexts [32, 35, 41, 42, 159, 161, 189, 218].

Affective Interdependence reflects users’ influence and reliance on others’ emotional states, moods,
and feelings, which was measured by nine studies. This experience could be facilitated by emotion-
sharing features [52, 172] and the activities required emotional goals [172]. Studies measured
participants’ affective interdependence by analyzing their self-reported data from subjective ques-
tionnaires, such as the Networked Minds subscales [29]. The sample questions are “I was able to
feel my partner’s emotions” [208], and “I was influenced by my partner’s moods” [172]. Few studies
detected participants’ heartbeat sync rate to measure this experience [52].
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Interaction experiences. Measuring these experiences could help to understand whether and
how the VR design promotes satisfied communication and collaboration experiences. Reviewed
studies documented users’ interaction experiences by following dimensions.

Quality of interaction refers to the depth, effectiveness, and overall positive experience. In this
review, eleven studies assessed participants’ quality of interaction through self-reported data
from subjective scales such as the Networked Minds subscale [29, 146] or the Game Experience
Questionnaire [92]. Example questions include “I could fully understand what my partner was
talking about” [115]. One study tracked participants’ conversation turn-taking (e.g., lower turn
frequency reflects the lower efficiency of interaction) to report the quality of interaction [186].

Satisfaction of interaction refers to the level of contentment or fulfillment experienced during
their social interaction, which was measured by eleven studies. Studies showed that personalized
content (e.g., objects, spaces) [14, 130] and skill-appropriated operations [213] could promote this
experience. Studies assessed how well expectations were met, the enjoyability of the interaction,
and whether desired outcomes were achieved by using subjective questionnaires based on the
Immersive Experience Questionnaire [98], Intrinsic Motivation Inventory [169], and so on. Sample
questions include “I really enjoyed the time spent with my partner” [11].

Engagement refers to active involvement, attention, and participation in social interaction, which
was measured by 15 studies. Maintaining engagement is crucial for sustaining participation and
extends the duration and depth of social interactions [84, 157]. Eight studies measured engagement
through self-reported data from subjective questionnaires based on the Networked Minds [29], the
Conversation Engagement subscales [73], and so on. In these assessments, participants reported
their attention allocations to different objects (e.g., interaction partner, objects) to indicate the degree
of engagement. Moreover, twelve studies tracked participants’ actual behaviors to assess their
engagement. Among these, verbal behaviors were the most commonly used tracking data, such as
the communication frequency/turn-taking [1, 52, 186], the speech duration [115, 138, 191], and the
unique word count metric (i.e., the number of distinct words spoken) [11, 186, 191]. Additionally,
eight studies utilized the duration and frequency of eye contact as indicators of participants’
engagement in interpersonal interaction [1, 103, 161, 204]. Five estimated relative participants’
engagement based on their body or head orientations [11, 28, 52, 103, 208].

4.4.2  Experimental Settings. Examining studies’ experimental settings helps us understand how
researchers simulated and observed participants’ social interactions in VR environments, and
how they collected valuable data from participants. This section explores task design, data collec-
tion methods, and study sites reported in studies. Table 3 presents the statistical analysis of this
dimension.

Task design. Studies employed various experimental tasks in VR to simulate different social
environments and trigger user interaction, as detailed in Table 3. The largest portion of studies
(34.04%) adopted prototype exploration to let participants experience their VR designs in specific
social contexts, such as gaming [41, 52, 89, 191, 193], co-watching videos [138, 165], and photo
sharing [115]. These activities facilitated focused data collection and analysis of user experiences
to inform targeted VR design. Additionally, eleven studies (11.70%) conducted collaborative tasks
to trigger more interaction among participants, ranging from negotiation exercises [82, 186] to
intelligence games [60, 129, 216]. Three studies (3.19%) also incorporated competitive tasks, such
as investment games [74, 118] and Whac-A-Mole [67], to examine aspects such as strategy and
conflict resolution in competitive contexts.

In addition to interaction tasks, 20 studies incorporated conversational tasks. Among these,
eleven studies (11.70%) prompted participants to discuss specific topics, facilitating communication
on various subjects from decision-making to casual conversations [1, 4, 11, 14, 15, 19, 101, 163, 182],
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Table 3. Experimental Settings

Experimental Settings Statistic Analysis (% of studies)

Task design Prototype exploration (34.04%); Collaborative tasks
(11.70%); Competitive tasks (3.19%); Talking with given
topics (11.70%); Talking freely (9.57%)

Data collection Qualitative data: Interviews (52.13%); Contextual in-
quiry (8.51%); Co-design workshop (4.26%); Focus Groups
(2.13%); Dairy (2.13%); Online comments collection
(2.13%)
Quantitative data: Questionnaire (46.81%); Behavioral and
Biological data (21.28%); Online surveys (5.32%)

Study site Laboratories (92.55%); Real-world environments (7.45%)

such as opinions on health trends [69]. Conversely, nine studies (9.57%) adopted an unstructured
approach, allowing free talks without predefined tasks or topics to encourage natural interactions
and potentially reveal organic social behaviors in VR (e.g., [103, 143, 213]). This approach offers
insights into individuals’ natural navigation and communication within virtual spaces.

Data collection. In the reviewed studies, the most frequently employed qualitative data collection
method was the interview, with 49 studies (52.13%) using Interviews to gather participants’ subjective
opinions and feedback on their social experiences in VR (e.g., [30, 66, 153]). Additionally, eight
studies (8.51%) employed contextual inquiry, where researchers entered social VR platforms to
actively engage in the users’ activities while observing both system design [127, 148, 196] and users’
specific social behaviors [5, 100, 105, 171, 216]. This approach provided insights into how users
engage in specific social interactions within the naturalistic environments of VR. Furthermore, four
studies (4.26%) engaged in co-design activities with participants, enhancing system design through
direct user input in a participatory development process [16, 111, 112, 213]. Two studies (2.13%)
hold focus group to discuss specific topics and gather diverse perspectives of participants [112, 133].
Diaries were used in two studies (2.13%), allowing participants to record their daily experiences
with the VR systems, thereby providing a longitudinal perspective on user experience [3, 113].
Additionally, two studies (2.13%) analyzed online comments from social VR users on social media to
examine and present authentic user experiences [228, 229].

For the quantitative data, the subjective questionnaire was the most common method, used in 44
studies (46.81%) [52, 116, 161, 172]. Participants provided feedback on their social experiences and
the usability of the VR platforms after completing study tasks. Twenty studies (21.28%) collected
behavioral data and biological signals from users while interacting with the VR systems, such as
measuring interpersonal distances [35, 161, 218], linguistic features [86, 186], and other behavioral
indicators [11, 28, 52, 103, 208]. Lastly, five studies (5.32%) conducted online surveys targeting
specific themes among social VR users, providing valuable data on specific user perceptions and
interactions within VR environments [49, 58, 111, 192, 194].

Study site. Among the studies reviewed, only seven studies (7.45%) were conducted in real-world
environments (e.g., participants’ homes or workplaces) [3, 69, 113, 143, 213, 218, 223]. In contrast,
the majority of user experiments have been conducted in laboratory settings (92.55%) [1, 14, 186].
This raises concerns about the naturalness of the communication behaviors observed under such
controlled conditions. To better understand user communication behavior and experience in more
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natural states, future research should prioritize experiments involving multiple remote users in
their typical environments.

4.4.3  Participant Characteristics. Understanding participant characteristics helps to evaluate the
generalizability of study findings across diverse populations, identify potential biases, and guide
future research directions. In this section, we present the participant characteristics of 79 studies that
involved participants (shown in Table 4), excluding system observational studies [127, 148, 196],
those analyzing social media comments related to social VR [228, 229], and large-scale online
surveys [49, 58, 111, 192, 194].

Table 4. Participant Characteristics

Participant Characteristics Statistic Analysis (% of studies)

Sample size Mean: 34.19; Median: 27; Sample range: 4 to 210; In-
terquartile range: 19 to 42.5

Group Size 1 participant (16.46%); 2 participants (44.30%); 3-5 partici-
pants (10.13%); More than 5 participants (3.80%)

Participant Diversity 32.97% studies involving participants from under-
represented populations, in terms of age (20.21%), sexes
(17.02%), physical or mental conditions (6.33%), and sex-
ual orientations (1.27%)

Participant Relationships 12.66% studies involving participants with pre-existing
relationships, including teammates/classmates (5.06%),
family (3.80%), friend (2.53%), and acquaintances (2.53%)

Participants’ VR Expertise ~ All participants had VR experience (43.03%); Mixed VR
Experience (32.91%); No Prior VR Experience (11.39%);
Not Reported (31.65%)

Sample size. The studies had a mean of 34.19 and a median of 27 participants, indicating that
while some studies recruited larger groups, the typical study size remained relatively modest. The
number of participants in these studies ranged significantly, from 4 [191] to 210 [1]. This range
highlights the varied scopes and resources across the studies. The interquartile range of 19 to 42.5
participants suggests that most studies clustered around this range, providing insight into the
common scale of participant involvement. Among these participants, 62.69% are male, 36.05% are
female, and 1.26% are identifying as other. This revealed a gender imbalance among participants.

Group Size. For our review papers, most studies (44.30%) involve two participants per group in a
VR setting to assess dyadic social interactions. 13 studies (16.46%) introduced only one participant
per experimental session and employed animated avatars to simulate the presence of other users,
such as computer-generated avatars [4, 32, 41, 42, 107, 118, 204, 209, 224], researcher participation as
avatars [19, 69, 182], or even requiring participants to imagine the presence of other users [97, 144].
Additionally, eight studies (10.13%) increased the group size to 3-5 participants [1, 14, 15, 17, 113, 143,
161, 222]. This range allows for the exploration of multi-person social interactions in VR, thereby
enriching the variety of social scenarios and interactions that can be studied. Three studies (3.80%)
have investigated social experiences in VR involving groups larger than five participants [3, 218, 223].
However, these studies did not limit participants to a specific type of device, allowing for both VR
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headsets and desktop applications. Consequently, a thorough investigation has not been conducted
into social VR experiences that exclusively use headsets for larger groups.

Participant Diversity. Involving participants from under-represented/minority populations in
the study is crucial for capturing varied perspectives and fostering inclusive VR social platforms. In
this review, 31 studies (32.97%) report involving participants from under-represented populations.
Specifically, 19 studies (20.21%) included participants who were children [60], adolescents [103],
middle-aged [142], or elderly [16], 16 studies (17.02%) included LGBTQ participants [3, 62], five
studies (6.33%) included participants with physical or mental conditions [124, 128], and one study
included participants with less common sexual orientations [5]. These studies revealed disparities
in social VR experiences among different user groups, contributing to developing sensitivity and
inclusivity in VR design.

Participant Relationships. Among the papers reviewed, ten studies (12.66%) specifically re-
cruited participants who had pre-existing relationships with each other, such as family members [86,
143, 213], friends [143, 208], teammates/classmate [3, 113, 113, 223], or acquaintances [115, 165].
Most studies, however, did not involve those who already knew each other to investigate commu-
nication patterns or interaction design within established relationships. Since social interaction in
real life often occurs between people who are familiar with each other, future research could further
explore how different relationships influence communication patterns and interaction design.

Participants’ VR Expertise and VR training. Participants’ VR expertise is critical, as unfa-
miliarity with VR operation and novelty effect impact their interaction experiences [88, 134]. Our
review reveals a diversity of VR expertise among participants. Among these studies, 34 (43.03%)
invited participants who had experience with VR, primarily to assess their previous experiences
with commercial social VR applications (e.g., [62, 112, 117, 142]). 26 studies (32.91%) included a
mix of experienced and inexperienced VR users (e.g., [17, 67, 185, 208]), while nine studies (11.39%)
involved participants who had never used VR before (e.g., [113, 161, 163, 182]). Additionally, 25
studies (31.65%) did not report the VR experience of their participants (e.g., [32, 144, 216, 223]).

Implementing VR training and warm-up sessions before the study could minimize the impacts
of unfamiliarity with VR operations and the novelty effect [25, 213]. However, among the reviewed
studies, only 24 (30.38%) reported conducting comprehensive VR training and warm-up sessions to
ensure participants were familiar with the VR operations and environment (e.g., [15, 116, 186, 208]).
This gap underscores the need for more rigorous preparation in VR studies to ensure consistent
and reliable results.

5 DISCUSSION AND FUTURE DIRECTIONS

In this section, we first summarize our findings and suggest guidelines for future research to design
better VR features for enhancing users’ social experiences. Subsequently, based on our results,
we highlight the underexplored areas in the reviewed papers and discuss higher-level research
directions that can inform future research in social VR.

5.1 Design Implications for Social VR

Our findings highlight three VR features crucial for social interaction, acknowledging both positive
and negative effects. Building upon these findings, we discuss the design implications for each
feature in future social VR applications, aiming to cultivate social VR environments that enhance
positive experiences while mitigating negative ones.

Firstly, user self-representation through avatars in VR can significantly influence self-perception
and social behavior [64, 227]. Customizable avatar appearances enable users to create ideal self-
perceptions and foster anonymity, facilitating interaction without fear of judgment [65, 229].
Therefore, future VR designers should provide a broader range of VR identities for users to explore
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different personas and modes of interaction [64, 66]. Additionally, our review shows that avatar
fidelity contributes to different social atmospheres. Future designers should consider offering
avatars with varying levels of fidelity for different scenarios, such as abstract avatars for informal
activities [64, 213] and realistic avatars for formal settings [11]. However, the use of avatars
can also diminish users’ sense of accountability, potentially leading to negative behaviors such
as cyberbullying and misinformation dissemination [30, 65]. Therefore, VR developers should
implement robust mechanisms for detecting and reporting harmful behavior, ensuring a harmonious
social experience in social VR applications.

Secondly, VR offers various interaction strategies for users to express themselves, including
interactions resembling reality and interactions beyond reality. Consequently, users convey their
thoughts and intentions more naturally and effectively in VR compared to other social media
platforms, such as phone calls or video chat [1, 34, 52, 106]. An increasing number of researchers
are exploring enhancing VR experiences to be more realistic or even surpass reality [50, 78, 89, 101,
160, 161]. However, despite its potential, some studies caution that the rich feedback in VR may
not always improve social interactions [30, 66, 117]. For instance, realistic haptics could amplify
the negative impact of inappropriate behavior, potentially causing harm [117]. Therefore, future
designs should prioritize user comfort while providing immersive interactions. This could involve
offering preference settings for intimate interactions and allowing users to customize feedback
fidelity to their comfort.

Lastly, we highlight the role of the environment in VR in influencing the social norms and
content of interaction patterns [51]. The suitable VR environment offers specific communication
contexts, which foster shared experiences and promote more active engagement [61, 130, 213].
Therefore, it’s important to craft suitable VR environments for supporting specific social contexts.
Furthermore, research indicates users’ desire for personalized VR environments to tailor unique
social experiences [130, 213]. Previous studies have explored generating 3D objects or scenes from
2D sketches or text using artificial intelligence-generated content (AIGC) [82, 114, 119]. We suggest
leveraging this technology for VR scene customization, such as generating environments relevant
to users’ ongoing conversation topics to foster deep discussions, or crafting atmospheres based on
users’ emotional states during interactions to influence their moods.

5.2 Future Research Directions

Based on the materials reviewed, we uncovered several research gaps and proposed potential future
research directions, including developing theoretical foundations in studies (based on Sec. 4.1),
investigating the effects of VR’s environmental factors (based on Sec. 4.2), leveraging VR’s positive
effects to support interpersonal interaction (based on Sec. 4.1.4 and Sec. 4.3), mitigating VR’s
negative effects by establishing effective regulatory frameworks (based on Sec. 4.3), and evolving
methodologies for future studies (based on Sec. 4.4). By pointing out these future directions, we aim
to advance the field of VR research and contribute to the development of more effective, inclusive,
and ethical VR technologies.

5.2.1 Developing Theoretical Frameworks for Social VR. Across the reviewed studies, we noticed a
recurring trend similar to other domains in the HCI field [25, 87]: a tendency to prioritize novelty
over integrating research with established theories. Many papers focus on exploration and descrip-
tive findings, overlooking the importance of anchoring observations within existing theoretical
frameworks for comprehensive interpretation. This lack of theoretical grounding can undermine
the depth, rigor, reusability, developmental potential, and societal relevance of conclusions. Thus,
we advocate for future research to bridge this gap by linking their findings to established
theories. This could involve fostering interdisciplinary collaboration and engaging experts from
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various fields to examine VR applications through multifaceted theoretical lenses. Researchers
can enrich their understanding of HCI phenomena by incorporating insights from disciplines
like psychology, sociology, and communication studies, promoting diversity and depth in their
investigations [37, 166].

Furthermore, our analysis indicates that while some papers integrate theory, they predominantly
draw from non-VR contexts, such as 2D gaming or real-life settings, to inform social VR design.
Only a few studies have developed [115] and applied [138, 208, 209] frameworks grounded in
social VR’s unique characteristics, which blend aspects of reality with virtual interactions. The
distinct nature of social VR poses challenges for applying theories from other domains, as they
may not fully capture or explain the observed social phenomena in VR. Thus, there is a critical
need to develop theoretical frameworks tailored specifically to the social VR environment.
This effort entails organizing empirical findings into systematic frameworks or methodologies to
deepen understanding of VR’s applications and impacts across diverse contexts. Establishing such
frameworks will be essential for guiding future research and advancing the field of social VR.

5.2.2  Exploring the Effects of VR’s Environmental Factors. Researchers have demonstrated that
various VR features significantly influence users’ social perceptions and behaviors [52, 186]. How-
ever, our review shows that most studies have primarily focused on exploring the effects of avatar
appearance and interaction strategies in VR. There is a noticeable gap in research regarding ex-
ploring the impact of VR’s environmental factors on social interaction. In this review, only
two studies examined the effects of VR’s environmental factors (e.g., space size) on users’ social
behavior [189, 218]. Therefore, we encourage future researchers to explore the effects of other VR
environmental factors (including style, decor, orderliness, organization, and openness) on users’
social behavior. In the realm of environmental psychology, numerous studies have investigated
the impact of physical spaces on user behavior in the real world [85, 132], such as the tendency of
people to break the rules in the presence of chaotic visual information [205]. However, it remains
unclear whether these findings can be applied in a VR setting to shape user perceptions and social
behavior. Consequently, we propose that future research should explore how environmental
factors in VR can influence users’ social behavior. This exploration could provide valuable insights
into optimizing VR environments for more active and harmonious social interactions.

5.2.3 Leveraging the Benefits of Social VR to Support Various Interpersonal Interactions. Based on
the current landscape of social VR research discussed in Sec 4.1.4, we found that most reviewed
papers primarily explore how VR supports users’ social needs in public or group settings, with
fewer studies investigating how VR can facilitate interpersonal interactions. Building upon VR’s
advantages for interpersonal interactions, we propose several research directions that warrant
exploration in the future.

First, future research could explore using VR to encourage equitable and unbiased inter-
group interactions. Potential applications include facilitating cross-cultural, inter-generational,
and inter-racial social interactions. Stereotyping and prejudice among different user groups often
hinder effective communication [217]. VR could potentially mitigate these biases and promote
inclusivity by blurring identity differences through digital avatars [143, 213]. Additionally, users
can embody avatars of different identities to experience diverse social perspectives. The sense of
embodiment in VR encourages users to think from others’ perspectives, fostering empathy and
understanding [115, 172, 186]. Therefore, future research should explore how VR can facilitate social
interactions across various ages, genders, races, and cultural groups to dismantle preconceived
notions and achieve inclusive interaction. For example, allowing younger users to embody an
older avatar may invoke their empathy toward the elderly, while the elderly may perceive younger
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users as their equals [213]. This could provide an equal communication opportunity for them to
gain a deeper mutual understanding.

Second, we encourage future research to investigate VR for better support of intimate
relationships. Our review shows that participants appreciated VR’s ability to provide a sense of
togetherness and companionship, which are essential for nurturing close relationships by fostering
intimacy and overcoming geographical distance [28, 199]. However, only a few studies have focused
on participants with close relationships [213, 228]. Future research should explore how VR can
support communication and interaction design tailored to different types of close relationships,
enhancing their effectiveness and satisfaction.

Finally, we advocate exploring VR to support different stages of relationship development,
such as conflicts and disagreements. Current studies mainly focus on using VR to enhance mutual
understanding and emotional exchange. However, relationships are dynamic, and conflicts and
disagreements can arise during social interaction [51]. VR allows users to switch perspectives by
embodying others’ avatars and offers a relaxed communication atmosphere for calm discussions.
This could help resolve misunderstandings and foster reconciliation.

5.2.4 Mitigating VR Negative Effects by Establishing Effective Regulatory Frameworks Tailored for
Social VR. While previous research has highlighted negative social experiences in VR, such as
harassment and privacy concerns, only a few studies have explored the strategies that social VR
platforms can implement to mitigate these negative effects [179]. Although several commercial
social VR applications have implemented guidelines to manage user behavior to avoid negative
social experiences, these guidelines are often rudimentary and lack practical applicability. For
example, VRChat’s community guidelines state that individual users are responsible for reporting
inappropriate or harassing behavior. However, the ambiguity surrounding what constitutes “inap-
propriate or harassing behavior” leaves crucial information obscured [30]. Additionally, researchers
have noted that the regulatory mechanisms and policies effective on other platforms cannot be
directly applied to social VR because users’ social interactions and experiences in social VR are
notably different, featuring more embodied interactions [1, 17]. For instance, a close interpersonal
distance, acceptable in computer games, can be perceived as intrusive in VR.

Consequently, we propose future research should explore effective methods for establishing a
dedicated community to develop regulatory frameworks tailored for social VR to foster a
harmonious communication environment. This includes addressing the following questions: What
behaviors are deemed unacceptable in social VR? How do these behaviors impact user interactions?
How can these undesirable behaviors be detected, and what would constitute reasonable penalties
for such actions? These issues necessitate extensive discussion and policy-making within the
community [30, 179]. To establish a more efficient and unbiased regulatory system in social VR,
one previous study also suggests incorporating user-human-Al collaboration into this process [179].
This approach involves users acting as overseers to ensure impartiality and timely updates, the
community (human) as policy-makers to maintain authority, and Al as enforcers to ensure efficiency.
This tripartite system would collaboratively uphold the regulatory framework, allowing it to evolve
with societal changes and adapt to different contexts, thereby shaping a harmonious and inclusive
social VR environment.

With the advancement of VR technology, the amount of time we spend in VR is likely to
increase. Consequently, it is crucial to clearly define responsibilities and obligations in VR to build
a humane and cohesive society. This could significantly enhance users’ social experiences in social
VR and increase their willingness to engage with the platform. Therefore, we call for the creation
of a specialized social VR community to develop actionable regulatory frameworks to foster a
harmonious VR social environment.
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5.2.5 Methodological Evolution of Studies. In terms of methodology evolution, several crucial
directions emerge. One important direction is to propose a reference and standardized task
to assess social experiences in VR. Whittaker et al. have highlighted the general absence of
standardized tasks within HCI [215]. In our review, we also observed a diversity of tasks used in
studies aimed at guiding users’ social interactions in VR, including prototype exploration [133],
collaborative tasks [186], competitive tasks [118], and conversational tasks [213]. While each of
these tasks effectively facilitates social interaction in VR, they only provide insights from specific
social contexts. However, users’ social behaviors vary across different social contexts [51]. Therefore,
relying solely on a single social task for users fails to yield generalized results applicable to various
social scenarios. We recommend future studies design standardized social tasks to test VR designs’
impact and user experiences across diverse social situations. This approach helps to concentrate on
crucial aspects in the field, share metrics and datasets, and advance theory [215].

Secondly, we advocate that future studies should conduct ecologically valid user studies to as-
sess VR designs for social interaction. Currently, the majority of user experiments are characterized
by controlled laboratory settings (92.55% of studies), relatively short duration (averaging less than 60
minutes of VR exposure), and limited VR training (69.62% did not report VR training and warm-up
sessions). Unfortunately, these factors compromise the authenticity and practical applicability
of experimental outcomes [140]. To mitigate these limitations, future research should prioritize
ecologically valid user experiments to gain a deeper understanding of user experiences in VR-based
social interactions. This entails several key components: studies conducted outside laboratory
settings, longer-term studies, and adequate VR training sessions. Among these, longer-term studies
and adequate VR training sessions allow researchers to explore the long-term consequences of VR
interactions, mitigating the influence of novelty effects associated with VR usage [115, 138, 213].
Conducting studies outside the laboratory setting enables researchers to observe participants’
engagement with VR designs in authentic, relaxed social atmospheres, uncovering the genuine
benefits VR offers for socialization. These insights are pivotal for developing VR applications that
resonate with users’ social needs and preferences.

Thirdly, exploring VR social experiences within larger group size is important. While many
commonplace social scenarios, such as group meetings or parties, involve more than five users
engaging simultaneously [51], our review found a lack of studies investigating users’ social experi-
ences in “immersive VR settings” with groups of more than five participants. Engaging a larger
group size in studies presents opportunities to observe intricate group dynamics, evolving social
norms, and the complexities of forming enduring relationships within VR social environments.
Hence, future research should investigate potential challenges and requirements that social VR
users may face when interacting within large groups.

Finally, we advocate for future research to include more participants from under-represented
populations to reflect and address the needs of all users. In this review, only 32.97% of studies
reported involving participants from under-represented populations. Furthermore, future research
should strive to achieve gender balance in their participant samples. Our results reveal a signifi-
cant gender imbalance, with 62.69% of participants being male. Previous studies have revealed the
disparities in social VR experiences among different user groups. For example, females were more
affected by sexual harassment in VR [221], disabled users felt that avatars could prevent differential
treatment in VR [128], and non-cisgender users faced potential harassment due to avatar-voice
mismatches [30, 66]. Therefore, it is essential to include diverse participant groups and achieve
gender balance in studies to understand social needs from various perspectives and to promote the
accessibility and inclusivity of VR environments.
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6 LIMITATION AND FUTURE WORK

In this section, we acknowledge some limitations of our study. Firstly, our selection focused
exclusively from the HCI field, potentially limiting our focus to user experience and VR design
and possibly overlooking broader psychological, sociological, and cultural dimensions. To achieve
a more comprehensive understanding, we recommend conducting a systematic literature review
that samples from various fields to provide a wider range of perspectives. Additionally, our review
utilized a limited set of keywords for paper selection. Although we expanded our search using
Google Scholar to minimize omissions, we cannot ensure that our collection includes every study
related to users’ social interaction in VR. Nevertheless, our goal was to offer a comprehensive
summary and analysis of key trends and findings, rather than an exhaustive catalog of all relevant
research. Therefore, while there might be some gaps due to these omissions, we believe they do
not significantly detract from our review’s overall validity and conclusions.

Second, we gathered papers that met our two criteria as our final paper set. These criteria helped
us select the papers that offer sufficient insights for addressing our RQs. Although certain papers
involving VR studies for social interaction, such as [99, 147, 152], were not included because they
did not meet our two key criteria, we acknowledge the significance of these papers. We propose
that future research investigates such papers to explore other pertinent RQs, such as identifying
the benefits and challenges of using VR in educational contexts.

Furthermore, the subjective nature of our analysis method could introduce bias. The coding
process may be influenced by the researchers’ interpretations of themes and concepts, potentially
leading to subjective bias [44, 45]. Similarly, affinity diagramming, used for organizing and grouping
diverse research findings, could result in oversimplification or misclassification of complex ideas
due to its inherent limitations [27]. To mitigate these issues, we ensured the reliability of codes
by iteratively discussing and revising them to resolve conflicts in our weekly meetings among all
co-authors.

7 CONCLUSION

VR is increasingly used as a social platform where users can interact and connect with others in
immersive virtual worlds. Despite its growing usage, there is a lack of comprehensive understanding
of how VR is concretely being used for socialization and its promising effects. To address this gap,
a literature review of 94 papers in the HCI field was conducted using the PRISMA method. Our
findings suggest that VR influences social interactions through self-representation that affects
self-perception, various interaction strategies for direct communication, and interaction environ-
ments that scaffold social behaviors. While VR offers benefits like promoting relaxation, enhancing
engagement, fostering intimacy, and improving accessibility, it also has drawbacks, including inten-
sifying harassment experiences and amplifying privacy concerns. We summarized the measurement
employed in reviewed studies to measure users’ social experiences in VR, including evaluation di-
mensions, experimental settings, and participant characteristics. Based on these results, we discuss
and point out several research directions that need to be explored in the future.
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Table 5. Comprehensive List of Evaluation Dimensions and Measurement Tools Used in Existing Literature
for Social Experiences in VR. Blue dots indicate self-report scales, while red dots signify tracking data.

Evaluation Dimensions Scales and Tracking Data

@ The illusion of virtual body ownership (IVBO)[164](be applied by [108])

© Avatar embodiment questionnaire [75](be applied by [67])

@ Slater-Usoh-Steed (SUS) Questionnaire [200] (be applied by [32, 41, 56, 101, 115, 116, 138, 189, 208])

e Witmer and Singer Presence (WS) Questionnaire [219] (be applied by [17, 56, 89, 107, 115, 116, 138, 208]
Immersion o Igroup Presence Questionnaire (IPQ) [178](be applied by [56, 115, 116, 138, 165, 170, 195, 208, 209, 216])
@ Nowak and Biocca (NB) Questionnaire [146](be applied by [108, 161, 163])

@ Spatial Presence Experience Scale (SPES) [81](be applied by [202])

Intrapersonal @ Pictorial Mood Reporting Instrument(PMRI) [203](be applied by [115, 208, 209])

Experiences @ Positive and Negative Affect Schedule (PANAS) [121, 211](be applied by [6, 52, 216])

@ Discrete Emotions Questionnaire (DEQ) [79](be applied by [195])

@ Geneva Emotion Wheel [174](be applied by [143])

Affective states @ Game Experience Questionnaire (GEQ) [92](be applied by [216])

@ Social Presence Survey (SPS) [12](be applied by [32])

@ Word Pairs Survey [184](be applied by [186])

@ Valence and arousal of their speech [115]

Embodiment

© Duration of their laughter [191]

the co-presence module of Nowak and Biocca questionnaire [28, 146](be
applied by [6, 11, 108, 115, 116, 138, 161, 163, 186, 204, 208])

@ Game Experience Questionnaire (GEQ) [92](be applied by [189, 216])
@ Bailenson questionnaire [13](be applied by [74, 101])

@ Multimodal Presence Scale [122](be applied by [202])

@ Poeschl and Doering questionnaire [154](be applied by [170])

o Steed questionnaire [190](be applied by [101])

Mutual awareness

@ Garau and Slater questionnaire [72](be applied by [41])
@ Social Connectedness questionnaire [201](be applied by [115, 116, 138, 208])

@ Social Connection questionnaire [198](be applied by [129])
 social connectedness scale from Carroll’s wore [36](be applied by [193])
o Affective Benefits and Costs(ABC) questionnaire [93](be applied by [165])

Interpersonal © Unidi ional Relationship Closeness Scale [54](be applied by [6])
Experiences © Togetherness questionnaire [22](be applied by [189])

Psychological involvement © Subjective Closeness Index [70](be applied by [161])

© the Rapport questionnaire form Gratch’s work [77](be applied by [108])

@ Competitive and Cooperative Presence in Gaming Questionnaire [90](be applied by [216])
@ Multidimensional Scale [230](be applied by [202])

@ Trust questionnaire [43](be applied by [108])

o Interpersonal Trust Scale [167](be applied by [74])

@ Socio-Economic Panel Scale (SOEP-trust) [145](be applied by [74])

o Interpersonal distances [32, 35, 41, 42, 159, 161, 189, 218]

@ Networked Minds subscales [29](be applied by [115, 116, 138, 163, 208])

@ Networked Minds Social Presence Measure [80](be applied by [172])

@ Game Experience Questionnaire (GEQ) [92](be applied by [216])

@ Interpersonal Reactivity Index [46](be applied by [129])

® Networked Minds subscale [29, 146](be applied by [52, 115, 116, 138, 208]

 Game Experience Questionnaire (GEQ) [92](be applied by [216])

Quality of interaction @ Networked Minds Social Presence Measure [80](be applied by [172])

Affective Interdependence

e Conversation turn-taking [186]

® Speech duration [86]

© Immersive Experience Questionnaire (IEQ) [98](be applied by [56, 115, 116, 138, 208])
o Intrinsic Motivation Inventory (IMI) [169](be applied by [86])

Satisfaction of interaction | @ key Components of User Experience [135](be applied by [216])
Interaction o Interpersonal Communication Satisfaction Scale [83](be applied by [11])
Experiences @ Player Experience Inventory (PXI) questionnaire [2](be applied by [56])
@ Networked Minds [29]

@ Conversation Engagement subscales [73]

@ attention to behavioral cues questionnaire [162]

e Communication frequency/turn-taking [1, 52, 86, 186]
@ Speech duration [86, 115, 138, 191]

@ Unique word count metric [11, 186, 191]

Engagement

@ Duration and frequency of eye contact [1, 103, 161, 204]
@ Body or head orientations [11, 28, 52, 103, 208]
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