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Abstract: The metaverse represents a post-reality universe that seamlessly merges physical reality
with digital virtuality. It provides a continuous and immersive social networking environment,
enabling multi-user engagement and interaction through Extended Reality (XR) technologies, which
include Virtual Reality (VR), Augmented Reality (AR), and Mixed Reality (MR). As a novel solution
distinct from traditional methods such as mobile-based applications, the technical affordance of
XR technologies in shaping multi-user social experiences remains a complex, multifaceted, and
multivariate issue that has not yet been thoroughly explored. Additionally, there is a notable absence
of mature frameworks and guidelines for designing and developing these multi-user socio-technical
systems. Enhancing multi-user social engagement through these technologies remains a significant
research challenge. This systematic review aims to address this gap by establishing an analytical
framework guided by the PRISMA protocol. It analyzes 88 studies from various disciplines, including
computer science, social science, psychology, and the arts, to define the mechanisms and effectiveness
of XR technologies in multi-user social engagement. Quantitative methods such as descriptive
statistics, correlation statistics, and text mining are used to examine the manifestation of mechanisms,
potential system factors, and their effectiveness. Meanwhile, qualitative case studies identify specific
measures by which system factors enhance multi-user social engagement. The study provides a
pioneering framework for theoretical research and offers practical insights for developing cross-
spatiotemporal co-present activities in the metaverse. It also promotes critical reflection on the
evolving relationship between humans and this emerging digital universe.

Keywords: metaverse; social interaction; multi-user engagement; extended reality (XR); virtual
reality (VR); mixed reality (MR); augmented reality (AR); socio-technical systems; human–computer
interaction; virtual environments

1. Introduction

The concept of the metaverse, initially introduced in the sci-fi novel Snow Crash [1],
has evolved into a dynamic virtual environment that complements the real world. It drives
socio-cultural and economic advancements across various sectors, such as family enter-
tainment, telemedicine, and non-fungible token markets [2–4]. Significant developments,
such as Facebook’s rebranding to Meta in October 2021 [5], have fueled public interest.
Projections estimate that the market will reach a valuation of USD 507.8 billion by 2030,
with an annual growth rate of 37.73% starting from 2024 [6]. However, the metaverse
also faces challenges, including harassment, avatar sexualization, data exploitation, and
unregulated gambling [7]. These issues, both positive and negative, are closely linked
to multi-user social engagement (MSE). Extended Reality (XR), as the supportive plat-
form for MSE, encompasses Virtual Reality (VR), Augmented Reality (AR), and Mixed
Reality (MR), offering a more immersive MSE solution. XR allows users to engage in
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hyper-spatiotemporal communication and multi-sensory self-expression through technolo-
gies such as head-mounted displays (HMD), tangible user interfaces (TUI), and tracking
systems. These technologies help users achieve higher social presence, motivation, and
enjoyment in MSE [2]. These modes far exceed conventional screen-based interactions,
which potentially lead to inadequate self-awareness, low interactivity, and unnuanced
emotional expression [2,7,8].

Recent research on XR-mediated MSE spans multiple disciplines, including social
sciences, computer science, and psychology, extending into domains such as rehabilitation,
business, and education. Despite these advancements, significant research gaps remain.
The field lacks universally recognized frameworks and guidelines, complicating the ar-
ticulation of technology-mediated mechanisms and impeding practical application. The
technical affordances of XR and their impact on MSE engagement are still complex and
underexplored. Understanding which system factors (SFs) of XR enhance or diminish
activities is crucial. Additionally, fragmented cases do not adequately demonstrate the
effectiveness of XR-mediated MSE, affecting the sustainability and replicability of solutions.
To address these gaps, the following research questions (RQs) are proposed.

RQ1. What is the mechanism of XR for mediating MSE?

➢ RQ1.1. What are the cognitive–behavioral mechanisms of MSE and their manifestations?
➢ RQ1.2. What are the technology-mediated mechanisms of XR and their manifestations?
➢ RQ1.3. What are the strongly correlated SFs that influence MSE?

RQ2. How has the effectiveness of XR-mediated MSE been proven?

➢ RQ2.1. What evaluation settings have been established for XR-mediated MSE?
➢ RQ2.2. What is the performance of these evaluations?

By answering these RQs, this study offers substantial implications for the XR-mediated
MSE field:

• Theoretical implications. By addressing RQ1.1, RQ1.2, and RQ1.3, this study pro-
poses a novel analytical framework for XR-mediated MSE. This framework integrates
comprehensive elements supported by interdisciplinary theories and is validated by
sample data, providing an insightful foundation for future development. The frame-
work highlights the critical role of engagement as a prerequisite for social processes
and outcomes. It urges researchers to revisit and update their theoretical perspectives
to thoroughly examine future empirical studies on XR-mediated MSE;

• Practical implications. By answering RQ2.1 and RQ2.2, this study analyzes validation
methods and the current performance of XR-mediated MSE. A case study is also pro-
vided in Section 5.2.3 Significant Mediated Relationships, further explaining strongly
correlated SFs and their mediation mechanisms to MSE. These insights emphasize
both the potential advantages and limitations of current empirical research in the field.
The findings offer a comprehensive blueprint for effective design and implementation
for practitioners in both industry and academia, including design researchers, meta-
verse designers, and developers. For example, the results concerning SF-mediated
mechanisms can guide the metaverse product pipeline by supporting knowledge
graphs of cross-spatiotemporal or co-present activities;

• Societal implications. Although the metaverse is not yet fully ubiquitous, this study
explores the significance of XR as an emerging socio-technical system for future human
social activities through comprehensive answers to RQ1 and RQ2. The findings are
broadly applicable, potentially attracting interdisciplinary and cross-sectoral interest.
This study encourages further reflection on the evolving relationship between people
and the metaverse, supporting innovative perspectives for transforming traditional
industries (e.g., tourism to cloud tourism).
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2. Concepts and Analysis Framework
2.1. Cognitive–Behavioral Mechanism of Multi-User Social Engagement (MSE)

Social interaction (SI) stems from human nature as interconnected beings. It involves
developing psychosocial bonds with others, facilitated by co-coupling that creates a self-
sustaining network of symbol exchange—not inherent information flows [9–12]. Social
habitualization cultivates human cultural attributes, rules of thumb, and resource ex-
changes that shape human worldview [13,14]. Engagement, a multidimensional concept,
involves attributes such as connection, interaction, participation, and involvement aimed at
achieving outcomes at individual, organizational, or social levels [15]. Social-level engage-
ment is characterized by cognitive forms (e.g., shared knowledge) and behavioral forms
(e.g., collective action, group participation) within a socially situated system [15].

Xiao et al.’s 3-axis User Engagement Construct delineates social engagement across
varying scales [16]. (1) One-on-one engagement, involves direct exchanges between two
individuals, driven by principles of Social Exchange [17], Attachment [18], and Interaction
Ritual Chains [19], emphasizing private expression and rich meaning [15]. (2) Group-level
engagement, ranging from dyadic to larger public groups, is shaped by specific roles within
situations such as healthcare, education, and family. According to Luhmann’s Social Systems
Theory [20], functional differentiation arises from selective pressure under temporalized
complexity. This self-referential nature enables groups to self-regulate independently of
external influences. Scalability relies on having multiple participants to form a functioning
group. Disruptions can impact the entire group dynamic, as suggested by Social Functional-
ist Theory [21] and Social Capital Theory [22]. Another characteristic is the deeper penetration
of social resources, as ‘power and control underpin all organizational–social relation-
ships’ [15]. (3) Public engagement, represents a macro-level phenomenon characterized
by loose connections, minimal mediation, and the direction of information flow [23]. This
scalability targets an unspecified audience and is crucial for socialization [24]. For instance,
wisdom-crowdsourced activities that exhibit higher levels of relational equality can enhance
societal justice, decision-making quality, and well-being [25,26]. All in all, different scales
of MSE illustrate a process in which multiple participants co-construct a network-based
reality through shared cognition, behaviors, and interconnected experiences.

Understanding the cognitive–behavioral mechanisms of MSE is essential for grasping
its antecedents, processes, and outcomes, thereby clarifying the mediating relationship
between XR and MSE. Since Bales and Strodtbeck’s foundational work in 1951 [27], the
field has evolved significantly. It has moved from situation-explained models that focus on
aspects such as motivation, goal orientation, problem-solving strategies, social episodes,
settings, and face-to-face (FtF) social patterns [28–35]. The field now includes algorithm-
driven approaches, such as Relational Event Modeling [36]. However, these models often fall
short of accurately analyzing MSE as they emphasize process details and specific social
situations (e.g., Krause’s taxonomy for joint-working [28]) rather than the concepts of
‘engagement’ and ‘multi-user’ itself. Consequently, most frameworks may be too specific
and limited in their application to capture all characteristics of SI. Concepts from the ‘3-axis
User Engagement Construct’ [16] were incorporated. For example, motivational engagement
is integrated into the actor’s attributes and establishes labels for autonomy. Additionally,
common analytical components in multi-user situations, such as topology, clustering, and
familiarity, have also been incorporated.

A major concern in constructing a framework for MSE is having high-level primitive
descriptions that encompass various social situations [37–39]. To address this gap, a
new framework grounded in MSE phenomena is proposed. Drawing on the APRACE
Model [39], which breaks down SI into six dimensions (actor, partner, relation, activities,
context, and evaluation). These dimensions were streamlined into three categories: actors
(combining actor and partner), relations, and contexts (combining activities and context),
with evaluation integrated directly into the indicators. This refinement enhances the
framework’s objectivity and minimizes situation-specific biases. Detailed explanations of
the framework’s components are discussed in Sections 2.1.1–2.1.3.
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2.1.1. Actors: Autonomy, Affect, and Cues

‘Actors’, as defined in Actor-network Theory (ANT) [40] and Media Equation Theory [41],
are any beings with ascribed actions, framing human interactions within a Social Ontol-
ogy [42]. This term aptly captures the proactive engagement of MSE participants. Symbolic
Interactionism asserts that group dynamics must be understood in terms of actors’ ac-
tion attributes—components that activate individuals’ meaning construction [43]. These
indispensable attributes are as follows:

(1) Autonomy. Rooted in Self-Determination Theory (SDT) [44], autonomy in MSE arises
from the interplay of personal agency and external influences [45]. SDT characterizes
motivation as a spectrum, ranging from motivation through extrinsic motivation to
intrinsic motivation [46]. This spectrum represents various motivational types for
MSE—from pure intrinsic motivation, driven by personal enjoyment, to a blend of
extrinsic and intrinsic motivations, where external rewards enhance personal interest.
Notably, solely extrinsic motivation is uncommon in MSE contexts;

(2) Affect. Affect encompasses a wide array of emotions sustained over time beyond
transient reactions. Myers categorizes affect into three dimensions: physiological
arousal, expressive behaviors, and conscious experience, with arousal as the core
element [47]. While tools such as the Self-Assessment Manikin (SAM) represent arousal
levels [48], they may not capture the full spectrum of affective states in MSE. These
states can be intensive, sporadic, or a mix of both;

(3) Cues. Essential for MSE, cues transmit information, intentions, and emotions, tra-
ditionally classified as verbal or non-verbal [49,50]. Verbal cues are essential in the
interaction between human users and humanoid interfaces. Non-verbal cues are
equally important. The importance of non-verbal cues becomes especially evident in
situations where non-verbal engagement behaviors conflict with verbal behaviors [51].
This conflict can lead to difficulties in maintaining communication. However, this
binary classification may lack the granularity for using XR systems. Incorporating in-
sights from studies on Embodied Agents [52], Task Coordination and Communication [53],
and Conversational Agents [54], an expanded classification of cues has been developed.
This classification includes verbal communication, facial expressions, gestures, touch,
posture, object control, and material sharing.

2.1.2. Relations: Topology, Familiarity, Clustering, and Coopetition

‘Relations’ are fundamental to MSE as they shape the actors’ sense of ‘self’ through
mutual communication. Social cognition extends beyond individual cognitive processes.
It involves interactions that do more than just provide a context; these interactions can
enhance or even substitute for individual cognitive functions [12]. This aligns with the In-
teractionist perspective [43] and is supported by Structural Functionalism, which underscores
the influence of relation structures on societal functions [55,56]. The concept of ‘relations’
in MSE encompasses four key parts:

(1) Topology. Analyzed using Graph Theory, topology describes the spatial structure of
social relations, presenting society as an undirected network to reveal various social
configurations [57]. Understanding the representational significance of topology in
social relationships is crucial. For example, in a tree topology, a guidance agent
acts as scaffolding. It provides instructions and emotional support to help learners
complete tasks they cannot manage independently. This process establishes a tree-like
relationship between the agent and the learners [58]. This study synthesizes Local
Area Network (LAN) Topologies [59] to outline basic types: Point to Point: One-on-
one interactions, e.g., private conversations. Star: Central communication hub, e.g.,
lectures and concerts. Mesh: Complex interconnections, e.g., research collaborations.
Bus: Linear route (actors’ cognitive–behavioral focus) with their immediate entry/exit,
e.g., exhibitions. Tree: Hierarchical structures, e.g., leadership or teacher–student
relationships. Highly Hybrid: Combination of three or more topologies;
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(2) Familiarity. This represents the depth of relationships, or social connectivity, similar
to the core measurement content of the Personal Acquaintance Measure (PAM) [60].
Familiarity captures nuances of relationship duration, frequency, and openness to
disclosing personal information [61]. Categories include Familiar-oriented: Stable
connections; Unfamiliar-oriented: No prior relationship; and Mixed: Combination
of both;

(3) Clustering. Drawing from the Two-step Flow of Communication Theory, opinion leaders,
serving as key nodes, facilitate greater clustering of efficient information and pro-
mote two-step communication, especially in large events [62]. This influences social
opinions and behaviors and enhances network vitality. Clustering describes group
formations with dense internal and sparse external ties. Origins of clustering include
Spontaneous: Shared interests; Organized: Organizational affiliations. Personal influ-
ential: Influence from opinion leaders; Combination: Mix of types; All: Inclusive of
all types; and None: Subtle manifestation;

(4) Coopetition. According to Game Theory [63] and Social Interdependence Theory [64], ac-
tors exhibit both self-interested and altruistic behaviors, characterized as coopetition—
a fusion of cooperation and competition [63,65]. This encompasses cognitive processes
(e.g., team cognition), motivational processes (e.g., cohesion), and behavioral processes
(e.g., coordination), contributing to performance and effectiveness [66]. Forms include
Competition, Collaboration, Collaborative Competition, Competitive Collaboration,
Neutral, and Combination [67].

2.1.3. Contexts: Spatial and Temporal Conditions

Giddens’s Constitution of Society emphasizes that personal agency is fundamentally
shaped by intentionality within social ‘contexts’ [68,69]. Proponents of Situated Theories of
Learning and Distributed Cognition assume the inseparability of social context from individ-
ual agentic action [70–72]. They focus on the reproduction of cultural practices through
situated SI and participation processes. Each social and organizational level possesses
distinct forms of space and time, shaping social practices by defining their spatial and
temporal characteristics [73]. Understanding these characteristics is crucial for grasping
the strength of connections between different social practices [74].

(1) Spatial conditions. Abbott proposes that this is a specifically Chicago School in-
sight: ‘One cannot understand social life without understanding the arrangements
of particular social actors in particular social times and places. . . Social facts are lo-
cated’ [75,76]. The sub-classification of spatial conditions [8], based on MSE situations,
effectively represents these contextual attributes. Spatial conditions are categorized
into Collocated, Remote, and Mixed. Collocated settings involve direct, co-present
communication, allowing for immediate feedback and richer non-verbal communi-
cation. Remote settings involve physical separation and rely on technology, which
introduces different dynamics;

(2) Temporal conditions. Social time is multi-dimensional, irregular, and multidirectional,
with social time following a rhythm specified by human activity [77]. Emirbayer and
Mische define agency as ‘temporally constructed engagement by actors’ [72]. Temporal
conditions are classified as Synchronized (real-time interaction), Asynchronized (de-
layed interaction), and Hybrid (a mix of both). Analyzing these temporal conditions
helps us understand the dynamics and effectiveness of interactions [77].

2.2. Extended Reality (XR) Systems

The ‘X’ in XR stands for a range of emerging reality formats, indicating an open-
ended description of future spatial computing technologies, also known as xReality [78].
Over the past quarter-century, Milgram and Kishino’s Reality-Virtuality Continuum [79] has
become a foundational work in the field, cited thousands of times. Most researchers in
the XR community still acknowledge the utility of Milgram and Kishino’s continuum for
classifying systems [80]. Until an alternative framework gains unanimous acceptance, their
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model continues to be valuable for knowledge categorization and dissemination. Therefore,
this study utilizes the Reality-Virtuality Continuum [79] to categorize XR interfaces by the
degree of computer-generated virtual objects integrated into the physical world, including
(see Figure 1) (a) Augmented Reality (AR), which enhances real-world environments
with digital elements, allowing interactive virtual overlays while retaining physical context
awareness; (b) Mixed Reality (MR), which integrates real and virtual worlds, where physical
and digital entities coexist and interact in real time; and (c) Virtual Reality (VR), which
provides a fully immersive virtual environment, isolating the user from the physical world.
Further definitions of the categories can also be found in Figure 1, as explained by Tremosa
and the Interaction Design Foundation [81]. It is worth noting that the emergence of multi-
interface XR systems is observed, although there is currently no classification model for
them. To address this, a classification for these systems has been designed. An XR system
might include a single interface type, termed a single-interface system (e.g., solely AR).
Alternatively, it might combine several interfaces, referred to as a multi-interface system
(e.g., AR combined with VR).
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In revisiting related models that describe human–computer interaction (HCI) elements,
several were examined. These include the PACT Model [82], which evaluates solutions
through ‘people’, ‘activities’, ‘contexts’, and ‘technologies’; the SMPC Model [83], which
considers ‘subjects’, ‘modes’, ‘purposes’, and ‘contexts’; and Silver’s model [84], a variant
of Moggridge’s Designing Interactions Model [85], which includes five design languages
(‘words’, ‘visual representations’, ‘physical objects or space’, ‘time’, and ‘behavior’). Several
potential SFs from these dimensions were identified. The SMPC Model [83], in particular,
provides a comprehensive framework for understanding interaction as mutual or reciprocal
actions between entities with specific goals within certain contexts. This model helps define
interaction in terms of ‘subjects’ (e.g., who interacts with us? AI or human?), ‘modes’ (e.g.,
how do these subjects interact? Using avatar or not?), ‘purposes’ (e.g., why is interaction
taking place? Utilizing task-based absorption to enhance group dynamic in MSE?), and
‘contexts’ (e.g., where is interaction happening? How is users’ activity range?). For example,
the ‘subjects’ dimension is crucial because it includes both humans and AI. This emphasizes
the need to consider AI as an interaction target. Unlike humans, AI does not share personal
values or experiences, which affects human-mode MSE interactions [86–88]. Thus, a
single SF should summarize these categories and be named ‘interaction targets’. The
establishment of other SFs follows this pattern. The construction process for each SF is
detailed in Sections 2.2.1–2.2.6.
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2.2.1. Interaction Targets

Drawing from the Computers Are Social Actors (CASA) [89], the authenticity of interac-
tors shapes social perceptions and influences behavioral realism [90,91]. Previous research
highlights differences in these aspects between AI agents and humans (e.g., behavioral
realism and social appropriateness) [86–88]. Consequently, interaction targets are catego-
rized into (a) Human: solely actual human participants; (b) Human+AI: A mix of humans
and AI agents; a separate tag for pure AI interactions (e.g., human–AI dyads without real
human presence) was not established. This is because the study emphasizes multi-user
interactions, focusing specifically on the value of human–human interactions. Pure AI as
an interaction target is beyond the scope of this study.

2.2.2. Avatars

Avatars serve as embodied digital identities, allowing users to engage with the envi-
ronment and virtual objects from multiple perspectives, such as the third-person view [2].
Avatars enhance visual realism by replicating social cues from real humans [88]. Their
effectiveness in improving psychological aspects such as attention, performance, presence,
trust, involvement, satisfaction, and self-disclosure makes avatars an indispensable SF [90].
Analyzing avatar settings involves several aspects: (a) Usage: Whether avatars are used
in the XR system indicates if interactions are through real, physical bodies or avatars.
(b) Visual Form: Ranges from partial (e.g., a hand, upper body) to full body representation.
(c) Symmetry: The symmetry in avatar usage between oneself and partners, such as having
no avatar for oneself while the other has an avatar with partial visual representation.

2.2.3. Activity Range

Interaction in XR environments does not require users to be stationary. Physical move-
ment is transferred into XR environments through positional and rotational tracking. This
allows users to activate their entire bodies [2]. Activity range measures involvement with it,
defined through the affordable extent of subjective freedom for physical activity [92], and
can be quantified using the following modes: (a) Stationary: Limited to head and arm move-
ment without positional changes; (b) Table-sized. Allowing for more extensive interaction
within a confined area; (c) Room-sized. Permitting free movement and interaction within a
physical space that matches the dimensions of a typical room, providing users with enough
area to perform various actions safely; (d) Pervasive. Removing physical constraints.

2.2.4. Absorption

Absorption in users is driven by immersion, which refers to the degree to which a user
feels cognitively and behaviorally transported to an alternative, synthetic world [2,93]. It
can be assessed across multiple dimensions: (a) Narrative. Deep empowerment in story-
based events; (b) Strategic. Focused on planning and strategy; (c) Tactical. It involves
physical and sensorimotor tasks that enhance immersion through sensorimotor and physio-
logical responses. Notably, this study employed a broader definition of tactical immersion,
distinguishing it more clearly from strategic immersion. Because XR systems emphasize
embodiment more than traditional CMC devices, analyzing the tactical dimension can
reveal specific characteristics of XR [2]. Hence, we extend the definition by Adams and
Rollings. They often link strategic and tactical immersion together, describing it as “a state
of intense preoccupation with observation, calculation, and planning or with swift responses to
obstacles” [94]. We expand this definition to encompass a broader range of tactical immer-
sion. This includes immersion arising from bodily movement and physiological responses,
beyond the narrow, immediate immersive experience typically associated with hand-eye
coordination. Additionally, it is noteworthy that all these immersion classifications extend
Ryan’s concept of ‘Ludic Immersion’. In other words, the antecedents of these immersions
are considered to be generated by researchers based on goal-oriented tasks, defined as ‘a
state of intense absorption in the task currently being performed’ [95]. Specifically, immersion in
VR is largely determined by the quality of the virtual environment. This includes factors
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such as modality, visual representation, interactivity, haptic feedback, audio quality, depth
cues, video, and display [96]. Task flow also plays a significant role. In contrast, AR and
MR immersions are not primarily based on the virtual environment. Instead, they depend
more on task flow. Utilizing task-stimulated immersion allows for a more standardized
analysis of absorption.

2.2.5. Input and Output Devices

Unlike conventional CMC devices, XR interfaces are more focused on activating the
users’ motor and perceptual systems. This focus facilitates a more nuanced exchange of
information elements, such as expression, memory, emotion, and language [97]. Input
devices are tools for users to submit data and commands, such as hand controllers, motion
trackers, and voice recognition systems, translating human intentions into actions within
the system [98]. Output devices such as HMD, projectors, and wearable haptics are vital
for delivering system responses and ensuring user perception.

2.2.6. Sensory Feedback

XR can deliver computer-generated stimuli to all the exteroceptive senses, that is,
those senses that respond to stimuli from outside the body [80]. By incorporating sen-
sory feedback beyond the usual visual and auditory aspects, users’ immersion, presence,
agency, and control are deepened, transforming interactions to closely mimic real-world
experiences [99,100]. Key categories of sensory feedback include [101] (a) Visual: Dy-
namic, immersive graphics that respond to user movements, intensifying the realism of
the virtual world. (b) Auditory: Soundscapes that reflect ambiance, aiding in accurate
intent, understanding, and expression. (c) Tactile: Varied textures and haptic feedback
that simulate touch, enhancing memory sensation and realism. (d) Olfactory: Scents that
trigger vivid recollections of past experiences, deepening emotional and contextual engage-
ment. (e) Gustatory: Engages the sense of taste, providing a deeper embodied perception
of information.

2.3. Overview of the XR-Mediated MSE Analysis Framework

Contemporary Mediation Theory posits that technologies have their own form of
‘agency’ for human activities and are mutually constitutive with human subjects [44,102].
Ihde’s approach to Mediation Theory includes the intentionality, embodiment, and per-
ception of human activities. From this perspective, the focus should not only be on the
technology itself (RQ1), but also on how mediation influences perceptions of events and the
technology itself, particularly its effectiveness (RQ2) [103]. Sections 2.1 and 2.2 construct
the cognitive–behavioral mechanism of MSE (Figure 2A) and the technology-mediated
mechanism of XR (Figure 2B) by reviewing multidisciplinary theories and frameworks.
These mechanisms incorporate various components (e.g., autonomy, affect, cues, topology,
familiarity, clustering, coopetition, spatial conditions, temporal conditions) and SFs (e.g., in-
teraction targets, avatars, absorption, activity range, input devices, output devices, sensory
feedback). Discrete labels were designed to quantify these variables (e.g., (a-)synchronized
and mixed communication for temporal conditions) in the analysis framework (Figure 2).
It is hypothesized that the properties of components (e.g., discrete labels and their quan-
titative distributions) characterize their cognitive–behavioral and technology-mediated
mechanisms, addressing RQ1.1 and RQ1.2. Examining correlations between these com-
ponents and SFs addresses RQ1.3, i.e., extracting strongly correlated SFs. Additionally,
this standardized classification provides insights into validating the effectiveness analysis
in RQ2.
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3. Methodology

Research samples were collected following the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) Protocol [104]. A comprehensive database, Scopus [105],
was mainly used for searching since it also contained results indexed in other specific
databases such as the Web of Science. The results were solidified to be replicable, rigorous,
and transparent by setting standard searching algorithms. Based on inputting topic-related
searching strings, other parameters were configured to encompass outcomes confined
within the publication type of conference and journal papers. Book chapters were not
collected because they tend to provide overviews and summaries. These sources may lack
detailed experimental design and data analysis specifics, which may not be conducive to
comprehensive quantitative analysis. Furthermore, samples were refined to the disciplines
of computer science, social science, psychology, and arts due to the consideration of domain
and thematic relevance. The search query string was as follows:

(TITLE-ABS-KEY (“extended reality”) OR TITLE-ABS-KEY (“augmented reality”) OR
TITLE-ABS-KEY (“mixed reality”) OR TITLE-ABS-KEY (“virtual reality”) OR TITLE-ABS-
KEY (“immersive”) OR TITLE-ABS-KEY (“virtual environment”) AND TITLE-ABS-KEY
(“public”) OR TITLE-ABS-KEY (“multi-user”) OR TITLE-ABS-KEY (“multiple”) OR TITLE-
ABS-KEY (“multiperson”) OR TITLE-ABS-KEY (“commu*”) OR TITLE-ABS-KEY (“social
interaction”)) AND TITLE-ABS-KEY (“engagement”) AND (LIMIT-TO (SRCTYPE, “j”) OR
LIMIT-TO (SRCTYPE, “p”)) AND (LIMIT-TO (DOCTYPE, “cp”) OR LIMIT-TO (DOCTYPE,
“ar”)) AND (LIMIT-TO (SUBJAREA, “COMP”) OR LIMIT-TO (SUBJAREA, “SOCI”) OR
LIMIT-TO (SUBJAREA, “PSYC”) OR LIMIT-TO (SUBJAREA, “ARTS”)) AND (LIMIT-TO
(LANGUAGE, “English”))

By June 2024, a total of 1399 search results were accumulated. Details of the flow chart
and screening process can be found in Supplementary Files S1 and S2. During the initial
screening based on titles and abstracts, 1015 results were excluded due to topic irrelevance.
Specifically, samples that were not XR-based interfaces or did not involve multi-user social
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patterns, such as interactions with AI systems alone, were ruled out. This left us with
384 results for detailed content screening. In the second screening round, 80 papers were
identified as relevant to this study. A total of 271 papers were excluded due to the lack of
identifiable descriptions of research content, methods, or experimental results. Additionally,
23 papers were excluded for being review-related contributions, such as case studies. Six
papers were excluded for containing repetitive prototypes with no evident iteration. Four
papers were excluded due to the lack of full-text access. Through snowballing, 8 additional
papers were integrated, resulting in a final sample pool of 88 papers.

These 88 papers [23,46,51,106–190] were then coded according to the analysis frame-
work outlined in Section 2.3 (see Figure 2). To enhance the reliability of the coding process,
all authors conducted the coding independently. Any discrepancies were resolved through
discussions until a 100% consensus was reached (see Supplementary File S2). A detailed
examination of the statistical distribution of each metric was conducted based on RQs, such
as identifying strongly correlated SFs for mediating MSE (to answer RQ1.3).

4. Results
4.1. Bibliometric Information
4.1.1. Publication Trends and Topics

Our analysis of the publication years and types of the accepted samples revealed a
significant trend, with a notable increase in publications post-2017 (76/88, 86.4%). Data
from 2024 may be incomplete due to indexing delays at the time of search. The earliest
publications date back to 2002. A total of 23.9% of the works (21/88) spanned multiple
disciplines. Computer science accounted for the predominant portion at 60.2% (53/88),
followed by social sciences (27/88, 30.7%), arts (8/88, 9.1%), and psychology (5/88, 5.7%).
This reflects the field’s technological emphasis and cross-disciplinary collaboration.

Analysis of topics was conducted after the data pre-processing, involving deduplica-
tion, merging, alignment, and splitting of synonyms of the samples’ keywords. Overall,
49 keywords (N) were identified as common concerns, each with a frequency (f) greater
than 2. Topics were categorized into two groups: MSE-related and XR-related.

Within the MSE-related topics (Figure 3), the most notable focus was on target groups.
Keywords in this category included ‘Residents’ (f = 17), ‘Visitors’ (f = 6), ‘Older adults’ (f = 7),
‘Children’ (f = 9), ‘Patients’ (f = 11), and ‘Students’ (f = 2). Samples emphasize the engagement
of groups with civic identity such as residents and visitors. Additionally, it delves into
minor groups, particularly aging populations [46,164], and specific patient groups, includ-
ing those with autism [156], aphasia [129], dementia [127,136,184], stroke [149,158], and
other unspecified conditions [164,179,185]. This underscores the current topic’s emphasis
on embracing technological equity and inclusiveness for all groups in MSE. Collective
behaviors were another significant focus, with key terms such as ‘Cooperation’, ‘Co-Creation’,
and ‘Open Innovation’. Quality of socialization was also prominent, encompassing general
terms such as ‘Engagement’ (f = 11) and more specific ones such as ‘Embodied Cognition
Theory (ECT)’ (f = 5), ‘Motivation’ (f = 3), and ‘Psychophysiology’ (f = 3). Particularly notewor-
thy is the term ‘Asymmetric Engagement’ (f = 3); it corresponds to studies that address the
challenges of isolated participation caused by limited XR equipment [114,167,190]. This
indicates the significance of cross-spatiotemporal MSE, enabling worldwide engagement
on equal footing, unbound by geographical restrictions—an increasing focus.
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In the XR-related topics (Figure 4), the most significant feature was multi-technical
integration, represented by keywords such as ‘Tangible User Interface’ (f = 6), ‘Web Services’
(f = 5), and ‘Geographic Information System (GIS)’ (f = 4). This indicates that XR is adopting
various methods to enhance technology-mediated accessibility. System elements, particu-
larly ‘Data Visualization’ (f = 6) and ‘Data Sonification’ (f = 2), indicated a growing interest in
multi-sensory output. Specific scenarios were another crucial area, covering diverse con-
texts, particularly in education, such as ‘E-learning’ (f = 8) and ‘Educational Settings’ (f = 5),
as well as ‘Telecommunication’ (f = 4), highlighting XR’s role as a platform for remote MSE.
Many of these topics focused on educational VR, indicating that XR online learning has the
potential to overcome the barriers in FtF and informal learning [2]. System quality was also
well-represented, with metrics such as ‘Immersion’ (f = 6) underlining the importance of
absorption in XR. Other relevant terms included ‘User Experience’ (f = 4), ‘Presence’ (f = 4),
and ‘Telepresence’, reflecting the focus on the continuity of personal identity within XR.
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In conclusion, a balanced yet nuanced focus on both MSE and XR-related topics is
revealed. This comprehensive exploration highlights the early-stage richness of the field.

4.1.2. Application Domains, MSE Scales and XR Types

The samples span several domains: (1) Health Care and Rehabilitation, (2) Education
and Training, (3) Business and Marketing, (4) Tourism and Hospitality, (5) Game and
Entertainment, (6) Environment and Sustainability, (7) Culture Heritage and Exhibition,
(8) Creativity, and (9) General Purpose. Education and Training emerged as the dominant
domain (26/88, 29.5%), followed by Health Care and Rehabilitation (13/88, 14.8%). En-
vironment and Sustainability and Cultural Heritage and Exhibition each accounted for
10 samples (10/88, 11.4%). However, Art (2/88, 2.3%) and Tourism (3/88, 3.4%) were less
represented due to their nascent status over the past five years. Notably, there were 12 sam-
ples categorized as General Purpose (13.6%), indicating no application domain specified.
This disparity suggests an evolving landscape with wide application scenarios, as well as
the potential for new domains to surface and a more equitable distribution anticipated.
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Three categories of MSE scales were identified within the samples: one-on-one en-
gagement, group-level engagement, and public engagement. Group-level engagement
was predominant, constituting 55.7% of cases (49/88), followed by public engagement at
29.5% (26/88) and one-on-one engagement at 14.8% (13/88). Temporal analysis indicated
a significant increase in group-level engagement research over the past five years. Public
engagement has shown fluctuating scholarly interest since 2005, with a recent resurgence
likely due to technological advancements. In contrast, one-on-one engagement only became
a notable area of study after 2017, with modest growth. These data reflect the scalability of
MSE’s core characteristic—‘multi-users’—as evidenced by the high share of group-level
and public engagement. Although one-on-one engagement has the smallest proportion,
this dyadic form of interaction remains important. This dyadic form of interaction remains
important, especially in areas such as games, entertainment, and general-purpose appli-
cations. It is mainly valued because it provides a preliminary testing environment that is
less affected by external variables. It fosters strong connections where participants feel
valued and focused, which can enhance overall social participation, increase trust, and
build intimate relationships; thus, it deserves further attention.

Six categories of XR were identified: AR, MR, VR, VR+MR, VR+AR, and VR+MR+AR.
Single-interface systems were predominant (92.0%, 81/88), with MR being the most com-
mon (29.5%, 26/88), followed by VR (36.4%, 32/88) and AR (26.1%, 23/88). Temporal
trends reveal stable growth for MR and AR since 2002 and 2005, respectively. VR, in-
troduced in 2011, experienced rapid expansion, particularly in the last five years (52.8%,
28/53). Multi-interface systems, though less frequent, showed an emerging preference
for VR+MR (4.5%, 4/88), followed by VR+AR (2.3%, 2/88) and VR+MR+AR (1.1%, 1/88).
Single-interface XR systems are evenly distributed and have significant growth in VR.
Interest in multi-interface systems is developing and may increase as technology advances
and research demands expand.

The correlations between application domains, XR Types, and MSE Scales were an-
alyzed to understand their contextual relationships. Cramér’s V1 was used to calculate
these correlations. The results indicated a moderately significant positive correlation be-
tween Application Domains and XR Types (Cramér’s V = 0.360, χ2(40) = 57.085, p = 0.039)
and between Application Domains and MSE Scales (Cramér’s V = 0.564, χ2(16) = 55.930,
p = 0.000). However, there was no significant correlation between XR Types and MSE Scales,
thus excluded from further analysis. Figures 5 and 6 used alluvial maps to visualize these
internal complex relationships.
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The predominant mapping between application domains and utilized XR Types was in
Education and Training using VR, which accounted for 15.9% (14/88). This was followed by
Health Care and Rehabilitation using VR at 8.0% (7/88) and Health Care and Rehabilitation
using MR at 6.8% (6/88) (Figure 5). In the Cultural Heritage and Exhibition domain, the
most common XR interfaces are based on AR and MR, with four cases each using them
(4.6%, 4/88). In contrast, VR is less frequently applied, with only two cases involving it
(2.3%, 2/88). In the General Purpose domain, the XR interfaces used, from most to least
common, are VR (5.7%, 5/88), MR (3.4%, 3/88), and AR (1.1%, 1/88). This highlights that
single-interface XR systems are widely applied across various domains, and their suitability
for specific fields along with researchers’ preferences for particular interfaces are becoming
more evident. However, there remain unexplored areas, such as using single-interface XR
systems in specific domains such as Health Care and Rehabilitation with AR and Creativity
with VR. Multi-interface systems, being more recent developments, showed a limited
presence across different domains.

The associations in Application Domains: MSE scales were led by Education and
Training: Group-level Engagement (26.1%, 23/88) (Figure 6). This was followed by Health
Care and Rehabilitation: Group-level Engagement (11.4%, 10/88), Environment and Sus-
tainability: Public Engagement (9.1%, 8/88), and Business and Marketing: Group-level
Engagement (6.8%, 6/88). Although these three mappings occur less frequently compared
to Education and Training: Group-level Engagement, they are still widely referenced. Even
fewer are the mappings for Cultural Heritage and Exhibition domain: Group-level En-
gagement (5.7%, 5/88). The above-shown mappings show associative solid tendencies.
However, the General Purpose domain did not exhibit any significant preference across the
different MSE scales. This is evident from its even co-occurrence across One-on-one, Public,
and Group-Level Engagement, each accounting for 4.5% (4/88). When considering the
mapping relationships between Application Domains and XR Types, it becomes clear that
Education and Training, Health Care and Rehabilitation, and Environment and Sustain-
ability are the three domains most strongly linked to XR Types and MSE Scales. In other
words, these three domains are characterized by distinct technical support and audience
attributes in XR-mediated MSE.

The extensive and widespread connections among modules indicate a clear tendency
for technology and audience preferences in different XR-mediated domains. This highlights
the gradual formation of distinctive research flows and focus. However, the unlinked
modules should not be overlooked, as they indicate untapped areas and potential, particu-
larly in emerging domains and various XR Types. For instance, there is a notable lack of
empirical studies combining Creativity with AR.
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4.2. The Mechanism of XR-Mediated MSE
4.2.1. Manifestation of Cognitive–Behavioral Mechanism

Frequency statistics revealed the tag distributions of MSE components (see Figure 7).
In addition to the data distribution mentioned in the figure, several key manifestations of
the cognitive–behavioral mechanisms merit further attention.
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For relation-related components, intrinsic motivation accounted for the majority of
MSE activities at 67.0% (59/88). Examples include public exhibitions [161,170]. Activi-
ties involving a blend of intrinsic and extrinsic motivations, making up 33.0% (27/88),
were notably more prevalent in structured environments. These include settings such
as collaborative learning [143,147,182] and corporate innovation activities [121,137,150].
These blended motivations often supported group-level or goal-oriented engagements.
In terms of ‘affect’, most activities induced mixed ‘sporadic + intensive’ states (43.2%).
Sporadic affective states (29.5%, 26/88) were more frequently observed in spontaneous
or public MSE activities, while purely intensive affective states (27.2%, 24/88) emerged
in more structured and immersive experiences. Combinations of SI cues used in the XR
environment varied and diversified. Notably, verbal cues were the main medium, used in
89.8% (79/88) of cases, while non-verbal modes were less common (10.2%, 9/88).

For relation-related components, a significant 81.8% (72/88) of relations used multiple
topologies, highlighting the complexity of interpersonal relationships. Highly hybrid
topology was typical in multi-stage or long-term engagements, such as the online ‘IEEE VR
Conference 2021’ [175], which combined workshops, paper sessions, talks, panels, plenary
sessions, demos, and posters. Another example is the role-playing game ‘Pokémon GO’,
which integrated activities such as catching and trading Pokémon, training ‘Pokémon’, and
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‘Team GO Rocket social mechanisms’ [109]. These diverse MSEs created various interpersonal
topologies, resulting in the presence of highly hybrid topologies. In ‘cooperation’ models,
pure collaboration dominated at 61.5% (48/78), with 25 instances lacking clear coopetition,
i.e., neutral mode (28.4%). Pure competition and collaborative competition occurred in
6.8% (6/88) and 4.5% (4/88) of cases, while competitive collaboration was notably rare at
1.1% (1/88).

For context-related components, ‘temporal conditions’ in MSE showed a strong pref-
erence for synchronized communication, occurring in 75.0% (66/88) of instances. Purely
asynchronous communication was less common, found in only 3.4% (3/88) of cases, though
hybrid modes were noted in 19 samples (21.6%), indicating a growing recognition of asyn-
chronous communication’s benefits.

4.2.2. Manifestation of the Technology-Mediated Mechanism

Frequency statistics revealed the tag distributions of each SF (see Figure 8). In ad-
dition to the data distribution mentioned in the figure, several key manifestations of the
technology-mediated mechanisms merit further attention.
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FP signifies Full Physical Body, PP signifies Part Physical Body, and PV signifies Part Visual Body.
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Blue to Green, Indicating the Distribution of the Number of Manifestations Corresponding to the SFs
(e.g., Total N of Interaction Targets = 88, Human N = 72).

Current MSE activities mainly involved human participants, accounting for 81.8%
(72/88) of the cases. AI agents were involved in 18.2% (16/88) of interactions, with only
two instances featuring physical AI, such as social robots [127,164].

In terms of ‘avatar’ settings, the noteworthy data distributions are as follows: (1) Users
without avatars, observing others’ full physical and virtual bodies from a first-person
perspective (12.5%, 11/88). (2) Users without avatars, observing others’ full physical
bodies from a first-person perspective (11.4%, 10/88). (3) Users without avatars, observing
others’ full virtual bodies from a first-person perspective (10.2%, 9/88). Sometimes, the full
virtual bodies are AI-driven; this can be understood as AI being designed as a user’s proxy,
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representing them in virtual environments. For example, a virtual assistant can interact
with other users or systems on behalf of the user when they are not present, effectively
serving as an avatar. This indicates a diverse use of avatars, with significant variation in
visual representations and representational symmetry.

‘Absorption’, was primarily characterized by strategic immersion, which was ob-
served in 50.0% (44/88) of the cases. Examples of such immersions included goal-directed
activities such as modules of inspirational stimuli [110,115,121,137], simulation-based learn-
ing [106,128,159,177,182], and engaging gameplay [114,122,157,174]. This far exceeded
narrative immersion at 19.3% (17/88) and combined narrative and strategic immersion at
14.8% (13/88). However, tactical immersion was less common, being addressed in only
12 samples. It was typically combined with strategic and narrative forms of immersion
(13.6%), often appearing in walkable physical exercises, such as co-participatory planning
in actual walkable environments [118,130].

In terms of ‘sensory feedback’, the majority of users experienced visual-auditory
feedback, which was present in 76.1% (67/88) of the cases. Tactile feedback was noted in
22.7% (20/88) of the interactions. Olfactory feedback was nearly non-existent, appearing in
only 1.1% (1/88) of cases, and there was no recorded use of gustatory feedback.

4.2.3. Strongly Correlated SFs for Mediating MSE

The XR-mediated influence on MSE was examined through a correlation analysis.
A heat map was used to visualize potential variable group combinations (i.e., ‘SFs →
Components’) (see Figure 9). Correlation analysis indicates that all potential SFs influence
at least one component of the cognitive–behavioral mechanism, with correlations (Cramér’s
V > 0.200) and statistical significance (p < 0.05). Moderate correlations (0.200 < Cramér’s
V < 0.600, N = 10) to high correlations (Cramér’s V > 0.60, N = 3) were observed. Among
these, eight strong correlations were identified with positive effects from SFs. Additionally,
two strong correlations were found with negative effects from certain components. Other
correlations were excluded due to being counterintuitive. For detailed co-occurrence tags,
refer to Supplementary File S3.
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(1) Output devices as strongly correlated SF for spatial conditions. Output devices
mediate spatial conditions based on significant correlations (Cramér’s V = 0.641,
χ2(40) = 72.403, p = 0.001). For instance, projection + speaker setups are exclusive
to collocated conditions, creating dense, immersive communication environments
for attendees. Meanwhile, Samayoa et al.’s projection system [123] also enhanced
social presence in remote conditions. HMD and phones are more associated with
collocated conditions, while computers are linked with remote conditions. Overall,
corresponding output devices mediate spatial conditions; further case analyses are
provided in Section 5.2.3 Output Devices → Spatial Conditions;

(2) Input devices as strongly correlated SF for cues. Input devices mediate cues with
significant correlations (Cramér’s V = 0.618, χ2(930) = 1008.478, p = 0.037). Exam-
ples include HMD+Joystick and various cue expression paradigms, tracking systems
involving postures, and the amplification of body communication in MSE. TUI in-
troduces object control cues, showing their potential as communication tools, as
seen in cases [58,129,146,149,152,156,171]. Further enhanced modes are provided in
Section 5.2.3 Input Devices → Cues;

(3) Avatar as strongly correlated with SF for cues, clustering, and coopetition. The
[Avatar → Cues] pairing showed a highly significant correlation (Cramér’s V = 0.641,
χ2(434) = 505.415, p = 0.010). Further case analyses are provided in Section 5.2.3
Avatars → Cues. The [Avatar → Clustering] pairing also showed a significant cor-
relation (Cramér’s V = 0.501, χ2(84) = 123.675, p = 0.003), with avatars facilitating
organized and personal clustering. This suggests that avatars may facilitate personal
Influential clustering by extending real-world identities. It provides anonymity or
enables identity reshaping in massive social settings, granting more freedom for social
expression, as seen in the SocialVR application [112] and VRdeo platform [181]. Fur-
ther case analyses are provided in Section 5.2.3 Avatars → Coopetition. For [Avatar
→ Coopetition], a significant moderate correlation was found (Cramér’s V = 0.467,
χ2(70) = 95.964, p = 0.021), with numerous tags binding its presence to collaboration.
This proves its potential in supporting virtual collaboration, similar to non-avatar
modes, as in cases [46,51,177,181,189]. Despite moderate significant correlations
for [Avatar → Topology] and [Avatar → Spatial conditions] (Cramér’s V = 0.488,
χ2(154) = 230.184, p = 0.000; Cramér’s V = 0.531, χ2(28) = 49.563, p = 0.007). These
correlations are based on fragmented, low-co-occurrence tag combinations, indicating
a pseudo-correlation. These tags’ low-frequency co-occurrences do not support causal-
ity and contradict logical expectations. Therefore, avatars do not mediate topology
and spatial conditions. Further case analyses are provided in Section 5.2.3 Avatars →
Clustering;

(4) Activity range as strongly correlated SF for spatial conditions. Activity range mediates
spatial conditions based on significant correlations. The pairing [Activity range →
Spatial Conditions] showed a significant moderate correlation (Cramér’s V = 0.571,
χ2(6) = 57.358, p = 0.000). Room-sized and table-sized ranges are more suited to collo-
cated settings, pervasive ranges to hybrid settings, and stationary ranges to remote
settings. However, designing static activity ranges for spatial conditions may limit
designers’ creativity. Further analysis is provided in Section 5.2.3 Activity Range →
Spatial Conditions. Activity range and temporal condition also showed significant
moderate correlations (Cramér’s V = 0.269, χ2(6) = 12.742, p = 0.047). However, this
only indicates a co-occurrence relationship, not causality. The correlation and signif-
icance levels are primarily due to synchronized interactions in room-sized ranges
in many samples. Room-sized activity ranges inherently require less asynchronous
and mixed communication, favoring immediate and cohesive interactions. For ex-
ample, in the case of XRPublicSpectator [190], users in a room-sized range watched
presenters engage in a high-interaction-density card battle game, negating the need
for asynchronous or mixed communication channels. Other representative cases
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include [125,180,183]. Thus, activity range cannot be considered a strongly correlated
SF for mediating temporal conditions;

(5) Interaction targets as strongly correlated SF for affect and coopetition. Interaction
targets are strongly correlated with affect and coopetition. Interaction targets mediate
both affect and coopetition based on significant correlations. A moderately significant
correlation was found between interaction targets and affect (Cramér’s V = 0.317,
χ2(2) = 8.861, p = 0.012). Further case analyses are provided in Section 5.2.3 Interaction
Targets → Affects. For coopetition, a moderately significant correlation (Cramér’s
V = 0.368, χ2(5) = 11.91, p = 0.036) indicates AI’s potential in mediating collaborative
settings. Thus, interaction targets and coopetition are strongly correlated. Further
case analyses are provided in Section 5.2.3 Interaction Targets → Coopetition;

(6) Spatial conditions as strongly correlated with SF for absorption. Absorption medi-
ates spatial conditions based on significant correlations. The [Absorption → Spatial
Conditions] pairing showed moderate positive correlations (Cramér’s V = 0.419,
χ2(10) = 30.946, p = 0.001). Further case analyses are provided in Section 5.2.3 Spatial
Conditions → Absorption;

(7) Topology as strongly correlated component for limiting the SF sensory feedback.
Topology mediates sensory feedback based on significant correlations, with a moder-
ately significant correlation (Cramér’s V = 0.488, χ2(22) = 41.872, p = 0.007). Topology
constrains the achievable sensory feedback, and the desired MSE structure limits tech-
nological deployment, indicating a reciprocal influence (see Section 5.2.3 Topology →
Sensory Feedback).

4.3. The Effectiveness of XR-Mediated MSE
4.3.1. Settings of Evaluation
Basic Settings

In examining the overall deployment of XR-mediated MSE evaluation, several dimen-
sions were analyzed based on statistics of tagging data.

(1) Goals. Assessing the comprehensive effect of XR-mediated MSE is becoming in-
creasingly significant, although many studies still focus on evaluating either MSE
or XR system aspects separately (Figure 10). MSE-related goals primarily explore
preferences in MSE activities, such as perceptions, engagement, and task efficacy.
System-related goals focus on technical effectiveness, including usability, immersion,
and interface design. Among the 88 cases, 84 involved MSE-related goals (95.4%),
compared to only four focusing solely on testing the XR system (4.5%);
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(2) Types. There is a clear preference for mixed (combined qualitative and quantitative)
and purely quantitative research types (Figure 10). The data show that mixed methods
were used in 37 samples (42.0%), purely quantitative research in 31 samples (35.2%),
and purely qualitative types in 20 samples (22.7%);
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(3) Durations. Study durations varied significantly to meet diverse research requirements,
with a tendency towards short-term evaluations (Figure 10). Preliminary evaluations,
aimed at quickly gathering initial user feedback to refine early prototypes, constituted
12.5% (11/88) of the samples. Short-term studies involving advanced XR systems
employed formal, intensive experimental designs, with 62.5% (55/88) lasting a month
or less, primarily conducted in field and laboratory settings. Only 22 samples (25.0%)
extended beyond one month, typically featuring multiple experimental deployments
to assess sustainability and potential long-term effects of XR-mediated MSE.

(4) Size. The size of participants varied widely across studies, with a noticeable trend to-
ward increased average engagement in evaluations (Figure 11). Five samples did not
report explicit participant numbers, comprising 5.7% (5/88) of the total. The trendline
(y = 2.23x − 4411.93) created by linear regression was added programmatically to visu-
ally aid the understanding of variability and dispersion in participant numbers [191].
It is crucial to highlight two aspects. First, the trendline appeared less pronounced
due to the logarithmic scale on the vertical axis. Second, the extremely low coefficient
of determination (R2 = 0.003) suggested a substantial dispersion of data points, un-
derscoring significant variability in participant numbers across samples. Specifically,
83 samples showed that, on average, around 88 individuals participated in each case,
with considerable variability observed (mean = 87.80, standard deviation = 181.84);
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(5) Methods. The samples revealed significant diversity in organizing research methods
in XR-mediated MSE studies (see Figure 12). Multiple methods were often employed
within each sample, totaling 246 recorded uses. Questionnaires emerged as the most
common method, constituting 28.5% (70/246) of all methods utilized, and were piv-
otal in collecting standardized feedback across studies. Interviews, accounting for
12.2% (30/246), were crucial for gaining deep insights. Observations, representing
11.0% (27/246), provided real-time insights into user behaviors and interactions.
Workshops, which facilitated co-creation in evaluation settings, were used in 8.9%
(22/246) of instances. Field experiments and control experiments were used with simi-
lar frequency, being employed 20 times (8.1%) and 19 times (7.7%), respectively. Video
coding and the emerging method of ‘virtual field trips’ (VFT), each making up 5.7%
(14/246), underscored their importance in behavioral analysis and immersive evalua-
tions. VFT has gained popularity for simulating real-life field experiences in scenarios
where onsite visits are impractical. Community-Based Participatory Research (CBPR),
though less common at 3.7% (9/246), emphasizes the collaborative involvement of
researchers, government, and community members throughout the research process.
It focuses on joint decision-making, social justice, and community empowerment.
This approach is typically found in studies related to the environment and sustain-
ability, as seen in representative cases [124,130,163,171,176]. In contrast, workshops
are more short-term and researcher-led, with a product/service improvement orienta-
tion. They focus on obtaining user perspectives rather than empowerment and are
usually found in studies related to education and business, as seen in representative
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cases [116,120,129,140,155,172,175,185]. Physiological measurements and self-reports
were rarely employed, appearing just twice in the study (0.8%, 2/248). Only two
studies incorporating physiological sensors to assess bodily, cognitive, and social
responses—namely ECG (electrocardiography) and EDA (electrodermal activity) in
Sayis et al. [156] and EEG (electroencephalogram) in Fan et al. [164]. Behavioral
indicators such as control data, task status, performance data, and state anxiety could
be identified in these studies, representing 0.8% (2/248). Physiological measurements,
which deliver precise, objective data, could be limited by their complexity and associ-
ated high costs. Two studies utilized self-reports to collect data. One study combined
self-reports with video coding, psychophysiological data, and system logs to com-
prehensively assess users’ observable SI behaviors [156]. The other study focused on
students’ self-reported feelings about a lab activity. Compared to structured ques-
tionnaires, self-reports are more qualitative, allowing participants to provide detailed
and personalized responses [151]. This approach captures deeper personal insights
and richer social context information. However, self-reports may be influenced by
participants’ memory biases and inconsistencies in measurement dimensions, which
limits their use.
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Metric Settings

The evaluation metrics were recorded and analyzed to understand the specific MSE-
related and XR-related evaluation content and their differences. The data sources comprised
the scales and metrics used in the samples. Notably, synthesis and deduplication of the
data were conducted. A total of 32 samples (36.4%, 32/88) used scales, resulting in 68
instances of scale application. Before 2017, only three studies employed scales (3.41%,
3/88); their usage significantly increased post-2017. These scales fell into two categories
(see Tables 1 and 2).
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Table 1. Analysis of the used MSE-related scales in the samples.

Used MSE-Related Scales in Samples
Time

Scales with Frequency > 1 Frequency (f) Reference

Group Environment Questionnaire (GEQ) 5 [46,144,149,155,167] 2017

Self-Assessment Manikin (SAM) 3 [144,167,177] 2017

Networked Minds Measure of Social Presence
Inventory (NMMSPI) 2 [122,155] 2008

Montreal Cognitive Assessment (MoCA) 2 [164,177] 2022

Scales with Frequency = 1: Fugl–Meyer Assessment of the Upper Extremity (FMA-UE), User Engagement Scale (UES),
Visual and Cognitive Heuristics, Ethographic and Laban-Inspired Coding System of Engagement (ELICSE), Motivated
Strategies for Learning Questionnaire (MSLQ), Happiness Scale, Topographic Map Assessment (TMA), Slater, Usoh,
and Steed Questionnaire, The Affective Slider (AS), State Trait Anxiety Inventory for Children (STAIC), Person with
Dementia Scale (EPWDS), Observed Emotional Rating Scale (OERS), Observational Measurement of Engagement (OME),
Memorable Tourism Experience (MTE), Mini-mental State Examination (MMSE), Montreal Cognitive Assessment (MSA),
Positive and Negative Affect Schedule (PANAS), 20-Item Short Form Health Survey (SF-20), Multidimensional Mood
State Questionnaire (MMSQ), Acceptance of Head-mounted Virtual Reality in Older Adults, Social Presence Scale (SPS),
Willingness and Likeliness to Reconnect Scale, Affect Grid (AGRID), Social Presence Scale (SPRES), Collaboration Self-
Assessment Tool (CSAT), Intrinsic Motivation Index (IMI), Teamwork Satisfaction Questionnaire, User Experience in
Immersive Virtual Environments, Collaborative Learning in VR for Cross-disciplinary Distributed Student Teams, Virtual
Embodiment Questionnaire (VEQ).

Table 2. Analysis of the used XR-related scales in the samples.

Used XR-Related Scales in Samples
Time

Scales with Frequency > 1 Frequency (f) Reference

System Usability Scale (SUS) 9 [46,118,123,141,144,152,157,181,183] 2013

Simulator Sickness Questionnaire (SSQ) 5 [46,51,134,177,183] 2023

NASA Task Load Index (NASA) 3 [134,177,183] 2023

MEC Spatial Questionnaire (MEC) 2 [134,177] 2023

Scales with Frequency = 1: Usability Heuristics, Post-Study System Usability Questionnaire (PSSUQ), Usability
Metric, Computer Self-efficacy Scale (CSS), Mobile Device Proficiency Questionnaire (MDPQ), Simulation Task Load Index
(SIM-TLX), Slater–Usoh–Steed, Multimodal Presence Scale.

(1) MSE-related scales. The Group Environment Questionnaire (GEQ) was frequently used
(7.4%, 5/68), and the Self-Assessment Manikin (SAM) was used less often (4.4%, 3/68),
both starting in 2017 (see Table 1). This trend indicates a growing recognition of the
importance of measuring group dynamics and emotional responses. The Networked
Minds Measure of Social Presence Inventory (NMMSPI) and the Montreal Cognitive As-
sessment (MoCA) were also repeatedly utilized (each 2.9%, 2/68), focusing on social
presence and cognitive ability, respectively;

(2) XR-related scales. The System Usability Scale (SUS) was the most commonly used
(13.2%, 9/68) (see Table 2). The Simulator Sickness Questionnaire (SSQ) (7.4%, 5/68)
and the NASA Task Load Index (NASA) (4.4%, 3/68) were more frequently used than
the MEC Spatial Presence Questionnaire (MEC) (2.9%, 2/68). The consistent use of
the SUS since 2013 underscores a strong consensus on its effectiveness in evaluating
user interface ease and efficiency in XR technologies. The application of the MEC
highlighted attention to spatial presence driven by technological quality. The use of the
NASA and SSQ scales, beginning in 2023, indicates an emerging interest in addressing
cognitive load and physical discomfort caused by system tasks and hardware. Despite
their lower overall frequency, XR system-related scales demonstrated more consensus
in their application compared to MSE-related scales. This indicates that while XR
scales are less commonly used, they achieve greater agreement among researchers. In
contrast, MSE-related scales were more varied, with many being used only once.
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The diversity in MSE-related and XR system-related metrics illustrates the multifaceted
nature of evaluation contexts and the ongoing development of assessment frameworks.
Each sample’s metrics were documented and analyzed based on Social Network Analysis
(SNA). SNA, based on Graph Theory [57], is a statistical method used to monitor, measure,
and evaluate information flow. It transforms ambiguous knowledge into clear patterns and
processes through multiple dimensions of knowledge resources and strict methodologies.
This makes it suitable for analyzing the evaluation metrics of XR and MSE, as well as their
co-occurrence relationships in this study [192]. The metric network of MSE-related and XR
system-related metrics was visualized using the algorithm Eccentricity2, which measures
the greatest distance from a node to any other node in the network [193]. Metrics were
presented as nodes within the network. Nodes closer to the center of the network had
lower eccentricity, indicating they were more frequently adopted as indicators by samples.
The thickness of the edges between the nodes represented the higher frequency of co-usage.
MSE-related and XR-related metric networks are detailed in Figures 13 and 14, respectively.
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(1) MSE-related metric network. This network was relatively dispersed, with 47 metrics
and 174 connections, an average weight degree of 7.404, and an average clustering
coefficient of 0.417. The frequent metric was ‘Attitude’, reflecting subjective feedback
on engagement (2.1%, 1/47). Secondary metrics with high co-occurrence included
‘Motivations’, ‘Emotional State’, ‘Cognitive Process’, and ‘Social Presence’, covering various
engagement stages (23.4%, 11/47). Tertiary metrics (55.3%, 26/47), used occasionally,
offered finer content granularity and stemmed from secondary metrics, such as ‘Per-
ceptions’ from ‘Motivations’ and ‘Creativity’ from ‘Cognitive Process.’ Quaternary metrics
(19.1%, 9/47), rarely used, evolved from tertiary metrics, and had very specialized
characteristics, such as ‘Social Barriers’ and ‘Social Distancing’;

(2) System-related metric network. This network was denser, with 26 metrics and 67 con-
nections, an average weight degree of 5.154, and an average clustering coefficient of
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0.481. Here, ‘Usability’ stood out as the sole primary metric (3.8%, 1/26), emphasizing
its authoritative role in evaluations. Secondary metrics (69.2%, 18/26), often used in
conjunction with ‘Usability’, reflected distinct XR system features such as ‘Immersion’,
‘Presence’, and ‘Spatial Presence.’ Tertiary metrics (23.1%, 6/26) included niche ones
such as ‘Plausibility Illusion’ and ‘Body-ownership’.

By comparing the average weight degree and number of metrics between MSE-related
and XR-related metric networks. The MSE-related network has higher values, yet the
XR-related network exhibits a higher average clustering coefficient. This indicates that MSE-
related metrics are more diverse and less densely connected, resulting in a more dispersed
and heterogeneous network. Specifically, the MSE-related network has a larger number of
marginalized, low-connected nodes compared to the XR-related network. Conversely, the
XR-related network is denser, with more tightly connected nodes and fewer low-connected
nodes. This suggests that researchers have reached a greater consensus on XR-related
metrics, which have formed a relatively well-established system of use. In contrast, MSE-
related metrics are still evolving, with new metrics continuously being added. This is partly
due to the complex tasks and contexts associated with MSE. Furthermore, it reflects that the
evaluation criteria for XR-related metrics are more convergent and objective, while those
for MSE-related metrics are more divergent and subjective.
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Figure 14. XR-related Metric Network.

The evaluation of XR-mediated MSE research reveals a complex and multifaceted
experimental landscape, particularly in highlighting the widespread use of mixed methods
and diverse research goals, methodologies, and durations. These studies demonstrate
a profound focus on technology, cost-effectiveness, and user experience, progressively
shaping a mature evaluation framework.
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4.3.2. Performances of Evaluation

To assess the effectiveness of current XR-mediated MSE, both MSE-related and XR-related
evaluation outcomes of samples were collected, drawing on positive (see Figures 15 and 16)
and negative effects (see Figures 17 and 18). Notably, Figure 15 uses blue, purple, and pink
lines to represent effects from the different components of the XR-mediated MSE analysis
framework introduced in Section 2.
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Positive Effects

(1) MSE-related effects. The most significant positive outcome is the ‘Increased Engagement
Scale’ (f = 50), driven by the expanded scalability of participant groups. Another
notable metric is ‘Improved Target Behavioral Outcomes’ (f = 35), frequently observed
in educational settings, where it improves learning outcomes, understanding, and
reflection abilities among learners, and generates cultural insights in the cultural
heritage domain. At the actor layer, ‘Increased Communication Fluency’ (f = 20) is
particularly prominent in MR environments due to the potential for natural inter-
actions, such as gesture-based interactions [23,164], TUI [129,152], and tracking sys-
tems [127,161]. These systems allow users to focus more on expressing cues, espe-
cially verbal and posture cues, with greater physical freedom (further explained in
Section 5.2.3 Input Devices → Cues). Another significant effect is the ‘Positive Change
of Attitudes’ (f = 18), which is more common in public MSE [124,138,163]. For ex-
ample, Yavo-Ayalon et al. [124] used technology to help groups form bottom-up,
informal, and low-mediation collaborative relationships, fostering a sense of com-
munity responsibility among members. Additionally, ‘Improved Emotional Arousal
and Valence’ (f = 15) is widely noted, especially in group-level MSE, where strong
connections in tree/star topologies provide favorable conditions for emotional shifts
(see cases: [158,173,177,179]). At the relational layer, ‘Effective Collaboration’ (f = 8) and
‘Improved User-Perceived Presence’ (f = 6) are primarily attributed to avatar-based inter-
actions, which highlight the importance of avatars for social presence [51,132,134,177]
(further cases in Section 5.2.3 Avatars → Cues);

(2) XR-related effects. ‘Higher Task Efficacy’ (f = 19) emerges as the most frequently re-
ported positive effect, referring to enhanced performance in various MSE tasks across
three primary domains: in education (e.g., addressing cross-cultural stereotypes [186]),
rehabilitation (e.g., upper limb and head flexibility training [164]), and general pur-
poses (e.g., gesture-based virtual object manipulation [183]). ‘Higher Usability’ (f = 12)
and ‘Ease of Use’ (f = 11), while conceptually similar are and are both widely mentioned.
Usability focuses on the effectiveness of new interaction mechanisms and system
performance. In contrast, ease of use is typically measured by error rates and task
completion times, especially in complex systems. This highlights the positive mediat-
ing role of input devices on social interaction cues (further explained in Section 5.2.3
Input Devices → Cues). ‘Higher Immersion’ (f = 5), ‘Better Sense of Presence’ (f = 5), and
‘Higher Authenticity of Environment’ (f = 4) are more closely associated with VR
or VR-based multi-interface systems. For example, cases [110–112,114,119,182] indi-
cate higher immersion, primarily stemming from image rendering and audio–visual
output quality. Cases [46,144,189] confirm enhanced sense of presence, defined as
perceptions of virtual body ownership and consistency of one’s sense of self with the
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virtual environment. These three aspects are all related to spatial settings, underscor-
ing the positive mediating role of absorption on spatial conditions (further detailed
in Section 5.2.3 Interaction Targets → Affects). Lastly, ‘Cost Effectiveness’ (f = 1) is
exemplified by Koukopoulos and Koukopoulos’s ‘Active Visitor’ system, which de-
veloped an asynchronous AR library application, expanding the scale and fluidity
of visitor engagement and achieving more effective profit gains within established
activity range limitations [113] (further detailed in Section 5.2.3 Activity Range →
Spatial Conditions).

Negative Effects

(1) MSE-related effects. ‘Disengagement’ (f = 5) is a multifaceted negative outcome, refer-
ring to low participation or withdrawal. This issue in public MSE primarily arises from
unequal cooperative relationships due to imbalanced social topology (see Section 5.3).
Distinct from ‘Disengagement’ is the ‘Attitude-behavior Gap’ (f = 6) at the layer of actors,
which refers to participation without achieving the activity’s goals, such as insuffi-
cient personal reflection. A notable subjective effect at the layer of actors is ‘Social
Pressures and Anxiety’ (f = 4). For instance, while ‘Pokémon GO’ encouraged players to
‘play outside’ and facilitated ‘ice-breaking moments’, it also challenged their physical
abilities and heightened social anxiety [109]. The effects at the relations layer are
mainly related to social-cultural conflicts. One effect is ‘Unmatching Cultural Values
and Communication Styles’ (f = 5). Notably, two cases highlight negative effects
due to limited verbal cues: Taylor et al. found that the synchronous use of verbal
and written communication can confuse users [155], and Bruža et al. noted users’
preference for familiar interaction methods such as rotating objects with both hands,
similar to smartphone swipe interactions [181]. This indicates that focusing solely
on verbal cues while ignoring non-verbal cues is insufficient for MSE, as detailed in
Section 5.3. Another notable effect is ‘Non-compliant Social Norms and Ethics’ (f = 4).
For example, the system ‘MagicART’ reported these issues when group members had
different visiting expectations and styles [155].

(2) XR-related effects. ‘Technological Bottleneck’ (f = 22) is the most frequently reported
negative effect, highlighting the gap between technological expectations and actual
implementation due to hardware and software limitations. Compared to VR, AR
and MR more commonly face this issue, particularly in early-stage prototypes; VR
encounters this less frequently. However, notably, ‘Physical Load’ (f = 10), typically
caused by poor VR wearability, contrasts with MR systems using NUI and TUI, which
rarely encounter such problems; see Section 5.2.3 Input Devices → Cues for details.
VR also tends to cause ‘Sickness’ (f = 3). For example, Flynn’s VR study reported
a support person experiencing a ‘tension headache’ due to the HMD and limited
face padding of the Meta Quest Comfort Strap [184]. Among less frequent negative
effects, ‘Ignorance of Privacy and Safety’ (f = 3) is notable, primarily concerning public
MSE. Beyond addressing identity anonymity attacks in large VR social networks [112],
attention should be given to privacy in public MSE. For example, Du noted that
their design inadequately addresses privacy concerns, as participants highlighted
a ‘lack of privacy’ during interactions with public displays, indicating the need for
further research to ensure ‘personal space’ and mitigate interaction blindness in urban
planning contexts [23]. Another public urban planning study echoed this point [118].
This point is detailed in Section 5.2.3 Avatars → Clustering. ‘Uncanny Valley Effect’
(f = 2) should not be overlooked. It now extends beyond avatars to real users; for
instance, participants found face-mounted iPads in MR environments ‘weird’ or
‘creepy’ [125]. ‘Interference from Real World’ (f = 2) is also significant, typically occurring
in VR systems, mainly due to sensory conflicts, as detailed in Section 5.2.3 Output
Devices → Spatial Conditions.
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5. Discussion and Conclusions
5.1. Limitations

This study has several limitations. To ensure reliable thematic analysis, structured
codes and an inter-coder method were used to finalize the coding. However, coder sub-
jectivity may still introduce bias. Additionally, to manage the volume of query results,
explicit expressions of MSE and XR-related keywords were specifically used. Consequently,
papers with implicit or domain-specific expressions, such as ‘digital twins’ or ‘natural user
interfaces’, were excluded. This review also primarily focuses on English-language studies,
potentially omitting relevant research published in other languages. Lastly, in analyzing
RQ1.3, the sample size may have been insufficient, leading to statistically insignificant
correlations for certain SF-mediated components, such as autonomy. While different as-
pects of autonomy, particularly its mediation by SFs, were observed in RQ1.1 and RQ2,
the interaction with various types of immersion remains unclear. It is uncertain whether
these interactions act as constraints or enhancements on specific immersion types. This
limitation can be addressed with larger sample sizes in future research.

5.2. Major Findings and Discussions
5.2.1. Mechanism of XR-Mediated MSE

The distribution of each component and SFs were analyzed to answer RQ1. Firstly,
diverse cognitive–behavioral performances in MSE were observed in answering RQ1.1.
Some imbalances in the data distribution were identified:

Firstly, non-verbal communication modes in XR systems are still limited, yet sev-
eral studies have demonstrated their potential to enhance social experiences. Tarnec
et al.’s VRInteract system combines users’ actual non-verbal behaviors with artificial cues
to improve social presence and attention during interactions [51]. By reproducing and
augmenting non-verbal behaviors such as gestures, the system fosters a more fluid and
intuitive communication environment. This approach directly taps into ECT [97], which
posits that our physical actions and interactions with the environment play a critical role
in enhancing cognitive processes. Similarly, Wu et al.’s MR.Brick game utilizes TUI and
gestures, allowing participants, particularly children, to express themselves more naturally
without relying solely on verbal communication [157]. This integration of physical inter-
action with digital space helps reduce cognitive load, thereby promoting smoother, more
intuitive social exchanges. Common across these systems is the use of non-verbal cues to
enhance engagement and collaboration by establishing a shared social space where users
can interact more meaningfully. Both VRInteract [51] and MR.Brick [157] demonstrate that
incorporating gestures and body movements—key elements in ECT [97]—facilitates better
communication, especially in environments where verbal communication might be limited.
Tsoupikova et al.’s multi-user VR system for post-stroke rehabilitation similarly relies on
body motion tracking and avatars to recreate non-verbal interactions, which fosters social
connection and engagement, even in remote settings [158]. These studies suggest that
improving users’ ability to communicate non-verbally can enhance social presence, leading
to more immersive social experiences in XR.

Additionally, although cases of mixed and asynchronous communication are currently
limited, researchers have proof of its potential. Pre-recorded videos with voiceover [106,134]
and geotagged information markers [118,147], as well as the real-time use of emojis and
text [23,148,165,175], were widely utilized in mixed communication. These measures were
usually designed for non-public engagement, focusing on improving interaction efficiency.
The greater potential of asynchronous communication manifested in systems aimed at
engaging a public suffused with unfamiliar relationships. Furthermore, the effectiveness of
asynchronous communication lies in their ability to (1) Increase flexibility. These modes
allow participation at any time, attracting a broader audience across different time zones,
as seen in Koukopoulos’ AR-based library system [113] and Prandi et al.’s ShareCities VR
app [119]. (2) Sustain thoughtful interaction. Users can contribute at their own pace, as evi-
denced by Koukopoulos’ system where readers leave detailed AR annotations, promoting
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reflective engagement [113]. (3) Higher scalability. Higher scalability. These systems can
support large, dispersed audiences, making them ideal for public or tourist-oriented appli-
cations such as Spiel et al.’s ‘Way-finding Pillars’ system [130]. The above examples confirm
the potential and advantages of incorporating asynchronous communication modes into
XR systems. However, regardless of the specific scenario, the following basic challenges
are likely to arise when using asynchronous communication modes, and future research
should take these into account: (1) Delayed feedback. The lack of real-time responses can
reduce interaction immediacy, which may hinder active social engagement. (2) Integration
complexity. Balancing asynchronous with synchronous modes can be difficult, particu-
larly in managing the flow between live and pre-recorded interactions. (3) Maintaining
engagement. The absence of instant feedback may lead to reduced user interest over time.

Moreover, while collaboration was a primary focus, the interplay between cooper-
ation and competition, particularly ‘coopetition’, was often overlooked. Only five sam-
ples explored ‘collaborative competition’, primarily limited to the scenario of competi-
tion among cooperative subgroups in education [147,151] and Player versus Environment
(PVE) [156,157,167] in games. An in-depth exploration of the coopetition mode is necessary.

Answering RQ1.2 revealed that the diverse combination of SF tags indicates a rich
accumulation of technology-mediated strategies. For example, ‘Input and output devices’
integrate multi-interface systems to enable more users to access shared environments [167].
However, data distribution further suggests some potential gaps and opportunities, such
as the emerging but underexplored role of ‘AI agents’ in facilitating interaction targets.
Additionally, ‘sensory feedback’ showed a significant imbalance, with tactile feedback
being underutilized and multisensory environments, including olfactory and gustatory
modalities, remaining neglected (further refer to Section 5.2.3 Output Devices → Spatial
Conditions). Data on ‘absorption’ indicated a strong inclination towards strategic im-
mersion, though tactical and mixed immersion modes, crucial for enhancing memorable
experiences and managing fatigue, were underutilized.

Addressing the identified data distribution imbalances is essential. It is not only to fill
existing research gaps and expand new opportunities but also to promote diversity and
equity in the development of XR-mediated MSE.

In answering RQ1.3, pairwise strongly correlated (SFs → components) relationships
were explored. Some had positive impacts, such as (avatars → cues), while others had
negative effects, such as (spatial conditions → absorption) and (topology → sensory feed-
back). This highlights that mediated relationships do not fully apply to all contexts and
exhibit both positive and negative outcomes. While acknowledging the positive aspects,
it is equally important to critically reflect on the accessibility of mediation strategies and
their potential negative impacts. Due to the critical nature of these relationships, further
elaboration is provided, as detailed in Section 5.2.3.

5.2.2. Effectiveness of XR-Mediated MSE

Addressing RQ2.1 reveals that the domain of XR-mediated MSE has evolved to a point
where evaluation settings are reaching maturity. There is a discernible shift towards a more
holistic approach, with a greater emphasis on MSE aspects rather than just the performance
of XR technologies.

Quantitative methods are the mainstay of these evaluations, yet they are consistently
paired with qualitative insights to achieve a well-rounded assessment. A variety of methods
are utilized, balancing quantitative tools such as questionnaires and controlled experiments
with qualitative approaches such as interviews and observations. All of these methods are
essential for gathering detailed user feedback. The introduction of novel methods, such
as VFT for exploratory VR activities and CBPR for collaborative initiatives, enriches the
evaluation process by tailoring assessments to specific contexts. Nevertheless, the sparse
application of physiological measurements is a notable drawback, given their potential to
provide objective markers of social behavior—a dimension that warrants future attention.
The preference for mixed methods and the development of scales such as the GEQ and SUS



Systems 2024, 12, 396 30 of 47

signify an evolving framework for evaluation, yet challenges remain. These include the
inherently subjective nature of MSE metrics and the pressing need for a unified approach
to XR system metrics.

Looking ahead, the focus should be on refining these scales, enhancing the objectivity
of MSE evaluations, and establishing a consensus on XR metrics. These efforts will bolster
the methodological rigor and applicability of future research in the field. In summary, while
the initial patterns of evaluating XR-mediated MSE have begun to solidify, there is a clear
necessity to develop a standardized assessment toolbox. This will provide researchers with
a reference knowledge base and expand the foundation of evaluative practices.

Addressing RQ2.2 involved examining the effectiveness of XR-mediated MSE from
both social and technological perspectives. In addressing RQ2.2, the study evaluated
the effectiveness of XR-mediated MSE from both social and technological perspectives.
Socially, XR platforms have demonstrated the potential to enhance group engagement,
stimulate social motivations, and strengthen team cohesion. However, challenges such as
disengagement and the attitude-behavior gap were noted, revealing the need for equitable
social structures and strategies to reduce social pressures. Technologically, XR-mediated
MSE shows improved task efficacy, user experience, and technical accessibility, but ongoing
limitations such as technological bottlenecks and physical discomfort from devices persist.
Moving forward, overcoming these challenges will be essential for further advancing
the field.

While XR-mediated MSE has made progress in enhancing both social interaction and
technical performance, significant challenges remain. Future research should focus on
improving system usability, minimizing physical discomfort, and ensuring seamless and
intuitive interaction. Addressing these areas, along with privacy and ethical concerns, will
help unlock the full potential of XR technologies for more effective social engagement in
MSE environments.

To further deepen the answers of RQ1 and RQ2, Section 5.2.3 analyze significant case
studies related to mediated relationships.

5.2.3. Significant Mediated Relationships
Output Devices → Spatial Conditions

Output devices play a crucial role in enhancing spatial conditions. ‘Positive Enthu-
siasm and Scale of Engagement’ as reported positive results are mainly derived from stud-
ies on group-level or public engagement with AR/MR systems, as reported in repre-
sentative cases [115,130,133,141,150,156,163]. Factors such as low device access require-
ments (especially mobile phones/tablets), easy navigation, and reality-based environ-
ments, enable MSE in a low-cost manner. Particularly, output devices such as table-
top projections [135,137,146,151,171], wall-based displays [23,141,161,170], 360-degree the-
aters [153,178], and floor-based forms [156] have been instrumental in supporting collocated
MSE. Users can manipulate virtual objects in closer physical proximity, demonstrating
the positive impact of output devices on spatial conditions and social interaction cues,
thereby fostering active exploration. VR systems also have this potential by presenting an
artificial world that fully occludes the physical environment, offering a more immersive
audiovisual experience with meaningful content that links hybrid and remote users (see
cases: [46,175,180,181,184]).

While audiovisual output interfaces have advanced, integrating multisensory feedback
remains a significant challenge, largely due to current technologicsal barriers in output
devices. Tactile, olfactory, and gustatory feedback are underdeveloped, which limits
the perception richness of social spaces. Tactile feedback, often limited to basic haptic
devices such as joysticks, provides minimal sensations such as force or vibration, with few
exceptions such as tactile social robots for close-range interaction [127] and whole-body
floor vibration platforms [114]. Olfactory and gustatory feedback are even more neglected,
despite some early attempts, such as Meenar and Kitson’s use of scents (e.g., freshly cut
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grass) in physical environments, which has shown potential in enhancing immersion and
spatial exploration [178].

However, these sensory dimensions remain largely unexplored in mainstream XR
applications, leaving implications to users’ social experience: (1) Weakened emotional
involvement. The absence of olfactory feedback can reduce emotional engagement and
limit spatial exploration in MSE. In real-world interactions, scents play a critical role in
conveying emotions and intentions. With olfactory cues, XR users could maintain focus,
avoid boredom, and even activate their motor systems. For instance, in Meenar and Kitson’s
study, a user noted, “I think it was very effective. . . the different smells and being able to see things
in all directions was better” [178]. (2) Disrupted embodiment in communication. Embodiment,
or the sense that an avatar is the source of one’s sensations, can suffer due to insufficient
sensory feedback [99]. This sense of embodiment is typically achieved through synchronous
visuotactile or visuoproprioceptive stimulation [194]. When users can only see and hear
each other but cannot physically interact with the virtual environment, they may experience
detachment from their avatars. This sensory gap can diminish the immersiveness of social
interactions, as touch plays a crucial role in grounding users in virtual spaces.

While multisensory integration is critical, the output content at the same sensory
modality level is also worth noting, particularly auditory conflicts arising from real-world
noise interference. Some negative user feedback about VR output information conflicts in
samples has been highlighted: ‘The robot vacuum cleaner whizzing around the virtual living
room’ [189]. These disruptions can affect attention and break presence and immersion.

Input Devices → Cues

Multi-interface XR systems have significantly advanced the accessibility of social cues
while expanding engagement by offering user-preferred modes. The system ‘PaKOMM’
developed by Postert et al. [152] exemplified this by integrating an interactive touch table
with VR/AR devices. This system allowed users with different roles to sequentially engage
with various interfaces. They started at the touch table to discuss and outline initial plans.
Then, they moved into VR/AR environments to further develop and iterate on these
ideas. Finally, they returned to the tables to review the outcomes. This approach leverages
the unique operational advantages of each interface, enhancing the utility of social cues.
Similarly, the ‘ShareVR’ system by Gugenheimer et al. [144] synchronized VR and MR
experiences, incorporating real-time floor projections with position tracking. The tracking
systems transmitted MR users’ cues to VR users, allowing non-HMD users to actively
understand MR users’ intentions. Another example is the ‘XRPublicSpectator’ system. It
mapped the virtual cues input by VR performers onto a public screen, allowing non-HMD
users to more comprehensively perceive the detailed cues of the VR world, such as object
control, within the MR environment. This approach prevents the imbalance that can result
in inefficient presenter-spectator communication and reduced spectator engagement. More
relevant cases can be found in [125,165,167]. In summary, multi-interface XR systems
connect users of different interfaces. They not only enhance the expression of social cues by
providing user-preferred interfaces but also ensure the wider accessibility of engagement
in environments with limited equipment.

NUI and TUI enhance social cue expression in MSE by making interactions more intu-
itive and natural. In MR environments, recognition systems link users’ posture and physical
object-related data with virtual objects. For instance, the ‘SAR-Connect’ system [164] al-
lows stroke patients to interact with social robots and virtual elements simultaneously,
incorporating hand-state-recognized finite-state machines for conversational and training
convenience in rehabilitation. Additionally, Samayoa et al.’s system [123] uses holographic
displays to process 3D object data (e.g., color and position) for remote users, enhancing
their ability to convey behavioral intentions with fewer barriers. Similar enhancements
are observed in other MR systems [161,170]. These systems use tracking systems as input
media, enabling users to interact without physically touching control devices, thus shifting
attention from controlling devices to socializing and reducing bodily load. The integration
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of tangible components further supports SI. Examples include a tangible construction set
featuring boards, cards, and clickers [157], NFC-tagged plastic bouquets [136], and touch ta-
bles [129,152]. These components create a direct link between actions and results, reducing
the cognitive and physical cost of understanding interactions, and thereby enhancing social
engagement. The music co-creative system ‘BilliArT’ [146] supplies billiard sticks for strokes
that trigger jazz improvisations. It utilizes a straightforward interactive device (the billiard)
to establish sound–action associations, which are integrated into a multimodal audio-visual
feedback system. This setup stimulates novel and engaging physical expressions and
mutual communications. For example, it provides aesthetic involvement, encouraging
users to appreciate the installation as a whole rather than focusing separately on the game,
music, or visuals. TUI facilitates direct interaction with the digital world by augmenting
physical objects, surfaces, and spaces, enhancing users’ natural dexterity by materializing
digital data in physical space. Their integration into XR systems significantly boosts users’
ability to sense and manipulate these systems, creating richer social experiences.

ECT [97] strongly supports the advantages of NUI and TUI. It posits that cognitive
processing is shaped by the entire body, underpinned by perceptual and motor systems and
bodily-environmental interaction [195]. Augmented bodily states and modality-specific
systems for perception and action supplied by NUI and TUI reinforce information process-
ing, demonstrating that embodiment contributes to the positive construction of mental
phenomena [97]. In the future, XR-mediated MSE systems can further incorporate these
two interfaces, especially for users with mobility impairments, such as the stroke patients
in the ‘SAR-Connect’ system [164].

Avatars → Cues

In XR systems without avatars, users primarily rely on verbal communication, object
control, and posture to express cues. However, in VR systems with avatars, these avatars
enable a broader range of cues, particularly in full-body mode, which enhances compre-
hensive cue expression in VR environments [132,162,179,184,188]. This illustrates that the
use of avatars, especially full-body avatars typically viewed from a third-person perspec-
tive [132,154,162,179], integrates richer cues. Users reported feeling genuinely immersed in
the environment with others via avatars, as noted by [143]: ‘It felt like you were really in the
world with the other people. The other avatars also talked to you normally, so it felt like you were
really in a room with other people’, and ‘You did look at the avatar when you were talking, as you
normally do in a conversation.’ Their positive role in interpersonal communication has also
been confirmed by numerous VR studies [132,134,143,177,180].

Regarding avatar visual types, two main settings are generally featured: the dis-
play of the hands [111,134,155,177] and upper limbs [158], as well as full bodies typically
viewed from a third-person perspective [132,154,162,179]. These visual representations,
more stylized and animated compared to physical bodies, help users better adapt to cue
usage, which is highly relevant to coopetition (see Section 5.2.3 Avatars → Coopetition).
Additionally, avatars occasionally include non-human-like figures such as animal char-
acters [134,148,177], as well as cursors [106], expanding personal identity and adding a
playful element to SI, thereby strengthening social presence. From the Hyper-personal Model
perspective [196], intimacy in XR systems is closely related to emotional fulfillment, the
need to be touched, and interpersonal communication. XR-mediated intimacy introduces
new forms of physical proximity and interaction through multimodal communication
channels and avatar-mediated behaviors, generating positive user experiences and facil-
itating interpersonal relationships without the need for face-to-face interaction. Avatars
anonymize or hide real-world identities, making it easier for users to feel closer to oth-
ers and express cues. However, no significant differences were found in situations with
asymmetric use of avatars (e.g., one user with an avatar, another without). Future research
should address this aspect.
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Avatars → Coopetition

In VR, partial-body avatar modes are more often observed be pairs of collaborative
contexts, as exemplified by cases focusing on half-body avatars [46,51,148,181,189] or
hand-centric avatars [111,134,144,177]. This mode simplifies visual processing, reduces
computational and rendering complexity, concentrates cue expression, minimizes unnec-
essary body movements, and provides a more comfortable and efficient collaborative
environment. This form is particularly advantageous in complex object distribution and
spatial environments. For instance, Cassidy et al. [111] describe a VR prototype that helps
archaeologists and other stakeholders explore and analyze archaeological data more immer-
sively. Their collaborative environment required various complex interactions (e.g., using a
flashlight tool to reveal original rock art), where semi-transparent hand and head presence
avoided visual obstruction. Similarly, Shah et al. [46] considered peer collaboration needs
when configuring avatars for players. They focused on upper-body movements, such
as cervical, shoulder, elbow, and wrist movements. This led to the creation of half-body
avatars to facilitate visual recognition and collaboration.

Full-body avatar modes are more often observed as pairs of neutral contexts where
there is no significant coopetition, as shown in cases [119,132,155,179,184,188]. This mode
usually fits large virtual scenes, offering greater freedom of choice and identity transforma-
tion, promoting social dialogues and narrative tasks. Each user could select their avatar,
observable from a first-person perspective, as one would in the real world. When viewing
each other in the VR, users could see entire bodies that could verbally talk, wave, and move
toward one another in real time. Full-body avatars supported a higher perceived sense of
closeness or social presence and awareness of each other’s avatars in the environment. For
example, in Flynn’s study, user behaviors demonstrated this interaction: ‘User A observed
an instant shift in his body language. He started singing, waving his hands, and dancing with
User B. They both sang together, smiling and laughing throughout the song. In the cinema room,
they watched an ‘Only Fools and Horses’ video, and User C exclaimed, ‘Delboy!’ They laughed
together while watching the comedy video.’ This type also occasionally applies to competition
cases [114,167], mainly to provide contextual coherence between player and environment.
For example, in Jung et al.’s case, participants were displayed as medieval knight avatars.
They used hand-controlled ‘aiming wheels’ to manipulate a small-scale cannon and destroy
their opponent’s wall. This took place in a medieval tavern-like environment with lighting
and ambient sound effects [114]. Personal traits could impact the perceptual response in
multi-user VR experiences, with full-body avatars enabling better interaction within the
contextual setting. In summary, half-body avatars are more often observed be pairs of
collaborative tasks, enhancing task efficiency, while full-body avatars are better suited for
contexts without strong coopetition needs, fostering a greater sense of affinity.

Avatars → Clustering

Personalized avatars enhance social clustering and relational dynamics by integrating
various social mechanisms, primarily demonstrated in some VR scenarios. During the
‘online IEEE VR Conference 2021’, Moreira et al. employed a ‘Scientific Speed Dating’ session,
encouraging users to manipulate their avatars to engage in fast-paced, informal, and
energized conversations to establish trust and professional bonds [175]. Similarly, in the
‘Icebreaker’ section of Gruber et al.’s study, personal avatars facilitated short dialogues that
enabled participants to share personal stories and cultural insights, promoting interpersonal
understanding and connection. This received positive qualitative feedback, such as: ‘I
was able to learn something about the other student’s views, life, and culture’ [143]. These
instances illustrate how avatars can bypass traditional, slow processes of relationship
building, offering a platform for more dynamic and immediate connections. As Moreira
reviewed [175], various conferences employed different media choices (such as Twitch,
Hubs, and Slack) and assessed their appropriateness during the events. Their study
indicated that for participants who experienced avatar-based VR platforms, perceived
social presence and the desire for communication were highest due to the integration of
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avatars. This contrasts with traditional video conferencing, which lacks the immersive,
expressive, and personalized elements that avatars provide. Ultimately, this demonstrates
that avatars contribute uniquely and significantly to social engagement.

However, the use of avatars has proven to be a double-edged sword in terms of social
clustering within VR environments. While they can significantly enhance SI and network
vitality, their misuse can lead to negative experiences. Maloney et al. highlighted how
spontaneous, interest-based social clustering around avatars could also foster behaviors
contrary to societal norms, including harassment and bullying. For example, an older
teenage boy on VRchat stated, ‘He deserves to die from the coronavirus by just looking like that
[reference to his avatar]. That avatar is lame as fk, who the fk has a 1D avatar, haha.’ This was
evident in interactions where participants commented negatively on each other’s avatars
or discussed inappropriate topics, leading to discomfort and adverse social dynamics.

Avatars can enhance social and spatial presence but may also have technical and
application flaws. High costs, limited creativity, and oversight of deep information hinder
innovation and integration into the industry value chain. Structured governance and ethical
oversight in avatar-mediated interactions are essential to prevent discomfort and adverse
social dynamics.

Activity Range → Spatial Conditions

Most studies utilized location-based services to integrate real-time GIS information
and physical environments into XR. This static spatial presentation requires users to exert
more physical effort for exploration. This can be challenging for users with mobility im-
pairments, as it increases physical load and limits the diversity and capacity of information
presentation.

Sample scenarios often involved movement across large communities [115,118,124,152,163],
tourist hotspots [117,130], and globally accessible sites via mobile apps such as ‘Pokémon
GO’ [169]. While these locations allowed extensive physical freedom, they reduced effi-
ciency and accessibility for those with mobility impairments. Innovative solutions have
emerged to address these constraints. For example, Postert et al.’s ‘PaKOMM’ system inte-
grated real-time geographic data from different locations to facilitate shared experiences
between remote users [152]. Similarly, the ‘CommunitAR’ platform allowed residents to in-
teract with urban features and share spatial data with decision-makers remotely, enhancing
community engagement in urban planning [118]. An innovative study by Yavo-Ayalon
et al. situated co-located participants in a traveling bus equipped with HMDs to immerse
them in a climate change scenario [124]. This approach provided a virtual representation of
real-world geographic information, enabling trans-spatial exploration. Additionally, pre-
fabricated off-site scenarios, such as Meenar et al.’s holographic simulations for remotely
visualizing landmarks [178] and Puggioni et al.’s ‘ScoolAR’ platform for virtual tours [165],
showcased the potential of transcending physical constraints. Both approaches combined
motion and stillness, providing broader opportunities for social engagement.

All in all, static design methods within fixed contexts may overlook the benefits of
dynamic approaches. Integrating static and dynamic information presentation methods
can create novel experiences, allowing comprehensive spatial exploration and catering to a
wider range of users.

Interaction Targets → Affects

Human-only interactions often display sporadic or intense emotional patterns. How-
ever, human+AI interactions exhibit more consistently intense emotional patterns [107,
153,167,178,190], reflecting changes in social perceptions and norms when AI is involved,
as per CASA theory [89]. AI typically induces intense emotional arousal through novelty
and proactive engagement. For instance, Gugenheimer et al.’s system ‘BeMyLight’ [167]
featured AI zombies that not only raised their claws menacingly but also dodged attacks,
heightening tension and engagement among players. Conversely, pure human interactions,
such as in VR E-learning environments [111,116,140], often involve slower emotional pro-



Systems 2024, 12, 396 35 of 47

cesses. Therefore, interaction targets and affect are strongly correlated. Further speaking,
the deployment of AI as additional ‘interaction targets’ significantly enhances social ‘affect’,
particularly in shaping empathy and embodiment.

Empathic AI enhances users’ emotional and behavioral investment in interactive
systems by expressing complex emotions such as hopelessness [153], fear and stress [167],
and a need for comfort [127]. For instance, Pedram et al. [153] used AI to simulate stranded
survivors in a mine rescue scenario. This effectively captured trainers’ attention and
accelerated cognitive processes through realistic depictions of hazards such as fire and
toxic gases. Similarly, Papadimitriou et al. [154] developed the ‘HTML Escape Game’, where
players helped an AI ‘hero’ escape from a castle. This educational entertainment project
engaged players with novel-style dialogues and HTML-related puzzles, enhancing their
problem-solving motivation. Bird et al. [107] fostered increased cognitive and emotional
engagement by integrating unexpected events in their museum game, where players
assisted AI ghost dinosaurs in returning to ‘ghost land’

Social robots can be perceived as the physical representation of AI in XR systems.
Compared to screen-based or virtual AI, they more effectively foster healing in mental
health interventions, generate positive emotions, and enhance social connections [197]. For
instance, in Feng et al.’s study [127], their robot served as a communicative intermediary,
supplemented by virtual content displaying dynamic AI sheep. Disguised as a lamb and
equipped with furry textile and soft stuffing, the robot engaged closely with patients by
exhibiting joyful gestures when touched (e.g., happy gestures expressed using its head, neck,
legs, and tail), provoking playful experiences of sensation, relaxation, and reminiscence,
thus enabling deep emotional intervention. Overall, compared to human-mode MSE,
AI agents typically enhance openness, agreeableness, and self-disclosure rapidly. Future
research can focus on the role of physical AI or social robots in XR environments and their
impact on user emotional stimulation and guidance.

Interaction Targets → Coopetition

AI often facilitates collaboration more effectively than pure human interactions, which
may involve lower willingness and goal orientation among unfamiliar participants. Meenar
and Kitson [178] demonstrated that AI-simulated urban sounds subtly influenced the
collaborative mood among urban planners. Other implementations highlight AI’s role
as ‘narrative guiders’ [117,159], ‘reciprocal companions’ [127,164], and even ‘extras’ [178];
through these new role allocations, the efficiency of collaborative tasks has been enhanced.
In ‘Lands of Fog’, Sayis et al. [156] used AI to transform players’ appearances into rhythms,
engaging autistic players with peers in gathering AI fireflies, eliciting reflective responses
and increased thrill-seeking. However, excessive AI usage can lead to distractions and
dilute the collaborative atmosphere, as noted by Meenar and Kitson [178].

All samples placed AI in the role of conversation and emotion agents, facilitating
simple forms of collaboration without emphasizing their practical deep functionality or
considering human–AI collaboration. Notably, the integration of concepts such as AI-
generated content (AIGC), ChatGPT, and Large Language Models (LLM) into the XR
environment was not explored, with AI primarily acting as a mediator of personal and
group interactions. Recent advancements in AIGC bring life to the metaverse by dy-
namically creating content for non-playable characters. This includes head generation,
full-body non-verbal expressive features, clothed NPC creation, dance animation, and
animal avatar generation [198]. These functions were not reflected in the samples, which
may underestimate the value of AI agents in MSE.

Spatial Conditions → Absorption

Objective spatial conditions influence the selection of tasks that generate different
types of absorption. Observations show that absorption is often correlated with spe-
cific spatial conditions. Collocated settings often involve strategic and narrative immer-
sion [107,116,154,157,173,177], such as in Doukianou et al.’s integration of strategic content
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with narrative interactive infographics in AR business presentations, which enhances spa-
tial cohesion [150]. Remote and distributed conditions involve more narrative and tactical
immersion, increasing engagement among users in these settings. Integrating tactical
immersion effectively combats the potential monotony of a single immersive experience,
particularly in enhancing narrative immersion. This approach was exemplified by the mod-
ular deconstruction and integration of linear narrative contents into the walking exploration
of physical spaces. For example, AR interactions at Badaling National Forest Park linked
thematic stories to the environment [117], guiding users to explore and solve puzzles, and
demonstrating how task-induced absorption affects remote and hybrid conditions. Another
notable implementation was seen in Lee’s mobile gaming application ‘Neighborhood History
Walk’, which guided community members through their city, enhancing engagement with
historical photographs and neighborhood stories [163]. Their investigation showed that
narrative-walking integration not only brought fun and excitement but also enhanced the
recreational experience and made tourism more memorable. Therefore, when implement-
ing an absorption strategy, spatial conditions must not be overlooked. They should be
considered to avoid making the technology-mediated strategy inaccessible. Additionally,
leveraging the advantages of spatial conditions can lead to more effective absorption.

Furthermore, a critical aspect that requires careful consideration is the scale of
absorption-affected mental and physical states. For instance, one participant in VR space
exploration remarked about the highly realistic spatial immersion, ‘It’s not necessarily positive
for everybody. And even that sense of floating, for some people, that’s great, for other people it’s
disconcerting’ [142]. Bekele’s study also highlighted user feedback suggesting a reduction in
text and video content. It noted that lengthy content might fail to capture visitors’ atten-
tion [173]. This reflects that strategic immersion should also avoid information overload.

Topology → Sensory Feedback

Topology limits the implementation of multisensory outputs, much like spatial condi-
tions potentially constrain absorption (see Section 5.2.3 Spatial Conditions → Absorption).
Auditory and visual channels can adapt to various topologies, while haptic feedback is lim-
ited to point-to-point topology due to high development costs, restricting its application in
large social settings. For instance, emerging tactile cues such as whole-body feedback from
floor vibrations enhance perceptual responsiveness between dyadic users but are not yet
feasible for large social scenarios [114]. In contrast, olfactory channels are often observed to
be paired with large, multi-user settings due to lower costs [178]. Thus, topology constrains
the achievable sensory feedback, and the desired MSE structure limits technological de-
ployment, indicating a reciprocal influence. As Sørensen notes in Mediation Theory, ‘Which
has real being, also, has the possibility to determine and/or constrain technological mediation—such
as what is physical and/or technically possible, user context, cognitive structures (e.g., the inter-
pretants), as well as sociocultural conditions (we know that these determinants/constraints often
are intertwined)’ [199]. Sometimes, XR lacks the ability to mediate MSE effectively due to
the predefined topology type. Notably, as the sample size within the framework increases,
similar limitations in the enhanced relationships may also arise, which future research
should address.

5.3. Future Research

Future research could focus on two main aspects: the mechanisms and the effectiveness
of MSE. Based on the prioritization of findings, the following issues are particularly urgent
in terms of the mechanisms:

• Non-verbal communication. Future studies should focus on refining these non-verbal
communication systems to further align with the principles of ECT [97]. Specifically,
exploring how different types of gestures, facial expressions, and postures can be
systematically integrated into XR platforms to improve interaction quality will be
crucial. Additionally, understanding how diverse user groups, particularly those with
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communication impairments or physical disabilities, engage with these non-verbal
features will be key to expanding the inclusivity of XR experiences;

• Mixed and asynchronous communication. Key considerations should include manag-
ing delayed feedback, as the lack of real-time interaction can hinder social engagement.
Additionally, integrating asynchronous and synchronous modes seamlessly remains
challenging, especially in balancing live and pre-recorded content. Finally, maintaining
long-term user interest is essential, as the absence of immediate feedback may lead to
disengagement over time;

• Sensory feedback. Although audiovisual interfaces have advanced, technological
limitations still hinder the implementation of multisensory feedback, particularly in
tactile, olfactory, and gustatory areas. This restriction weakens emotional engagement
and immersion. Furthermore, when the same sensory modality is simultaneously
triggered by both virtual and real-world inputs, it can lead to sensory disruption
and confusion for users, breaking their sense of presence in the virtual environment.
Meanwhile, due to the counteracting force of social topology on MSE activities, tactile
interactions at the group level and in public MSE may be difficult to achieve. When
considering technology mediation, social topology should be reasonably deployed in
activities to avoid technological inaccessibility.

In addition to the aforementioned critical issues, future research should also focus on
the following aspects:

• Coopetition modes. Collaborative competition and competitive collaboration have
not been fully applied in coopetition, despite their significant importance in expanding
group dynamics. It would be beneficial to compare the differences and similarities of
various forms of coopetition further and their applicability to specific scenarios;

• AI agents. AI agents have a significant role in enhancing intensive affect mode and
user empathy, yet this has not been emphasized. Designing vivid AI with customiza-
tion and context awareness can deepen emotional engagement. The mediation of
emotional modes still has much to explore, such as expanding AI’s role in emotional
communication, regulation, analysis, expression, and deeper reflection. Currently, AI
agents in MSE primarily focus on emotion mediation and collaboration guidance, with
their broader functionality not fully realized;

• Immersion. Current research emphasizes guiding users into narrative and strategic
immersion states, while the potential of tactical immersion has not been sufficiently
highlighted. Additionally, excessive immersion may cause cognitive or physical
overload. Researchers could further define a rule library for immersive task design to
avoid negative effects;

• Multi-interface XR systems. Multi-interface XR systems effectively mediate the
engagement of asymmetric groups, enhance user preferences, bridge the interrup-
tion of cue expression in asymmetric users, and align task execution, warranting
further attention. More attempts to introduce MR systems in conjunction with VR
devices can further enhance broader multi-person engagement under limited VR
equipment conditions.

• NUI and TUI. NUI and TUI not only enhance system manipulation perception, reduce
users’ physical and cognitive burdens, and support the social engagement of minority
groups but also allow users to express more interesting cues, increasing the sense
of enjoyment and promoting memorable experiences. Future work could further
incorporate these interfaces into XR systems to create more embodied experiences;

• Dynamic spatial design. Static design methods within fixed contexts may overlook
the benefits of dynamic approaches. Geographic location data leads to static infor-
mation presentation, which fails to meet diverse user needs. Dynamic spatial design
methods should be further expanded in XR spatial experiences to offer broader scene
participation. An example can be seen in InnoVision Inc’s recent development of the
MOON VR HOME app [200]. With just a few clicks, users can transform their virtual
home into a stunning landscape, a sci-fi game scene, or an interior masterpiece [200];
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• Avatars’ symmetry. As virtual extensions and reshaping of physical identities, avatars
can enhance users’ emotional satisfaction and social desires. Avatars enable users
to focus more on expressing and perceiving others’ cues and enhance the sense of
presence, social presence, and spatial presence. No significant differences were found
in situations with asymmetric use of avatars (e.g., one user with an avatar, another
without), which requires further attention in future studies. Further exploration of
visual symmetry differences and mediation strategies in specific task modes and
contexts, along with defining rule sets, can maximize avatars’ expressive value as cue
agents in SI;

• Avatars’ visual types. Half-body avatars are more often observed as pairs of collab-
orative, interactive content. They reduce computational and rendering complexity,
concentrate cue expression, minimize unnecessary body movements, and provide a
more comfortable and efficient collaborative environment. Full-body avatars are more
neutral contexts. There is no significant coopetition. This supports higher presence
and a perceived sense of closeness or social presence. It also increases awareness
of each other’s avatars in the environment. These conclusions are preliminary and
require a further systematic guidance framework;

For effectiveness aspects, there are three major issues that may need attention:

• Standardized evaluation system. The lack of consensus in XR-mediated MSE evalua-
tion frameworks hampers the reproducibility and comparability of findings. Future
studies should address the following key areas: (1) Standardization of Core Metrics
and Taxonomies: Current metrics should be further standardized and classified using
taxonomies tailored to specific XR types, MSE scales, and domains. This involves ap-
plying feature engineering to refine evaluation toolboxes, ensuring greater granularity
and selectivity. Building a knowledge graph of these metrics will help researchers
map their work to existing knowledge and improve reproducibility. Effect size eval-
uation and further meta-analysis should support this process. (2) Comprehensive
Measurement Integration: Current studies often fail to integrate both XR-related and
MSE-related metrics comprehensively, limiting the potential to uncover blind spots
in evaluation systems. Future research should focus on more holistic measurement
approaches. (3) Mixed-Methods Approach: Physiological measurements can enhance
objectivity and complement subjective assessments (e.g., questionnaires, interviews,
self-reports). However, their application remains limited. Future evaluations should
combine quantitative (e.g., physiological data) and qualitative (e.g., user feedback)
methods, which can reduce bias and improve comparability. (4) Benchmark Datasets:
Developing shared datasets across studies allows for benchmarking and replication.
These datasets will facilitate cross-system comparisons and ensure cumulative research
builds on existing findings. (5) Interdisciplinary Collaboration: Researchers from fields
such as HCI, psychology, behavioral science, and computer science should collaborate
to co-create standardized evaluation guidelines. Such interdisciplinary input ensures
robustness and broader applicability of the evaluation system. (6) Evaluation Commu-
nities and Iterative Validation: Given the contextual complexity of XR-mediated MSE,
regular validation of evaluation systems across different platforms and user groups is
essential. Establishing evaluation communities and continuously updating knowledge
repositories will ensure knowledge dissemination and iterative improvement;

• Ethical concerns of social identity. Ethical issues arise across XR platforms with
varying levels of technological maturity and require targeted solutions. In highly
developed VR social networking platforms, immersive virtual environments and full-
body tracked avatars enhance social presence but also increase risks such as verbal
harassment and bullying. These behaviors can negatively affect users, particularly
minors, who are more susceptible to identity distortion and ‘false memories’ due to
their developmental stage [112,201]. Current mitigation efforts focus on cybersecurity
education, behavior management (e.g., account suspensions), and ethical guidance
from guardians [112]. However, they often overlook the presence of negative identities
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related to avatars. One alternative is to replace human-like avatars with non-human,
abstract social cues, such as biosensory data that anonymize users by representing
physiological inputs as simple visual elements, i.e., biosensory cues [202]. This can
help reduce biases linked to race, gender, and class while safeguarding user privacy
and promoting a healthier social dynamic within VR spaces [203]. In some AR/MR
applications, which are more task-oriented and at an earlier stage of development,
insufficient attention to ethical issues in interface design can lead to power imbalances
in public collaborative environments. Stakeholders, such as planners or designers, may
resist equitable power distribution, creating a ‘tree topology’ that restricts information
flow and limits engagement [118]. Interface designs should aim to provide both shared
and personal spaces, balancing power dynamics and reducing social conflicts that arise
from identity exposure [23]. In summary, future research should explore the extent to
which personal identity is represented across different interfaces and task types in XR
systems. Uncontrolled display of identity information may further exacerbate social
and ethical issues;

• Privacy breaches of technical platforms. Privacy breaches in XR platforms vary
depending on device type, necessitating tailored data protection strategies. For HMD-
based VR, end-to-end encryption is critical, as these systems often track sensitive
biometric data (e.g., gaze and body movements). AI-driven privacy measures can
help anonymize this data, reducing leakage risks while maintaining immersion. An
end-to-end communication approach—where data is transmitted directly without
server storage—minimizes third-party risks but increases the demand for device-side
processing [204]. In mobile-based AR and XR systems (e.g., prototypes) involving
sensor integration, device-level biometric safeguards such as facial recognition and
fingerprint authentication, combined with user-controlled settings, are essential for
protecting personal information. Simpler XR systems should prioritize transparent
consent and granular data-sharing options, allowing users to manage their exposure
in public or shared spaces. In short, privacy protection in XR requires device-specific
approaches. Future research should further explore data protection measures for input
devices to avoid potential ethical issues.

Meanwhile, the following issues should not be ignored:

• Long-term engagement. XR-mediated MSE should not only focus on short-term
engagement but also on more sustainable and spontaneous MSE. Therefore, while
evaluating the effects of technology mediation, long-term studies should also be
considered;

• Expansion and iteration of emerging methods. Recent research has introduced emerg-
ing, XR-specific methods such as VFT and CBPR. However, their unique advantages
and effectiveness remain underexplored. For example, CBPR methods should be fur-
ther leveraged to manage stakeholder power dynamics while safeguarding participant
privacy, thereby ensuring methodological integrity. These approaches require further
expansion and iterative refinement to fully realize their potential in XR-mediated
contexts;

• Physical and cognitive load. Details such as interference from the physical world,
motion sickness, and physical load in VR can affect the accuracy and efficiency of
effectiveness verification and should be addressed. A user-friendly technical guide
might be necessary during experiments;

• Cultural and social differences. Cultural values, social personalities, expectations, and
evaluations of MSE groups may lead to social misunderstandings, lack of motivation,
and tension, affecting interaction effectiveness. Members should be more strategically
organized, and attention should be paid to the engagement behavior of socially anxious
or fearful users to enhance inclusiveness in group interactions.
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Notes
1 https://www.ibm.com/docs/en/cognos-analytics/11.1.0?topic=terms-cramrs-v (accessed on 1 September 2024). This study

adhered to the IBM SPSS manual’s effect size standards for Cramér’s V, excluding variable combinations with p ≥ 0.05 due
to weak interpretative value. Specifically, results were categorized as follows: ES ≤ 0.2 indicated a weak correlation, despite
statistical significance, the fields were only weakly correlated; 0.2 < ES ≤ 0.6 indicated a moderate correlation; and ES > 0.6
indicated a strong correlation.

2 https://snap.stanford.edu/class/cs224w-readings/brandes01centrality.pdf (accessed on 1 September 2024).

References
1. Stephenson, N. Snow Crash; Spectra: Hong Kong, China, 2003; ISBN 0-553-08853-X.
2. Mystakidis, S. Metaverse. Encyclopedia 2022, 2, 486–497. [CrossRef]
3. Zhang, G.; Cao, J.; Liu, D.; Qi, J. Popularity of the Metaverse: Embodied Social Presence Theory Perspective. Front. Psychol. 2022,

13, 997751. [CrossRef]
4. Dolata, M.; Schwabe, G. What Is the Metaverse and Who Seeks to Define It? Mapping the Site of Social Construction. J. Inf.

Technol. 2023, 38, 239–266. [CrossRef]
5. Founder’s Letter, 2021. Meta, 28 October 2021.
6. Statista Metaverse—Worldwide | Statista Market Forecast. Available online: https://www.statista.com/outlook/amo/

metaverse/worldwide (accessed on 4 January 2024).
7. Hennig-Thurau, T.; Aliman, D.N.; Herting, A.M.; Cziehso, G.P.; Linder, M.; Kübler, R.V. Social Interactions in the Metaverse:

Framework, Initial Evidence, and Research Roadmap. J. Acad. Mark. Sci. 2022, 51, 889–913. [CrossRef]
8. Oh, C.S.; Bailenson, J.N.; Welch, G.F. A Systematic Review of Social Presence: Definition, Antecedents, and Implications. Front.

Robot. AI 2018, 5, 409295. [CrossRef] [PubMed]
9. Riva, G.; Galimberti, C. Computer-Mediated Communication: Identity and Social Interaction in an Electronic Environment. Genet.

Soc. Gen. Psychol. Monogr. 1998, 124, 434–464.
10. D’Ausilio, A.; Novembre, G.; Fadiga, L.; Keller, P.E. What Can Music Tell Us about Social Interaction? Trends Cogn. Sci. 2015, 19,

111–114. [CrossRef]
11. Chetouani, M.; Delaherche, E.; Dumas, G.; Cohen, D. Interpersonal Synchrony: From Social Perception to Social Interaction. In

Social Signal Processing; Burgoon, J.K., Magnenat-Thalmann, N., Pantic, M., Vinciarelli, A., Eds.; Cambridge University Press:
Cambridge, UK, 2017; pp. 202–212.

12. De Jaegher, H.; Di Paolo, E.; Gallagher, S. Can Social Interaction Constitute Social Cognition? Trends Cogn. Sci. 2010, 14, 441–447.
[CrossRef]

13. Berger, P.; Luckmann, T. The Social Construction of Reality. In Social Theory Re-Wired; Routledge: London, UK, 2016; pp. 110–122.
14. Liu, S. Social Spaces: From Georg Simmel to Erving Goffman. J. Chin. Sociol. 2024, 11, 13. [CrossRef]
15. Johnston, K.A. Toward a Theory of Social Engagement. In The Handbook of Communication Engagement; John Wiley & Sons, Ltd.:

Hoboken, NJ, USA, 2018; pp. 17–32. ISBN 978-1-119-16760-0.

https://www.mdpi.com/article/10.3390/systems12100396/s1
https://www.mdpi.com/article/10.3390/systems12100396/s1
https://www.ibm.com/docs/en/cognos-analytics/11.1.0?topic=terms-cramrs-v
https://snap.stanford.edu/class/cs224w-readings/brandes01centrality.pdf
https://doi.org/10.3390/encyclopedia2010031
https://doi.org/10.3389/fpsyg.2022.997751
https://doi.org/10.1177/02683962231159927
https://www.statista.com/outlook/amo/metaverse/worldwide
https://www.statista.com/outlook/amo/metaverse/worldwide
https://doi.org/10.1007/s11747-022-00908-0
https://doi.org/10.3389/frobt.2018.00114
https://www.ncbi.nlm.nih.gov/pubmed/33500993
https://doi.org/10.1016/j.tics.2015.01.005
https://doi.org/10.1016/j.tics.2010.06.009
https://doi.org/10.1186/s40711-024-00217-9


Systems 2024, 12, 396 41 of 47

16. Xiao, R.; Wu, Z.; Buruk, O.T.; Hamari, J. Enhance User Engagement Using Gamified Ineternet of Things. In Proceedings of the
Hawaii International Conference on System Sciences, Maui, HI, USA, 5–8 January 2021.

17. Homans, G.C. Social Behavior as Exchange. Am. J. Sociol. 1958, 63, 597–606. [CrossRef]
18. Bowlby, J. Attachment and Loss; Random House: New York, NY, USA, 1969.
19. Collins, R. Interaction Ritual Chains; Princeton University Press: Princeton, NJ, USA, 2004.
20. Albert, M. Luhmann and Systems Theory. In Oxford Research Encyclopedia of Politics; Oxford University Press: Oxford, UK, 2016.
21. Turner, J.H.; Maryanski, A. Functionalism; Benjamin/Cummings Publishing Company: Menlo Park, CA, USA, 1979.
22. Newman, B.M.; Newman, P.R. Part III—Introduction. In Theories of Adolescent Development; Newman, B.M., Newman, P.R., Eds.;

Academic Press: Cambridge, MA, USA, 2020; pp. 245–250. ISBN 978-0-12-815450-2.
23. Du, G.; Degbelo, A.; Kray, C. User-Generated Gestures for Voting and Commenting on Immersive Displays in Urban Planning.

Multimodal Technol. Interact. 2019, 3, 31. [CrossRef]
24. Xiao, R.; Wu, Z.; Hamari, J. Internet-of-Gamification: A Review of Literature on IoT-Enabled Gamification for User Engagement.

Int. J. Hum.–Comput. Interact. 2022, 38, 1113–1137. [CrossRef]
25. Helliwell, J.; Putnam, R. The Social Context of Well-Being. Philos. Trans. R Soc. Lond. B Biol. Sci. 2004, 359, 1435–1446. [CrossRef]
26. Jackson, M. Things Hidden Since the Foundation of the World. In Life Within Limits: Well-Being in a World of Want; Duke University

Press: Durham, NC, USA, 2011; pp. 63–76. ISBN 978-0-8223-4892-4.
27. Bales, R.F.; Strodtbeck, F.L. Phases in Group Problem-Solving. J. Abnorm. Soc. Psychol. 1951, 46, 485–495. [CrossRef]
28. Krause, M.S. Use of Social Situations for Research Purposes. Am. Psychol. 1970, 25, 748–753. [CrossRef]
29. Moos, R.H. Conceptualizations of Human Environments. Am. Psychol. 1973, 28, 652–665. [CrossRef]
30. Price, R.H.; Blashfield, R.K. Explorations in the Taxonomy of Behavior Settings. Am. J. Community Psychol. 1975, 3, 335–351.

[CrossRef]
31. Forgas, J.P. 1—The Perception of Social Episodes: Categorical and Dimensional Representations in Two Different Social Milieus. J.

Personal. Soc. Psychol. 1976, 34, 199–209. [CrossRef]
32. King, G.A.; Sorrentino, R.M. Psychological Dimensions of Goal-Oriented Interpersonal Situations. J. Pers. Soc. Psychol. 1983, 44,

140–162. [CrossRef]
33. Kreijns, K.; Kirschner, P.; Jochems, W.; Buuren, H. Determining Sociability, Social Space, and Social Presence in (A)Synchronous

Collaborative Groups. Cyberpsychol. Behav. Impact Internet Multimed. Virtual Real. Behav. Soc. 2004, 7, 155–172. [CrossRef]
34. Vrieling-Teunter, E.; Henderikx, M.; Nadolski, R.; Kreijns, K. Facilitating Peer Interaction Regulation in Online Settings: The Role

of Social Presence, Social Space and Sociability. Front. Psychol. 2022, 13, 793798. [CrossRef] [PubMed]
35. Wu, H.; Liu, X.; Hagan, C.C.; Mobbs, D. Mentalizing during Social InterAction: A Four Component Model. Cortex 2020, 126,

242–252. [CrossRef] [PubMed]
36. Meijerink-Bosman, M.; Back, M.; Geukes, K.; Leenders, R.; Mulder, J. Discovering Trends of Social Interaction Behavior over Time:

An Introduction to Relational Event Modeling. Behav. Res. Methods 2023, 55, 997–1023. [CrossRef] [PubMed]
37. Yang, Y.; Read, S.J.; Miller, L.C. A Taxonomy of Situations from Chinese Idioms. J. Res. Personal. 2006, 40, 750–778. [CrossRef]
38. Pervin, L.A. Definitions, Measurements, and Classifications of Stimuli, Situations, and Environments. Hum. Ecol. 1978, 6, 71–105.

[CrossRef]
39. Hoppler, S.S.; Segerer, R.; Nikitin, J. The Six Components of Social Interactions: Actor, Partner, Relation, Activities, Context, and

Evaluation. Front. Psychol. 2022, 12, 743074. [CrossRef]
40. Latour, B. On Actor-Network Theory: A Few Clarifications. Soz. Welt 1996, 47, 369–381.
41. Reeves, B.; Nass, C.I. The Media Equation: How People Treat Computers, Television, and New Media Like Real People and Places;

Cambridge University Press: New York, NY, USA, 1996; pp. xiv, 305. ISBN 1-57586-052-X.
42. Evans, W. 1—Mapping Virtual Worlds. In Information Dynamics in Virtual Worlds; Evans, W., Ed.; Chandos Information Professional

Series; Chandos Publishing: Hull, UK, 2011; pp. 3–21. ISBN 978-1-84334-641-8.
43. Blumer, H. Symbolic Interactionism: Perspective and Method; Univ of California Press: Berkeley, CA, USA, 1986.
44. Spahn, A. Mediation in Design for Values. In Handbook of Ethics, Values, and Technological Design; Springer: Dordrecht, The

Netherlands, 2015. [CrossRef]
45. Gagné, M.; Deci, E.L. Self-Determination Theory and Work Motivation. J. Organ. Behav. 2005, 26, 331–362. [CrossRef]
46. Shah, S.H.H.; Karlsen, A.S.T.; Solberg, M.; Hameed, I.A. A Social VR-Based Collaborative Exergame for Rehabilitation: Codesign,

Development and User Study. Virtual Real. 2023, 27, 3403–3420. [CrossRef]
47. Myers, D.G. Theories of Emotion; Academic Press: Cambridge, MA, USA, 2004; Volume 500.
48. Lang, P. Behavioral Treatment and Bio-Behavioral Assessment: Computer Applications. Technol. Ment. Health Care Deliv. Syst.

1980, 1, 119–137.
49. Burgoon, J.K.; Buller, D.B.; Woodall, W.G. Nonverbal Communication: The Unspoken Dialogue; Routledge: London, UK, 1996.
50. Kinzler, K.D. Language as a Social Cue. Annu. Rev. Psychol. 2021, 72, 241–264. [CrossRef] [PubMed]
51. Le Tarnec, H.; Augereau, O.; Bevacqua, E.; De Loor, P. Impact of Augmented Engagement Model for Collaborative Avatars on a

Collaborative Task in Virtual Reality. In Proceedings of the 2024 International Conference on Advanced Visual Interfaces, Genoa,
Italy, 3–7 June 2024.

52. Wallkötter, S.; Tulli, S.; Castellano, G.; Paiva, A.; Chetouani, M. Explainable Embodied Agents Through Social Cues: A Review. J.
Hum.-Robot. Interact 2021, 10, 1–24. [CrossRef]

https://doi.org/10.1086/222355
https://doi.org/10.3390/mti3020031
https://doi.org/10.1080/10447318.2021.1990517
https://doi.org/10.1098/rstb.2004.1522
https://doi.org/10.1037/h0059886
https://doi.org/10.1037/h0029822
https://doi.org/10.1037/h0035722
https://doi.org/10.1007/BF00880776
https://doi.org/10.1037/0022-3514.34.2.199
https://doi.org/10.1037/0022-3514.44.1.140
https://doi.org/10.1089/109493104323024429
https://doi.org/10.3389/fpsyg.2022.793798
https://www.ncbi.nlm.nih.gov/pubmed/35548548
https://doi.org/10.1016/j.cortex.2019.12.031
https://www.ncbi.nlm.nih.gov/pubmed/32092493
https://doi.org/10.3758/s13428-022-01821-8
https://www.ncbi.nlm.nih.gov/pubmed/35538294
https://doi.org/10.1016/j.jrp.2005.09.007
https://doi.org/10.1007/BF00888567
https://doi.org/10.3389/fpsyg.2021.743074
https://doi.org/10.1007/978-94-007-6970-0_9
https://doi.org/10.1002/job.322
https://doi.org/10.1007/s10055-022-00721-8
https://doi.org/10.1146/annurev-psych-010418-103034
https://www.ncbi.nlm.nih.gov/pubmed/33400567
https://doi.org/10.1145/3457188


Systems 2024, 12, 396 42 of 47

53. Sauppé, A.; Mutlu, B. How Social Cues Shape Task Coordination and Communication. In Proceedings of the 17th ACM Conference
on Computer Supported Cooperative Work & Social Computing, Baltimore, MD, USA, 15–19 February 2014; Association for
Computing Machinery: New York, NY, USA, 2014; pp. 97–108.

54. Feine, J.; Gnewuch, U.; Morana, S.; Maedche, A. A Taxonomy of Social Cues for Conversational Agents. Int. J. Hum.-Comput. Stud.
2019, 132, 138–161. [CrossRef]

55. Aguilar-Zambrano, J.J.; Trujillo, M.J. Factors Influencing Interaction of Creative Teams in Generation of Ideas of New Products:
An Approach from Collaborative Scripts. In Proceedings of the 2017 Portland International Conference on Management of
Engineering and Technology (PICMET), Portland, OR, USA, 9–13 July 2017.

56. Mallett, C.J.; Lara-Bercial, S. Chapter 14—Serial Winning Coaches: People, Vision, and Environment. In Sport and Exercise
Psychology Research; Raab, M., Wylleman, P., Seiler, R., Elbe, A.-M., Hatzigeorgiadis, A., Eds.; Academic Press: San Diego, CA,
USA, 2016; pp. 289–322. ISBN 978-0-12-803634-1.

57. Barnes, J.A. Graph Theory and Social Networks: A Technical Comment on Connectedness and Connectivity. Sociology 1969, 3,
215–232. [CrossRef]

58. Wu, Y.; You, S.; Guo, Z.; Li, X.; Zhou, G.; Gong, J. Designing a Remote Mixed-Reality Educational Game System for Promoting
Children’s Social & Collaborative Skills. arXiv 2024, arXiv:2301.07310.

59. IPCisco Network Topologies—•Bus•Ring•Star•Tree•Line•Mesh ⋆ IPCisco. Available online: https://ipcisco.com/lesson/
network-topologies/ (accessed on 19 February 2024).

60. Starzyk, K.B.; Holden, R.R.; Fabrigar, L.R.; MacDonald, T.K. The Personal Acquaintance Measure: A Tool for Appraising One’s
Acquaintance with Any Person. J. Pers. Soc. Psychol. 2006, 90, 833–847. [CrossRef]

61. Zhang, G.; Zhao, S.; Liang, Z.; Li, D.; Chen, H.; Chen, X. Social Interactions With Familiar and Unfamiliar Peers in Chinese
Children: Relations With Social, School, and Psychological Adjustment. Int. Perspect. Psychol. 2015, 4, 239–253. [CrossRef]

62. Mishra, N.; Schreiber, R.; Stanton, I.; Tarjan, R.E. Clustering Social Networks. In Proceedings of the Algorithms and Models for the
Web-Graph; Bonato, A., Chung, F.R.K., Eds.; Springer: Berlin/Heidelberg, Germany, 2007; pp. 56–67.

63. Smith, J.M. Evolution and the Theory of Games. In Did Darwin Get It Right? Essays on Games, Sex and Evolution; Springer:
Berlin/Heidelberg, Germany, 1982; pp. 202–215.

64. Johnson, D.W.; Johnson, R.T. Cooperation and Competition: Theory and Research; Interaction Book Company: Edina, MN, USA, 1989;
pp. viii, 253. ISBN 0-939603-10-1.

65. ADAM HAYES Game Theory. Available online: https://www.investopedia.com/terms/g/gametheory.asp (accessed on 8
September 2023).

66. Patricio, R.; Moreira, A.C.; Zurlo, F. Gamification in Innovation Teams. Int. J. Innov. Stud. 2022, 6, 156–168. [CrossRef]
67. Morschheuser, B.; Hamari, J.; Maedche, A. Cooperation or Competition—When Do People Contribute More? A Field Experiment

on Gamification of Crowdsourcing. Int. J. Hum.-Comput. Stud. 2019, 127, 7–24. [CrossRef]
68. Giddens, A. The Constitution of Society: Outline of the Theory of Structuration; Univ of California Press: Berkeley, CA, USA, 1984.
69. Smith, E.R.; Semin, G.R. Socially Situated Cognition: Cognition in Its Social Context. In Advances in Experimental Social Psychology,

Vol. 36; Elsevier Academic Press: San Diego, CA, USA, 2004; pp. 53–117. ISBN 0-12-015236-3.
70. Sawyer, K. Unresolved Tensions in Sociocultural Theory: Analogies with Contemporary Sociological Debates. Cult. Psychol.-Cult.

Psychol. 2002, 8, 283–305. [CrossRef]
71. Sawyer, K. Extending Sociocultural Theory to Group Creativity. Vocat. Learn. 2012, 5, 59–75. [CrossRef]
72. Eteläpelto, A.; Vähäsantanen, K.; Hökkä, P.; Paloniemi, S. What Is Agency? Conceptualizing Professional Agency at Work. Educ.

Res. Rev. 2013, 10, 45–65. [CrossRef]
73. Paliy, I.G.; Bogdanova, O.A.; Plotnikova, T.V.; Lipchanskaya, I.V. Space and Time in the Context of Social Measurement. Eur. Res.

Stud. J. 2018, XXI, 350–358. [CrossRef]
74. Klitkou, A.; Bolwig, S.; Huber, A.; Ingeborgrud, L.; Pluciński, P.; Rohracher, H.; Schartinger, D.; Thiene, M.; Żuk, P. The
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