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Figure 1: Core features of AR.S.Space

ABSTRACT

In social situations, individuals often encounter communication chal-
lenges, particularly when adapting to new environments. While
some studies have acknowledged the potential of AR social games
to aid in effective socialization to some extent, little attention has
been given to AR HMD-based games specifically designed to facili-
tate social interactions. In response, we propose AR.S.Space, an AR
HMD-based social game that employs augmented reality features
to engage users with virtual social agents through asynchronous
communication. The game aims to mitigate the unease associated
with initial social interactions and foster long-term connections. To
assess its efficacy, a user study was conducted within a specific
scenario (an office space), gathering quantitative data and qualitative
feedback through questionnaires and interviews. The findings high-
light the game’s potential to enhance socialization in small-scale
environments. Moreover, the study offers valuable design guidelines
for future research and the application of AR social games in similar
settings.

Index Terms: Human-centered computing—Mixed / augmented
reality; Human-centered computing—User Studies;

1 INTRODUCTION

Augmented reality (AR) holds the promise of positively influencing
various aspects of human life, including the way we think, feel,
behave, and communicate [18]. It has shown tremendous potential in
diverse fields, particularly in scenarios where mobility and enriched
interactions are crucial. Within the rapidly evolving digital media
industry, the integration of AR technology has paved the way for
more creative and engaging video games. Among these, social
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games built on AR head-mounted displays (AR HMD) [19] have
garnered significant attention from researchers.

Unlike conventional display technologies such as TVs, comput-
ers, and smartphones that present a panel in front of the viewer, AR
displays offer a see-through capability with an enriched surround-
ing environment. This unique characteristic provides an appealing
new way for individuals to perceive the world and revolutionizes
interactions between users, the displayed virtual objects, and the
surrounding physical environment [39]. AR HMD offer the advan-
tage of mobility, allowing convenient operation while on the move,
while also ensuring the privacy of user interactions. This makes AR
HMD an ideal tool for creating social games that can be seamlessly
integrated into various real-world scenarios, including office spaces.

In an office setting, socialization plays a critical role in fostering
meaningful relationships among colleagues. However, the office
environment comes with its unique characteristics that can influence
social interactions. People often encounter awkward situations, such
as struggling to initiate communication or feeling at a loss for words
during socialization [4]. These challenges can hinder the estab-
lishment of strong connections among office employees, affecting
collaboration, communication, and overall workplace satisfaction.
Thus, it becomes imperative to explore innovative methods that fa-
cilitate socialization and create lasting connections within office
spaces.

In this paper, we introduce AR.S.Space, an innovative social
game based on AR HMD, designed to address the challenges of ice-
breaking and establishing long-term connections among employees
in an office environment. We draw inspiration from the role of
virtual agents in social games to assist players in avoiding awkward
social situations and encourage active socialization [20]. Our game
employs asynchronous messaging to reduce the discomfort of face-
to-face interactions, fostering a more enjoyable and effective ice-
breaking process. We collect data on player performance and gather
feedback on the game’s effectiveness through the Game Experience
Questionnaire (GEQ) [17] and a semi-structured interview to ensure



its efficacy in enhancing social interactions.

Our research seeks to fill the gap in the existing literature by
exploring the potential of AR HMD-based social games, particularly
in small-scale social scenarios such as offices or meetings. By lever-
aging the immersive and interactive capabilities of AR HMD, we
aim to provide a more engaging and effective means of ice-breaking
and long-term connection-building among colleagues, ultimately
contributing to a more vibrant and collaborative office environment.
The subsequent sections will detail the design, implementation, and
evaluation of AR.S.Space and shed light on its impact on fostering
social connections in the office space. Moreover, we propose two
research questions to guide our investigation:

¢ RQI - Does the AR HMD social game effectively help players
conduct ice-breaking?

* RQ2 - Does the AR HMD social game effectively help players
establish long-term relationships?

Through our study, we seek to offer valuable insights and guide-
lines for future research and application of AR social games tailored
to small-scale social environments like offices.

2 RELATED WORK
2.1 AR Social Games

Social games represent a distinct category of online games integrated
into social networking platforms (SNSs). Leveraging the social fea-
tures and user data provided by SNSs, these games offer interactive
and entertaining experiences for players [7, 14]. The unique char-
acteristics of social games are as follows: First, they are rooted
in social platforms, enabling players to engage in communication,
cooperation, or competition with others through SNSs, thereby fos-
tering social interaction and impact [7, 15]. Second, players typically
utilize their real names and avatars on SNSs, playing games with
their real-life network of friends, family, or colleagues, leading to
shared identities and a sense of belonging [7, 14]. Last, social games
are designed for leisure, simplicity, and ease of access, demanding
minimal time and energy investment [25]. Studies have shown that
individuals are more likely to participate in social activities when
they share common interests or goals with others [22]. Moreover, if
people perceive social games as interesting and valuable, they are
more inclined to continue using them [33,38].

The integration of AR technology in social games gained signifi-
cant traction with the release of Pokemon GO, which appealed to
a broad demographic, spanning from children to adults [34]. The
game’s use of location-based AR technology introduced a novel
approach to gaming [26]. Subsequently, researchers have explored
various aspects of AR social games, such as constructing location-
based AR serious games to educate players about viruses [31] and
embedding user-generated social media content into physical envi-
ronments using AR technology [13,27]. Furthermore, AR social
games have been utilized to promote mental health, aiding individ-
uals with autism [20], and fostering a sense of belonging and peer
connection [24]. While AR social games have been extensively stud-
ied and applied, most of these efforts have been focused on specific
target groups or commercial applications.

AR holds considerable potential to impact users’ social con-
nections [23]. In AR social games, the researchers proposed AR
technology-inspired dimensions of presence, such as content, space,
time, and social presence, to give players a uniquely immersive
experience [29]. Studies indicate that utilizing virtual social agents
to facilitate socialization can stimulate positive social behavior, es-
pecially in individuals with autism spectrum disorder [20], but can
reduce the quality of social interactions among people who are in the
same place [23]. However, care must be exercised when implement-
ing social agents in AR social games to avoid unintended negative
effects, which can be mitigated by altering the form or state of the
social agent.
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2.2 Connection Between Players in a Game

A key challenge in fostering connections between game players lies
in striking a balance between the social and gameplay aspects of
the experience [28]. Such connections can be established and main-
tained through various means, including competition, cooperation,
communication, collaboration, conflict resolution, and community
building [8,21,32]. However, the effectiveness of these approaches
in enhancing players’ perceived enjoyment of the game may vary
based on individual preferences and motivations [7]. For social
games designed to facilitate ice-breaking and establish long-term
connections among players, greater emphasis should be placed on el-
ements like cooperation and communication to cultivate harmonious
social interactions.

Another critical challenge in fostering connections between play-
ers in games involves understanding the cognitive factors that in-
fluence players’ intentions and behaviors during gameplay. Social
cognitive models, such as the Theory of Planned Behavior (TPB)
and Social Cognitive Theory (SCT), have been employed to explain
the connections between players in games [2]. SCT, in particu-
lar, has shown success in shaping positive behavioral outcomes in
games [11]. By leveraging social cognitive theory, the logic and core
mechanisms of player connections in social games can be designed
to foster healthy and positive behavioral patterns among players.

However, it is worth noting that most existing studies have primar-
ily focused on social games within large-scale social networks, with
limited exploration of social games tailored to small-scale communi-
ties, such as office spaces, classrooms, or conferences. Additionally,
the effectiveness of AR HMD-based social games has not been
extensively investigated in comparison to conventional flat mobile
devices. Addressing this research gap, our study aims to design an
AR social game specifically tailored to facilitate ice-breaking and
build long-term connections in small-scale social scenarios, such as
office environments or meetings, potentially surpassing traditional
methods like chatting or exchanging business cards.

3 SoclAL WORKSPACES AND SocIAL MODES
3.1

Sociological theory advocates for the removal of spatial boundaries
to promote contact among individuals, fostering collaboration and
collective intelligence [10]. This argument has been supported by ob-
servations in various settings, including university dormitories [10],
laboratories [1], and co-working spaces [9]. As the nature of work
evolves, scholars emphasize the removal of spatial boundaries, such
as office walls, to create open and borderless offices, aiming to stim-
ulate collaboration and collective intelligence [6, 12,30]. However,
studies have revealed that open-architecture workspaces may lead
to a natural human response of distancing oneself from office col-
leagues, resorting to electronic communication instead [4]. This
response is linked to reduced conditions conducive to collaboration,
including employee satisfaction [3], focus [5], and psychological
privacy [16,35]. Consequently, open offices may negatively affect
employees’ psychological well-being, leading to reduced interac-
tions among office members.

In the context of such office environments with limited face-
to-face interactions, newcomers may face challenges in fitting in
and establishing connections with their colleagues. The lack of
knowledge about coworkers and shared interests makes it difficult
to break the ice and build long-term connections. To address these
challenges, we propose an AR HMD-based social game that offers a
social space with a sense of boundaries. By merging virtual and real
scenarios, this game provides a unique opportunity for office workers
to reduce the pressure of socialization while fostering connections in
a virtual environment, which can protect individuals’ psychological
privacy and encourage social interactions.

Office Space



3.2 Social Mode in Office Spaces

The socialization process in an office environment can be influenced
by Maslow’s Hierarchy of Needs Theory, which applies to individ-
uals in office settings [36]. If employees’ social and esteem needs
are not met, leading to a lack of a sense of belonging and respect,
it can negatively impact their emotions, causing unhappiness, lack
of confidence, and uncooperative behaviors. Moreover, Tuckman’s
team development stage model also provides valuable insights [37].
New employees in a team environment generally go through four
stages: Formative, Storm, Normative, and Performance stages. In
the Formative Stage, employees are curious and nervous, requiring
sufficient information to adapt to the new environment. The Storm
Stage involves different opinions and potential conflicts, necessi-
tating communication and feedback to resolve issues and adjust
attitudes. The Normative Stage sees the development of consensus
and trust, requiring engagement and encouragement to enhance a
sense of belonging and responsibility. Finally, in the Performance
Stage, employees work efficiently and effectively, seeking autonomy,
innovation, and development for self-actualization and growth. How-
ever, new employees may struggle in the initial stages due to a lack
of information and communication feedback, leading to performance
deterioration and difficulties in initiating socialization.

Considering the socialization patterns in office spaces, our pro-
posed AR HMD social game focuses on information acquisition
and communication for individuals entering a new social environ-
ment. By satisfying people’s socialization and esteem needs, the
game aims to assist employees in breaking the ice and establishing
long-term connections in their new workplace. Through information
sharing and enhanced communication, the game offers a supportive
platform to foster a sense of belonging and social integration among
office workers.

4 AR.S.SPACE: DESIGN AND IMPLEMENTATION

We discussed the office environment and the social model in our
application scenario. To help people conduct breaking the ice and
establish a long-term connection in this scenario, we present an AR
HMD social game called AR.S.Space. In the following content,
we will introduce the design and implementation of this AR social
game.

4.1

Currently, within office environments, colleagues primarily estab-
lish connections through face-to-face interactions and online chat
platforms. However, meeting new colleagues is often hindered by
the challenge of identifying shared topics among peers. In addi-
tion, social awkwardness is often encountered during face-to-face
meetups among young adults, impeding in-person interactions for
newcomers. Motivated by this, we introduce AR.S.Space, a game
designed to facilitate ice-breaking activities and establish long-term
connections. The game’s core function is to help individuals quickly
get to know each other using virtual environments, reducing the
awkwardness of initial meetings and fostering lasting connections.
The design purpose of the game focuses on two key aspects.
Causal Elements: The core casual element of this game is a
virtual social agent represented by virtual plants. Players need to
interact with the virtual plants in order to make the plants grow,
which essentially allows for easy gameplay through the design of the
nurturing mechanism. Secondly, the asynchronous message and like
interactions between players can also increase the intimacy between
players, and the design of this kind of relationship nurturing mode
between players will also make players feel as little stress as possible
when playing the game. Through these casual elements, we want to
achieve the design goals of (1) socializing through message boards
and asynchronous messaging without being bound or disturbed, as
shown in Figure 2 (a), and (2) facilitating the development and
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cultivation of relationships between players through virtual agents,
as shown in Figure2 (b)

Social Engagement: The office environment is a relatively closed
and quiet environment in which people have difficulty communicat-
ing. By setting up personal homepages, we help people get social
information about others in a virtual space without having to do so
through traditional physical media or face-to-face communication.
The purpose of designing personal homepages is to allow people to
display the social information they wish to show in the virtual world,
thus avoiding the awkwardness of face-to-face communication, and
helping players to get to know others quickly.

4.2 System Design

AR.S.Space is an AR game that supports multiplayer offline asyn-
chronous communication. Each player’s actions and changes are
recorded on the gaming device so that when the next player picks
up the gaming device, they will see the changes made by the previ-
ous player. The game is based on HoloLens 2, and all interactions
between players are based on that device. The game mechanics of
this social game can be summarized as follows. The main game-
play of the game is that players earn affinity and activity points
by interacting with other players’ personal pages or other players’
virtual plants, thus upgrading their virtual plants and increasing their
favorability with other players. When players play the game for the
first time, they are asked to set up their social personal space. We
divided the personal space into two main sections.

Player’s Personal Homepage, where players can customize the
social information they wish to display, as shown in Figure 3 (a).
Players can customize their avatar, nickname, personal status, per-
sonalized signature, and I like. A player’s profile can be placed
anywhere in the AR space by selecting and dragging it. Other play-
ers can like the content of the current player’s profile by clicking
“Like” in the profile. When other players like the content of the
current player’s profile, both the current player and the player who
liked the profile will receive 2 activity points. When the activity
points increase by 20 points, the virtual plant of players will be
upgraded by one level, and the upgrade will make the virtual plant
more luxuriant; when the activity points of players increase by 20
points, the virtual plant will be upgraded for a second time, and its
appearance will also be changed. The development of virtual plants
will increase the stickiness of users and encourage them to play
the game more deeply. Players can also leave messages for other
players by clicking the Add button on their personal home pages.
The game currently only supports text input using the keyboard and
does not support voice input because the game’s environment is in
an office environment, and voice input would disrupt the quietness
of the environment to a certain extent. Players can interact with the
messages of other players by pressing the “Like” button, and when
the messages are liked, both the current player and the player who
left the message will increase the intimacy between the two players
by 2 points, as shown in Figure 3 (b). This is an effective way to
promote positive socialization between the two parties.

Virtual Desktop Plants, which are virtual social agents that we
set up for players in the game, as shown in Figure 3 (c). Players can
likewise place it anywhere in the AR space by selecting and dragging
it. Players can interact with the virtual plant asynchronously, thus
avoiding as much as possible the awkwardness that can occur when
players communicate directly with each other. Sunlight, which play-
ers can use to raise plants, is placed next to the virtual plant. Players
can place sunlight on the virtual plant by dragging and dropping
it, and when another player places sunlight on the current player’s
plant, both players increase their points by 2 activity points. This
way of rewarding both parties encourages people to interact with
other people’s plants, promoting communication between players.
Players are ready to play after setting up their personal homepage
and virtual plants.
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Figure 3: Homepage of users (a), user interface of message (b), the shape of virtual agents at different levels (c)

4.3 User Interface and Interactions

AR.S.Space minimizes the learning cost and cognitive load of play-
ers through a clear and easy-to-understand interface and easy-to-
learn interactions. The block design in the personal interface helps
players quickly find areas of interest. On the top left of the per-
sonal interface is the player’s brief information, showing the player’s
avatar, nickname, activity status, and personal signature. For players
who wish to maintain a certain degree of anonymity, a non-real
avatar and name can be used, which fully respects the player’s pri-
vacy, while the non-real avatar and nickname can also arouse the
curiosity of other players. The display of activity status can help
other players communicate with the current player at the appropriate
time. The player’s personalized signature can show the player’s
personality, and to a certain extent, reduce the recognition cost when
other players get to know a person for the first time.

The “I Like” section on the right side can be customized by each
player. It accommodates photos and content related to hobbies,
fostering rapid connections by identifying shared interests. When
intrigued by another player, clicking “Add” generates a message
on their homepage’s bottom left, visible to fellow players. Liking
messages or other players’ homepages communicates approval. In-
teraction with other users’ content parallels the HoloLens 2 interface,
minimizing learning curves and focusing on gameplay. Engaging
with virtual plants follows a straightforward pattern: pinching sun-
light scattered around plants and placing it on them. This interaction
boosts activity points for both participants, fostering social connec-
tions by nurturing shared virtual plants.

4.4

The application was developed in Unity (version 2021.3.8f1c1) for
the Universal Windows Platform and deployed on the HoloLens
2 using the Microsoft Mixed Reality Toolkit (version 2.8.0). This
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combination allowed for intuitive user interactions, such as gesture
recognition for manipulating virtual objects and simple clicks and
palm gestures for interacting with buttons and menus. The spatial
mapping capability enabled users to anchor virtual objects in their
real-world environment, enhancing realism and expanding interac-
tion possibilities in the AR space.

5 USER STUuDY

To evaluate the effectiveness of our AR social game in facilitating
ice-breaking and establishing long-term connections in office envi-
ronments, we conducted a user study. Quantitative and qualitative
data were collected through a simulated office environment with
work desks and office supplies. Feedback was obtained using a GEQ
questionnaire and semi-structured interviews for assessment.

5.1

‘We randomly recruited four undergraduate or graduate students (two
males and two females) as participants on campus to recreate as
much as possible what it would be like for people to be new to a new
office environment since they did not know each other and they may
have been or were about to be experiencing office environments. All
participants had experience playing social games, but three of them
used AR devices very infrequently, and one of them did not have
any experience with AR.

Prior to the game, participants completed a pre-experiment ques-
tionnaire about their gaming experience and device familiarity. The
rules and mechanics of the game were introduced, followed by per-
sonalized guidance for setting up their personal space with HoloLens.
This phase aimed to familiarize participants with the interactions.
They sequentially utilized the AR device, undergoing three rounds
of device use to validate ice-breaking and long-term connections.
Virtual plant interactions were limited to 2 per player per round,

Participants and Procedure



Results of Game Experience Quesiotnnaire

Positive Affect 26

Negative Affect 113

Challenge

Tension/Annoyance

Flow

Sensory and Imaginative Immersion

Competence 275

15 2 25 3 35 4

Figure 4: Results of Game Engagement Questionnaire

with other actions restricted to 1. A researcher observed and doc-
umented interactions. After the game, participants completed the
Game Experience Questionnaire (GEQ) to assess their overall gam-
ing experience. Semi-structured interviews gathered more insights
on the game’s acceptance and reflections on socialization with AR.

5.2 Results

In this section, we present the findings derived from the GEQ ques-
tionnaire, and in the subsequent subsection, we will elaborate on the
user feedback.

The results collected through the GEQ questionnaire encompass
evaluations across seven distinct dimensions, namely Competence,
Sensory and Imaginative Immersion, Flow, Tension/Annoyance,
Challenge, Negative affect, and Positive affect. Figure 4 displays the
average scores for each evaluation dimension. The outcomes indicate
that the game elicited minimal boredom among the players (M=0.58),
and they perceived the game to be relatively easy (M=1.45) with low
levels of negative affect (M=1.13). These findings suggest that the
game is inherently captivating and less demanding to play, aligning
well with our initial expectations regarding the game’s difficulty
level and its entertainment value as a social game. However, it
is worth noting that the scores for player competence (M=2.75)
and sensory and imaginative immersion (M=2.5) were not as high,
indicating areas that warrant improvement to enhance players’ sense
of competence and their immersive experience, despite the overall
positive feedback on the gaming experience.

5.3 User Feedback

Feedback from participants during interviews showed unanimous
agreement on the effectiveness of displaying personal social in-
formation for rapid acquaintance and ice-breaking in small group
interactions. Two participants suggested including dynamic social
information for stronger long-term connections. Participants appre-
ciated message visibility, promoting interactive engagement.

Three participants praised the virtual plant, effectively reducing
face-to-face awkwardness and enhancing the social experience. One
participant proposed diverse social proxies, while two recommended
more 3D models and gifts for spatial interaction.

Regarding non-game content, participants emphasized the signifi-
cance of the AR device experience. Two participants expressed con-
cerns about the limited viewing range, especially for AR newcomers.
Additionally, two participants suggested improving interaction ac-
curacy and display clarity for distant objects. These insights guide
future AR integration improvements in social scenarios.

6 DiscussioN

The experimental results demonstrate that our game effectively as-
sists users in ice-breaking and promotes establishing long-term con-
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nections between them. This effectively addresses the two research
questions that were initially posed. Based on our design discussion
and evaluation of AR.S.Space, we present some design recommen-
dations for the potential of game mechanics and scenario-based
applications of AR HMD-based social games applied to small-scale
communities to help people ice-break and build long-term connec-
tions with others in small-scale communities in office-like environ-
ments.

Conduct Effective Ice-breaking through quick access to other
people’s information: One of the main goals of this study is to
address the ice-breaking challenge in office environments. Our find-
ings suggest that the inclusion of personalized profiles in the virtual
social space of the AR HMD-based game AR.S.Space effectively
facilitates the ice-breaking process. The game allows players to
quickly learn about each other’s interests and preferences through
these profiles, thus reducing the awkwardness and uncertainty often
accompanying initial social interactions in a new office environment.
This feature is a great tool for building connections and starting con-
versations between people, ultimately promoting a more comfortable
and engaging social experience.

Relieve social awkwardness through social agents: Another
study finding was that setting up a virtual social agent was more
effective in alleviating social awkwardness than face-to-face inter-
actions. Participants indicated that contact with these virtual agents
provided a buffer that relieved the stress of direct communication
and made the socialization process gradual and less intimidating.
The asynchronous nature of interacting with the virtual tabletop
plants allowed individuals the flexibility to interact at their own
pace, enhancing a sense of control and reducing social discomfort.
This feature of the game fits well with Tuckman’s model of team
development [37], facilitating transitions through the various stages
of group formation without overwhelming everyone with immediate
face-to-face interactions.

Establishing long-term connections requires richer interactive
content and dynamic social information of others in AR space:
Research suggests enhancing AR HMD-based social games in of-
fices with richer interactive content and dynamic player interactions.
Participants sought diverse 3D AR elements like interactive models
and gifts, fostering engagement and sustaining interest. These im-
provements can deepen connections between players, emphasizing
the importance of displaying dynamic social information for mutual
understanding. By offering a holistic view of individuals in the
virtual environment, the game fosters lasting office connections.

In conclusion, AR.S.Space effectively addresses the research
question, providing an ice-breaking and connection-building solu-
tion in offices. Personalized profiles expedite information exchange
and alleviate initial social discomfort. Social agents ease face-to-face
awkwardness, ensuring a seamless, progressive social experience.
Enhancing the game’s potential for long-term connections involves
integrating richer interactive content and dynamic social information
in the AR space.

7 CONCLUSION

This study focuses on addressing socialization challenges in office
environments by exploring the potential of AR social games. We
introduce AR.S.Space, an AR HMD-based social game that creates
a virtual social space for office employees to interact and establish
connections. Personalized profiles and virtual plants serve as social
agents to enhance the social experience and overcome ice-breaking
and social awkwardness issues. The integration of personalized
profiles in AR.S.Space proved effective in breaking the ice and
promoting initial communication. By providing quick access to
relevant information about others, uncertainty is reduced, and shared
interests are promoted. Additionally, using virtual social agents
proved successful in alleviating face-to-face social awkwardness.
The asynchronous nature of interacting with these agents allows for



gradual engagement, which is especially useful in situations where
direct communication can be intimidating. Future research should
focus on improving the game further by adding more 3D models and
fostering social interaction. Adding voice-based interactions would
improve the naturalness of AR interactions. In order to enhance
the gaming experience and strengthen player connections, machine
learning algorithms can be explored to personalize social agents.
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