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ABSTRACT  
Being  included  in  social  interactions  is  a  fundamental  human  need  
in  both  physical  and  virtual  worlds.  However,  it  is  overlooked  in  the  
context  of  social  VR  user  experience.  Based  on  social  psychology,  
we  defne  the  sense  of  inclusion  as  the  degree  to  which  an  individual  
perceives  a  sense  of  belonging  and  authenticity  from  a  group.  We  
initially  use  non-verbal  behavior,  which  is  commonly  used  in  social  
VR,  as  an  entry  point  to  understanding  the  role  of  the  sense  of  
inclusion  in  social  VR.  We  examine  how  the  reactive  behaviors  
of  existing  community  members  would  infuence  the  sense  of  
inclusion  during  social  VR  onboarding.  Our  between-subject  
experiment  (�  =39)  with  three  reactive  behavioral  conditions  
confrms  that  positive  responses  from  existing  community  members  
increased  the  sense  of  inclusion.  And  the  sense  of  inclusion  
positively  mediates  several  user  experiences  including  enjoyment  
and  immersion.  We  highlight  potential  design  implications  and  
future  research  for  social  VR.  
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1  INTRODUCTION  
Social  virtual  reality,  or  social  VR,  ofers  various  virtual  spaces  
where  people  gather,  interact,  socialize,  and  enjoy  a  broad  range  
of  activities  [40].  One  critical  factor  for  successful  social  VR  
environments  is  users’  engagement  [38,  40].  Unlike  conventional  
VR  environments  (e.g.,  VR  games),  content  and  experience  are  also  
generated  through  grass-root  eforts  by  individual  users  in  addition  
to  top-down  work  by  community  owners  and  administrators.  

Therefore,  mechanisms  to  engage  more  users  can  contribute  
substantially  to  the  diversity,  sustainability,  and  vitality  of  social  
VR  communities.  

The  user  experience  in  social  VR  space  is  one  critical  factor  for  
users  to  determine  whether  they  would  like  to  stay  connected  in  
a  community  [38].  Socialization,  which  is  one  of  the  important  
activities  in  social  VR  [52],  plays  an  essential  role  in  shaping  
the  experience  [15,  20].  Research  has  focused  on  qualitatively  
understanding  diferent  aspects  of  the  user  experience  of  social  
VR,  by  examining  avatar  representation  [23,  30],  interaction  
models  [39,  41],  and  social  norms  [9,  37],  or  measuring  user  
experience  in  certain  social  VR  activities  combining  play  experience  
and  social  presence  [34,  35,  51].  While  this  has  greatly  advanced  
our  understanding  of  social  VR,  there  is  inconsistency  or  a  lack  of  
focus  on  the  experience  that  describes  users’  need  of  being  included  
by  existing  users  in  the  community.  

In  this  work,  we  have  adopted  the  term  "sense  of  inclusion"  
from  social  psychology,  which  refers  to  an  individual’s  perception  
of  a  feeling  of  belonging  and  authenticity  [26].  To  preliminarily  
uncover  its  role  in  social  VR  user  experience,  we  take  the  reactive  
behavioral  traits  as  a  starting  point.  Reactive  behaviors  like  having  
eye  contact  and  waving  hands  are  commonly  performed  both  in  
the  real  world  and  virtual  space  gathering  [39].  We  designed  and  
conducted  a  controlled,  between-subject  study  (�  =39)  to  compare  
three  levels  of  reactive  behavioral  traits  of  existing  community  
members  on  the  sense  of  inclusion  and  other  user  experience  
perceived  by  users  who  newly  join  a  social  VR  community.  Our  
results  confrmed  that  positive  reactive  behaviors  signifcantly  
increased  the  perceived  sense  of  inclusion.  Our  mediation  analysis  
uncovered  that  sense  of  inclusion  mediates  several  aspects  of  user  
experience  and  willingness  to  include  other  members.  Finally,  we  
discuss  design  improvements  and  future  research  directions  related  
to  the  sense  of  inclusion  in  social  VR  environments.  

2  RELATED  WORK  

2.1  User  Experience  in  Social  VR  
Designs  of  collaborative  virtual  environments  have  been  an  
important  research  agenda  in  HCI  [5,  6,  10,  12].  As  commercial  
social  VR  platforms  become  more  popular  among  general  users,  
understanding  user  experience  in  these  VR  environments,  which  
aford  various  social  activities  for  communication  and  interaction,  
has  recently  become  a  focus.  Research  has  examined  diferent  
aspects  of  social  VR,  including  avatar  and  self-presentation  [23,  30],  
non-verbal  behaviors  and  interaction  modes  [39,  41],  and  special  
social  dynamics  in  diverse  activities  [9,  22,  37,  38]  to  guide  the  future  
design  of  engaging  social  VR  experiences  [28,  40].  These  empirical  
fndings  all  emphasize  the  positive  role  of  pro-social  interactions  
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and a sense of co-presence or social presence [43, 60] in shaping 
user experience. 

Quantitative approaches with self-reported questionnaires were 
also widely adopted to evaluate user experience in social VR. 
Considering that social VR sometimes falls under the scope of 
game, user experience can be measured through instruments for 
play experience, such as the Immersive Experience Questionnaire 
(IEQ) [27], the Player Experience of Need Satisfaction (PENS) [47], 
and the Intrinsic Motivation Inventory (IMI) [46]. 

In addition to common experience like immersion or avatar 
identifcation [8], social VR’s unique metric mainly revolved around 
the social presence of users [2, 33, 34]. Although social presence 
can evaluate the level of the feeling of “being there together" 
and positively correlates to enjoyment, trust, and pro-social 
behaviors [41, 43], it does not fully capture one’s sense of centrality 
in social interactions. Therefore, it is important to have a metric 
that describes how well an individual engaged with a community. 
In this work, we take a quantitative approach to expand subjective 
scales for evaluating user experiences in social VR by introducing 
statements related to a perceived sense of inclusion. 

2.2 Inclusion in Social VR 
Socialization is one of the most critical activities in social VR [52]. 
It is a process of linking a group to the self [26]. Prior social 
psychological studies have pointed out that being included in 
groups is essential to satisfying human social needs [13] and 
benefts individuals by enhancing self-esteem and forming more 
distinctiveness [11, 32]. Conversely, exclusion can cause social 
pain, which has been shown to be similar to physical pain in brain 
reaction based on behavior experiments conducted in the Cyberball 
program [58] with neuroimaging [17]. 

Prior social VR work has used the term “inclusion,” meaning 
to design and build an environment that ofers equity for 
under-represented users, such as female users [44], LGBTQ users [1, 
21], elderly users [3, 4], and users with disabilities [48]. While 
such a research direction is important to broaden the participation 
in social VR, our primary interest in inclusion better aligns with 
the defnition by Jansen et al., “the degree to which an individual 
perceives that the group provides them with a sense of belonging 
and authenticity” [26]. Our study thus investigates a sense of 
inclusion as user experience perceived by individuals. Unlike 
belongingness as a long-term human emotional need, sense of 
inclusion emphasizes a short-term feeling. Though the term “social 
engagement” may refect some aspects of inclusion in our target 
context and scenarios, existing studies mainly use it for describing 
the level of participation in collaborative activities [38, 56]. We 
therefore use the term sense of inclusion in this work. 

As a frst step, this work uses reactive behavioral traits as an 
entry point to explore the sense of inclusion as it is a typical way 
of understanding user experience with an interaction-centered 
view [19] and non-verbal behavior plays a vital role in social VR 
interactions [39, 57]. There are factors besides behavior toward 
new members that may impact the sense of inclusion, such as the 
appearance of the environment, avatar designs, and content of 
conversations. Behavioral traits are publicly observable features 
that stem from individual community members, and are not 

as uncontrollable as a conversation. We examine two research 
questions: RQ1 How is the sense of inclusion afected by the reactive 
behaviors of existing community members? RQ2 What role does 
the sense of inclusion play in the social VR experience? 

3 COMPARATIVE STUDY 
We conducted a controlled user study to answer our research 
questions. This user study was approved by our Institutional Review 
Board. We have two hypotheses with respect to the sense of 
inclusion and the reactive behavioral traits: 

H1 Reactive behaviors would increase the sense of inclusion in 
an onboarding context. This is because reactive behaviors 
usually indicate attention and are natural cues to initiate 
interaction both in the online and real world [39]. 

H2 Improved sense of inclusion would mediate other user 
experiences like intrinsic motivation, need satisfaction, and 
avatar identifcation. This is because sense of inclusion posits 
that user experience driven by intrinsic needs can be satisfed 
through interaction within a group [14]. 

3.1 Experimental Design 
To validate the two hypotheses above, we defned three behavioral 
conditions to represent diferent levels of expressions of welcome-
ness (See Figure 1), leveraging fundamental non-verbal behaviors 
like gaze and gestures [39]. These three conditions basically 
represent the situations that users encounter when onboarding, 
based on our observations of social VR platforms. We designed a 
between-subject comparative study as a substantial learning efect 
would be inevitable if we designed a within-subject experiment. 

• Ignore: The avatars of existing community members would 
not pay direct attention to a new member (participants) and 
keep performing their own activities. 

• Notice: The avatars of existing community members would 
gaze or have a glance at a new member. But they would not 
perform other non-verbal behaviors. 

• Welcome: The avatars of existing community members 
would look at a new member and wave hands to them. 

3.2 Questionnaire and Evaluation Metrics 
We employed multiple questionnaires as the post-experimental 
survey. All the questions in the following questionnaires were 
on a 7-point Likert scale (-3: Strongly disagree – 0: Neutral – 3: 
Strongly agree). We developed three statements (SI1–3) about sense 
of inclusion for H1. We also included 9 statements (SE1–9) to 
measure the overall user experience of the given condition and 
made 4 statements (SW1–4) to measure the willingness for future 
engagement and inclusive actions for H2. All 16 statements are 
summarized in Table 1. 

3.2.1 Sense of Inclusion (SI1–3). . To better ft our context, 
we developed our own questionnaire based on Jansen et al.’s 
conceptualization of inclusion and the perceived group inclusion 
scale (PGIS) [26]. We initially create a basic model of sense of 
inclusion composed of three components, perceived acceptance, 
attention, and support from existing community members. Accep-
tance has deep social efects on emotional, cognitive, behavioral, 
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(a)  Ignore  (b)  Notice  (c)  Welcome  

Figure  1:  The  three  behavioral  conditions  tested  in  our  user  study.  

ID Category Statement �2 p-value �2 

SI1 Perceived acceptance I feel like I was easily accepted by other users 27.640 < .001 0.712 
SI2 Perceived attention I feel like other users have paid much attention to me 30.762 < .001 0.799 
SI3 Perceived support I feel like I can get help easily if I needed in this community 26.212 < .001 0.673 
SE1 IMI-Enjoyment I enjoyed doing this activity very much 16.029 < .001 0.390 
SE2 IMI-Efort I put a lot of efort into this 8.685 < .05 0.186 
SE3 IMI-Pressure I felt very tense while in social VR space 12.343 < .01 0.287 
SE4 IMI-Value I believe social in such community could be of some value to me 21.046 < .001 0.529 
SE5 PENS-Autonomy This social VR community provides me with interesting options and choices 9.451 < .01 0.207 
SE6 PENS-Immersion When playing the game, I feel transported to another time and place 11.350 < .01 0.260 
SE7 PENS-Intuitiveness Learning the social norms in such space was easy 26.613 < .001 0.684 
SE8 PENS-Relatedness I fnd the relationship in social VR fulflling 18.886 < .001 0.469 
SE9 PIS-Identifcation When in this social VR space, it is as if I become one with my character 13.145 < .01 0.310 
SW1 Preference for future use I would like to spend more time in such social VR community in my spare time 11.104 < .01 0.253 
SW2 Willingness to accept I feel comfortable to accept others in such community 8.685 < .05 0.186 
SW3 Willingness to pay attention I am willing to pay attention to people around me 19.567 < .001 0.488 
SW4 Willingness to support I would like to help others in such social VR community 15.889 < .001 0.386 

Table 1: The sixteen statements were used in our post-experimental questionnaire. This table also includes Kruskal-Wallis test 
results. All statements showed signifcant diferences among the three behavioral conditions. 

and biological responses, it is a fundamental need for positive 
and lasting relationships in groups [16, 49]. Perceived attention 
is people’s perception of the amount or frequency of others’ 
attention to them. The coordination of each other’s attention is a 
prerequisite for social interaction [31]. Perceived support represents 
the perception of one is part of a mutually supportive social 
network [53] and was proved to have an indirect association with 
subjective well-being [54] Although there was no circumstance 
where explicit support from existing community members was 
necessary, we included this item as participants would be able to 
judge as one type of community atmosphere. 

3.2.2 Overall Experience (SE1–9). To obtain participants’ overall 
experience of the given condition, we included questions from 
the IMI [46] and the PENS [47]. More specifcally, we drew four 
statements related to perceived enjoyment, efort, pressure, and 
value from IMI, and took four statements related to autonomy, 
immersion, intuitive controls, and relatedness from PENS. Among 
the eight statements, SE2 and SE3 represent negative experiences 
(see Table 1). We reversed the responses for the analysis and report 
in this paper so that all the results are consistent in sentiment 
(i.e., positive and negative scores mean favorable and unfavorable 

perception or experience, respectively). In addition, we drew 
embodied presence of avatar identifcation from Van et al. [55] 
to evaluate the users’ self-concept with the given condition. 

3.2.3 Willingness of Play and Actions (SW1–4). . We also measured 
how willing participants would be to continue engagement in 
the given condition and perform social interaction. We drew 
the statement (SW1) that is strongly related to the intention 
of return from Ryan et al. [47] In addition, we measured how 
strongly participants would feel like performing inclusive behavior. 
Corresponding to our measurement of the perceived sense of 
inclusion, we measure the willingness to accept, the willingness to 
pay attention, and the willingness to support (SW2–4). 

3.3 Apparatus and Implementation 
We used Oculus Quest 2 as the VR headset hardware. We built 
our custom social VR space to accommodate the three behavioral 
conditions. We implemented it using Ubiq [24], a Unity social 
VR toolkit. In our experiment, we used foating-style human-like 
avatars because they are commonly used in existing social VR 
platforms (e.g., RecRoom, AltspaceVR, Meta Horizon Worlds). 
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Figure 2: The top view of our simulated social VR environ-
ment. 

We also introduced pre-recorded dummy avatars to simulate 
the presence of existing community members. To generate natural 
behavior for dummy avatars, the experimenters played the roles of 
existing community members and performed actions that were 
associated with the three behavioral conditions. We recorded 
the motions of avatars and generated various animations for 
each avatar that corresponded to the conditions assigned to the 
participants. There were in total 12 avatars in groups of diferent 
sizes and F-formations (see Figure 2), interacting with other existing 
community members. When a participant approached and reached 
the trigger boundary of each group of existing community members, 
the dummy avatar performed reactive behaviors in the Notice and 
Welcome conditions. 

3.4 Participants 
We recruited 39 participants (23 males and 16 females) with 
an average age of 24.3 (��=3.1) from the local community and 
university through social media and recruit webpage. They were 
recruited under the pretext of experiencing social VR without 
information about the experimental purpose and conditions. In 
the entry form for study participation, they were asked to self-rate 
their experience with VR and social VR in a 5-Likert scale (1: Very 
Inexperienced – 5: Very Experienced). The means of the responses 
were 2.44 (��=0.94) and 1.46 (��=0.76) for VR and social VR, 
respectively. They were split to one of the behavioral conditions 
while ensuring the six self-claimed experienced VR users were 
distributed across the conditions equally. Our ANOVA test did 
not fnd a signifcant diference across the conditions on prior 
VR experience (� (2,36)=0.36, �=.70, �2=.02) and prior social VR 
experience (� (2,36)=0.94, �=.40, �2=.05). 

For determining an appropriate number of participants, we 
conducted power analysis prior to the experiment. We performed a 
sample size estimation with the assumptions of a between-subject 
design, an efect size of 0.5, �=0.05, and 70% power for H1. We 
performed Monte Carlo simulation for mediation analyses [50] 
to test H2 with a 95% confdence level, 1000 seed-randomized 
replications, and an assumption of a large efect size (0.5) in 
each path for a 70% power. The estimated sizes were 36 and 33 
for our expected ANOVA and mediation analysis, respectively. 

Therefore, our participant number was appropriate for testing both 
hypotheses. 

3.5 Procedure 
After signing the consent form, participants were frst asked to go 
through instruction about how to use Oculus Quest2 and how to 
navigate our social VR environment. Once they confrmed that they 
were comfortable with the apparatus, we moved to an actual task. 

Participants were instructed to freely explore the given social 
VR environment as if they were joining this community for the 
frst time. To encourage their explorations, we gave them a task of 
fnding four balls at the corners of the given social VR environment. 
Participants were allowed to leave the environment at any time 
fve minutes after the beginning of this task as long as they felt 
confdent about their impressions of the community. They were 
not informed of which behavioral condition was given. 

When participants left the social VR environment, post-
experimental questionnaires popped up, and participants were 
asked to fll them through the VR controllers. To avoid the possible 
systematic bias in participants’ subjective responses due to break 
in presence [45], we used VR questionnaires for more reliable 
self-reports. Participants were ofered approximately 12 USD in 
their local currency at the end of the experiment. The experiment 
generally took 30 minutes. 

4 RESULTS 

4.1 Sense of Inclusion as User Experience 
Because all the quantitative data were ordinal, we used Kruskal-
Wallis tests with Mann-Whitney for post-hoc pairwise comparisons. 
We employed Bonferroni correction for the pairwise comparison 
to adjust p values. 

Figure 3 shows the means and standard deviations of the 
responses across the conditions and statements. Our statistical 
test revealed signifcant diferences in all 16 questions (Table 1). 
Figure 3 also presents all the signifcant diferences observed in our 
post-hoc tests. We found 14, 2, 16 signifcant diferences between 
Ignore and Notice, Notice and Welcome, and Ignore and Welcome, 
respectively. In particular, we observed signifcant diferences 
between Ignore and the other two conditions in all three statements 
related to the sense of inclusion. These results confrmed that 
reactive behavior signifcantly increased the perceived sense of 
inclusion. It is noteworthy that even subtle eye contact would 
create an improved sense of inclusion. In the statement of perceived 
attention (SI2), there was also a signifcant diference between the 
Notice and Welcome condition, which is clearly in line with the 
diferent degrees of attention controlled by the conditions. Based 
on our results, we concluded that H1 was supported. 

4.2 Role of Sense of Inclusion 
We next examined the relationship between sense of inclusion 
and perceived user experience, ultimately hypothesized in H2. For 
this purpose, we executed a parallel mediation analysis. Mediation 
analysis is commonly used to explore an underlying process 
between controlled conditions or factors and outcomes [36]. It 
examines mediating efects of multiple factors (mediating variables 
or mediators �) between independent variables (� ) and dependent 

https://2,36)=0.94
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https://����=0.94
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Figure 3: The means and standard deviations (error bars) of the responses to the 16 statements in the post-experimental
questionnaire. Note that the responses of SE2 and SE3 are reversed so that all the results are consistent to represent favorable
perception and experience with positive scores. The observed significant differences are indicated with ∗, ∗∗ or ∗ ∗ ∗ (𝑝 < .05,
𝑝 < .01, and 𝑝 < .001, respectively).

Significant Path Regression Coefficients Total Effect
IMI-Enjoyment 𝑋 → 𝑀3 → 𝑌 𝑎3 = 1.846∗∗∗ 𝑏3 = 0.428∗ 𝑎3𝑏3 = 0.790 1.039∗∗∗
IMI-Effort 𝑋 → 𝑀1 → 𝑌 𝑎1 = 2.000∗∗∗ 𝑏1 = −0.496∗ 𝑎1𝑏1 = −0.991 −0.7308∗∗
PENS-Immersion 𝑋 → 𝑀3 → 𝑌 𝑎3 = 1.846∗∗∗ 𝑏3 = 0.478∗ 𝑎3𝑏3 = 0.882 0.8077∗∗∗

PENS-Intuitiveness 𝑋 → 𝑀3 → 𝑌 𝑎3 = 1.846∗∗∗ 𝑏3 = 0.375∗ 𝑎3𝑏3 = 0.692 1.6538∗∗∗
𝑋 → 𝑌 𝑐′ = 1.207∗

Willingness to pay attention 𝑋 → 𝑀2 → 𝑌 𝑎2 = 2.308∗∗∗ 𝑏2 = 2.308∗ 𝑎2𝑏2 = 1.479 1.1538∗∗∗
Willingness to support 𝑋 → 𝑀3 → 𝑌 𝑎3 = 1.846∗∗∗ 𝑏3 = 0.340∗ 𝑎3𝑏3 = 0.628 1.1154∗∗∗

Table 2: The significant mediation results among behavioral traits (𝑋 ), perceived acceptance (𝑀1), perceived attention (𝑀2),
perceived support (𝑀3), and other metrics of user experience (𝑌 ). The significant differences are indicated with ∗, ∗∗ or ∗ ∗ ∗
(𝑝 < .05, 𝑝 < .01, and 𝑝 < .001, respectively). The total effect of 𝑋 on 𝑌 is the sum of direct effect and indirect effect through all
mediating variables.

Existing Users’ 
Reaction

(X)

Perceived 
Acceptance

(M1)

Perceived 
Attention

(M2)

Perceived 
Support

(M3)

Outcome
(Y)

a1 b1

b2a2

c’

a3 b3

Perceived Sense of Inclusion

Figure 4: The parallel mediationmodel tested in our analysis.
variables (𝑌 ). The mediating variables (𝑀) serve to transmit effects
of 𝑋 on 𝑌 .

We tested the mediation model illustrated in Figure 4 after
confirming that our data satisfied the assumptions for a parallel
mediation analysis [7] followed Kao et al.’s procedure [29]. The 𝑋
was the representation of the three reactive behavioral conditions.
We included the three sense of inclusion components as the
mediators. For the outcomes 𝑌 , we used the responses of the
remaining 13 statements.

A 95% bias-corrected confidence interval based on 5000 bootstrap
samples was used as a significant threshold of mediating effects.
Table 2 summarizes significant paths we found in our analysis.
The results suggest that the sense of inclusion mediates six items,
namely enjoyment, effort, immersion, intuitiveness, willingness to
pay attention, and willingness to support.

For instance, perceived acceptance fully mediates reactive
behaviors’ effects on perceived effort. As can tell from the regression
coefficients, reactive behaviors from existing community members
led to a high perception of being accepted (𝑎1 = 2.000, 𝑝 < .001), and
less effort felt in social VR space was subsequently related to more
sense of inclusion (𝑏1 = −0.496, 𝑝 < .05). The other results on the
mediating variables confirmed their positive effects on outcomes. In
the case of intuitiveness, the direct effect of the dependent variable
on the outcome was also significant (𝑐′=1.207, 𝑝 <.05) while the
path via perceived support was significant as well. Therefore, partial
mediation was confirmed in this case, and a positive effect of sense
of inclusion existed.

Overall, sense of inclusion played a pivotal role in enhancing
the positive user experience of enjoyment, effort, immersion, and
intuitiveness. It alsomade participants more willing to pay attention
to and support existing community members. We, therefore,
conclude that H2 was partially supported.
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5 DISCUSSION 
Our quantitative results confrmed that the reactive behavior 
of existing community members would positively contribute to 
the generation of a sense of inclusion in an onboarding context. 
Furthermore, our mediation analysis also showed that the sense 
of inclusion would mediate diferent aspects of user experience 
in social VR environments. These results suggest diferent design 
implications and future research directions in social VR with respect 
to the sense of inclusion. 

5.1 Fostering Reactive Behavior for Generating 
Sense of Inclusion of New Members 

Grounded on our fndings of the sense of inclusion, we outline sev-
eral design implications for social VR platforms and communities 
to raise the sense of inclusion of new members by fostering reactive 
behaviors. 

Spotlighting new members: Our results suggest that even 
short notice would greatly lead to the generation of a sense of 
inclusion. Giving new members special spotlights would help them 
perceive more sense of inclusion. While current platforms provide 
a certain space and time bufer for onboarding to help users have 
smoother transitions in emotional states before socializing [40], 
this also diminishes the visibility of new members to existing 
members. Therefore, new members fnd it hard to join ongoing 
social activities, and existing members do not know who to greet 
or who to help. Luckily, Social VR fairly provides high embodied 
visibility opportunities for every user [21]. 

Quantifying welcomeness: A unique capability social VR 
environments ofer is that a system administrator can easily track 
detailed behavioral traits of users without employing sensing 
infrastructure (e.g., collect a proxemic dataset for exploring social 
interactions [59] and detect bullying behaviors for governing 
harassment [18]). This could also be useful to gauge the degree 
of “welcomeness” at both an individual and community level. The 
quantifcation of "welcomeness" could help both existing and new 
users to form better social tactics. 

Using AI agents to promote the community atmosphere: 
There have been numerous practices of using NPCs in games to 
facilitate player play [25, 42], but not much use in social VR. Our 
results revealed the virtuous cycle between the perceived sense of 
inclusion and willingness to include others. Therefore, pro-social 
interactions and a sense of inclusion triggered by AI agents will 
fnally beneft real users. 

5.2 Considering Sense of Inclusion in Social VR 
User Experience Evaluation 

Our mediation analysis uncovered that sense of inclusion mediates 
several aspects of user experience, namely enjoyment, efort, 
immersion, and intuitiveness. This result suggests that the sense 
of inclusion is an important metric to evaluate the user experience 
of social VR. While existing social VR research examined user 
experience using various metrics, our work ofers further rigor 
in such evaluations. Since our work is only a very frst step with a 
simple model of sense of inclusion, we expect future exploration and 
development of validated questionnaires for this user experience. 

Shitao Fang and Koji Yatani 

5.3 Limitations and Future Work 
There are several limitations to clarifying the scope and gen-
eralizability of this work. Our work only focuses on sense of 
inclusion in an onboarding context. Sense of inclusion may 
be increased or decreased gradually after onboarding, and a 
longer-term examination would be necessary to identify what could 
contribute to the enhancement and degradation of the sense of 
inclusion over time. 

This work only examined a small slice of the sense of inclusion. 
Future work can also examine more factors other than reactive 
behavioral traits to have a more comprehensive understanding 
of the sense of inclusion. Besides, authenticity in our defnition of 
inclusion, which captures the degree to which the group encourages 
members to feel and act with their true selves [26], needs to be 
further explored. 

Due to the nature of a controlled study, our experiment may 
not fully refect realistic scenarios of social VR environments. 
For example, Maloney et al. found users easily deploy behaviors 
like dance and punch to approach strangers which is in diferent 
social norms with ofine world [39]. Future studies may revalidate 
our fndings through experiments in a real social VR onboarding 
process with more diverse social norms. Our work here would serve 
as a reference for such future studies by ofering what reactive 
behavioral traits would need to be considered. 

6 CONCLUSION 
In this work, we included sense of inclusion as a user experience 
metric in social VR. We examined how reactive behavioral traits 
of existing community members would infuence the sense of 
inclusion perceived by new members in an onboarding context. 
Our comparative study with three diferent behavioral conditions 
revealed that reactive behavior signifcantly improved the perceived 
sense of inclusion. Our mediation analysis also confrms that sense 
of inclusion can be a descriptive factor for several aspects of user 
experience in social VR. Our work therefore ofers insights on 
design improvements and future research directions for better 
support of sense of inclusion. 
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