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The Impact of Self-Representation
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This paper explores the impact of self-representation (full body Self Avatar vs.

Just Controllers) in a Collaborate Virtual Environment (CVE) and the consistency of

self-representation between the users. We conducted two studies: Study 1 between

a confederate and a participant, Study 2 between two participants. In both studies,

participants were asked to play a collaborative game, and we investigated the effect on

trust with a questionnaire, money invested in a trust game, and performance data. Study

1 suggested that having a Self Avatar made the participant give more positive marks

to the confederate and that when the confederate was without an avatar, they received

more trust (measured by money). Study 2 showed that consistency led to more trust and

better productivity. Overall, results imply consistency improves trust only when in an equal

social dynamic in CVE, and that the use of confederate could shift the social dynamics.

Keywords: virtual reality, human computer interaction, collaborative virtual environment, avatar representation,

embodied consistency

1. INTRODUCTION

Collaborate Virtual Environments (CVE) can be used effectively in a multitude of different
industries; more commonly applicable are those that utilise virtual reality (VR) for training,
education, and entertainment. The advantage of a CVE is that it allows for interactions and
controlled conditions that would not be possible in real life. For example, the ability to be virtually
present in the same environment as someone that lives across the world is the fundamental
feature that many social VR applications offer (such as Alt Space1). Another example is to be
able to collaboratively build a structure, and explore and manipulate it in real-time in 3D (like
with Tilt Brush2and Oculus Medium3). In order to effectively complete tasks via negotiation and
collaboration, a significant level of trust is necessary between users. In this paper, we are interested
in how different avatar representation can have an impact on user experience. By exploring how
different configurations of avatar representations between paired users impact social interaction,
we hope to bring valuable insight on establishing effective setups of avatar representation in CVE.
In particular, we are interested in two aspects: self-presentation (whether to render a Self Avatar or
not) and consistency (whether to maintain the same setup of self-representation between users in
the CVE or not).

1https://altvr.com/
2https://www.tiltbrush.com/
3https://www.oculus.com/medium/
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assessed by Shapiro-Wilk’s test (p > 0.05). This indicated that
participants in consistent conditions reported a higher level of
Subjective Trust (consistent: 6.2± 0.2, inconsistent: 5.1± 0.3),
supporting ourH1.

4.6.2. Liked
A two-way ANOVA was conducted on Liked with factors
(Consistency and Self-Representation). No statistically significant
effect was found for Consistency [F(1,14) = 0.02, p = 0.889, η2 =

0.01], Self-Representation [F(1,14) = 0.851, p = 0.372, η2 =

0.057], and Consistency× Self-Representation [F(1,14) = 0.01, p =

0.944, η2 = 0.01].

4.6.3. Place Illusion
A two-way ANOVAwas conducted on Presencewith Consistency,
and Self-Representation. No statistically significant result was
found. Consistency: F(1,14) = 0.001, p = 0.98, η2 = 0.001,
Self-Representation: F(1,14) = 0.001, p = 0.98, η2 = 0.001,
and Consistency × Self-Representation: F(1,14) = 1.13, p =

0.31, η2 = 0.074.

4.6.4. Plausibility
A two-way ANOVA was conducted on Plausibility. No effect was
found for Self-Representation [F(1,14) = 0.01, p = 0.921, η2 =

0.01] nor Consistency [F(1,14) = 0.83, p = 0.379, η2 =

0.06]. However, there was an interaction effect found between
(Consistency × Self-Representation) [F(1,14) = 5.4, p =

0.036, η2 = 0.28]. Data was normally distributed, as assessed by
Shapiro-Wilk’s test (p > 0.05).

As shown on Figure 8, this suggested that participants
reported the experience to be more plausible when the person
they interacted with was without an avatar.

4.6.5. Co-presence
A two way ANOVA was conducted on Co-Presence with the
two factors. No statistically significant results were found over
Consistency [F(1,14) = 0.45, p = 0.506, η2 = 0.03], Self-
Representation [F(1,14) = 0.01, p = 0.924, η2 = 0.01]
or Consistency × Self-Representation [F(1,14) = 0.37, p =

0.301, η2 = 0.08].

4.7. Big Five Personality Questionnaire
A Pearson’s product-moment correlation was run to assess the
relationship between the Big Five personality measure using the
Ten-Item Personality Inventory (TIPI), and the Social Presence
questionnaire components.

Preliminary analyses showed the relationship to be linear with
both variables normally distributed, as assessed by Shapiro-Wilk’s
test (p > 0.05).

There was a statistically significant, moderate negative
correlation between Liked score and Openness, [r(16) =

−0.48, p < 0.05]. This suggests, the more subjectively open
the personality of the participant was, the less likely they were to
like the other participant.

There were no other correlations found between the other
variables (see Figure 9).

4.8. Interview Feedback
After the experiment, participants took part in a semi-structured
interview to gather some additional feedback about their
experience. In this paragraph we will explore some of the themes
that arose through their answers. Responses were recorded by the
researchers after the experiment and later coded into recurring
themes. The high-level themes were as follows:

Participants felt that overall the first DayTrader game did

not affect their interaction in VR.Most participants either “did
not relate the two experiences,” (p11) or felt that they “still didn’t
know what the person was like,” (p13). This is important in
validating that the first impression received of the other player
was experienced through VR and whether or not they gained the
bonus did not colour their interaction.

Participants felt that the VR session made the player seem

more “real” and gave them an impression of the other player.

The participants felt working together on a task made the person
seem real. Some felt the “person was a blank slate before but
started filling with detail,” (p2) as they played. They were able to
become “familiar with [their] personality and thinking,” (p1).

Participants felt a shift from Competitive to Collaborative

when playing the VR Game.Most participants started off with a
competitive mentally with a goal to win. It is interesting to note
that participants thought of the DayTrader game as a competitive
activity as it could explain the variance in the results between
conditions. One participant mentioned that their partner was
“friendly in the VR version, more collaborative, and a team
player. But in the DayTrader game [they] seemed a bit more
calculated and logical,” (p3). Some participants also suggested
that they believed players acted differently or had different
strategies in each separate game.

Participants’ VR experience had the greater impact overall

on their impression of the other person, but the phone call

also helped in solidifying their feelings. Participants felt that
over “just speaking,” having an interaction with the other player
helped them foster a sense of collaboration and made the other
seem more real. The phone call was “reassurance” for many
in their opinion. “It’s hard to say, they both were effective in
different ways. The VR gave me an impression of their actions,
and then the 30 s phonecall was very informative—and then the
follow-through on the phone call kinda cemented my opinion of
them,” (p18).

4.9. Discussion
In this study we observed four conditions of avatar representation
between dyads: AVxAV, AVxJC, JCxJC, JCxAV. Participants were
tasked to collaboratively complete a game in virtual reality in one
of these four conditions, and their sense of trust were assessed
both objectively through the DayTrader game and subjectively
through use of questionnaires.

Surprisingly, contrary to our Study 1, we found no significant
effects on how much participants were willing to cooperatively
invest. This finding does not support H2. Hale proposed in
her research that there are different kinds of trust that can be
measured and perhaps therefore this method may not be robust
enough to filter all types effectively (Hale, 2017). More research
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FIGURE 8 | Study 2: boxplots of social presence questionnaire components.

needs to be done using DayTrader as a valid metric for measuring
trust in an avatar mediated virtual environment.

Our secondary behavioural measure was the time taken for
each of the three sets of the “Build the Block” game. We can see
that in Set 1 (see Figure 10), it was participants in the inconsistent
conditions which were able to finish faster.

One possible explanation relates to Sadagic et al.’s work
on leadership in CVE (Steed et al., 1999). They found that,
in inconsistent CVE, the participant in the most immersive
condition took a leadership role. It is possible that in our study
the participant with the avatar naturally took on a leadership role.
This would initially simplify the social dynamics in the unfamiliar
game condition and enable the participants to work more
quickly without the need for implicit negotiation of collaborative
roles. On the other hand, the consistent participants may be
putting more effort into establishing how to work together. More
research would be needed to confirm whether this is the case.

This pattern however has been swapped in Set 2 where the
participants in consistent conditions were significantly faster to
finish their task. It’s best to keep into consideration that as
the rounds increase so does the complexity of the shapes to
recreate. We see here that the initial advantage of inconsistent
conditions disappears and consistent pairs are able to work

faster, presumably because they are able to work together more
effectively once a pattern of interaction has been established in
the first round.

In Set 3 there was no significant difference between groups
on their time. However, we can see from the data (Figure 7) that
participants in consistent conditions still continued to play faster
than those in the inconsistent conditions, suggesting that overall,
consistency has a positive effect on productivity in CVE.

The correlation analysis with the Ten-Item version of the Big
Five Inventory showed a moderate negative correlation between
the Liked Score and the self-report of Openness, which was
unexpected. The results were significant (p < 0.05), suggesting
the potential for deeper investigation. However, as the Ten-Item
Inventory is only a “snapshot” measure of individual differences
in personality, any conclusions made at this stage would be
extremely limited. As such, we highlight the possibility for further
research into personality theory and consistent/inconsistent self
avatar representations affecting a user’s perception of others.

Overall results suggested that there were significant values for
Subjective Trust amongst participants in the consistent condition
AVxAV and JCxJC over inconsistent conditions AVxJC and
JCxAV, supporting H1 (see Figure 10). This result might be
explained by several factors. For example, perhaps having the
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FIGURE 9 | Scatter plot of BIG FIVE personalities vs. social presence factors. *p < 0.05.

same self-representation fostered higher levels of Social Presence,
leading to increased interpersonal trust between participants.
Or alternatively, the consistency made finding ways to express
themselves non-verbally easier and less of a cognitive effort.

Surprisingly, mean Liked scores were observed to be higher
in inconsistent conditions than consistent conditions. There are
some studies that have come to show positive correlation patterns
between Liked and Subjective Trust, but there are also those that
do not. A study found that being mimicked did not change trust
or liking within or across CVE social groups (Hale, 2017).

Results for Plausibility was higher in conditions where the
“other” participant did not have an avatar (see Figure 10).
Potentially, this could be due to technical limitations when
engaging with the environment, e.g., that the avatar rendered was
not realistic enough and therefore has hindered the Plausibility
Illusion rather than facilitating it.

5. GENERAL DISCUSSION

This work extends the research introduced in previous work (Pan
and Steed, 2017) by focusing on the impact of self-representation
and consistency in CVE. As we continue to progress within this
virtual age it is important to understand the effect of consistency
in avatar representation to inform the development of social
collaborative applications within the various industries utilizing

VR. The results of this investigation firstly reinforces the positive
effect of the Self Avatar within social interactions but moreover
suggests consistency can improve trust if there is an equal
and transparent dynamic between active participants. This is
highlighted in Study 2, where we see subjective scores are higher
in consistent conditions. This is also true for productivity. Study
1 highlights a potential caveat in utilising a confederate in paired
studies which is supported by previous literature (Martin, 1970;
Feng et al., 2004; Kuhlen and Brennan, 2013). When using a
confederate who is acting in deceit, it invites suspicion into the
social dynamic which may affect interactions between pairs. In
this study it is suggested in particular that when a confederate
is deceitful and using a self avatar, this may have a negative
effect on subjective levels of trust. This may be due to greater
non-verbal “leakage” of social signals through the avatar, that
enable the participant to pick up more cues of deceit. This shows
the potential difficulties of using experimental designs based
on confederates.

Using a social dilemma exercise to gather objective measures
of trust proved to be unreliable in this context. We see completely
opposing results in both Subjective Trust and Liked between
Study 1 and Study 2. This also could potentially have been
affected, or compounded by the use of a confederate. In Study
1, the confederate is an “expert” at the experiment process and
therefore has less cognitive load overcoming the learning curve
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FIGURE 10 | Study 2: (Top Line) bar chart of game set 1 and 2 timings, comparing consistent and inconsistent conditions. (Bottom Line Left) bar chart of subjective

trust, comparing consistent and inconsistent conditions, and (Bottom Line Right) bar chart of plausibility illusion score, comparing conditions where the other

participant was with or without an avatar. *p < 0.05.

of using the system and working in a pair to complete the
task. In Study 2, both are novice participants to the system and
perhaps in this case it was more difficult to establish relationships
whilst trying to complete the task correctly. Alternatively, in this
context participants may have found their partners trustworthy
to complete the task but not likable. The type of trust and
likability that would warrant sharing something as valuable as
money perhaps had not been able to develop. In Study 1, the
confederate played a “consistent role” which may have helped
participants to relate to them better.

Study 2 showed that the efficiency of consistent and
inconsistent pairs varied over time. Initially, inconsistent pairs
were faster, possibly due to one partner naturally taking on a
leadership role. However, over time the consistent pairs were
more efficient, perhaps because they were able to establish
more effective collaboration strategies after an initial period of
familiarisation with each other.

In this study we looked at the effect of having consistent
and inconsistent conditions between partners when using a
confederate and when using paired participants, as this could
have interesting implications in the design of shared virtual
spaces—and our findings have both supported and challenged
previous notions. More importantly, this approach has given
insight into how we can begin thinking about consistency in

utilizing the Self Avatar. More research needs to be done in this
area to get a fuller understanding of this phenomenon.

6. FUTURE WORK

Future work will consist of working with a larger sample size.
It would also be interesting to gather gaze and arm movement
data from the participants whilst they are playing in the different
conditions. We also wish to further investigate the effect of avatar
appearance, for example, adding more diversity in skin tone and
playing with consistency in first person perception.
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