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ABSTRACT

1. INTRODUCTION

As Consumer Virtual Reality (VR) headsets become a more
accessible tool in our technological spectrum, it’s imperative
that we build on the little that is known regarding the various
affective states experienced whilst engaging in VR. This
study aimed to determine whether VR could be used as a
viable platform between geographically separated loved ones
to maintain and develop interpersonal relationships, as well
as noting the impact virtual representations of avatars have
on these types of interactions. An exploratory in-the-wild
study using the Gear VR headset took place allowing groups
of familiars to interact with one another in VR. The study
showed a strong propensity for users to feel present and
engaged with group members, incorporating behaviours
from the real world as well as adapting to the technology to
create novel forms of interaction. Findings regarding avatar
representation displayed a tendency for users to opt for
representative portrayals, which, for the most part, had little
effect on the intimacy during sessions. Overall, the study
finds that users experience emotional states in VR similarly
to how they are experienced in real life. Additionally, the
study highlights the transferability of existing social group
dynamics in VR interactions.

When considering the role technology has on our day to day
lives it’s easy for some to conclude that it is a force
segregating people from their surroundings; acting as a
barrier to the development of meaningful relationships.
However, it could be argued that, instead, technology can be
used as a tool to deepen our emotional bond with loved ones,
that the distance separating individuals becomes almost
inconsequential when harnessing the correct tools, especially
considering the rising popularity and capability of Virtual
Reality (VR) systems.
Virtual Reality is a platform where users are immersed in
fully rendered virtual environments. Unlike traditional forms
of user interface VR is capable of simulating multiple senses
to engage the user; sight, hearing and touch are all staples
within the virtual world and intertwined to achieve greater
levels of immersion [28]. Jaron Lanier once stated that VR is
“the first medium that does not narrow the human spirit” [9].
Whilst the statement may be a little over dramatic the
sentiment holds true; that VR is perhaps the most lifelike and
expressive form of technology for humans to interact in due
to the inclusion of realistic movements and gestures.

Multimedia

The most prominent way to engage in VR is via a head
mounted display (HMD), where a device is placed onto one’s
head and images are rendered onto a screen which is either
integrated into the headset or attached via an external device
(such as a smartphone).
Cave automatic virtual
environments (CAVEs) also exist, where the visualisations
are projected onto walls within a dedicated room to simulate
the environment, however CAVEs are generally inaccessible
to members of the public as they are usually a part of lab or
academic facilities.
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Many consider 2016 as the year that birthed consumer
friendly Virtual Reality headsets [35] with the introduction
of the Oculus Rift, PlayStation VR and Samsung’s Gear VR,
amongst many others. Approximately four million VR
headsets were shipped (excluding the Google cardboard) in
2016, the Samsung Gear VR being responsible for just over
half that figure. With VR revenue amassing a total of $2.7
Billion and estimated to generate $17.8 Billion in 2019 [35]
– it is clear to see that the industry envisions VR becoming a
well-integrated component in our technological spectrum, as
well integrated perhaps as smartphones are today.
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As VR becomes more accessible and ubiquitous in
application [5] it is imperative we understand the contextual
capabilities and constraints of various solutions to further
their utility and improve user experience. Exploring virtual
environments and socialising with friends and family
through various technological means is not a new
phenomenon - however we are witnessing for the first time
the ability to intertwine these experiences in a wholly
immersive virtually rendered environment, and as such, we
are able to interact with one another in an intimate and
meaningful way regardless of the space that separates us.

facial expressions and posture (amongst other signals) play
in the broader context of communication. The way in which
we maintain eye contact, for instance, can hold several
different meanings depending on the context. It can be used
as a tool to regulate standard social interaction with others;
acting as a prompt to initiate conversation, or convey
tenderness and compassion between romantic couples [20].
There has been research which indicates that we are more
influenced by nonverbal components of messages over
verbal ones [3], outlining that feelings and intentions are
encoded into nonverbal messages that can be decoded by
observers. Patterson [24] builds on this and outlines the five
primary functions of nonverbal communication, which
include:
1) The ability to display feelings or relational attitudes.
2) Regulating interaction.
3) And, expressing emotional closeness in
relationships.

Due to the relative infancy of consumer VR there isn’t much
known about the way in which users socialise on such
platforms. The literature surrounding the effects these types
of social interactions can have on maintaining relationships
is sparse. The motivation behind this study is, therefore, to
better understand the affective impact social VR has on
existing relationships separated by large distances, and the
role avatars have in this form of interaction using a
combination of exploratory, qualitative and quantitative
research methods. This study will focus on VR experienced
through HMDs due to their availability and accessibility.

Considering the vital role nonverbal communication plays in
our everyday interactions, it is critical to consider how such
subtleties are expressed in virtual environments and whether
the underlying message of the interaction is adequately
portrayed. Yee et al [40] conducted an observational study in
the online virtual world simulator Second Life (SL) to
explore whether social norms surrounding nonverbal
communication and interpersonal distance from the real
world transferred into virtual contexts. The study established
that social behaviours relating to personal distance were
present in virtual environments, male-male dyads displayed
larger interpersonal distances than female-female dyads, as
well as less frequent eye contact. The study also displayed
evidence that the avatars of the virtual environment would
adhere to standard turn taking protocol during conversations
as well as noting shifts in user posture during periods of
increased levels of intimacy. Further supporting their
hypothesis of Equilibrium theory; that the level of intimacy
between dyadic groups is “maintained by compensatory
changes in gaze or interpersonal distance” [40, 3, 11].

The following section will cover the existing literature on
how interpersonal relationships are created between people,
and the way in which technology has previously supported
this type of behaviour. A review of current research into the
effects avatars have on communication between users in
virtual environments, and the way in which relationships can
develop between users and avatars. As well as how various
VR applications approach the act of socialising and avatar
creation. This will provide a basis of contextual
understanding that can then be applied to scenarios in VR, as
well as act as a basis of comparison between the various
technologies. Then, an in-the-wild exploratory study is
conducted to gather data on how real users engage with their
familiars remotely in VR – using principles outlined in
Grounded Theory [15, 19] to analyse the results and
determine whether VR can be used as a platform to promote
the development of interpersonal relationships. Lastly, a
discussion will take place to establish whether any
correlations exist between socialising in real life versus
socialising in VR.

Similarly, Friedman et al [17] looked at the social behaviour
of players in SL when pre-programmed bots would interact
with player avatars. The experiment uncovered that when
players engaged with the bot they would apply a level of
proxemics appropriate to the context. For instance, in
scenarios where the bot would invade on another users
personal space, the player would take a step back; increasing
the space between the two to what they would consider
appropriate. It appears that users assigned a degree of social
significance to the spatial context of their avatars, however
contrary to the findings of Yee et al [40] these did not
necessarily mimic real-world behaviours due to a
hypothesised lack of presence in virtual environments such
as SL. This then raises the question – considering the strong
sense of presence one feels in VR due its immersive nature
[28] do users behave more naturally in Virtual Reality

2. LITERATURE REVIEW

In order to determine the necessary cognitive and emotional
states of users for advancing interpersonal relationships
through technology and VR, we must first examine the
psychological literature to better understand the underlying
effects and processes. A great deal of previous research into
interpersonal relationships has focused on the importance
nonverbal communication plays in human interaction [3, 16,
20]. Steve Duck [16] states that “You cannot utter a word
without also simultaneously indicating how you feel about
the other person” to highlight the significance paralanguage,
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resulting in a more lifelike interaction and thus facilitating
the stimuli to further develop relationships?

creating an emotional distance between themselves and
others. Prelinger [26] outlines aspects of the self that people
use to identify others such as facial features, gender and
physical characteristics. It will be interesting to see how
participants respond to avatars of familiars that do not
represent their expectation in regards to physical attributes,
as well as how users decide to represent themselves in the
virtual world. What effect will this have on the users’ ability
to recognise each other and will this have an impact on their
experience?

Spante et al [34] studied the way dyadic groups of strangers
and friends interacted and collaborated with one another
using a virtual reality CAVE, or immersive projection
technology (IPT), and compared the results. Participants
were required to solve a series of puzzles whilst
geographically separated but co-situated in a virtual
environment using IPT. Somewhat surprisingly the study
noted no real significance in performance levels between
groups of strangers and groups of friends, which contradicted
their initial hypothesis. However during an instance where a
‘zero history’ (strangers) group coordinated poorly, Spante
et al speculate that a possible reason for this is an absence of
social and interpersonal cues, suggesting that IPTs, by
nature, may not lend themselves well to interpersonal
collaboration. This sentiment was echoed by a participant
who stated: “the lack of body language makes
communication harder” – highlighting the importance of
integrating such mechanism’s in any application requiring
social interaction. Interestingly, within ‘mutual history’
(friends) pairs Spante et al noted an increased likelihood that
participants would engage in ‘small talk’ not relating to the
assigned tasks, signifying the predisposition such virtual
environments have to encourage social behaviour.

Yee & Bailenson [39] conducted a study to determine
whether an individual’s behaviour conforms to their digital
self-representation regardless of how others may perceive
them. In short, if one were to change the physical appearance
of their virtual avatar would this effect the way they portray
themselves to others? A process they dubbed the Proteus
Effect. The study uncovered that by manipulating the
attractiveness of an avatar participants would alter the way
in which they interacted with strangers. For instance, making
avatars more attractive led to an increased willingness to be
intimate with strangers. Likewise with manipulating avatar
height, the taller an avatar was portrayed, the more confident
they became. The results of these studies display the almost
immediate effect physical changes to one’s avatar can have
in the way users compose themselves in such environments.
Yee & Bailenson [39] propose that the underlying cause of
this behaviour may be linked to behavioural confirmation; a
process whereby the expectations of Person A are projected
onto Person B, resulting in a change of behaviour from
Person B to meet the expectations of Person A [33].

The role of the avatar is a fundamental element in social VR
experiences. An Avatar can be defined as the vessel in which
users communicate with one another and experience the
virtual world, as Schultze and Rennecker [32] state “people,
places and things are made concrete, tangible, and present”
through ones avatar. Schultze and Leahy [31] explore the
avatar-self relationship and identify three key components:
The Avatar, the Self and The Relationship between the two.
This relationship is key in order to attain a sense of virtual
presence. Presence in the context of virtual environments is
achieved when interactions with people and objects appear
to be real, direct and immediate. This can be further
characterised into two interrelated categories – (i)
telepresence, the feeling that one is actually a part of the
world they are experiencing and (ii) social presence, the
sense of being in that space with others [8].

Building on their findings Yee & Bailenson [41] conducted
a follow up study, this time focusing on the effects
transformed social interactions (TSI) have in virtual
environments by breaking it down into the following
subcategories:
1) Strategic behaviour filter
2) And, Strategic appearance filter
The strategic behaviour filter condition manipulated avatar
mimicry to determine whether such behaviour would result
in favourable responses from other participants – this was
done by having avatars mimic the head movements of
another user with a 4 second delay. The results show that
participants that took part in the ‘mimic’ condition were
perceived as more likeable and agreeable than those that
were in the ‘non-mimic’ condition. These results are
comparable to studies conducted in real life (i.e. non-virtual
environments) which come to similar conclusions,
suggesting that those that mimic the behaviours of others are
generally considered more likeable or persuasive [13].

Both telepresence and social presence are particularly critical
in social VR applications, users must be able to identify with
their own virtual representation as well as that of their
familiars. The literature exploring the way in which users
utilise their avatars in virtual environments varies
considerably. Turkle [37] states that users of Multi-User
Domains (MUDs) often create characters that they roleplay
or explore different personas whilst engaging in virtual
experiences. In contrast Bessiere et al [7] describes a more
‘realistic’ approach to avatars, one where the avatar
symbolises an idealistic representation of the communicator.
Whereas Galanxhi and Nah [18] suggest that avatars can be
used as masks providing users with a layer of anonymity,

The strategic appearance filter manipulated the physical
likeness of an avatars face to that of the participants
indicating that the closer the resemblance, the more
persuasive the avatar became. Similar results can again be
3

seen in earlier psychological experiments concluding that the
more similar an individual is to us, whether in appearance or
beliefs, the more positively we respond [6, 10, 12].

3.1 Social VR App Overview
Even though consumer VR is still a relatively new
technology, there are already several existing applications
that aim to provide social experiences to users on this
platform. Each provides the necessary elements to facilitate
socialising in virtual environments such as the ability to
create parties of familiars and engage in some sort of activity,
however each intervention approaches social interaction in a
unique way, attempting to cater to various levels of human
needs. The following section will review the most prominent
social VR apps currently available to better understand the
pros and cons of each. Review data was gathered from the
respective applications websites, primarily focusing on the
approach to socialising, avatar representation and avatar
customisability. The data collected will be used as a basis to
determine which apps are most appropriate for this study.

Ultimately the significance of these studies is the supporting
evidence which suggests that social interactions within
virtual environments are, at times, closely linked to the way
we interact with one another in the outside world. Given that
this is the case, it is not peculiar to hypothesise that
developing meaningful interpersonal relationships with
familiars in VR is within the spectrum of possibility. Such
was the argument made by Palmer [23] who took a cognitiveaffective-behavioural
approach
to
interpersonal
communication in Virtual Reality. Palmer argued that whilst
interpersonal relationships are abstract by nature; i.e. they
exist in the minds of the people involved and created through
interdependent exchanges of behaviour, that such
relationships can exist on a technological platform given that
interactive and interdependent messages can be exchanged
between two people. Palmer stresses the importance of
transparency and social presence in the users choice of
medium, such that the media platform in which we
communicate should act as a ‘veil’ to the underlying human
interaction. Proposing that VR is a prime candidate for such
interactions due to its ability to simulate face-to-face
interactions and the ability to pick up the nuances of vocal
intonation via integrated high quality audio channels.

3.1.1 AltspaceVR
AltspaceVR (AVR) [1] attempts to encapsulate the wider
elements of socialising to include a community feel. Groups
of familiars are able to create or attend hosted events such as
organising parties, attend a concert or a comedy show etc.
The experience is not limited to familiars and as such users
of AVR are able to meet new people through this platform.
AVR has taken a stylised approach to avatar representation,
allowing users to choose from cartoonish portrayals of
themselves, to humanoid robots, to floating machines with
no humanoid characteristics. While this provides flexibility,
which may result in a stronger bond between user and avatar
due to increased relatability [31], there are elements of the
body that aren’t being tracked on the Gear VR (such as arms
or legs) which may produce moments where avatar
movements do not meet the expectations of human behaviour
and thus reducing the sense of immersion and presence.

Palmer [23] raises some very interesting points in his paper
however it must be acknowledged that it was written over 20
years ago, well before the advent of consumer scale VR.
Virtual reality has undoubtedly changed considerably since
the paper was written and it’s clear that the idea of VR
presented in the paper is not identical to the consumer VR
that is available today. As a result, it will be interesting to
note where comparisons and differences arise from the
present study when compared to the ideals mentioned in this
paper.

3.1.2 BeanVR
BeanVR (BVR) [4] combines elements of social networking
and game development allowing users to engage in more
traditional forms of virtual socialising, such as themed chatrooms, private rooms for intimate sessions, and collaborative
multiplayer games which require players to defend a castle.
Users’ upper bodies are tracked using controllers and motion
capture sensors. Avatar representations are limited to 6
premade stylised characters, and only represent the upper
portion of the body.

3. THE CURRENT STUDY

Whilst the work outlined above provides an understanding of
how relationships are formed in the ‘real world’ as well as
demonstrating how this can also be translated into virtual
environments - there is very little known regarding the
various ways people interact in VR, and the implications
such interactions have on the development of interpersonal
relationships.

3.1.3 High Fidelity
High Fidelity (HF) [21] incorporates elements of world
building into a shared environment; allowing users to
construct buildings, attractions, and anything else they desire
– providing an ideal platform for creating, hosting and
exploring social VR. The emphasis here is on developing a
collaborative environment, which may be engaging but also
limiting in terms of other activities that users can engage in.
Avatars are highly customisable, ranging from stylised to
photorealistic full body portrayals. Similarly to BeanVR,
body parts are tracked using controllers and motion sensors.

The majority of the studies that explored the avatar-self
relationship [31] were done so predominately in laboratory
settings or using desktop computers [17, 34, 39, 40, 41]. It is
vital that we take this one step further and explore the
behaviours of users while they’re engaged in VR in the wild,
as well as determine whether increased levels of immersion
and presence have an impact on user experience.
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3.1.4 Oculus Rooms
Oculus Rooms (OR) [22] aims to recreate a relaxed and
familiar environment that allows users to feel at ease in their
surroundings, thus providing the ideal atmosphere for friends
and family to meet and socialise. The app caters to the laidback nature of socialising; allowing users to play games or
watch video clips within a shared environment, essentially
letting groups take control of the activities they wish to
engage in. The space also acts as a hub that can transport
groups of familiars to third party apps. OR does not render
full body avatar representations, instead the app focuses on
portraying parts of the body that can specifically be tracked
to enhance the sense of presence and prevent lapses in
immersion. The avatars also take a semi-transparent, spectral
form which may have implications on the avatar-self
relationship [31].

3.1.8 Social VR App Analysis
The above review illustrates the variety of implementations
developers have utilised in approaching social experiences in
VR. For the purposes of this study however, we must
determine which applications are most appropriate based on
the following criteria:
1.
2.
3.

Must be compatible with Gear VR HMD
Must facilitate private interactions with chosen
group members
Must allow for varied avatar representations

With these requirements in mind, the aforementioned apps
were examined to reveal which were most suitable.

3.1.5 Sansar
From the creators of SL, Sansar (SAN) [29] aims to follow
in the footsteps of its predecessor, creating a virtual world
simulator where creators can monetise the creation of ingame items to be sold to users of the platform. The premise
is essentially to mimic social constructs of the physical world
as closely as possible, harnessing the creativity of the
community to create a world where anything is possible.
It’s worth noting that SAN is still in development and aiming
for a 2017 launch for all users, however it was worth noting
as part of the review due the way in which they’ve
approached social engagement in VR. If their
implementation is as robust as robust they claim, then the
platform would be a strong candidate for future work in this
area.
3.1.6 TheWaveVR
TheWaveVR (TWVR) [36] focuses specifically on bringing
people closer together through shared musical interests.
TWVR allows users to experience live music in VR as well
as connect with likeminded individuals. The platform caters
toward fans and artists alike; providing musicians with a
platform to customise how audiences experience their music,
whilst offering enthusiasts a means of engaging in live music
from anywhere in the world. The applications primary focus
is to deliver musical content and as such is represented in the
simplistic abstract avatars portrayals. Head and hand
movements are tracked using controllers and motion sensors.

Public
Rooms

Private
Rooms

Avatar
Representation

Avatar
Customisability

AVR

Y

Y

Full body,
Stylised

Limited

BVR

Y

Y

HF

Y

Y

OR

N

Y

SAN

Y

Unknown

TWV
R

Y

N

VT

Y

Y

Upper body,
Stylised
Full body,
Mixed
Upper body,
Spectral
Full body,
Realistic
Upper body,
Abstract
Full body,
Hybrid

Very limited
High
High
Unknown
Limited
Very High

Fig. 1. An overview of the features available to social VR
apps.
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Vive
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Oculus
Rift
x

BVR
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x

HF

x
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Daydream
AVR

3.1.7 VTime
VTime (VT) [38] is perhaps the most simplistic app in the
sense that it focuses purely on conversation between a group
of people. Users are able to converse in various
environmental settings; some traditional, such as a roof
terrace or sat around a camp fire. Others not quite as
traditional, such as a space station orbiting Earth. Users are
able to create private parties or be paired up with random
users who happen to be active at the time. Avatars in VT
take on a hybrid style where a full human body is presented
with stylised elements.

x

x

OR
x

PS

x

x

x

TWVR
VT

Gear
VR
x

x

x

x

Fig. 2. Device compatibility of the social VR apps
reviewed.
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Figure 1 & 2 outline the features available of the respective
social VR apps. Given the data provided, the proposed
applications to be used in this study are:
1.
2.
3.

partaking in the same degree. None of the participants came
from computer science backgrounds, none had any prior
experience using or interacting in VR and all were
incentivised with a £10 amazon voucher for taking part in the
study.

Oculus Rooms
AltspaceVR
VTime

3.2 Method
Due to the exploratory nature of this study we decided to
approach data collection on a loose form of Grounded
Theory (GT) [15, 19]. GT does not focus on satisfying preexisting hypotheses but instead facilitates the required
research and analysis methods so that patterns and theories
emerge from the data being collected. GT is widely used in
HCI [15] and provides an ideal method where data collection
and data analysis are an intertwined process which feed into
each other; for instance, initial observations and data
collection can be used to direct interviews with participants.
Each idea that emerges from the research is initially
considered a concept until similar concepts and ideas arise
repeatedly from various sessions (interviews, diary studies,
observations etc.). This will then be collated and coded based
on thematic similarities to produce a concise summary of the
main themes raised throughout the study.

Age

Gender

27

f

P2

30

f

P3

30

f

P4

29

m

P5

26

m

P6

28

f

P7

27

m

Group C
Relation:
Siblings

P6

-

-

P8

24

f

Group D

P9

27

m

Relation:
Couple (Long
distance)

P10

29

f

Group E
Relation:
Siblings

P11

29

m

P12

24

f

Group F
Relation:
Siblings

P2

-

-

P13

27

m

Group G

P7

-

-

Relation:
Parent/Child

P14

59

f

Group H

P15

25

m

Relation:
Parent/Child

P16

50

f

P15

-

-

P17

25

m

Group A
Relation:
Friends
Group B
Relation:
Friends

3.2.1 Design
Diary entries and semi-structured interviews with groups and
individuals were the primary methods of data collection
allowing for an in-depth analysis of user experience. In-VR
observations also took place with select groups.
A Geneva Emotion Wheel [30] was integrated into the diary
study to gauge the intensity of the emotions experienced
during sessions, aiding in the affective classification of their
experience by plotting them on an Arousal Valence Chart
[27].
Claire Petitmengin’s [25] method of opening users up to
discuss their subjective experience was utilised during
interviews to appropriately capture the thought process and
affective journey participants felt during their experiences.
3.2.2 Participants
Overall, 17 participants (15 based in the UK, 2 based in
Europe) were recruited to take part in the study. This
consisted of 9 females and 8 males with an age range of 24 –
59, and an average age of 30.4 (a breakdown of the
participants can be seen in Fig. 3). Participants were required
to create their own groups from existing familiars (included
in the total number of participants), and some participants
belonged to two groups; for instance, they may have had one
group with their friends and another group with siblings or
parents. Participants were recruited via social media; some
were direct contacts of the investigator while others were
acquaintances of participants that agreed to take part.
Participants were predominantly professionals working in
various public and private sectors, as well as students

Participant
number
P1

Group I
Relation:
Friends

Fig. 3. Breakdown of Groups and participant
distribution. Note: P2, P6, P7 & P15 were included in
multiple Groups.
3.2.3 Materials
A combination of Samsung Galaxy S6’s and S7’s were used
for the study (16 S7’s and 1 S6), loaded with android version
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7.0 and the latest version of the Oculus app installed. A
Samsung Gear VR SM-R322 was given to each participant
to be used in conjunction with the Samsung Galaxy phones
as well as dedicated microphone integrated earphones for
participants that didn’t have any to use. The phones all came
installed with the Oculus Rooms and Oculus Avatar Editor
apps. Participants were encouraged to use the device as if it
were their own, as such various apps from the store were
downloaded onto each phone at the participants’ discretion.

used in conjunction with selected group members. Coupled
with in-depth interviews and contextual observations this
provided an understanding of the way users interacted with
their familiars in VR, as well as bring to light some of the
capabilities of communicating over such a platform; the
positives, certain challenges and suggestions to be taken into
account when designing apps for similar interactions in the
future.
4.1 Breakdown of User Activity
Participants were asked to engage in 2 to 3 social VR
sessions a week with their groups for approximately 20-30
minutes at a time. However, in reality, this was rarely the
case. Groups frequently opted to have fewer sessions
(usually 1 a week, but on occasion, 2) which lasted longer.
Over a period of 4 weeks, 33 sessions were recorded split
between 9 groups with an average time of 49.80 minutes per
session (shortest: 20 minutes, longest: 150 minutes). These
figures along with anecdotal evidence collected from diary
studies and semi-structured interviews highlight the
disposition for users to treat social VR experiences similarly
to real life outings; where groups of people are inclined to
meet and carry out some sort of activity (whether
spontaneous or pre-planned), as opposed to using the
platform for more casual social interactions similar to
telephone catch ups or quick conversations.

3.2.4 Procedure
Participants took part in the study in designated groups of
familiars. Once these groups were established the
investigator met with all participants based in the UK
personally or via a skype call to discuss the study in more
detail and provide a forum where participants could raise any
queries, as well as give consent to take part. For the
participants who lived abroad, the investigator contacted
them via email and Skype to reiterate the same points about
the study and provided an opportunity for participants to ask
any questions. Consent was obtained electronically; the
forms were sent via email, printed, signed and scanned
before being sent back to the investigator.
At this point, all necessary equipment was given to
participants (either by post or delivered personally). A set of
introductory activities was sent to all participants via email
detailing the necessary steps to create an Oculus account,
instructions on how to download apps from the Oculus App
Store, the steps to prepare the device for the study and finally,
a list of suggested apps and activities for users to engage in
(please see appendix for more details).

P3: “With VR you can do so much more, and experience
more, which you can’t do in real life or with skype. It’s like
a different goal that you have. The goal is to hang out, but
also to experience this immersive world. If you’re
communicating with skype then the point is to catch up, not
to have a shared experience.”

Diary study templates were made available to all participants
by the investigator, these were identical for all participants.
The diary included questions on user experience and
explored the affective states experienced throughout
sessions. Participants were required to fill in a diary entry
after each session and return the results by the end of the
study week (please see appendix for an example template).

Interestingly, despite being instructed to take part in the
study in predesignated groups, participants were quick to
divide themselves into sub-groups on occasion; where
members of a group would coordinate amongst themselves
to have their own meetups in VR in the absence of other
group members. Such behaviour was never negatively
received by those not taking part, and again demonstrates the
similarities between the way in which meetups are organised
within groups in real life. An indication that the dynamics
between groups in the real world are transferable into virtual
contexts.

A total of 8 semi-structured interviews across all 9 groups
took place either in a public area or over skype. The audio
from these interviews were recorded using dedicated
software after obtaining consent from the participant(s)
involved. The interviews were scheduled throughout the
study capturing initial thoughts nearer the start of the
experiment, as well as concluding impressions at the end
where participants were encouraged to reflect on their
experiences and elaborate on any shift in attitudes towards
social VR that may have occurred. Interviews took no longer
than an hour and were spread over a 4-week period.

Of the 33 sessions recorded, 27 of those (82%) were done
using the Oculus Rooms app, 4 sessions using AltspaceVR
(12%) and 2 using VTime (6%). Participants were given the
freedom to explore the various social VR apps available,
however most opted to solely engage in Oculus Rooms due
to its tight integration with the Gear VR UI, and the relative
ease of which sessions could be created. Creating multiple
accounts with multiple apps, and customising a new avatar
for each acted as a deterrent for most users.

4. RESULTS

The diary entries provided an important insight into people’s
thoughts on VR and the way in which the technology was
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P1: “AltspaceVR requires an extra account and a completely
new avatar. You have to sign up by using the headset which
is quite difficult.”

One could speculate that the nature of their relationship
could have attributed to this feeling of intimacy; that their
familiarity with one another transcends the current
boundaries of the platform to a point where they still feel
genuinely close despite the lack of feedback that usually
comes from nonverbal communication [3, 16, 20].

Whilst engaging in social VR participants carried out a vast
range of activities, this predominantly consisted of:
1) Watching TV or video clips
2) Sharing an immersive 360 VR experience
3) Playing games
4) Catching up with group members

4.2 Affective States in Social VR
As part of the diary study, participants were required to rank
the various relatable affective states throughout each session
using a Geneva Emotion Wheel [30], this provided a muchneeded way of categorising the overall tone of the sessions,
as well as an opportunity to study any trends and similarities
that would arise over time. Affective states were grouped
into Positive/Negative and High/Low Arousal states to
further segment the range and significance of each response
[27].

All participants found that the best use for social VR lies
within group engagement and the ability to participate in
shared experiences with familiars. It was during these
moments of shared activity that users felt most engaged with
fellow group members, finding themselves feeling present in
the company of others on an intrinsically human level.

A breakdown of the data can be seen in Fig. 4 – each
affective state is listed on the left under the appropriate
valence [27], with a scale ranging from 1-6; 1 being very low
(i.e. the recipient could barely relate to the affective state), 6
being very high (i.e. the recipient could highly relate to the
affective state). A proportional circle map of these findings
can be seen in Fig. 5 – representing the range of affective
states experienced as well as the general spread. However,
it’s worth noting that this visualisation does not adequately
represent the intensity of each affective state experienced,
simply the ‘relatability’ of such states when engaging in
social VR.

P10: “It was really nice to be able to share activities and talk
with someone that is far, it actually felt that we were close.”
P13: “I feel that (for example) when watching the videos, it
was a great way to interact and engage with someone
without them physically being there. You definitely feel as if
you are there watching the video with the other person in a
virtual world and I think that VR is a great way to enjoy other
people’s company when they can’t physically be there with
you”
It appears this dynamic was not as present when most users
would engage in more intimate one-on-one sessions. The
data shows that during moments of intimacy between dyadic
groups a lack of dynamic facial expressions and gestures
made communication somewhat unrealistic.

4.2.1 Positive Valence Readings
As the data shown in Fig. 4 & 5 clearly indicates, there is a
significant propensity for users of social VR applications to
experience some degree of positive affective states during
sessions; 81% of the total affective states recorded
corresponded to feelings belonging to a positive valence.
Participants from all groups state that this affinity to positive
affective states is a direct result of the level in which they
feel engaged with their group members; how interacting with
them in this platform contributed to their feeling of socialpresence.

P7: “I think in a group its more natural and free flowing. It’s
harder one on one... maybe that’s actually where body
language is important. Somehow being one on one with mum
is different. I find it’s easier in person, there are no awkward
gaps in person.”
This was the case for all group types except Group D; a
couple engaging in a long-distance relationship. Reports
from Group D describe that their experiences together in this
virtual space always felt intimate regardless of the activity
they were engaged in.

P10: “It was much better than I had expected, because it was
nice to share activities alongside just simply talking.”
The most prominent affective states participants identified
with were Amusement closely followed by Interest, Joy and
Contentment. Participants felt that interacting with group
members in VR provided an additional dimension to more
traditional forms of communication such as the telephone or
texting, as well as more modern forms such as Skype or
Facetime.

P9: “The experience was a refreshing way to interact with
P10 from a long distance… Being able to commit to a series
of activities together made me feel closer to the person I was
talking to.”
P10: “…even just chatting to P9 felt intimidate, being able
to see him and his lips move made me feel closer to him”
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Affective
State

1

2

3

4

5

6

Positive - High Arousal
Pride

2

1

Amusement

Total
128

3

2

4

3

14

14

13

12
44

Joy

6

8

9

5

6

34

Interest

2

4

7

16

9

38

Positive - Low Arousal
Love

89

1

1

1

1

6

10

4

8

6

7

2

28

3

2

1

1

Compassion

2

1

1

1

Contentment

5

6

6

11

Pleasure

1

Admiration
Relief

1

4

9
3
5
6

Negative - High Arousal
Fear

1

Anger

1

Hate

4

1

2

2

1

1

Disgust

1

1

4
1
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in and experience how Group B interacted with one another
in VR. The comradery and jovial nature of their interactions
was evident from the start of the session; they approached
the experience in a light-hearted manner, were quick to poke
fun at each other the way close friends do, and were not
reluctant to ‘harass’ one another in order to provoke some
sort of reaction. Based on their feedback, the way in which
they interacted with one another was directly comparable to
how they would do so outside of VR.

1
1

3

1

2

Negative - Low Arousal
Disappointment
Sadness

Fig. 5. A proportional circles map of the data collected
in Fig. 4.

19

1

Contempt

34

1

5

6

6

1

1

2

1

Shame

4

32
1

23
5

During this observation, the researcher noted that
participants were, at times, raising their hands to press the
‘enter’ button on the trackpad located on their headset –
doing so would display a representation of the users’ hand in
VR. When asked about this during the post observation
interview with the group one of the participants elaborated,
stating that the group had developed a way of signalling a
crude gesture to each other in the absence of the ability to
raise their middle fingers in their VR sessions. Screenshots
of the sessions can be seen below in Fig. 6 & 7.

0

Guilt

1

Regret

2

1
1

3

Fig. 4. Overall responses detailing the various affective
states experienced throughout social VR interactions.
P5: “I definitely found it more natural and personal than a
phone call. Just because you have something to look at and
they’re looking back at you. Even if you can’t do much with
your avatar, at least you have that connection, looking at
each other. I find skype video and stuff just awkward to use.”

The significance of such an occurrence implies that even in
the absence of traditional forms of nonverbal communication
users find ways to adapt to their environment, incorporating
the most fundamental elements of communication to express
themselves, somewhat contrary to the findings of Spante et
al [34]. This correlates to Palmer’s [23] prediction, that
people will intrinsically project human qualities into
environments where interpersonal communication is present.

This elevated level of presence allowed for a more
naturalistic form of communication between groups, catering
to the sense of mischief and adventure which often
accompanies a social gathering of friends – something which
was very evident during observations of groups and a
recurring theme from diary entries.

Whilst there are controllers to track hand movements in VR,
these were not included as part of this experiment.
Regardless of that fact, groups were still able to adapt to their
environment and use the capabilities of the system to a suit
their human needs.

The researcher witnessed such an occasion during an
observational study of Group B. P6 was not able to make the
session which provided the researcher an opportunity to sit
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Fig. 6. A screenshot of the way in which members of
Group B would use to signal an offensive gesture to one
another.
In a similar scenario, Group E (a dyadic group of siblings)
began to wave goodbye to each other using the motion from
their heads.

Fig. 7. A screenshot of the first observational study with
Group B. The group members were sitting around the
TV watching humorous videos together.

P11: “at the end we tried to say goodbye by shaking our
heads and I had fun”

It is important to distinguish between experiences that were
genuinely negative due to the hardware or technological
platform and those that occurred naturally from interpersonal
relationships, such as annoyance at an individual for
something they said or did during a session, or the sadness
one feels when reminded of the geographical distance
between them and their familiars.

Multiple groups emphasised the power one’s voice had in
conveying emotion and intent; in the absence of other
nonverbal gestures participants began to note how they were
able to decode signals that would traditionally be
accompanied by facial or hand gestures just by listening to
the tone of their group members’ voice.

4.2.3.1 Technological Issues
This category focuses on the challenges experienced
specifically with the current technology and can be further
subcategorised into a) issues experienced with the physical
hardware (i.e. the headset and the phone) and b) issues
experienced with VR design and social VR apps.

P2: “You do pick up on all the nuances of people’s voice so
it feels like you’re actually talking to them. I can tell when
they’re being sarcastic and stuff.”
The fact that users were able to naturally express themselves
on this platform and decipher intent through vocal tones, is
indicative to theories stated by Friedman et al [17] and
Sanchez-Vives and Slater [28] – that an increased feeling of
presence evokes a more humanistic interaction between
users.

4.2.3.1a Hardware Issues
All participants reported difficulty with hardware on some
level at various intervals of the study. This was most
prominent for P11 who due to initial resourcing issues was
given an older phone model, namely a Samsung Galaxy S6.
This participant was the only person using this phone model
and frequently had issues with the phone overheating and
applications crashing. These issues were not limited to the
S6, however they were the most prominent and the most
severe for P11 and consequently reflected this in his diary
entries.

Examples of both telepresence and social-presence can be
witnessed in these interactions; the user must feel
comfortable with their personal representation in addition to
feeling present in the virtual space with their group members.
This coupling of presence seems to be what allows users to
truly interact naturally in VR.

All 17 participants (100%) reported audio difficulties to
some degree, most prominent of which were echoes and
delays in speech. This disrupted the flow of conversation and
skewed the turn-taking protocol making it harder for users to
determine when a person was about to speak.

4.2.3 Negative Valence Readings
Whilst at first glance it may seem that users relating to
affective states which correspond to negative valences may
be indicative of a negative experience, this is not necessarily
always the case.
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P8: “… the speech was delayed again like last week –
making having a free-flowing conversation quite difficult”

Interestingly P6 did not have the same experience when
interacting with Group B. She found that the intimacy of a
one-to-one interaction with her sister required the facial and
bodily expressiveness she had come to expect, and any
deviation from that would impede on her sense of immersion
and presence. Whereas when interacting with her friends in
a jovial manner the significance of such expressiveness
wasn’t as important.

A total of 8 participants (47%) mentioned the heat and
weight of the device acting as a barrier during sessions,
whilst not enough to deter them from sessions it did have
occasional implication on their immersion.
P9: “It does start to feel kind of heavy on your head after a
while…”

P6: “It was a completely different experience meeting with
my sister as it was in a group. I think because my group
session before was not an intimate conversation
concentrated on catching up, the whole session was more of
a fun group experience.”

P11: “after some time the phone got really hot ... The gear
is a little uncomfortable to wear (a little too heavy) but
setting correctly the strings around the head helps a little”
A single participant (5%) reported an increase in migraines
due to eye strain and lack of image clarity. It is not entirely
clear whether this was a direct cause of the hardware as the
participant suffered from migraines prior to the study,
however they did note an increase in the frequency after
having started the experiment. Due to insufficient evidence,
we cannot attribute the migraines to the hardware, however
it should be noted as a possible side effect to those
predisposed to the condition.

In addition to the desire of expressing oneself more naturally
in VR, participants wanted to engage with their environment
more freely; to move around, to crouch, to sit, to explore etc.
P7: “… you jump from one part of the room to the next, then
you’re immobile. It would be kind of cool to walk, especially
with some of the 360 experiences; to be able to crouch and
get closer.”
P1: “… I think if there were controller support and being
able to move our avatars around the room, and have bodies
- that way you can control where you go”

4.2.3.1b Challenges related to VR
This category reflects on the challenges participants
experienced whilst engaged in social VR or VR in general.
The most prominent issue that came out of diary entries was
the inability to move around or behave “naturally”. 12
participants (71%) expressed their desire to be able to move
their hands, pick up or pass items around, to move within the
shared space more freely and be able to express facial
expressions. As mentioned earlier there were some
participants that found ways to cope with the loss of
traditional gestures, however even amongst those that
adapted their way of communicating found themselves
wanting to be more expressive. Group E specifically stated
the cultural importance of including hand gestures during
conversations and found the lack of these gestures impacted
their initial interactions.

P3: “I really wanted to walk around, go exploring. That
would have been fun.”
The desire to behave in such a way highlights the level of
presence and immersion experienced by participants, whilst
simultaneously accentuating some of the limitations of this
generation of consumer VR.
The second most prominent issue raised by 8 participants
(47%) was the representation of the Oculus store in Rooms.
More specifically the lack of free compelling VR apps,
difficulty in determining which apps were free and which
required payment, as well as the requirement to exit Rooms
in order to download an app – which was particularly
frustrating when specific users had to leave the session in
order to download an app only to return and launch with app
with their group members.

P11: “We need something that simulate the movement of the
hands, it's important for Italians!!!!”
Group C in particular were most affected by the absence of
facial expressions; to the point where it made some sessions
uncomfortable. They dealt with this by averting each other’s
gaze and focusing on items in the room.

P1: “you couldn’t tell right away from the Room screen
which were free or not, you had to go into the store, check
the price, go back to the room, select another game, launch
the store, and so on. Alternatively having the store say which
are multiplayer would have helped.”

P6: “I found it was easier to interact and speak when I didn’t
look at her avatar”

P7: “I guess it makes sense, but everyone has to have the
same apps downloaded in order to play them, and there
didn’t seem like an easy way to do that there and then. To
just click and “yep, start downloading please”.”

P8: “we both found that when we didn’t look at each other it
was much easier. Which was odd. But I found whenever I was
staring at her it made it really weird”
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this, do this”. Obviously like, I started getting annoyed at
him, and I just wanted to jump on him, but I couldn’t do that
so I tried to headbutt him instead… But that’s just us, we just
get very frustrated at each other haha. That’s when it felt like
we were actually there together. ”

5 participants (29%) experienced difficulty launching certain
third-party apps (such as AVR) from the hub in Rooms –
stating that the registration process was especially
convoluted.
Finally, 3 participants (18%) found the way in which Oculus
Rooms deals with users dropping out of sessions to be
fundamentally disturbing – avatars would begin to move
erratically then eventually slow to a halt, turning grey and
transition into a downward facing gaze to eventually
disappear. Participants who experienced the drop out related
to affective states such as Fear and Sadness.

P4: “Me and P7 were joking around like we normally do,
throwing jokes and insults at each other. He said his avatar
could come over and headbutt me, and you could see his
avatars head moving back and forth. We were joking like we
would in real life. Me getting annoyed because he wouldn’t
stop going on about headbutting me. That felt real, the
annoyance level, and the joking level ha.”

P11: “Unfortunately, my sisters phone turned off at the end
of the conversation. The interruption was quite brutal and
felt distressed because her avatar turned grey, solid and the
head collapsed in the chat room. I had the unpleasant feeling
that the avatar was “dead””

While P4’s diary entry for that session rated Anger at a 4, it’s
clear that the core of that affective state is routed in a deep
interpersonal bond between the two; both found that they
were able to express true nature of their relationship in VR
despite being situated in different parts of the world.
P7 goes on to describe how the platform helped bring to light
feelings of homesickness he was previously unaware of, as
well as using the same platform to alleviate some of the
symptoms. Since moving abroad he has had little physical
contact with friends or family from the U.K. His initial diary
entries reflected emotions of Sadness, Love, Contentment
and Amusement (ranking those at 4, 5, 6, 6, respectively) –
highlighting the impact being in a room with his friends had
on him.
P7: “I think it’s… a little bittersweet. Because I’m so far
from everyone it’s not the same as actually being there…
[but] it felt like we were all in the room together, it was nice”
P7: “I was thinking about it – it’s homesickness, that’s what
I’m feeling now. Maybe I’m feeling it retrospectively, but I
think definitely that these experiences; coming back home
and then flying back here are always going to be a downer.
Maybe that’s what VR is to someone that’s homesick, [a way
to experience being with the ones you miss] ... that stuff is
kind of hard to talk about.”

Fig. 8. An example of a user disconnecting from the
room.
4.2.3.2 Affective Responses
On the other side of the spectrum, a portion of the negative
affective states recorded corresponds to emotions that arise
organically through interaction, and not necessarily a barrier
to the development of interpersonal relationships.

Throughout the study P7’s feelings of Sadness appeared to
fade entirely (ranking at a 0 in later entries), however his
sense of Love, Contentment and Amusement remained
relatively high (around 3-6).

P4 & P7 recall their first session together with the other
members of Group B; a close group of friends who met
during their undergraduate years at university. The group no
longer see each other as often as they used to, P7 moved
abroad 2 years ago after accepting a job offer while the other
members of the group have scattered around different
locations in London. It wasn’t long before P4 & P7 began to
bicker during their first encounter, which quickly developed
into a desire for boisterous physical confrontation,
reminiscent of their behaviour when they were roommates.

During a session in AVR P11 notes the discomfort he felt
when other users would get too close to him
P11: “I felt discomfort when they pushed a stick with food
into my virtual mouth (I had the feeling of a stick being
pushed into my throat) … also other avatars were getting
very close to me, “almost touching”, and I felt very
uncomfortable that they were not respecting my space (even
I know it was just virtual space)”

P7: “… he’s quite haha, he’s quite bossy. And he’d already
been on it [Oculus Rooms] before so he was like “do this, do
12

During that session, he related to feelings of Disgust, Hatred
and Anger as a stranger came up to him and attempted to
“force feed” him. Unable to stop them from doing so, he felt
his only option was to log out.

Editor while the others opted to customise their own. These
figures apply to avatars created for OR.
1 (6%) participant experimented with both representative
and fictional avatar portrayals, whilst 2 (12%) participants
didn’t customise their avatars at all; using the default avatar
assigned to them in OR. When questioned about this P16
stated that she didn’t know how to customise her avatar
(despite the instructions provided), whilst P13 stated that the
system wouldn’t allow his avatar to be customised – it later
transpired that he attempted to do so in Rooms and not using
the Avatar Editor app as instructed.

4.3 Heightened Sense of Presence & Immersion
During interviews, 2 participants (18%) discussed times they
became completely immersed in what they were doing that
they lost sight of the fact that they were experiencing a virtual
world.
P6 [when asked about a desire to incorporate touch into her
environment]: “The only time I felt like I could touch
something was when we were sitting by the TV, near the
fireplace - I went to put my feet up and then I realised that
nothing was there. I got comfortable watching the video, and
subconsciously put my feet up, but in reality, ended up hitting
the bed.”

4.4.1 Changes to Avatars
During the study, 11 participants (65%) would make some
sort of alteration to their avatar, while 4 (24%) participants
kept their initial selection. The reasons behind most of the
alterations were to experiment with the various
representations available, however there were several
instances where participants felt obligated to change their
avatar or forced to do so by their familiars.

P4 [when describing a word game session with Group B]:
“… haha, I think you’ll find this funny. When we was playing
the word game, there was a point where I tried to spin my
chair [in real life] by pushing against the [virtual] table… I
reached out to grab it forgetting it wasn’t there.”

P6 stated that during her first session with Group B she felt
that her avatar was unremarkable in comparison to the
avatars of her familiars, and as such felt obliged to change it.

This behaviour demonstrates the immersive capabilities of
VR; that users are able to relate to their environment
regardless of the stylised renderings – suggesting that their
surroundings do not have to mimic photorealistic objects for
users to feel immersed in their environment.

P6: “When I first set it up [her avatar] I tried to make it as
close to myself as possible. And when we went into the actual
room to have a chat I realised everyone had gone really
funky with theirs, so I thought “oh maybe I should play
around with it a bit as well””.

4.4 Avatar Portrayals - Findings
A secondary aim of this study was to determine how varying
avatar portrayals in VR affects the avatar-self relationship
[31], as well as the perception of others when interacting with
the avatar. Based on the literature it was unclear if any
general trend on avatar portrayal existed in MUDs. The main
theories surrounding avatar representation are:

Building on this in a later session, P6 also compared the act
of selecting clothes and accessories for her avatar to
choosing what to wear for an event – revealing a sense of
apprehension toward the process.
P6: “With the VTime avatar, I don’t like that you have to
pick a body shape, and pick an outfit to go with it. It gives
you the feeling that you’re going out… with VTime I’m sitting
there thinking “what should I wear?” - thinking about shoes,
“do I want to wear a hat?”, “do I want to wear jewellery?”
I feel like we have to worry about that enough anyway [in
real life] - I don’t really want to do that with my avatar.”

1) Users tend to roleplay with their characters;
creating avatars that were separate entities from
themselves [37]
2) Users would create more representative avatars of
themselves; portraying an idealistic representation
of their current self [7]
3) People would use avatars as masks; to hide
elements of themselves that they don’t want to share
with others. [18]

P9 felt ‘forced’ to change his initial avatar selection once his
partner associated his virtual representation with the Cuban
revolutionary Fidel Castro. Whilst this was a humorous topic
for the two, P10 found the representation made her too
uncomfortable to communicate naturally with P9, finding the
physical similarities to Castro very distracting.

9 participants (53%) created avatars that were representative
of their current selves; choosing to either create avatars that
physically resembled themselves or an aspect of their
personality. This applies to representations in OR, AVR and
VT.

P10: “I didn’t feel comfortable hearing his voice come out
of the avatars head; with that image … maybe it’s because
he was a historical figure, but I couldn’t handle it”

A total of 5 participants (29%) created avatars that were
entirely fictionalised. Of the 5 participants, 1 (6%) used the
‘randomise’ feature included in the Oculus Rooms Avatar
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P9: “Yeah, so I changed my avatar and went for a more
normal look, a hipster look … you were definitely more
endearing, more open when I changed my avatar”

4.5 Data Analysis - Recurring Themes
Data analysis was loosely based on the core principles of GT
[19]. All data from diary entries, interview transcripts and
observational studies were gathered and split into the
following categories:




Affective themes which correspond to social
experience.
Affective themes which correspond to avatar
representation.
Affective themes which correspond to hardware.

From this, we were able to classify the following as recurring
themes of the study.
Fig. 9. A before and after of P9’s avatar changes.

Users tend to mimic real-world behaviour
All participants reported a heightened sense of presence and
immersion whilst engaging in VR. Users on the whole felt
engaged with the people they were communicating with and
on more than one occasion forgot that they weren’t in a
physical space but instead experiencing a virtually rendered
environment.

P11 found that frequently altering his avatar in AVR was
almost essential due to the limited number of customisation
options available, which led to a high number of identical or
highly similar avatars in the shared space making it much
harder for his sister to locate him during their sessions.
P11: “In the case of AltSpace, I changed avatar many times
(at least 3-5 times per session) because it's very easy to do it
from the menu and there are very few options for
personalisation. Fewer options also means that more or less
all the avatars are looking the same, and this was a problem.
For example, one time me and my sis were chatting … almost
all the people had an avatar similar to my one so my sister
got confused and she was not able to find me … for that
reason I rapidly changed my avatar … that nobody was using
so she could recognise me immediately.”

Affective experiences in VR are comparable to affective
experiences in the real world
Most participants that were interviewed about their
experiences closely related their affective responses to
stimuli in VR similarly to experiences in real life. The
chemistry that exists between close groups of people appears
to be largely unaffected when interacting in VR, and the
emotional states experienced are directly comparable to that
of the real world.
Social VR is better suited for group interactions over oneon-one interaction
In its current form, social VR apps appear to cater more to
the needs of group dynamics over intimate conversation
between two individuals. The lack of gestures and facial
expression coupled with occasional audio issues makes it
difficult for two people to have an intimate conversation the
way they would in person or over a phone call. Coupled with
a relatively time consuming set up process, all participants
stated that using a telephone would be better suited for catch
ups with familiars.

When asked about how changes in avatar representation
affected group members, participants on the whole agreed
that smaller changes would have little impact to the way they
perceive others – relying heavily on paralanguage to
distinguish the identity of users over visual representations.
Group C discussed how their avatar representations made it
more difficult for them to engage with one another;
comparable to the difficulties they had with the lack of
nonverbal communication.
P6: “… It was kind of uncomfortable. It looked nothing like
her, at all! I don’t know why it was so different [when
compared to her interactions with avatars from Group B],
but it was uncomfortable.”

Limited mobility
Participants shared a desire to be able to take off HMDs
more easily whilst still engaging with group members in
sessions. The current implementation ejects users out of their
OR party when the HMD is removed, requiring users to rejoin their session once their HMD is re-mounted. Users
found that alternating between the real world and their VR
sessions to be quite cumbersome, for instance should a user
want to momentarily take the headset off to grab a drink, they
become totally excluded from the rest of their group and
whatever it is they were engaging in. Whilst the Gear VR
attempts to cater for such scenarios by providing a
‘passthrough’ functionality which uses the phones camera to

P6’s response when asked to identify what specifically made
her feel uncomfortable: “the hair…. I know that’s strange.
She picked an avatar with really curly hair… she looked very
70s, she looked cool, it was a cool avatar. But it did not suit
her personality as far as I would say. I think when I socialise
with my sister … I’m so used to seeing her facial expressions
and quirks.”
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project the users’ physical surrounding onto the HMD, 0
participants were aware of this feature, and when told about
this functionality, still preferred a way of physically
removing the HMD to interact with their physical
environment. An ideal scenario would be one where users
could take off their HMDs, even detach their phones, but still
continue in the conversation with the rest of the group.

frequently had to alternate between their phone to
check for messages and their HMD to see if party
members had joined yet. A more seamless
integration between the app and instant messaging
would significantly improve user experience.
4) A more flexible way to jump in and out of VR
sessions. Users of VR applications should be able
to seamlessly transition between engaging in VR
content and tending to tasks in the real world. There
should be no perceived gap in experience when
jumping between the two.
5) The incorporation of controllers to track hand and
arm movements as part of the base experience.
Users are severely limited in what they can do
without these controllers, both in terms of social
engagement and with the content available. Seeing
as the technology is commercially available, these
should be included in the package as part of the base
experience so users of VR systems don’t feel
limited in what they can and can’t do.
6) Improved audio quality. All users experienced
some degree of audio difficulty, it is critical to
ensure that conversations are delivered as smoothly
in VR as they are in real life, especially in the
absence of nonverbal cues.

Difficulty in interpreting conversation protocol without
nonverbal cues
Users found it difficult to determine when another person
was about to speak in VR or wanted to speak. Whilst the
social VR applications include animated mouths during
times of speech, there is no cue to let users know when a
group member is about to speak. This initially led to people
talking over each other, but overtime participants
compensated for this by including an extended silence
between sentences to allow others to speak. Users would also
require verbal feedback from others to ensure that they were
still active, for instance “Are you guys still there?”.
Avatars tend to be representative of users
Avatar representations in a social VR context were
predominantly representative of the individual user, whether
it was a lifelike portrayal or representative of their
personality, users were inclined to create a visual
representation they could personally relate to as opposed to
roleplaying a character.

Long Term Actions (in no particular order):
1) Support the freedom of movement within virtual
environments. Allowing users the ability to move
around and engage with their environment goes
hand in hand with their feeling of presence and
immersion, as well as caters to their curiosity and
desire to explore.
2) Lighter HMDs to tackle user fatigue. Ideally, users
should not be aware of the HMD as to not detract
them from their immersive experience.
3) Improved phone hardware. This includes higher
screen resolutions for optimal image clarity,
consistent frame rates so users remain immersed in
their environment and better cooling systems so
phones do not overheat.
4) The incorporation of haptic feedback. Touch is
considered a crucial part of nonverbal
communication [2, 16, 20]. The inclusion of haptic
feedback, both in terms of the ability to express
emotion through touch, and the ability to feel
objects in one’s environment will elevate the sense
of immersion users experience.
5) Higher fidelity avatar representations. The ability to
have greater control over virtual representation will
cater to a stronger avatar-self bond between users
and their avatars [31], as well as elevate the social
and telepresence experienced [8]. This isn’t the
same as an abundance of choice (humanoid or
otherwise), as this can quickly become convoluted

4.5.1 Recommendations
In this section, we list a range of recommendations that will
elevate the user experience of social VR applications and VR
in general based on the findings from this study. These will
be categorised into two sub-sections. A) Short Term Actions;
improvements that can be made by developers and
manufacturers in the relatively near future, i.e. within the
next 1-3 release iterations of the current generation of
consumer VR, and B) Long Term Actions. Improvements
that can occur over the forthcoming generations of consumer
VR development.
Short Term Actions (in no particular order):
1) Improvements to the Oculus Store when accessed
within Rooms. Make it easier for users of the
system to distinguish between free and paid apps,
highlight which apps are ideal for groups or solo
experiences, as well as the ability to download, or
at the very least, schedule to download apps for
future use.
2) The development of free, engaging content. All
participants were reluctant to spend money on VR
apps and found the existing library of free apps to
be limited.
3) An easier method of communication with Oculus
contacts. Participants relied heavily on 3rd party
apps such as WhatsApp to arrange sessions, and
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and even deter from the experience. But instead, the
option to portray avatars the way users wish to have
them portrayed, whether that’s realistic, stylised,
spectral or otherwise. The inclusion of realistic eye
representation would also have significant impact in
the way users are permitted to express themselves
with others [20].

developing unique and interesting ways to incorporate
expressiveness into their interactions.
Group dynamics remained largely unchanged between
friends, couples and siblings – confirming that familiars
experiencing emotions inter-subjectively is, in and of itself,
a stimulus to deepen interpersonal bonds [14], shown by the
overwhelming inclination to relate to emotional states which
correspond to positive valences. Participants involved in
parent-child groups reported a shift in roles; namely that the
children found themselves acting as ‘guides’ for their
parents, talking them through each individual step (both
participants compared it to occurrences where they were
teaching their parents how to use smartphones). As a result,
Group G and Group H seemed more irritable during their
sessions, finding it difficult to slip into free-flowing
conversation.

5. GENERAL DISCUSSION

Due to the little that is known about developing interpersonal
relationships in VR, and the impact avatar representation has
on such interactions – this study set out to investigate
whether VR could be used as a platform to further the
development of interpersonal relationships amongst groups
of loved ones separated by large geographic distances.
The findings from the exploratory study provides evidence
to suggest that users engaged in social VR have an
inclination to experience stimuli in VR similarly to the way
they would in real life; that interacting with their familiars in
VR was directly comparable to time spent together in the real
world - evoking genuine affective responses. This discovery
builds on the study of Friedman et al [17], who reported
discrepancies in the way users behaved in virtual
environments due to a perceived lack of presence. The results
of this study however, show a close correlation between
behaviour in the real world and behaviours in VR; suggesting
that the level of presence and immersion users feel whilst
engaged in VR contribute to a more lifelike experience.

5.1. Avatar Representations
The data collected on avatar representation was consistent
with the theory put forward by Bessiere [7], suggesting that
users tend to opt for more lifelike or representative avatar
portrayals. This was an important element in establishing the
avatar-self relationship [31] and telepresence [8] within the
environment. Most participants were able to guess which
avatar belonged to whom solely by the way the avatar was
represented, suggesting that the avatars embodied qualities
of the person others could connect to emotionally. A
predisposition to representative avatars in social VR may
exist due to the nature of the interaction; users were almost
always engaging with people they were familiar with and
thus, potentially more open to represent themselves in a way
that closely resembles their physical selves. Additionally, the
existing body of work on avatar representation has
predominantly been carried out using desktop applications
such as SL, it could be argued that the way in which users
portray their avatars in social VR differs from how avatars
would be portrayed on desktop MUDs or other VR
applications. This would be an ideal candidate for further
study.

Furthermore, there is evidence to support findings from Yee
et al [40] and Friedman et al [17], that users assign a degree
of spatial awareness to their surroundings in VR the way they
do in other virtual environments and in the real world.
Invading a user’s space in VR is a potentially distressing
situation akin to harassment. How users deal with
harassment in VR along with disciplinary actions against
abusers is a critical subject area – a topic that was not part of
the scope of this experiment. Moving forward it is imperative
that considerations be taken into account about how users
experience harassment in VR, the frequency and the possible
solutions to such problems.

5.1.1 The Proteus Effect
Of the participants who chose to represent themselves in a
fictional manner, no evidence was gathered to suggest that
any change in behaviour occurred due to visual
characteristics of their avatar, however this is by no means
conclusive. This behaviour may, again, have been attributed
to the nature of the study; the social dynamic of interacting
with friends and family may compel users to behave more
naturally regardless of their virtual representation. Moreover,
the limitations in movement and expression may have acted
as a barrier to the way participants would have behaved had
walking around and movement of limbs been possible. It
would be interesting to explore how users behave when
being assigned an avatar in multi-contextual environments in
future work, and whether this coerces users to behave in a
certain way.

Whilst these are significant findings contributing to the
effectiveness of developing interpersonal relationships in
VR, several barriers prevented users from experiencing the
full potential of the technology. Most notably was the
absence of nonverbal communication. The inability to
supplement interactions with lifelike facial expressions or
hand gestures made it difficult to interpret certain social cues,
such as knowing when another user wants to speak. This was
particularly evident during more intimate one-on-one
interactions. However, contrary to the findings of Spante et
al [34], there was evidence to suggest that users acclimatised
to the absence of nonverbal communication over time,
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responses to the stimuli experienced during sessions. This
was supplemented with diary studies, semi structured
interviews and observational studies of user interactions in
VR.

5.2 Limitations
The sample size of the participants who took part in this
study as well as their geographic locations could be
considered a potential confounding variable. Whilst all
participants were geographically separated, due to the cost
restraints of the experiment most participants were based in
London or somewhere else in the UK. Only 2 of the 17
participants were based outside of the UK, in Europe. The
scope of the project did not allow for resources to be sent
outside of Europe and as such limited the number of
participants who could take part, as well as potentially
introducing a bias towards the study since most participants
were capable of visiting group members should they wish to.
Future work in this area should focus predominantly on those
who have no realistic means of interacting with party
members on a physical level.

The evidence gathered as part of this investigation
demonstrates a strong propensity for users to experience
emotional states in VR similarly to how they are experienced
in real life. Additionally, the study highlights the
transferability of existing social group dynamics in VR
interactions. In conjunction with these findings, the study
also brought to light the way in which users of social VR
applications portray themselves as avatars, revealing that
users were inclined towards lifelike or characteristic
representations of themselves.
Overall, this study has taken a first step into determining the
effectiveness of using VR applications as a means to develop
interpersonal relationships, and provides evidence
supporting that VR can, in fact, be used as a viable method
for those separated by large distances to maintain
interpersonal relationships when physical interaction is not
an option. The findings from this study act as a window to
the limitless potential VR has in bringing people closer
together regardless of their geographic location.

It is also worth noting that all participants were given a
secondary phone to use specifically for this study. It is
unclear how this may have affected the results, particularly
in the organisation of meetups, however it could be
speculated that the overall experience would have been
altered if participants were using their personal phones as the
primary medium to engage in VR.
Additionally, this was the researchers first attempt to
incorporate GT in a study of this nature and this may
consequently be reflected in the analysis process. The core
principles of GT remained intact, however due to time
restrictions, unfamiliarity with the process and the nature of
the study in general, the researcher was unable to recruit a
second wave of participants to verify initial findings. That
said, GT proved to be an invaluable tool in the classification
of data and the development of themes, however future
iterations should allow more time for the verification of said
themes.
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Finally, the exclusion of VR peripherals such as controllers
could also be considered a limitation of the study. Including
the controllers would have provided a means for users to
incorporate hand movements into their interactions, as well
as engage in a vast amount of content which could not have
been accessed without such peripherals, as well as provide a
wider range of activities available to users.
6. CONCLUSION

The aim of this study was not to directly compare social VR
experiences to face-to-face interactions, but to use what we
know about traditional forms of communication and
relationship building to determine whether interpersonal
relationships can be developed whilst present in VR with
familiars who are geographically separated.
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APPENDIX 1: INFORMATION SHEET

UCL DIVISION OF PSYCHOLOGY
AND LANGUAGE SCIENCES

Information Sheet for Participants in Research Studies
You will be given a copy of this information sheet.
Title of Project: Social VR – an Investigation into the Affective Triggers of Virtual Reality
This study has been approved by UCLICs Research Department’s Ethics Chair
[Project ID No]: UCLIC/1617/008/MSc Steed/Moustafa
Name, Address and Contact Details of Investigators:
Data Collector:
Fares Moustafa
UCL Interaction Centre
Fares.moustafa.15@ucl.ac.uk

Principal investigator:
Anthony Steed
UCL Gower Street
London WC1E 6BT
United Kingdom
+44 (020) 3108 7112

We would like to invite you to participate in this research project directed by researchers at UCL. You should only
participate if you want to; choosing not to take part will not disadvantage you in any way. Before you decide
whether you want to take part, it is important for you to read the following information carefully and discuss it with
others if you wish. Ask us if there is anything that is not clear or if you would like more information.
In this study we aim to gather data on how users interact with friends and family whilst socialising in Virtual Reality
(VR). The study will require you to spend at least 30 minutes in the designated social VR app socialising with your
chosen friends and/or family members. In this time, you are free to engage in whatever activities you choose. The
study will last for 4 weeks and you will be required to engage in social VR at least 2-3 times a week. We ask that
you keep a diary (a template will be made available to you) during the study to keep us informed on your
experiences and any thoughts you may have during your time in VR.
Interviews will be scheduled for the start and end of the study, with the possibility of scheduling additional
interviews during the study. The audio during our conversations will be recorded, with the possibility of in-app
video capture should the interview take place in VR. The entire session will not last longer than an hour.
Please be aware that we are not testing your technological ability in any way, we are only interested in the way
social VR apps facilitate interactions between friends and family. At the end of the study you will be given a £10
Amazon voucher for your time as a token of our gratitude.
All data will be handled according to the Data Protection Act 1998 and will be kept anonymous. Only UCL
researchers working with Professor Anthony Steed will analyse these data.
It is up to you to decide whether or not to take part. If you decide to take part you will be given this information
sheet to keep and be asked to sign a consent form. If you decide to take part you are still free to withdraw at any
time and without giving a reason.
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APPENDIX 2: CONSENT FORM

Title of Project:

Social VR – an Investigation into the Affective Triggers of Virtual Reality

This study has been approved by UCLIC’s Research Department’s Ethics Chair
[Project ID No]: UCLIC/1617/008/MSc Steed/Moustafa

Participant’s Statement
I …………………………………………......................................
agree that I have









read the information sheet;
had the opportunity to ask questions and discuss the study;
received satisfactory answers to all my questions or have been advised of an individual to contact for
answers to pertinent questions about the research and my rights as a participant and whom to contact in
the event of a research-related injury.
I understand that my participation may be audio and video recorded and I am aware of and consent to
the analysis of the recordings.
I understand that I must not take part if I am not physically able to do the tasks
I understand that the information I have submitted will be evaluated and used for a dissertation report. I
understand that the report is a part of the HCI & Ergonomics MSc course, and may also be used by UCL
Interaction Centre after the project is finished. Confidentiality and anonymity will be maintained, and it
will not be possible to identify me.
I understand that I must return all equipment that was lent to me as part of this study.

I understand that I am free to withdraw from the study without penalty if I so wish. I understand that I consent
to the processing of my personal information for the purposes of this study only. I understand that any such
information will be treated as strictly confidential and handled in accordance with the provisions of the Data
Protection Act 1998.

Signed:

Date:

Investigator’s Statement
I ……………………………………………………………………..
confirm that I have carefully explained the purpose of the study to the participant and outlined any reasonably
foreseeable risks or benefits (where applicable).

Signed:

Date:
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APPENDIX 3: INTRODUCTORY ACTIVITIES

UCL DIVISION OF PSYCHOLOGY
AND LANGUAGE SCIENCES

Introductory Activities
This document will outline a few activities to help you familiarise yourself with the Samsung Gear VR. If you’ve
never used VR before there may be an ‘adjustment’ period to acclimatise to your surroundings, this is completely
normal. However, it will all feel a lot more natural after 1 or 2 sessions.
This document will go over the following:
1) Create Oculus Account
2) Download Apps
3) Getting Started With VR
4) Creating an Oculus Rooms Avatar
5) Adding Friends
And of course, feel free to explore and play around with the system, you are encouraged to interact with the
device as if it were yours.

1) Create Oculus Account
To create an Oculus account, select the Oculus app button located on the home screen (this can also be found
within the apps page). You are free to create an account using your facebook credentials, however if you’d like to
create an account that isn’t linked to your facebook, there is a ‘Create Account’ button located on the bottom left
of the screen.
Follow the on-screen instructions, creating an account will only take a few minutes.

2) Download Apps
To download the required apps, select the Oculus app icon from the home screen and ensure that you are logged
in. This should take you to the ‘Store’ page by default, if not, select the Store button from the navigation on the
bottom.
Select the magnifying glass icon at the top right of the screen and search “Oculus Rooms”. Select the Oculus
Rooms app and download it. Once downloaded this will appear in your “Library” when in Virtual Reality. Also
install the “Oculus Avatar Editor” app which will be used at a later stage.
Note 1: The study will predominantly take place using the Oculus Rooms app, although after a couple of weeks
when you’re more familiar with the device, you’re more than welcome to experiment using other social VR apps
(such as VTime or AltSpaceVR).
Note 2: Feel free to browse the store and download any apps you’re interested in, although we cannot reimburse
you for any purchases you make. That said, there are plenty of free apps to enjoy (Netflix, for instance)
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3) Getting Started With VR
The Samsung Gear VR has a robust tutorial covering the basics inbuilt into the system. However, before you can
access it you must first slot the Samsung phone into the headset.
Now, adjust the straps of the headset so it fits firmly (but comfortably) on your head. You can adjust the straps
from the side and the top. Put the headset on and adjust the straps until it feels right.
Once the phone connects to the headset it automatically brings you to ‘Oculus Home’. This is where you can
navigate to the various VR apps. If the screen is blurry you can adjust the lens using the wheel located to the
middle of the headset. If the screen is still blurry you may need to readjust the head straps.

4) Creating an Oculus Rooms Avatar
Now the fun begins! Select the Oculus app -> Select Library -> Launch Oculus Avatar Editor. Follow the onscreen
instructions to customise your avatar, mess around with various combinations and have fun with it. Feel free to
take some selfies too 

5) Adding Friends
To add friends: launch the app -> Select ‘Friends’ from the bottom panel -> Select Add Friends -> Search friends
username and add them. They will now be added to your friends list allowing you to create social sessions
together and engage in various activities.

Now that we’ve gone over some of the basics try creating a Rooms session with some friends and explore the
various things you can do in-app. And once again, thank you for taking part in my study, I really appreciate it 
Feel free to contact me should you have any questions whether in person, via email
(fares.moustafa.15@ucl.ac.uk) or in VR (Oculus username: FMoose).
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APPENDIX 4: DIARY STUDY TEMPLATE

Name:

Session No:

Date:

Start Time:
End Time:

1. Which social VR app were you using for today’s session?
(Oculus Rooms, VTime, AltSpace, etc.)
2. Group members active
(Who was in the session with you?)
3. Where did the session physically take place?
(Were you sitting in your living room, bedroom etc)
4. What activities did you engage in with your group today?
5. Did you have any difficulties setting it up, or with the experience in general?
6. How many times did you interact with the group members outside of VR this week
(using Instant Messaging, or in person – please specify)
7. Were there any moments that stood out to you during your session, if so, what were they?
8. What are some of the affective states you identified with whilst interacting with group members during
the session?
(Please mark the appropriate area’s in the grid below – the bigger the circle, the more intense the emotion)
9. Is there anything of note you’d like to mention about your session?
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Anger

Interest

Hate

Amusement

Contempt

Pride

Disgust

Joy

Fear

Pleasure

None

Other

Disappointment
Ent

Contentment

________

Love

Shame

Admiration

Regret
Relief

Guilt
Sadness

25

Compassion

APPENDIX 5: INTERVIEW TEMPLATE – GENERAL TALKING POINTS

(this template was used as a general guide for talking points. Due to the semi-structured nature of the interviews the topic of
discussion often flowed into other areas participants brought up naturally throughout the discussion.)
How would you coordinate meetings with the other groups members?
Whose room do you usually interact in?
Did you make any changes to your room?
Avatar selection process
What are some of the reasons for choosing to portray your avatar the way you did?
Can you tell me what your first impressions were when you saw the avatars of your familiars?
Any Changes to avatar
What are your initial impressions when comparing social VR to skype or phone calls?
How does the non-verbal communication differ between RL?
visual cues such as
 body language (kinesics),
 distance (proxemics) and
 physical environments/appearance,
 of voice (paralanguage) and of touch (haptics)
How do your interactions with group members compare to RL?
How organic did you feel your interactions were with your chosen familiars?
What are some of the activities you engage in with group members?
Are the affective states you experience in VR similar to the ones you feel when you meet in person? Do they have similar
feelings in VR? Does it mimic RL?
How do you feel group member’s roles were represented in VR?
Does the dynamic of socialising differ with just one person compared to two?
Do you ever talk about VR experiences in RL?
Does it feel like you spent time with your group members?
Is there anything you feel that’s missing from the app, anything that would enhance the social elements of the
experience?
(i) telepresence, the feeling that one is actually a part of the world they are experiencing and
(ii) social presence, the sense of being in that space with others
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APPENDIX 6: EMOTIONAL VALENCE GRID

(Used as an aid for the classification of affective states)
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