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Abstract

Interest in multiplayer games that allow players to connect and play together
using different technologies, such as virtual or augmented reality (VR/AR) has
increased. Research has shown that in cross-reality gaming experiences (eg.
where there are differences in players’ abilities, user interface (UI), and meth-
ods of interaction) it is possible to achieve an enhanced player experience (PX)
through various interdependencies. However, most of the previous work fo-
cuses on co-located scenarios, where the space and proximity of the players are
local and utilised. In this study, I present an asymmetric VR game prototype
called LabXscape. Through the prototype, I researched how asymmetries of in-
terface, methods of interaction, information access, and narrative impact the PX
for players using different technologies (eg. VR, mobile, PC). In this asymmet-
ric VR game prototype, players can use different devices. Their interactions,
movements, and information influence and are shared with each other, creat-
ing a cross-reality experience. My observations reveal that there are factors that
allow non-VR players to have as engaging an experience as VR players, despite

using a less immersive device.
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Chapter 1

Introduction

1.1 Background

While games in early arcades were single-player, visiting the arcade was a so-
cial activity, and it created enjoyment and fostered friendships (Egli & Mey-
ers, 1984). As the popularity of arcades declined and gave way to the rise of
home gaming due to consoles such as Atari and the Nintendo Entertainment
System, the social aspect of video games did not dwindle; it was moved from
the arcade to the basement. The shift in location gave rise to the "couch co-op"
phenomenon where multiple people would gather to play video games, banter,
socialise, and more (Consalvo, 2017). Over the next few decades, as technology
increased and with the introduction of the Internet, social gaming rose to a new
level. Video games evolved to allow players to meet new people, share expe-
riences, and develop social relationships (Cade & Gates, 2017). As technology
continued to improve, multiplayer games became popular in a variety of areas
from esports (Palma-Ruiz et al., 2022) to serious games, where they target not

only the entertainment of participants, but also their training or education by



leveraging the principles of collaborative learning which allows multiple peo-
ple to learn a concept together in various symmetric setups - from PC to Virtual

Reality (VR) (Laamarti et al., 2014; Wendel & Konert, 2016).

The COVID-19 pandemic, which forced people to work, study, and entertain
themselves from home, accelerated the emergence of technologies like aug-
mented reality (AR) and VR as powerful tools for collaboration and connection,
allowing people to interact in virtual environments as if they were in the same
room, immersing themselves in various gaming experiences. VR is described
as a technology that provides believable experiences in a virtual and immersive
manner, while AR is a system that superimposes computer-generated content
on top of the physical world (Shen & Shirmohammadi, 2008). In 1994, Mil-
gram and Kishino developed the Virtuality Continuum in an attempt to create

a taxonomy of mixed reality displays (as shown in Figure 1.1).

I | Mixed Reality (MR) | I
—» <—
Real Augmented Augmented Virtual

Environment Reality (AR) Virtuality (AV)  Environment

Virtuality Continuum (VQ)

FIGURE 1.1: A simplified version of a virtuality continuum (Mil-
gram et al., 1995)

According to Milgram and Kishino, Augmented Virtuality (AV) is on this con-
tinuum. While AR involves augmenting the physical world, AV involves aug-
menting the virtual world or connecting the virtual world to the physical world
(Milgram et al., 1995). Despite their immersive qualities, VR head-mounted

displays (HMDs) have received criticism for their isolating characteristics, both

socially and technologically (Gugenheimer et al., 2019) and for the discomfort



they sometimes induce (Kim, 2019). As a result of these limitations, VR re-
search and design have started to look more and more into leveraging different

systems to design novel interactions, which include bystanders and co-players.

In this context, various types of asymmetries were considered - from the asym-
metry of player interfaces (rooted in cross-reality paradigms) to differences in
how players interact with the game and the information they possess (Harris et
al., 2016). Despite some previous work having looked into incorporating asym-
metries in multiplayer VR games and understanding how this might impact
the player experience (PX), this area is relatively novel, with the recent survey
by Rogers et al. identifying only 25 relevant papers on this topic and several
limitations and opportunities that need to be investigated further (Rogers et
al., 2021). Some of these are multiplayer games with more than two players,
remote play, or shared control within the game world and its impact on PX in

asymmetric multiplayer VR games.

1.2 Aim and Research Questions

This thesis aims to research, investigate and further identify best practices for
asymmetric multiplayer VR games. To assist in accomplishing these aims, I de-
veloped an asymmetric multiplayer VR game prototype that connects remote
players to a shared virtual world using either a VR device, mobile device, or
personal computer (PC). The game is developed based on principles from the
literature related to game design. The exploratory research presented in this
thesis aims to address specific literature gaps concerning asymmetric multi-

player VR game development.



Specifically, this thesis aims to address the following research questions:

¢ RQ 1: Is it possible for VR and non-VR players to have an equally pos-
itive PX in a remote asymmetric VR game? This research question is ad-
dressed in Chapter 5 through the presentation of qualitative data, which
is based on interviews and video observations that have been grouped
into themes. The qualitative data is supported by quantitative data, which
is a combination of the Game User Experience Satisfaction Scale (Ap-
pendix F) and a subset of the MultiModal Presence Scale
(Appendix G).

* RQ 2: What factors affect the PX of VR and non-VR players in a remote
asymmetric VR game? Based on the findings presented in Chapter 5,
this research question is addressed in Chapter 6 through an exploration of
factors that affect the PX in VR and non-VR players which include device,
social, and software factors.

* RQ 3: What are the best practices for designing an asymmetric VR game
that would provide an equal PX for all players? This research question is
also addressed in Chapter 6 and is based on the findings from Chapter 5

and the factors identified in response RQ 2.



1.3 Scope

This thesis is concerned with extending knowledge on the development of
asymmetric multiplayer VR games, specifically how to design for a good PX
of all players. This thesis is limited to only three types of devices: a standalone
VR HMD with controllers, a mobile device, and a PC (see Section 3.5 for specific
device setups). Although the scenario presented in Section 3.2 and the devices
used are limited, the intent is that the findings of the research could be applied

to other asymmetric multiplayer VR games using a combination of devices.

1.4 Contribution

This thesis contributes to identifying factors that affect PX in asymmetric multi-
player VR games, and offers theoretical and practical examples of these factors.

The overall contributions from this thesis could be summarised as follows:

¢ Identifying factors that contribute to an enjoyable PX for both VR and
non-VR players in an asymmetric multiplayer VR game.

¢ Evaluating/Exploring the impact of these factors on PX in an asymmetric
VR game

¢ Presenting best practices for developing an asymmetric VR game.



Preliminary findings from this research were presented at the academic peer-

reviewed workshops listed below.

TABLE 1.1: Publications list arising directly from this thesis

Conference / Workshop

Title

Citation

AVI2022 / Enhancing Cross-
Reality =~ Applications and
User Experiences

Enhancing Player Experience
in Asymmetric Virtual Real-
ity Gameplay

(McCready et al.
2022)

ISMAR2022 / 1st Workshop
on Prototyping Cross-Reality
Systems

LabXscape: A Prototype for
Enhancing Player Experience
in Cross-Reality Gameplay

(McCready et al.
2022)

1.5 Thesis Overview

The thesis is structured as follows:

* Chapter 2 presents a literature review centred on topics pertinent to this
study. Topics were chosen and presented in a way to scaffold theories.
First, traditional game design theories are presented. Second, theories
that focus on engaging and immersing players are presented. Finally,
theories and frameworks related to asymmetric VR experiences are pre-
sented.

* Chapter 3 presents system design information for the asymmetric VR
prototype game and details how the prototype was implemented. This
includes the game scenario, roles, tasks, hardware implementation, and
system architecture design. This chapter includes the techniques em-

ployed to enhance the PX of VR and non-VR players.



¢ Chapter 4 outlines the research methodology, the tools used in the study,
and information about the participants, including how they were recruited
and selected.

® Chapter 5 showcases the results of the qualitative study, organized by
themes that were identified through a thematic analysis. A presentation
of quantitative data is included as support for the qualitative findings.

¢ Chapter 6 provides an analysis of the qualitative findings and recommen-
dations to improve PX of non-VR players in asymmetric VR games. The
limitations of the study and future work opportunities are also included

in this chapter.



Chapter 2

Literature Review

This literature review chapter outlines topics that explain the system design
decisions detailed in Chapter 3 and underpin the findings of this thesis. The
theories and concepts progressively build upon one another, as depicted Figure

2.1.

Asymmetric VR
Immersive Media

Multiplayer Concepts

Game Design Theories

FIGURE 2.1: Scaffolding of theories and concepts



The chapter starts with literature that provides a theoretical understanding of
PX and factors that contribute to a positive PX (Section 2.1); this includes ex-
ploring factors that contribute to a positive PX in a cooperative multiplayer set-
ting. This section is not specific to immersive games, but rather generic game
theory. Next, factors commonly associated with VR are explored and the af-
fordances and limitations of VR, mobile, and PC devices, in relation to these
factors, are discussed (Section 2.2). Understanding these factors may help to
develop engaging and immersive games, including asymmetric VR games. The
next section explores specific factors and theories that affect PX within asym-
metric VR games (Section 2.3). At the conclusion of this chapter, a summary of
the related work will be presented alongside the identified research gaps that

this thesis attempts to address.

2.1 Game Design and Player Experience

Whether single-player, multiplayer, VR, or desktop computer, developing an
engaging video game requires strategic decisions that are informed by game
design theories. Game design has evolved significantly since the 1980s, when
the creation of video games focused primarily on programming (Ulf, 2009).
As various technologies improved over the past few decades, game design has
become multi-faceted. To better understand the theory and application of game

design principles, a number of frameworks have been developed.

In this section, I will research and explore related work on concepts that are

required for successful video game design and a positive PX.
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2.1.1 Mechanics, Dynamics, Aesthetics (MDA) Framework

Various game design theories and frameworks are in use today, each of them
presenting its own set of benefits and drawbacks. The application of these
theories and frameworks depends on the goals of the developer and which are
deemed a "best fit" to those goals. According to O’Shea and Freeman, a game
design framework is a set of concepts that provide insight into a set of design

issues (O’Shea & Freeman, 2019).

One of the most popular game design frameworks is the Mechanics, Dynam-
ics, Aesthetics (MDA) Framework (O’Shea & Freeman, 2019, p. 7). The MDA
Framework was developed by Hunicke, Leblanc, and Zubek in 2004 and is in-
tended to provide a formal approach to understanding games (Hunicke et al.,
2004). The MDA Framework bridges the gap between game designers and
players. Video games are created by designers and consumed by players. How
the consumption occurs is unpredictable and may not be as the game designer
intended, as demonstrated in Figure 2.2. Without the MDA Framework, game
designers may make decisions that may not align with the player’s perceptions

or expectations.

Rules ——» System —»p “Fun”

Mechanics —» Dynamics —» Aesthetics

Designer

FIGURE 2.2: MDA Framework order of influence (Hunicke et al.,
2004)
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The MDA Framework approaches the game consumption challenges in a sys-
tematic manner by breaking down the consumption process into set compo-
nents and the correlated design components, which are Mechanics, Dynamics
and Aesthetics. Game designers focus on mechanics first and then move to aes-
thetics, whereas game players focus on aesthetics first and move to mechanics.
Understanding this relationship is essential to develop a video game that is fun
for players as it allows the perspectives of a game designer and game player to

be considered at the same time (Deterding et al., 2011).

Mechanics represents the various actions, behaviors, and controls that are avail-
able to a player. Dynamics are the real-time responses of mechanics on player
inputs. Aesthetics describes the emotional responses created in the player

when interacting with the game.

Within MDA Framework there are taxonomies that are used to describe the

aesthetics of the game:

¢ Sensation

¢ Fantasy

¢ Narrative

¢ Challenge
¢ Fellowship
* Discovery
* Expression

e Submission

The MDA Framework helps understand how decisions about gameplay affect

the PX and can be applied across a gamut of video game genres and platforms.
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2.1.2 Player Interaction

According to Hunicke et al., mechanics from the MDA Framework consists of
the various actions and controls given to each player (Hunicke et al., 2004).
This is partly dependent on how the player physically interacts with the game.
Steve Swink describes this interaction as the Model of Interactivity. This model

consists of the flow of information between the player and the computer, as

PROPRLOCEPTLON & JOYSTICK SPRINGS, MOUSE POSITION

depicted in Figure 2.3.
PLAYER COMPUTER
w—-—M—M P O W e
|
1.SENSES (INPUT) | 6. DISPLAY (QuTPUT)
SIGHT | SCREEN
SOUND < | SPEAKERS
TOUCH | RUMBLE MOTORS
|
|

2RRAN ) ST =

L[Cwu TR~ 5 PROCESSOR

. < xJ /
3 MUSCLES (OUTPUT) | 4 CONTROLLER GNPUT)
HANDS | > JUYSTICK
ARMS I > WIIMOTE,MOUSE
FEET | > DDR PAD, WII FIT BOARD

FIGURE 2.3: Swink’s Model of Interactivity (Swink, 2009)

Swink indicates that the player receives input in the form of sight, sound, touch
and proprioception. Proprioception is described by (Shinkle, 2008) as the feed-
back mechanism which determines the body’s location and movement and is

closely linked to the PX. Following the input the player receives, the output is
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performed through physical body parts such as hands, arms and feet using in-
put devices such as a controller or mouse. These devices will have affordances

and constraints, which will affect the PX.

The affordances and constraints of devices are often made manifest in how
intuitive the controls seem. Intuitive controls are the extent to which the con-
trols can be easily understood and do not interfere with the player’s experience
(Johnson et al., 2015). When input devices have naturally mapped control in-
terfaces or authentic interaction, there is less abstraction between the task and
the player action needed to perform the task, resulting in higher enjoyment of
the game (McEwan et al., 2014). Despite best efforts by game designers, player
interactions that are based on physical controllers, such as an Xbox controller
or a Meta Quest controller, will often be abstracted. For example, if playing
a racing game on the Xbox with a traditional controller, players will need to
steer their car with a joystick on the controller. This is less intuitive and does
not support the player’s previous experience if they have driven a physical car

before.

According to Swink, when a player receives input from one of their senses,
their reaction time is based on the time it takes to perceive, think, and act
(Swink, 2009). The more natural the interaction, the faster the reaction, result-
ing in a positive PX. The use of authentic input devices, which are devices with
minimal abstraction, has been found to result in higher levels of player enjoy-
ment and enhanced gaming experiences (Pietschmann et al., 2012). The impact
of authentic input devices on PX is partly due to the reduced challenge and
cognition required to translate the idea of the task into actually performing the

task, which is understood by reviewing Flow Theory (Csikszentmihalyi, 1990).
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Flow Theory is a mechanism used to analyse experiences in any setting to de-
termine flow or "when attention is completely absorbed in the challenges at
hand" (Nakamura & Csikszentmihalyi, 2009, p. 197). Components of Flow that
contribute to this absorption of attention are a challenging activity requiring
skill, a merging of action and awareness, clear goals, immediate feedback, con-
centration on the task, a sense of control, a loss of self-consciousness, and an

altered sense of time (Chen, 2007).

The theory has been adapted to game design. In Flow Theory, the goal is to
balance the external complexity of systems with the internal perspective that
a player develops of the system. This balance creates a ‘flow” that results in a
positive player experience (Cowley et al., 2008). When games present complex
or abstract controls, the player’s concentration can be affected, resulting in a

break in the flow experience (Peter, 2007), as depicted in Figure 2.4.

Anxiety

Challenge

Boredom

Skill
FIGURE 2.4: Flow state model (Csikszentmihalyi, 1990)
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As mentioned above, one of the components of Flow is the loss of self-consciousness.
Within games, it is not so much a loss of self-consciousness, but an expansion.
This results in the player feeling a sense of union with the game (Peter, 2007) or
an expansion of the player’s concept of self (Jarvinen et al., 2002) and the ability
for a player temporarily forget who they are and take on a character’s person-
ality. This game-self personality (how a player views themselves in a game) is
affected by the device used for player interaction. The game-self personality

impacts player enjoyment and motivation (Birk & Mandryk, 2013).

2.1.3 Game Narrative

From as early as the mid-1970s, narrative has been included in video games to
capture a player’s attention (Ip, 2011), although the exact definition of narrative
in game design has been the source of much debate (Koenitz, 2018). Narrative
elements, as described as part of the structuralist theory, will be considered.
These include story, events, actions, settings, and characters (Louchart & Aylett,
2004). Unlike the structuralist theory that indicates the story is unfolded in a
chain of events, game narrative has the story discovered and shaped by the

players using emergent narratives (Jenkins, 2004).

According to the MDA Framework, the narrative contributes to the frame-
work’s aesthetics component (Hunicke et al., 2004), because the narrative in
video games can elicit an emotional response in players. In some cases, story-
telling has been found to have more of an impact on PX than the challenge /skills
balance in flow theory (Kolar & Cater, 2018). Unlike non-interactive media,

this response is generated through the player’s participation in the narrative.
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Through their role in the narrative, players can shape the narrative by becom-
ing an active participant in the story, which is especially true when narrative is

combined with context and mechanics, as demonstrated in Figure 2.5.

FIGURE 2.5: Factors that affect game experience (Elson et al.,
2014)

As players can identify with their character role in the video game, the more
the likelihood their enjoyment in the game increases. This enjoyment can in-
crease when players interact with other players authentically, reinforcing their
identification with the role (Hefner et al., 2007). Role identification and immer-
sion in the narrative are increased when players have the ability to control their
character in the video game (Qin et al., 2009). In fact, the higher the degree of
perceived control a player has of their character in a video game, the higher
the sense of presence (Moser & Fang, 2015). In addition to immersion increas-
ing with increased character control, overall game enjoyment increases when

players see the results of their interactions (Klimmt et al., 2007).
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The importance of narrative in video games is not limited to the in-game nar-
rative development. Pre-game stories or backstories can connect players to the
virtual world and their role within the game. Pre-game stories have been found

to have a positive effect on feelings of presence and game enjoyment (Park et

al., 2010).

2.14 Multiplayer Cooperative Gaming

Multiplayer video games have different design patterns, including collabora-
tive, competitive, and cooperative. In competitive games, the goals of the play-
ers are opposite each other. Collaborative and cooperative games are very sim-
ilar but have a crucial difference. With cooperative games, players may work
together to achieve a mutually beneficial outcome, but the results may not al-
ways be positive for all players. In fact, players often have different goals in
cooperative games. An example of a cooperative game is League of Legends
(pictured in Figure 2.6). In this game, players work together as a team to battle
other teams online. The overarching goal is to win as a team, but individual
players have personal goals such as gaining experience. Players in a collabora-
tive game share a goal and share the outcomes (Zagal et al., 2006). Many of the
factors discussed affect PX in multiplayer cooperative video games, with the
added complexity of interplayer communications, relationships, and interac-
tions. While multiplayer video games introduce some additional complexities,
video games with multiple players can enhance PX and increase engagement

(Ravaja et al., 2006).

According to Morschheuser et al., games with cooperative elements have three

common features: (1) cooperative goals structures; (2) mechanics and rules that
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support and enable cooperation, and (3) communication features (Morschheuser,
Riar, et al., 2017). How these features directly impact the PX is referred to as
"group flow", which is an extension of the flow theory. Researchers have iden-
tified that effective group communication, knowledge of others’ skills, and ef-

fective teamwork contribute to a positive group flow (Kaye, 2016).
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FIGURE 2.6: Example of a Cooperative Game (League of Legends)
1

There are various design patterns for cooperative-style games. Two of the most
common design patterns are complementary and shared goals. The comple-
mentary pattern has players control characters that support and complement
each other. Shared goals is an approach where all players in a group share a
common goal (Rocha et al., 2008), which has been found to positively affect en-
joyment and cooperative behavior (Morschheuser, Maedche, et al., 2017). With
this design pattern, effective communication is critical for positive PX; the lack

thereof was shown to have a negative effect on PX (Kaye, 2016), which indicates

Thttps:/ /leaguefeed.net/how-to-take-screenshots-in-lol /


https://1https://leaguefeed.net/how-to-take-screenshots-in-lol
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that for the complementary design pattern to be successful, players need to be
aware of the skills and abilities of each member of the team. The sharing of

knowledge relies on the game’s mechanisms for team communication.

The complementary pattern creates a feeling of interdependence, which has
been found to positively affect enjoyment in multiplayer games (Kaye & Bryce,
2012). Interdependence is described as the "degree to which group members
must rely on one another to perform their tasks effectively given the design of
their jobs" (Saavedra et al., 1993, p. 61). This reliance on others in the game
has been found to increase levels of social closeness and trust among play-
ers (Depping & Mandryk, 2017). Furthermore, researchers have compared
games with asymmetric play and symmetric play and found that connected-
ness and social presence appeared to be higher in games with asymmetric play,
especially when interdependence is high (Harris & Hancock, 2019). High in-
terdependence occurs when player actions directly affect other players in the
game, while the opposite is true for low interdependence (Emmerich & Ma-

such, 2017).

2.2 Embodiment, Presence, Engagement, Immersion

Whether playing a video game in VR, mobile, or on a PC there are factors that
draw the player into the game and narrative. Immersion, engagement, pres-
ence, and embodiment are some of the main factors that draw a player into the

game. The success of each device in achieving these factors will vary.
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2.2.1 Embodiment

Embodiment is described as a sense that something is part of a player’s body.
For example, game controllers may become embodied as virtual hands (Lankoski,
2016). In video games, a primary vehicle for creating a sense of embodiment
is through avatars or a player’s character. A correlation has been identified
between the visual representation of an avatar and embodiment and player be-
havior (Praetorius & Gorlich, 2020). While the visual appearance of an avatar
can have an influence on embodiment, it is the agency and control that a player
has through their avatar and the effects of those actions in the virtual world
that creates a stronger sense of embodiment (Klevjer, 2006). With that in mind,
those playing the classic video game Pac-Man (pictured in Figure 2.7) may feel
a sense of embodiment due to the simple and direct control of Pac-Man, despite

the avatar being an abstract character.

15930

15930

FIGURE 2.7: Example of a game with a non-traditional avatar
(Pac-Man?)
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As the player-controlled camera is moved within the game, the assumption of
an offscreen body is created, which produces a sense of diegetic embodiment
(Rehak, 2003). This is explained through a theory called Game Ego (Wilhelms-
son, 2006), which is described as creating a sense of being in a game through
a "tactile motor / kinesthetic link". When a player moves their character, the
exertion of control is an extension of their own sensory-motor system (Wil-
helmsson, 2006). This extension allows a player to experience an awareness of
the body in a game world, reinforcing a sense of being within the world (Wil-
helmsson, 2001). The level of agency and control is so critical to embodiment
that Wilhelmsson (2006) posits that even if a traditional visual character is not
present, the ability to control objects within the game creates a manifestation
of the player’s presence in the game and provides the tactile/motor kinesthetic

link between the player and the game.

Additionally, embodiment is achieved when a player assumes their character’s
goals, role, and mental state. This form of embodiment is called "The Projective
Stance" or embodied thinking (Gee, 2008). The game narrative and character
role directly impact the level of embodied thinking. As the player connects
and understands their character’s role and how they fit within the story, they

attribute certain mental states to their character.

While the game story and character role can have a significant impact on the
level of embodied thinking, the device a player uses to access the game world
has a direct impact on the visual embodiment and interactive embodiment the

player experiences. Devices that provide methods for natural interactions or

2https: //www.mobygames.com/game/pc98/pac-man/screenshots/gameShotld, 441927/
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allow players to express themselves easily through physical movement can in-

crease embodiment (Zavala-Ibarra & Favela, 2012).

Researchers have explored how embodiment is experienced in VR by defin-

ing a concept called Sense of Embodiment (SoE) (Kilteni et al., 2012) and three

factors that contribute to SoE, which include:

* Sense of Self-Location: The feeling of one’s self-being inside an avatar’s
body, which can be increased by having the first-person perspective aligned
with the position of the artificial eyes.

Sense of Agency: The sense of having motor control of the avatar is de-
veloped when there is a synchronicity of visuomotor correlations, or in
other words, when the visual actions of the avatar match the player’s
intent. The Sense of Agency is increased when there is real-time avatar
movement that correlates with physical action from the player.

Sense of Body Ownership: Occurs when parts of the body appear to
belong to one’s self (Giummarra et al., 2008). The Sense of Body Owner-
ship is influenced by bottom-up and top-down information. Bottom-up
information includes synced multisensory inputs such as audio, visual,
and haptics. In comparison, top-down information includes the cogni-
tive processes that accept external objects based on pre-existing body rep-
resentations (Tsakiris, 2010). The Sense of Body Ownership is increased
when physical stimulation on the player’s body matches seen stimulation
on the virtual body. For example, if the VR avatar is holding a drill that
is and the player feels physical vibrations or haptics, this reinforces the

Sense of Body Ownership.
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Mobile devices have limitations in influencing the ‘Sense of Body Ownership’
aspect of SoE. While mobile devices do not have the body tracking capabili-
ties that VR devices have, they do have limited motion capabilities by com-
bining the Inertial Measurement Unit (IMU) and the device’s camera (Fang et
al., 2016). This motion tracking enables the translation of a player’s physical
movement and rotation to the movement and rotation of their avatar in the
game world, enhancing the Sense of Agency. Through this real-time mapping
of player movement to their avatar, a sense of diegetic embodiment is created
through the theory of prosthetic telepresence (Klevjer, 2006). In this sense, the
mobile device becomes a window to the game world. The concept of prosthetic
telepresence to engage non-VR players has been explored as part of the Tele-
Sight project (Furukawa et al., 2019). In TeleSight, non-VR players can view
the virtual world and interact with the VR player through an avatar robot that

imitates the motion of a VR user.

While it is possible to create a SOE when playing a video game on a PC (Lankoski,
2016), there are limitations. For example, the Sense of Agency is limited as the
interaction is mediated through an input device such as a mouse or keyboard.
When the player’s character moves in response to those inputs, there is mini-
mal proprioception, and the player’s avatar is described in this case as simply
a "cursor that mediates the player’s relationship to the story world" (Klevjer,

2006, p. 62).
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2.2.2 Presence

The term presence is sometimes incorrectly used interchangeably with embod-
iment or the terms may be used to describe each other. Such as this statement,
"presence in a game space means that the player must have some embodied
presence, a sense of ‘being’ in the game space" (Taylor et al., 2002, p. 24). While
there are some similarities, the two concepts have a main difference. Embodi-
ment refers to the ability to perform bodily actions, and presence refers to the
sense of existing in a particular setting (Schultze, 2010). There are three dimen-

sions of presence, each having an impact on PX:

* Personal presence has been described as "a psychological state in which
virtual objects are experienced as actual objects in either sensory or non-
sensory ways" (K. M. Lee, 2004, p. 27). Another definition of personal
presence is the "perpetual illusion of nonmediation" (Lombard & Ditton,
2006), meaning that a player forgets that their interaction is mediated and
they believe they are interacting directly in the game world.

¢ Social presence is defined as the sense of other beings in the virtual world
appearing to exist and respond to the player (Cuddihy & Walters, 2000).
As other people in the virtual world appear real and react to the player;
it is reinforced that the virtual world exists (Heeter, 1992).

¢ Environmental presence is defined as the extent to which the environ-
ment appears to be aware of a player’s existence and responds to their

actions (K. M. Lee, 2004).

Personal presence is linked to a player’s ability to position themselves within

their physical space (Riva et al., 2014). This concept also applies to virtual
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space, meaning if a player can move within virtual space, presence can be in-
creased through physical movements. While this applies to VR devices, mobile
devices can also allow a player to move within a virtual space through physical
movements using an IMU (Fang et al., 2016). While PC devices are at a disad-
vantage when it comes to creating a sense of presence (when compared to VR
devices), there are other factors besides the device that can be implemented
on a PC experience to create presence, such as the ability to focus the player’s
attention (Tamborini & Skalski, 2006). This focus can be gained through the
audiovisual senses or cognitively through the dramatic content or narrative
(Tamborini & Skalski, 2006).

Social presence and social play have been found influence PX and enjoyment
directly (Gajadhar et al., 2008). Several factors influence the degree of felt so-
cial presence: visual representation, interactivity, haptic feedback, depth cues,
and audio quality (C. S. Oh et al., 2018). Researchers have found that people
feel higher levels of social presence when a visual representation is available
(C. S. Oh et al.,, 2018). Although there are mixed results in the requirement
of avatars needing to be photorealistic or anthropomorphic (Nowak & Biocca,
2003). While real-time communication between players fosters social presence,
communication combined with interaction between players creates a higher
sense of social presence (C. S. Oh et al., 2018). When players are communi-
cating and interacting together on a shared task, they share a common focus
and become jointly engrossed, which is called focused interaction (Schultze
& Brooks, 2019). The effect that focused interaction has on social presence is
conveyed by the following definition of social presence: "the ability to recog-

nize motor and proximal intentions which allows the Self to identify the Other
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whose intention is directed towards him" (Riva et al., 2014, p. 23). This is sup-
ported by other research which has identified that closely-coupled tasks (tasks
requiring interaction by other players for completion) result in higher PX and

player enjoyment (Beznosyk et al., 2012).

FIGURE 2.8: An example of focused interaction between two
players (GiantsVR)3

Environmental presence is not just about the fidelity of the environment (Alexan-
der et al., 2005), but rather is facilitated when the virtual world acknowledges
the player’s existence and responds to their presence (Heeter, 1992). For exam-
ple, if a player entered an elevator and it took them to a new floor, this would
increase the level of environmental presence as the elevator responded to the
player’s interaction (Heeter, 1992). The ability of a player to manipulate the vir-
tual world directly affects environmental presence (Sheridan, 1992). It has been
theorised that a virtual world that is highly responsive to a player can induce
a higher degree of presence than a virtual world that provides responsiveness

similar to the physical world (K. M. Lee, 2004).

Shttps:/ /store.steampowered.com/app/1124160/ VRGiants /


https://3https://store.steampowered.com/app/1124160/VRGiants
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The ability to achieve personal, social, and environmental presence varies de-
pending on the device used to access the game world. According to Slater and
Wilbur, the glass of a computer screen creates a gap between the current reality
and the reality appearing on the screen (Slater & Wilbur, 1997). This break has
a negative effect on presence as the experience feels mediated and the player
feels removed from the environment. With VR, that gap is significantly de-

creased, reducing the feeling of mediation.

Although the experience may feel less mediated because the virtual world is
accessed through a VR HMD, there are still risks of mediation. A research
study has found that when a control interface felt natural in VR, there was an
increased sense of presence (Seibert & Shafer, 2018). The opposite holds true
for control interfaces that do not feel natural. For example, if the VR experi-
ence involves using various buttons found on a typical VR controller and the
interaction does not "fit" with the experience, a sense of mediation is created

because the player is aware of the controller.

2.2.3 Engagement

Engagement has been described as the "simultaneous occurrence of elevated
concentration, interest, and enjoyment encapsulating the experience of flow"
(Hamari et al., 2016, p. 172). Additionally, it has been found that engagement is
strongly dependent on game enjoyment (Allen et al., 2014). Similar to presence,
there are three categories of dimensions of engagement: (1) behavioral engage-
ment - the active participation in a given situation; (2) cognitive engagement -
the mental investment in the activity, the application of critical thinking, and

commitment, (3) and emotional engagement - the player’s affective response
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to others and the setting, demonstrated through interest, boredom, excitement,
etc. (Annetta et al., 2009; Fredricks et al., 2004). Furthermore, in multiplayer
games, engagement is a "result of a complex interplay of compensatory and
reciprocal behaviors" (De Kort et al., 2007, p. 3), which are created through ef-

fective social play and a feeling of social presence.

Researchers have identified the Player Engagement Process as a framework
used to identify how "engaging player experiences are sustained" (Schoenau-

Fog et al., 2011, p. 13). The process has the following characteristics:

* players become motivated to play either through in-game motivations or
through personal motivations

¢ when a player starts the game, either the objective is established through
the game rules or the player establishes their own objective

¢ the objectives trigger activities the player performs to complete the objec-
tive

* an engaged player will desire to continue playing as long as the objective
is not reached

* players can be emotionally affected as a result of performing a task to
complete an objective or if the objective is not completed

¢ if the player is positively emotionally affected, player engagement can be

sustained

The Player Engagement Process is represented by the Objectives, Activity, Ac-
complishments, Affect (OA3) Framework (as shown in Figure 2.9). Objectives
are either extrinsic (goals within the game) or intrinsic (self-defined goals) that
motivate the player. Some of the categories of activities that a player may

undertake that encourage engagement include problem-solving, interfacing or



29

how the player interacts with the game, exploration, experiencing characters,
and socialising. When the objectives are accomplished, achievement rewards
and the ability to progress increase engagement and motivation. Affect refers
to the positive or negative emotions that are felt during the game (Schoenau-

Fog et al., 2011).

L Objectives

( Affect ’ - Activities

Accomplishments }

FIGURE 2.9: The Objectives, Activity, Accomplishments, Affect
(OA3) Framework (Schoenau-Fog et al., 2011)

In developing engagement, the player character’s role and the associated nar-
rative is important. It has been theorised that engagement is created through
goal-related engagement and empathetic engagement (as shown in Figure 2.10).
Goal-related engagement is experienced when a player connects with their
character and shares the character’s goals. When the player shares their charac-
ter’s goals, empathy can be fostered, drawing the player into the game. Empa-
thetic engagement is created as the player connects with the character through

recognition (how the player constructs the character in their mind), alignment
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(how information is shared through playing the game), and allegiance (the loy-
alty a player has to the character based on personality and visual attributes)

(Lankoski, 2011).

A player

A player character

recognition
alignment
allegiance

FIGURE 2.10: Player engagement with their character (Lankoski,
2011)

In addition to the cognitive and emotional factors mentioned above, the phys-
ical movement of the player’s body affects engagement. Researchers have dis-
covered that engagement can be increased by providing methods for players
to interact with the game through body movement (Bianchi-Berthouze et al.,
2007). Through body movement, VR and mobile devices may provide higher
levels of engagement than PC devices. However, focusing on the cognitive
and emotional engagement categories and flow theory allows players on PC

devices to experience high levels of engagement.
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2.2.4 Immersion

Discussion of the impact of immersion on PX goes as far back as the 1970s
(Bender & Courtney Plante, 1972). Immersion is defined as the amount that the
player is drawn into the world of the game’s narrative (Mcmahan, 2003) of a
suspension of disbelief that the player is inside a virtual environment (Dede,
2009). This is supported by later research that determined that immersion in-
volves a loss of sense of time, disconnection from the physical world, and in-
volvement in the task environment (Jennett et al., 2008). Attention has been
identified as an essential factor of immersion. A correlation exists between the
level of immersion a player feels and the number of attentional sources in the
game (Brown & Cairns, 2004). How a player is drawn into the virtual world is
attributed to three dimensions of immersion. The first, sensory immersion, is
attributed to the audiovisual elements of a game. Challenge immersion is the
second dimension, which is achieved when challenges and abilities are con-
sidered. These may be related to motor skills (physical interaction) or mental
skills (problem-solving). The final dimension of immersion is imaginative im-
mersion, which, when considered, encourages the player to use their imagina-
tion or connect with the character they are playing (Ermi & Mayrd, 2007). With
these definitions of immersion in mind, the elements of engagement, presence
and, embodiment are closely connected to immersion and ultimately influence

immersion.
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2.3 Asymmetric VR

Asymmetry, as it pertains to Human-Computer Interaction (HCI) systems, de-
scribes “the capacity of individuals in a group to have different means to vi-
sualise and interact with virtual content” (Grandi et al., 2019, p. 1). This can
be accomplished in one of two ways; through the device an individual uses
to access the virtual content or through the role the individual is assigned. The
concept of asymmetry has been researched in various disciplines, such as social
psychology (Coffeng et al., 2021) and economics (Ausubel et al., 2002), but there
is little research on asymmetry as it pertains to HCI (Ouverson & Gilbert, 2021),
despite growing success with asymmetric VR games such as Keep Talking and
Nobody Explodes. The research on asymmetric VR previously conducted has
focused primarily on co-located users (Ouverson & Gilbert, 2021; Rogers et al.,
2021). Co-located users share the same physical space while accessing a shared
virtual space. For the purpose of this research, the definition of asymmetry
will expand beyond visualising and interacting with virtual content and in-
clude asymmetry of information (also known as the Hidden Profile Paradigm)
and asymmetry of space (players in different spaces). The asymmetries created
through the different modes of accessing the shared virtual space can create in-
terdependencies between users. As indicated in Section 2.1.4, interdependency
creates an elevated sense of social presence, connectedness, and trust among

participants.

In this section, I will explore the importance of asymmetric VR, its effect on
player behavior, the complexities of developing asymmetric VR games, and the
limitations of current asymmetric VR games. I will also share information from

researchers who have developed frameworks for asymmetric VR applications.
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2.3.1 The Importance of Asymmetric VR

Due to advances in HMD hardware, such as eye and hand tracking, VR experi-
ences for training and entertainment have become more engaging and immer-
sive. Despite the improvements to VR experiences, there are challenges with
the use of HMDs. These devices isolate the user from their physical surround-
ings and those around them (Gugenheimer et al., 2019). This isolation can also
affect others in the physical space, reducing them to bystanders and creating a
feeling of exclusion (Gugenheimer et al., 2017). A large portion of the popula-
tion experiences some form of motion sickness when in VR. In fact, 40% to 70%
of those who have tried VR have reported feeling motion sickness (Kim, 2019).
Cost is another challenge that has slowed the adoption of VR (Abulrub et al.,
2011), both from a consumer and enterprise perspective. This challenge has
begun to be addressed with the release of the Oculus Quest (now referred to as
Meta Quest). Even though the cost issue has begun to be addressed, privacy
and security concerns are other challenges to VR adoption (Adams et al., 2018).
As a result of these challenges, only 26 million VR headsets are owned globally

(Osterland, n.d.). That is less than 0.5% of the global population.

While VR devices provide highly immersive experiences, the challenges listed
above may prevent some from participating. As a result, researchers have be-
gun to investigate approaches to bring non-VR users into the shared virtual
world using novel interactions. Asymmetric VR experiences can overcome
some of the challenges listed above by reducing isolation and providing op-
portunities to participate in the shared virtual world using devices other than
a VR HMD. Additionally, asymmetric VR experiences can create a sense of im-

mersion and experiences that are different from those focused solely on VR
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users (Jeong et al., 2019) and, in some cases result in higher performances than
an experience focused on a single-device interaction modality (Grandi et al,,

2019).

2.3.2 Unique Challenges of Asymmetric VR

At its core, asymmetric VR is a multiplayer concept, and many of the factors
identified in Section 2.1.4 should be considered. However, some additional
complexities and nuances are unique to asymmetric VR. It is insufficient to just
port a VR game into a mobile, AR, or PC game. The differences in interaction
modalities and visual capabilities are substantial and would result in a negative
video game experience. When the developers of Skyrim decided to release the
game with a VR mode, the feedback was mixed, but highlight a number of
problems with the initial release of the VR version of the game (Smith et al.,

2019).

The affordances and limitations of each device used to access an asymmetric
VR game will influence various elements of gameplay, creating multiple types
of asymmetry. These types of asymmetries have been grouped under the cate-
gory of Mechanics of Asymmetric, referring to the MDA Framework (Harris &

Hancock, 2019). The types of asymmetries available are listed in Table 2.1.

Karaosmanoglu et al. (2021) found that the deliberate implementation of these
asymmetries enhances PX and social connectedness by creating interdepen-
dence. Depending on the asymmetries and mechanics of the game, there may
be different directionalities of interdependence. Mirrored dependence is the
most common and implies that the players rely on each other similarly. Uni-

directional dependence occurs when a player’s progress depends on support
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from another player, but the dependence is not reciprocal. Bidirectional depen-
dence has players relying on each other, but in different ways (Harris et al.,
2016). The different directionalities of interdependence can create a power im-
balance between players, resulting in interesting gameplay mechanics and so-
cial interactions. One of the challenges of implementing interdependence is the
potential negative impact on the PX. If players’ roles do not facilitate an equal
sharing of responsibility or task involvement, those players less involved may
feel disengaged from the game. Indeed, it has been found that when players
shifted from a passive role to an active role, a more positive player experience

was had by all players (Maurer et al., 2015).

While the asymmetries described in Table 2.1 may provide opportunities for
creating interesting gameplay mechanics, they may also pose challenges for
non-VR players” PX. Non-VR devices will have inherent differences from VR
devices, creating natural asymmetries. For example, the Asymmetry of Inter-
face naturally occurs between PC, VR, and mobile devices. Failure to delib-
erately address these differences and strategically implement asymmetries, in
combination with factors highlighted earlier such as narrative and roles, may
negatively affect PX. In the prototype designed by Karaosmanoglu et al. (2021),
a number of asymmetries were included to enhance gameplay, but the non-VR
player interface was not grounded in a narrative and they did not require active

interaction.

Another asymmetric VR game, BirdQuestVR (Smilovitch & Lachman, 2019)

anchored the asymmetries in a narrative, but the experience is limited to two
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players and two types of devices. Each type of device that is part of a game in-
creases the complexity by introducing the potential for multiple forms of asym-
metries. While the complex asymmetries created by multiple types of devices

can be challenging, the resulting gameplay can be engaging and layered.

TABLE 2.1: Definition of types of mechanics of asymmetry (Harris

& Hancock, 2019)
Type of Asymmetry Definition
Asymmetry of Ability Players have different abilities
Asymmetry of Challenge Players face different challenges
Asymmetry of Interface Input / Output different for players
Asymmetry of Information Players have different information
Asymmetry of Investment Players invest a different amount of time
Asymmetry of Goals / Responsibility Players seek different outcomes

2.3.3 Asymmetric VR Frameworks

The complexity of designing asymmetric VR experiences necessitates robust
guidelines or frameworks for developers. Albaek Thomsen et al. (2019), Ou-
verson & Gilbert (2021), Rogers et al. (2021) provide substantial underpinnings,
but a deeper critical discourse is warranted, challenging and furthering their

ideas to foster more nuanced and comprehensive frameworks.

Albaek Thomsen et al.’s (2019) taxonomy elucidates the roles of VR and non-
VR participants as “actors” and “assistants’, respectively. However, these delin-
eations may oversimplify the complex dynamic that characterises asymmetric

VR experiences. The degree of asymmetry—low, medium, and high—delineated
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based on the assistant’s interaction level further propagates this oversimplifica-
tion. Does the complexity of interaction in an asymmetric context merely boil
down to object manipulation and viewing privileges? The game Keep Talk-
ing and Nobody Explodes, cited as an instance of high asymmetry, prompts
reconsideration of such a binary role division. It’s worth questioning if it’s the
asymmetry in interaction, role, or perceived responsibility that substantiates

the experience.

The taxonomy propounded by Albaek Thomsen et al. integrates four primary
components (as shown in Figure 2.11), each compelling in their own right, yet
collectively they beg the question: Do these components holistically capture

the essence of an asymmetric VR experience?

System Collaboration Asymmetric Game
Component Component Mechanic Component
VR Asymmetric Collaboration
User i Mechanics
Explicit Abilities H Assistance ‘4% Informal Abilities
Dynamics
A
Interface : : - ‘ Coordination, Planning, Monitoring, Protection ‘ ' ' : Interface
Aesthetics

E Output : ' - Explicit Information P‘ Communication ‘%Consequential Information ' ' Output v

FIGURE 2.11: How the components of the taxonomy interact with
each other (Albeek Thomsen et al., 2019)

They largely emphasise the hardware and mechanical constituents, with col-
laboration mechanics viewed from (Gutwin & Greenberg, 2000) perspective of
traditional co-located collaboration. In doing so, they potentially miss the psy-

chological and interpersonal dynamics unique to the immersive VR context.
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The Composite Framework for Asymmetric VR (CAVR) put forth by (Ouver-
son & Gilbert, 2021) has intriguing insights and implications. The identified
themes reflect a multidisciplinary approach, embracing everything from VR
usage to organisational psychology. However, these themes predominantly
pertain to co-located VR, and it’s imperative to question whether these find-
ings are readily transferable to remote VR experiences. The five dimensions of

asymmetry in CAVR (as shown in Table 2.2) open up exciting perspectives.

TABLE 2.2: The Composite Framework for Asymmetric VR
(CAVR) (Ouverson & Gilbert, 2021)

Asymmetry Dimensions Definition

Spatial Co-presence Group members access each other
through different levels of mediated
access

Transportation Each group member accesses the vir-

tual space through different interaction
paradigms supported by the device

Informational Richness The scope of information that is captured
and delivered about the virtual space
through devices

Team Interdependence Group members have different goals that
may overlap

Balance of Power Group members have varying degrees of
control over information, which is influ-
enced by their role

The concept of spatial co-presence, as defined by Youngblut (2003) resonates
with the VR context. However, does a conventional understanding of co-presence
translate seamlessly into the asymmetric VR milieu, with varying levels of im-

mersive engagement? And, in light of the positive PX associated with natural
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and physical movement correlation, does the transportation dimension cap-
ture the essence of movement within VR beyond physicality, encapsulating its

psychological, emotional, and social aspects?

Rogers et al. (2021) contribute a "best fit" framework (as shown in Figure 2.12)
rooted in a systematic review of asymmetric multiplayer VR games. A critique
is warranted here as the inclusivity of this framework is contested by its re-
liance on a relatively narrow range of research sources. The resultant emphasis
on embodied physical interaction and the presence of a human co-player as
key influencers of positive PX suggests potential for elaboration. What about
the cognitive and emotional aspects? Are they adequately represented in this

framework?

MDA Framework - Aesthetics (Hunicke et al., 2004)

Sensation Narrative Submission

Fantasy

Challenge

Fellowship

Discovery

Expression

Ability Challenge Interface | Information |  Investment Sozl/
Responsibility

Shared

Spaces Age

Abilities Kaye (2016)

Directional Dependence Synchronicity and Timing Knowledge

of Others

Teamwork

Cognitive Physical Communication

Mirrored | Unidirectional | Bidirectional | Asynchronous | Sequential Expectant | Concurrent | Coincident

Social Asymmetry

Leadership Effects of Familiarity Familiarity  |Interdependence

&Primacy PlayerSkill | with Interface | withPartner | &Necessity | Coordination

Distinct Loci of Manipulation (LoM) ‘ Mutual Locus of Manipulation

FIGURE 2.12: "Best fit" framework for asymmetric VR games
(Rogers et al., 2021)

Moreover, the research gaps identified by Rogers et al., such as the focus on
two-player research, lack of exploration of narrative impact, unexplored re-
mote physical locations, and under-addressed "group flow" (Kaye, 2016), fur-
ther challenge the comprehensiveness of the current literature on asymmetric

VR.

In summation, these referenced works offer considerable insights into asym-

metric VR experiences. Yet, a critical discussion exposes potential blind spots
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and suggests a need for more holistic, context-sensitive approaches that ex-
pand beyond the mechanical to encompass psychological and socio-emotional
dimensions of the VR experience. Comprehensive exploration of such dimen-
sions, focusing on aspects like role interplay, narrative immersion, group dy-
namics, and emotional engagement, could further enrich the existing frame-

works and our understanding of asymmetric VR experiences.

2.4 Research Gaps

Despite an increase in demand for multiplayer VR games and an increase in
academic research, there are a number of gaps. In existing studies, players
are often co-located, which means that players are physically present in the
same room. While co-located asymmetric multiplayer VR games tend to have a
higher degree of social presence because of the physical proximity of the play-
ers, these types of games are only sometimes practical and can significantly
reduce the number of people who can play the game. Understanding how re-
mote setups influence different aspects of PX is highlighted as an important
direction as it creates new possibilities for increasing access by allowing people
from around the world to connect and play together, despite physical distance.
Another challenge with many existing asymmetric VR games is the limitation
of two people or two types of devices. An asymmetric VR game that supports
multiple device types may increase reach and adoption as the potential user

base increases dramatically with each device that is supported.

PX in asymmetric multiplayer VR games is greatly influenced by the social

asymmetry factors of communication, teamwork and task-relevant knowledge
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of others (eg. roles and abilities). While these factors affect the PX in asym-
metric multiplayer VR games, few studies have addressed these factors. These
factors have been found to affect the "group flow" or shared experiences in co-
operative gameplay (Kaye, 2016). Another aspect of the game that influences
PX is the game narrative. According to Elson et al., PX is shaped by mechan-
ics (the "rules of the game" and interaction options), context (the device that
is used, the physical setting, presence of others), and narrative (the story, plot,
events, and characters) (Elson et al., 2014). Unfortunately, the impact of narra-

tive on PX has not been the focus of previous research studies.

Furthermore, authentic input devices have been found to contribute to higher
immersion in video games (Pietschmann et al., 2012). VR, mobile, and PC de-
vices have unique limitations and affordances. When these limitations and af-
fordances are considered in the interaction methods, the result may be a more
authentic experience with increased engagement, embodiment, presence, and
immersion. Previous research is limited on the impact that authentic device
interaction has PX. In addition to the impact of device interaction on PX, re-
searching the impact of embodied interaction would be a worthwhile endeavor
(Rogers et al., 2021). According to Dourish, embodied interaction is interaction
with computer systems that exist in the physical and social reality (Dourish,
2001). It has been found that implementing embodied interaction can have a
positive impact on personal, social, and environmental presence (Cuddihy &

Walters, 2000).



42

2.5 Conclusion of Literature Review

Through the decades of game design research, many theories have been devel-
oped to identify types of players, develop formulas for engaging experiences,
and improve PX. From the 8-bit adventures of Mario in Super Mario Bros. to
the advanced and immersive games that span across devices in asymmetric VR
games, the goals are similar, but approaches have become more complex. The
complexity stems from the fact that theories scaffold together, as indicated in
Figure 2.1. Researchers have identified factors that encourage a positive PX
through game mechanics, interactions, and narrative. These have been refer-
enced and extended, to understand multiplayer game design. Many of the
traditional game design factors, such as embodiment, presence, engagement,
and immersion, apply to immersive game design using VR and AV. Designers
of asymmetric VR games look through the lenses of all the previously men-
tioned theories, with the added complexity of forced asymmetries resulting
from players using different devices. The complex layering of theories required
to understand the best design approaches for asymmetric VR games have been
a challenge for the nascent video game category. As a result, frameworks and
taxonomies have begun to be developed to address the unique challenges and
opportunities of asymmetric VR games. These frameworks and taxonomies
have built off existing research in traditional game design to present an ap-
proach for developing asymmetric VR games. While these studies have pro-
vided a great frame of reference, there are some gaps, as identified in the previ-
ous section. This thesis aims to address the research gaps and to develop a best
practices guide for developing asymmetric VR games. As mentioned above,

one of the components of Flow is the loss of self-consciousness. Within games,
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it is not so much a loss of self-consciousness, but an expansion. This results in
the player feeling a sense of union with the game (Peter, 2007) or an expansion
of the player’s concept of self (Jarvinen et al., 2002) and the ability for a player
temporarily forget who they are and take on a character’s personality. This
game-self personality (how a player views themselves in a game) is affected
by the device used for player interaction. The game-self personality impacts

player enjoyment and motivation (Birk & Mandryk, 2013).
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Chapter 3

System Design and Implementation

This chapter discusses the design and development of the multiplayer asym-
metric VR prototype game, LabXscape. The scenario development process will
be explained, including how the narrative was woven through the experience.
The Avatars, Roles, Interactions, and Communications section is closely con-
nected to the scenario. In this section, each of the player roles will be identified,
and how the affordances and limitations of each device connected to the roles
and interactions available. Additionally, this section will also outline the tasks
each player is responsible for and the interdependencies created. The underly-
ing architecture of the prototype and the methods by which the remote players
are connected will be discussed in the System Architecture Design section. Fi-
nally, the Hardware Implementation section will discuss the devices used to
experience the game. Throughout the sections in this chapter, references to the-
ories and frameworks discussed in Chapter 2 will be made, and the influence

they had on prototype design decisions.
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3.1 Prototype Overview

LabXscape is a multiplayer asymmetric VR game prototype. It is a cross-reality
escape room experience where remote players collaborate to prevent a catas-
trophic meltdown in a laboratory. A birds-eye of the game is shown in Figure
3.1. Each player accesses the shared virtual world using a different device, ei-
ther through VR, mobile, or desktop PC. The use of narrative and player roles
are tightly integrated into the game to elicit an emotional response and engage
the user, as discussed in Section 2.1.3. The role each player is assigned depends
on the device used. The assigned roles draw players into the experience as they
identify with the avatar and re-frame the device limitations to be viewed as an
expected way to interact. The use of device-specific roles, along with narra-
tive, has been explored in the asymmetric VR game BirdQuestVR (Smilovitch
& Lachman, 2019). Unlike BirdQuestVR, our prototype includes three players,

each with a different device.

Lah%scap )

ACROSS-REALITY ESCAPE ROOM

FIGURE 3.1: A birds-eye view of the virtual space in LabXscape
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Existing researchers have developed a design approach for including social in-
teraction in local multi-platform games (Liszio et al., 2017). The design meth-

ods are:

¢ Unification: a theme is identified and every aspect of the game is de-
signed along this theme.

¢ Storytelling: this establishes a strong emotional bond with the virtual
world and players, stimulates the imagination, and evokes cognitive im-
mersion.

¢ Stimulated communication: should provoke communication and pro-
vide a common vocabulary to players.

¢ Player roles and dependencies: identifiable roles with specific informa-
tion about the tasks and abilities will establish mutual dependencies.

¢ Combination of multiple platforms: diverse game controllers can help

establish roles and abilities.

While this design approach was intended for local or co-located asymmetric
VR games, the research reported in this thesis proposes that the approach can
apply to remote asymmetric VR games as well and have followed this approach

when developing LabXscape.

The goal of the prototype is to answer the research questions identified in Sec-

tion 1.2.

3.2 Scenario Development

The scenario and tasks were developed with the affordances and limitations

of each device in mind. The goal of the scenario is to deliver an engaging
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narrative that draws the players into the game and creates a sense of inter-
dependence among the players. The setting for the game is a high-tech labo-
ratory where experimental energy crystals are being researched. The facility
has gone into lockdown as the energy crystal in the power reactor has failed.
To prevent a catastrophic meltdown, the players need to work together to ac-
complish three tasks, culminating in replacing the depleted energy crystal with
the correct energy crystal. This is a shared goal for each player and, as dis-
cussed in Section 2.1.4, is one of the multiplayer game design patterns to con-
nect players and draw them into the experience. Another strategy discussed in
Section 2.1.4 is interdependence, which can increase connectedness and social
presence. One way to create interdependence is through complementary abili-
ties (as discussed in Section 2.1.4). The complementary roles in LabXscape will
be discussed in Section 3.3. Another way to create interdependence is through
The Hidden Profile Paradigm or asymmetry of information (as discussed in
Section 2.3). In LabXscape, players can access common information, such as the
overall scenario and objectives. Other information is restricted to certain play-

ers, requiring those players to share the information with the rest of the group.

Players have a limited amount of time to solve the puzzles and prevent the
meltdown and are constantly reminded of the impending doom through a
countdown timer, which is visible to all players throughout the game. The
timer imposes a temporal limit and creates time pressure. Researchers have
found that introducing time pressures into games increases the physical and

cognitive challenge (Cox et al., 2012). Challenge, as discussed in Section 2.1.2,
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directly impacts PX when examining flow theory. The challenge that time pres-
sures create can also affect immersion through the challenge immersion dimen-
sion, as discussed in Section 2.2.4. A common approach with traditional escape
rooms is to establish the scenario prior to entering the escape room (Lépez-
Pernas et al., 2019). This process can establish participant roles, explain the
experience’s goal, and draw the participants into the game. As indicated by
Park et al., the value of backstories also applies to video games (Park et al.,
2010). Before entering LabXscape, players are presented with a scenario card
that provides an overview of the scenario, their role within the scenario, and
team’s goal. An example of the scenario card is shown below. The scenario

cards for all the players can be found in Appendix E.

Lab%scape

ACROSS-REALITY ESCAPE RODOM

SCENARIO DESCRIPTION
In a top secret lab, an experimental power crystal has
become unstable, resulting in an impending catastrophe.

You must collaborate with your group to prevent the
catastrophic failure. Each member of your group will have
a specific roles and access to important information.

ROLE: Security Officer

You are the head of security. You are not on site, but viewing
the proceedings through security cameras in the facility. You
can switch the camera you are looking through with SPACE BAR
and rotate with the LEFT and RIGHT ARROW KEYS.

It is your job to communicate to the other players and
ensure they have the correct information.

Time is of the essence. You need to make sure the other
players are taking the correct path. You can scan all the
corridors and communicate which path is clear.

You also have access to a Reference Library which contains
all the required information to complete the tasks. You can
page through the library by clicking the icons at the bottom
of the screen. You will need to rely on eyes of the other
players to help you know which information to convey.

As part of the security lockdown, the power crystals cabinet
has been locked. You will need to input the correct override
code that is provided by one of the other players.

FIGURE 3.2: Scenario card provided to the PC player
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3.3 Avatars, Roles, Interactions, and Communication

As highlighted in Chapter 2, the overall PX is directly influenced by avatars,
roles, interactions, and players” communication methods. As demonstrated in
the ShareVR research project, actively involving non-VR players is essential for
a positive PX (Gugenheimer et al., 2017). ShareVR increased player engage-
ment and social presence of VR and non-VR players through physical inter-
action. In my prototype, the focus was on enhancing engagement and social

presence through interaction design, roles, and narrative.

In this section, I outline how the avatars, roles, interactions, and communica-
tion methods were chosen with the devices in mind and to connect the nar-
rative and improve PX. Additionally, as identified by Lee et al., roles and the
associated interactions have been found to be an effective way to have non-VR
players feel as immersed as VR players in a virtual environment (J. Lee et al.,
2020). A previous asymmetric VR research project, MagicTorch (Li et al., 2017),
assigned roles and views to the virtual environment based on the type of de-
vice used. Unlike MagicTorch, my prototype focused on connecting the players
together through a shared goal. As a result of the shared goal approach, I chose
to focus on collaborative gameplay as the literature highlights improved PX
and increased interdependence for VR and non-VR players (Karaosmanoglu
et al., 2021). Following that, the game design choices were made to promote

communication and increase interdependence between players.
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3.3.1 PC Player

The PC player takes on the role of the security officer. Their responsibility is
to act as a guide for the players in the lab and provide the information needed
to complete tasks. The PC player can toggle between different cameras in the
lab and rotate the cameras to explore parts of the lab. The cameras are strategi-
cally placed to restrict the PC player’s view of key aspects of the game, creating
interdependencies. While the PC player is not present in the virtual environ-
ment, the cameras and the camera output in the PC player’s user interface (UI)
(as shown in Figure 3.3) create a magic window to the virtual environment,
anchoring the player in the virtual environment. Additionally, the PC player
is able to navigate through a series of reference materials needed to help the
VR and mobile players progress. While the PC player did not embody their
character in the same way that the VR and mobile players did, the modes of
interaction and narrative that were designed for the PC player facilitated em-
bodied thinking. As the player engages in embodied thinking, their connection
with the role of the security officer is strengthened, and the interactions they are
afforded feel natural and support the role. For the PC player, their physical self
becomes the character, and the PC itself becomes a part of the narrative and ex-
perience, not a tool to mediate access. A factor that contributes to the sense of
embodiment is the Ul The interface was designed to enable embodiment and

agency, despite not having an avatar in the virtual world (Jergensen, 2012).



51

Have the players indicate the color of the force field in the
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FIGURE 3.3: Ul for the PC player

While the PC player is not represented in the virtual environment in the tradi-
tional sense, they are embodied through the security cameras placed through-
out the lab and in the corridors (as shown in Figure 3.4). As the PC player
rotates or adjusts zoom, a spatialised sound is heard by those near the camera,
and movement of the camera is seen by those nearby, to create a sense of so-
cial presence among the other players. Additionally, a red light is illuminated
when the camera is active, and the PC player is looking through it, potentially

increasing social presence.

FIGURE 3.4: Avatar for the PC player
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The primary way the PC player communicates with the other players is ver-
bally. The VR and mobile players can communicate with other players non-
verbally through gestures and avatar movement. Following the narrative, the
PC player’s voice is not spatialised to the other players, but is instead trans-
mitted across an intercom. With the VR and mobile players acting as active
anchors to the virtual environment, connection with them was paramount for

the PC player to feel presence.

3.3.2 Mobile Player

The mobile player takes on the role of a droid, meant to provide assistance to
the VR player. Unlike other studies (Rogers et al., 2021, p. 11), the mobile player
has an active role and does not simply convey information. The mobile player’s
avatar can move around the virtual environment, either artificially using tele-
portation (as shown in Figure 3.5) or with the player physically moving. As
the mobile player moves and rotates the mobile device, the avatar movements
are matched one-to-one and in real-time. Similar to the PC player, the device
becomes a window to the virtual world. The mobile player’s physical move-
ment augments the virtual world they are seeing through the mobile device by
connecting some physical elements (the player) to the virtual world, creating a

sense of augmented virtuality (AV) (Milgram et al., 1995).

The matching of the mobile player’s avatar movement to their movement cre-
ates a strong sense of embodiment, as described in Section 2.2.1. Furthermore,
Serubugo et al. suggested that further research could be conducted to explore
how mobile devices could be used as controllers to give non-VR players new

abilities (Serubugo et al., 2018). In addition to the movement interaction, the
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FIGURE 3.5: UI for mobile player

mobile player needs to actively interact with objects in the scene to help the VR
player progress, as discussed in Section 3.4. The physical movement and active
interactions, often alongside the VR player, increase embodiment, engagement,
presence, and immersion, ultimately enhancing the PX. This is supported by
the previous research project Astaire (Zhou et al., 2019). In Astaire, the VR
and non-VR players each have a VR controller and dance together. The mobile
player’s physical movement fostered a sense of embodiment and enjoyment.
Similar to the PC player, the Ul supports the mobile player’s role as a droid

and supports and enhances the PX.

Unlike the PC player, who also has a supportive role, the mobile player is in
the virtual environment. Their avatar is a hovering droid (as shown in Figure
3.6). The avatar does not have any limbs and simply floats. This was a strategic

decision to address the limited body-tracking capabilities of a mobile device.

The primary method of communicating for the mobile player is verbal. As the

mobile player speaks, the black lens (as shown in Figure 3.6) blinks, providing
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FIGURE 3.6: Avatar for the mobile player

visual confirmation that the mobile player is talking. As the mobile player’s
avatar is without limbs, non-verbal communication using gestures is limited
to rotating their avatar’s head to point to a direction or nodding and shaking

head in response to questions.

3.3.3 VR Player

The VR player has the role of the scientist and is the protagonist of the narrative
experience. Although they are the protagonist, they can only complete their
tasks with the support and active involvement of the mobile and PC players.
Unlike the PC and mobile players, the VR player’s interaction is not mediated
through a Ul They can interact directly with objects in the virtual environment
(as shown in Figure 3.7). Although the feeling of mediation is limited, when
compared to the VR and PC players, there is still a sense of mediation as the

VR player is still interacting with motion controllers.

The VR player’s avatar is a scientist in a containment suit (as shown in Figure
3.8). The movement of the player’s hands and head is matched one-to-one to

their avatar. This syncing of movement increases embodiment (as discussed in
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FIGURE 3.7: VR player directly interacts with the virtual environ-
ment
Section 2.2.1). As the VR player’s avatar has motion-tracked hands, non-verbal
communication using hand gestures is a form of communication afforded to

the VR player, in addition to verbal communication.

FIGURE 3.8: Avatar for the VR player
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3.4 Tasks

A vital component of a game-based narrative is the ability of players to dis-
cover and shape the story through their actions (as indicated in Section 2.1.3).
Additionally, there needs to be a level of interdependency created with the
tasks to foster social presence and connectedness (as indicated in Section 2.1.4
and Section 2.3). Each task in the prototype was designed to create interdepen-
dencies between players, support the narrative, and encourage communication

and collaboration.

3.4.1 Task 1: Exiting the Lab

There are multiple doors the scientist (VR player) could leave through, but only
one is correct. One door will lead to a dead end, resulting in wasted time. An-
other door will lead to a corridor with sentry robots, resulting in a failed at-
tempt and sending the VR player back to the laboratory’s centre, again wasting
time. Exiting the lab quickly and efficiently will require communication and

collaboration between all the players.

The directional interdependency created is unidirectional from the mobile player
to the VR player and from the PC player to the VR player. The VR player re-
quires support from both the mobile and the PC players to proceed, but the
dependency is not mutual. The dependency between the VR and PC players is
loosely-coupled or optional (indicated by the green arrow in Figure 3.9), which
means that the VR player could proceed without the help of the PC player, but
at a much slower pace, which could result in failure. However, the dependency

between the VR and mobile players is tightly coupled or required (indicated by
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the red arrow in Figure 3.9). This means that with the coordinated actions of
the mobile player, the VR player can proceed. The combination of optional and

required dependencies creates an interesting team dynamic.

VR Player

The VR player can move to a
door and place their hand on
the hand scanner. The VR
player will need to coordinate
with the AR player to open a

door.

Mobile Player PC Player

The mobile player can move The PC player will need look

to a door and use their through the various security

“override” ability to override _ cameras to identify which

the security lock on a door. corridor is clear and share
the information with the VR
and AR players.

FIGURE 3.9: The directional dependencies in task 1

3.4.2 Task 2: Disable Reactor Security Measures

In order to replace the power crystal, the reactor will need to have the security
measures disabled, namely lowering the force field and security glass on the
reactor. Outside the lab, in one of the corridors, is a power panel with a series
of levers and buttons that need to be used in the correct configuration to disable
the security measures. The PC player has a reference document that indicates
the possible configurations, but the correct configuration is based on the color

of the reactor and force field, which the PC player cannot see.

Unlike Task 1, the interdependency between the mobile and VR players is op-
tional. The VR player could return to the lab and confirm if the force field

and reactor glass were lowered without the help of the mobile player, but this
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decision would require more time and possibly result in overall failure. The
directional dependence between the VR and PC players is bidirectional and re-
quired. With five levers and three buttons, the number of combinations would
make it nearly impossible for the VR player to select the correct combination
before running out of time. Thus, the PC player must provide the correct lever
and button combination. For the PC player to offer the correct information, the
VR or mobile player must provide the PC player with the color of the reactor

and force field.

VR Player

The VR player can tell the PC
player the colors of the force
field and reactor, as well as
adjust the levers and press
the buttons to lower the force
field and reactor glass.

Mobile Player PC Player

The mobile player can tell the The PC player will review the
PC player the colors of the lever and button information
force field and reactor, as ﬁ and communicate the correct
well as provide confirmation configuration to the PC player,
that the force field and based on information shared
security glass are lowered. by the VR or AR players.

FIGURE 3.10: The directional dependencies in task 2

3.4.3 Task 3: Replace the Power Crystal

The final task for the team is to replace the faulty power crystal with the correct
one. For the VR player to access the power crystals, they need help from the PC
player who can unlock the cabinet by entering an unlock code in their console.
This unlock code is only visible inside the lab by the VR and mobile players,

which creates a bidirectional dependency between the PC and VR players. The
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mobile player could also provide the unlock code to the PC player. Once the
cabinet is unlocked, the VR player can access the power crystals. The correct
energised crystal must be used in the reactor. The wrong crystal or a depleted
crystal would result in a catastrophic failure. There are four different colors
of crystals, and the correct color correlates to the color of the reactor. Based
on previously given information, the PC player can indicate which crystal to
choose. The mobile player is then able to confirm which crystal from the correct

colors is energised by performing a scan of the crystal.

Once the correct crystal is identified, the VR player can replace the faulty crystal
with the correct one, thus avoiding a critical meltdown and completing the

game.

VR Player

The VR player can open the
cabinet, grab a crystal and
replace the faulty crystal. The
cabinet unlock code can also

be shared.
Mobile Player PC Player
The mobile player can identify The PC player will unlock the
which crystals are depleted cabinet, based on the code
and which ones are energized ﬁ shared. They will also share
by scanning the crystals. The correct color of crystal to
unlock code for the cabinet place in the reactor, based on
can also be shared. the color of the reactor.

FIGURE 3.11: The directional dependencies in task 3
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3.5 Hardware Implementation

The HMD chosen for the VR player is the Meta Quest 2. This device was chosen
to provide the most physical freedom for players to move and explore as the
device is standalone, meaning that it does not require a computer and has no
cables. In addition to the standalone feature, the Quest 2 is a six degrees of free-
dom (6DoF) device, which means the rotation and translation (movement) can
be tracked in three-dimensions. The 6DoF aspect of the Quest 2 is critical for the
engagement and embodiment of the VR player. Finally, the Quest 2 has a sim-
ilar development workflow and performance restrictions as the chosen tablet
for the mobile player. Both devices are Android devices, have identical build
processes, and require similar optimisation practices. The device chosen for the
mobile player is the Lenovo P11 Plus 11" tablet. The Lenovo P11 Plus tablet has
the following sensors; an accelerometer, gyroscope, and time-of-flight (TOF)
sensor. The accelerometer is used to measure acceleration, which can be used
to translate movement. The gyroscope is used to measure rotation. The TOF
sensor is used to calculate depth information and is used for improved anchor-
ing of digital content in the physical world. An Android device was chosen for
the prototype to speed up development and testing workflows, as the work-
flows are similar for the Meta Quest 2. A tablet was chosen over a smartphone
device to provide a larger field-of-view (FOV) in an attempt to improve immer-
sion. The PC player used a Dell desktop computer with an NVIDIA 2070 Super
GPU and a 27" monitor. All players used over-the-ear headphones to provide
spatialised audio and isolation from their physical environment to improve im-

mersion. Figure 3.12 shows some of the participants using the hardware.
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FIGURE 3.12: Equipment used by players in research study; a) PC
player, b) mobile player, c) VR player

3.6 System Architecture Design

The LabXscape prototype, developed using the Unity game engine (version
2020.3.9), incorporated additional Unity packages such as XR Interaction Toolkit
(version 1.0.0-pre.6), AR Foundation (version 4.1.7), and Normcore (version
2.1). XR Interaction Toolkit was included to manage the interactions and lo-
comotion of the VR player. AR Foundation was included to facilitate the an-
choring of the digital content for the mobile player on to the physical ground.
Normcore is the multiplayer framework responsible for handling data syncing
and moving objects and players across all clients. XR Interaction Toolkit and
AR Foundation work alongside Normcore to sync the VR and mobile players’

movement across all clients (as shown in Figure 3.15).

Normcore uses a Model, View, Controller (MVC) architecture approach. This
allows for a clean approach to networking and does not require a client to be
the host in the game. When a change occurs on one client, such as movement
or a change in a data element, the Controller identifies that change and com-
municates the change in data to the Model (which is stored in the Normcore

datastore). When the particular Model is changed, the datastore notifies the
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- Unity Normcore - Unity Normcore
- XR Interaction Realtime API -C# Realtime API
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- L 374
Android OS

FIGURE 3.13: LabXscape system architecture design

Controllers in the other clients connected to the Normcore Room, which then
updates the View (visual representation of the data change) in the other clients

(as shown in Figure 3.14).

user action update

Controller

v

VieW ) update notify M OdEl

FIGURE 3.14: Normcore’s MVC architecture

3.6.1 How the System Works

A build file is generated from Unity for both Windows and Android devices.
Since the target devices for the VR and mobile players are Android devices, the
same build file is used for both devices. When a player launches the game, the

same scene used for each device is loaded and the player’s device is detected.
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Given the asymmetry in the interface, abilities, and avatars, it’s essential to
detect devices to ensure players receive content tailored to their specific device.
Once the correct avatar is enabled in the scene, a request is initiated to connect

to the Normcore Room ID stored in the application.

Unity
application

I

v v
Windows Android
build build

[ J

v

Same Unity scene
for all devices

v

Detect device

v

Enable correct
avatar for device

v

Connect to
Normcore Room

FIGURE 3.15: How the system works

3.7 Chapter Summary

This chapter, dedicated to system design, delves into the core technical aspects
of the asymmetric VR game prototype, LabXscape. It provides an in-depth
analysis of the role of asymmetry in shaping the gaming experience and the

underlying mechanisms that bring this unique system to life.
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Upon the game’s initiation, the system loads a common scene regardless of the
device in use. The system employs device detection mechanisms to identify
the specific device on which the game has been launched. This recognition is
paramount due to the existing asymmetry in the interfaces, information, abili-

ties, and avatars between different devices.

In this context, ‘asymmetry” denotes the unique variations and capabilities in-
herent to each device. Depending on the type of device (be it VR, mobile, or
PC), the gaming interface, the level of interaction and control (abilities), and
the player’s virtual persona (avatar) can significantly differ. As such, the de-
vice detection process is crucial for the enabling of content and features that
are tailored to suit the specifications of each unique device, thereby ensuring

an optimal gaming experience.

Following this, the system activates the appropriate avatar within the gaming
scene. The chosen avatar would be well-suited to the user’s device, aligning
with the device’s input mechanisms and display capabilities. Once the avatar
is integrated into the scene, the system initiates a connection request to the
Normcore system. Normcore enables the data (eg. time, player movement, etc.)
to be synced across all devices in real-time and allows the players to appear in

a shared virtual space.

This system represents an advanced approach to asymmetric game design. The
asymmetry fosters diversity in player experiences and interactions, enriching
the overall gaming environment. The implementation of this asymmetric sys-
tem involves intricate design considerations and strategic use of technological

resources to achieve seamless cross-platform performance.
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In essence, the LabXscape system is a manifestation of well-thought-out de-
sign choices and precise technical execution that underscore the potential of
asymmetric games in offering unique, immersive experiences. It serves as a
roadmap for further exploration and innovation in the domain of asymmetric

VR gaming.
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Chapter 4

Methodology

In designing the study, a mixed-methods approach was adopted, specifically
Triangulation Design. The objective of the Triangulation Design approach is
"to obtain different, but complementary data on the same topic" (Morse, 1991,
p- 122). The data is gathered at the same time and then combined through

interpretation (as shown in Figure 4.1) (Creswell & Plano Clark, 2007).

Qualitative Quanitative
Method Method

\ /

Interpretation based on
Qualitative AND Quantitative results

FIGURE 4.1: Triangulation Design
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Using the recognised survey tools outlined in Section 4.4.2, quantitative data
was collected that helped to identify opinions and views of the asymmetric VR
game and to validate if the approaches used in the prototype game were suc-
cessful in creating a positive PX for VR and non-VR players. While surveys can
validate if the approaches were successful, it is more challenging to identify
the factors, such as specific interaction options, opinions on role and narra-
tive, etc., that contribute to the game’s success. Indeed, quantitative methods
are effective for identifying if and when, whereas qualitative methods identify
the how and why (Budiu, 2017). The interviews and observations provided
in-depth qualitative data and specific insights. Additionally, participant ob-
servation may uncover valuable information that may not be volunteered dur-
ing other data collection methods (Kawulich, 2005). Furthermore, the goal of
the quantitative data is to validate the findings from the qualitative research,
which is one of the goals of triangulation (Golafshani, 2003), ideally resulting

in a more credible study.

4.1 Ethics

Before the study began, selected participants completed and signed an informed
consent form (as shown in Appendix D). The study was approved by both the
University of Kent’s Central Research Ethics Advisory Group and the Leth-
bridge College Research Ethics Board, as the study was conducted on Leth-

bridge College’s premises.
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4.2 Participant Screening Criteria

To identify whether measures built into the LabXscape asymmetric VR game
prototype are effective, participants needed to be recruited to play the proto-

type game.

These participants were recruited through social media (as shown in Appendix
A). Social media posts contained a brief synopsis of the research project, the re-
quirements of participants, and a link to the research website, which contained
a link to a Participant Recruitment Questionnaire (as shown in Appendix B).
The questionnaire collected basic demographic questions such as gender and
age range. Participants needed to be over the age of 18 to participate. In addi-

tion to age, questions related to an individual’s health condition were included.

4.3 Participants

Twenty-four individuals participated in the research study. The gender and

age range percentages are presented in Table 4.1.

Among those assigned to use the PC, 87% were familiar or very familiar with
computers. Of those assigned to use the mobile device, 50% had used AR 10
or more times. Of those assigned to use the VR device, 50% had used VR 10 or

more times.
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TABLE 4.1: Participant Gender and Age Range Percentages

Gender Percentage
Male 62.5%
Female 37.5%

Age Range Percentage
18 -24 4.2%
25-34 25%
35-44 41.7%

45 - 54 25%

55 - 64 4.2%

4.4 Experiment Design and Procedures

Participants were randomly assigned into groups of three. Additionally, group
members were randomly assigned either a VR, mobile, or PC device. The
randomisation used a simple random sampling approach (Taherdoost, 2016).
Upon the arrival of each group, participants were given detailed information
about the research study’s nature, data usage, and their responsibilities (as
shown in Appendix C). At this time, each player was provided the instructions
and the scenario card for their assigned role (as shown in Appendix E). As
shown in Figure 4.2, participants were escorted to physically separated rooms

to begin the game.

As each member entered the LabXscape prototype, they were presented with a
welcome screen with instructions that the game would begin when all players

entered the virtual world. When all players had entered the game, controls
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were enabled, and the countdown timer began. Participants had twenty min-
utes to complete the three tasks and solve the puzzle. Participants were asked
to complete a short survey after successful completion or when the time ran
out. Following the survey (see Appendix F and Appendix G), a semi-structured
interview (see Appendix H) was conducted with each participant, which was

recorded. Interviews ranged between five and ten minutes in length.

PC Mobile
Player Player

VR
Player

FIGURE 4.2: Participant physical location relationship

While in the asymmetric VR game, participant actions and verbal communi-
cations were recorded using a mobile device on a tripod. Where possible, the
mobile device was positioned in such a way as to minimise participant faces
being recorded. Following the game, each participant completed a short sur-
vey using a tablet. Finally, each participant was interviewed, and the interview

audio was recorded using the Voice Memos app on an iPhone.
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4.4.1 Research Software

The Transcribe feature of Microsoft Word was used for the transcription of
the audio recording from participant interviews. The quantitative data col-
lected from the participants were analysed using IBM SPSS Statistics (version
28.0.0.0). A thematic analysis was conducted on the qualitative data from the

interviews and video recordings were analysed using NVIVO (release 1.6.1).

4.4.2 Research Measures

Participants were given a short survey that was a combination of a shortened
version of the Game User Experience Satisfaction Scale (GUESS-18) and the so-
cial presence components of the Multimodal Presence Scale (MPS). The GUESS-
18 research tool has been found to be a valid tool for measuring video game sat-
isfaction (Keebler et al., 2020). The tool consists of 18 items that assess player

satisfaction in the following areas:

usability

* narratives

* play engrossment

* enjoyment

* creative freedom

¢ audio aesthetics

¢ personal gratification
* social connectivity

¢ visual aesthetics
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Each item in the GUESS-18 tool is rated with a 7-point Likert scale (1 = Strongly
Disagree to 7 = Strongly Agree). The creators of the GUESS-18 tool provided
mechanisms for extracting an Overall Satisfaction value, which is included in

Chapter 5. The total possible value for Overall Satisfaction is 63.

The MPS tool was developed as a standardised measure for presence (Makran-
sky et al., 2017). The tool consists of items to measure physical, social, and self-
presence. For this thesis, the focus was given to the five social presence items.
Items in the MPS tool are rated with a 5-point Likert scale (1 = Completely Dis-
agree to 5 = Strongly Agree). The items in the social presence dimension of the

MPS assessed the following attributes:

* sense of coexistence
* human realism
* not aware of the artificiality of social interaction

* not aware of the social mediation

The total possible value of the social presence items from the MPS is 25.

4.5 Thematic Analysis

A detailed and validated thematic analysis process was established by (Braun
& Clarke, 2006). This process includes six phases, listed below, and was the

basis for my thematic analysis.

¢ Phase One: Become familiar with the data
¢ Phase Two: Generate initial codes

e Phase Three: Search for themes
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¢ Phase Four: Review themes
¢ Phase Five: Define themes

¢ Phase Six: Produce a report

4.5.1 Phase One: Become Familiar with the Data

According to Braun and Clarke, this phase involved reading the data and jot-
ting down initial thoughts (Braun & Clarke, 2006). During this phase, I used
Microsoft Word’s transcription service to transcribe the audio recordings from
the interviews. As speech-to-text technology is not always accurate and can
be affected by external factors such as non-speech noise (“Characteristics and
limitations of Speech-to-Text”, 2022), I went through the audio recordings af-
ter the transcription to validate the transcription. Following these steps, I read
through each interview transcription, making notes along the way. In addition,
I reviewed the video recordings of each participant, making observations and

notes. The NVivo software was used for the notes collection.

4.5.2 Phase Two: Generate Initial Codes

In Phase Two, initial codes were formulated across the entire data set, encom-
passing both interviews and observations (Braun & Clarke, 2006). During this
phase, I reviewed the interviews and video observations and created initial
codes. As the focus of the thematic analysis process was to answer the research
questions, the coding process followed a theoretical or deductive approach,
rather than an inductive one. With this approach, elements of the interviews
and observations are coded that pertain to existing literature (Skjott Linneberg

& Korsgaard, 2019).
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4.5.3 Phase Three: Search for Themes

In Phase Three, all codes were reviewed to identify themes, defined as patterns
to organise data sets and describe the data in rich detail (Braun & Clarke, 2006).
During this phase, I reviewed all the codes and identified groupings in which

the codes could be included.

4.5.4 Phase Four: Review Themes

Phase Four is described by Braun and Clarke as reviewing and modifying the
preliminary themes to see if the theme works with the coded extracts (level
1) and the whole data set (level 2). In this phase, I reviewed the themes in
relation to the individually coded extracts and the entire data set to confirm if
the data supports the theme and if the themes make sense (Braun & Clarke,
2006). Additionally, I determined if there are themes within the themes or in

other words, sub-themes.

4.5.5 Phase Five: Define Themes

Phase Five represents the final stage of theme refinement. The purpose of this
phase is to identify the essence of each theme and what aspect of the data and
research questions the theme fits under. By the end of this phase, the themes,
and any sub-themes, are finalised (Braun & Clarke, 2006). During this phase, I

refined the themes and created the final themes as identified in Chapter 5.
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4.5.6 Phase Six: Produce Report

This is the final opportunity for analysis and requires a selection of vivid ex-
tracts from the data that help tell the story of the data in a way that convinces
the reader of the merit of the analysis (Braun & Clarke, 2006). The report of the

findings are presented in Chapter 5.

4.6 Chapter Summary

In this chapter, I delved deep into the methodology adopted for evaluating
the asymmetric VR game and the overall PX of VR and non-VR players. The
research was underpinned by a mixed-methods approach, specifically the Tri-
angulation Design, ensuring a comprehensive and multifaceted understanding

of the game’s user experience. Key takeaways of the chapter include:

¢ Ethical Considerations: Ensuring the ethical integrity of the research was
paramount. Participants were informed about the study’s nature, and
their consent was obtained. The research also secured approvals from
relevant ethics boards.

¢ Participant Details: A diverse group of 24 participants was recruited,
with varying levels of familiarity with technology. Their experiences and
feedback formed the basis of the research findings.

¢ Experiment Design: The study was meticulously designed, with partici-
pants being grouped and assigned different devices. The game tasks were
structured to provide insights into the user experience across different

platforms.
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¢ Data Analysis: A rigorous thematic analysis process, based on Braun
& Clarke’s (2006) methodology, was employed. This involved multiple
phases, from data familiarization to theme identification. Tools like Mi-
crosoft Word and NVivo played a crucial role in data transcription and
analysis.

* Research Tools: The research utilized validated tools like the Game User
Experience Satisfaction Scale (GUESS-18) and the Multimodal Presence
Scale (MPS) to gather quantitative data. These tools helped in assessing

various facets of the game experience, from usability to social presence.

In conclusion, the methodology chapter laid a robust foundation for the re-
search, ensuring that the findings are both credible and insightful. The subse-
quent chapters will delve into the results and discussions based on this com-

prehensive methodology.
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Chapter 5

Results

5.1 Introduction

This study aimed to determine how the limitations and affordances of non-
VR devices affected PX and how to design an asymmetric VR game that en-
gages non-VR players as effectively as VR players. As the study focuses on
player perception, the primary research method was qualitative and included
interviews and observations, which were analysed using a thematic analysis
approach. Quantitative methods, using the defined GUESS-18 (Appendix F)
and MPS (Appendix G) tools are presented to support the findings from the

thematic analysis.

Five main themes were identified by applying the thematic analysis process
outline in Section 4.5. Within each of the main themes are sub-themes of factors
that affected PX for VR and non-VR players. The themes and sub-themes are
highlighted in Figure 5.1.
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time constraints creates lack of preparation
challenge and enjoyment reduces engagement
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team dependencies

Narrative Engagement motivate players to

complete tasks

Identified Themes Affecting PX in Asymmetric Gameplay

humanoid avatars

Presence required for social
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verbal communication Tea m
preferred for team .
Dynamics

collaboration

focused interaction
connects players to
each other

interdpendence
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among all players

environment responses
to non-VR players
creates presence

FIGURE 5.1: Thematic map representing the dataset from all
player types

5.2 Narrative

It was observed that the narrative of the asymmetric VR game was a significant
factor in enhancing the PX for VR and non-VR players. The following sub-

themes were identified;

¢ Story engages and immerses players. This sub-theme focused on the
design and structure of the story element of the asymmetric VR game,
including the setting, plot, and objectives.

* Roles compensate for device immersion limitations. This sub-theme
concerned how the role and responsibilities assigned to the player created

a feeling of immersion.
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5.2.1 Story Engages and Immerses Players

Non-VR players reported feeling emotionally and cognitively engaged in the
game due to the story. In some cases, the narrative increased engagement as a
result of the social aspects of the narrative, in other cases, the engagement was

affected because of the challenge/goal aspects of the narrative.

"The narrative kept me focused on the broader story. I'm going to come out
of this with my own narratives that I survived. It allowed me to play out

what 1 what I ideally want to happen." [PC player, Session 5, Interview]

“It was a really good story because I know I'm a robot assistant and I need
to help people. It was such a nice story. This made me feel more like I'm

actually a robot assistant.” [Mobile Player, Session 8, Interview]

"I mean it helped me understand the objective. It helped me understand

what we were trying to do as a team." [VR player, Session 6, Interview]

"It definitely was a good narrative. It gave a sense of purpose to it. Made
me feel like I knew what I was trying to do and why I was there." [VR

player, Session 7, Interview]

It has been determined that video games that include narrative are more likely
to elicit a physiological response in players than video games with no narrative

schneider eath,004.

"[ think it [narrative] does convey this level of urgency or intensity because
you're in a reactor and there’s going to be a meltdown. I think having a

story like that really is effective. It makes it more gamified or more intense,
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like I could almost feel my heart rate rising a bit as we were getting close

to that countdown." [PC player, Session 7, Interview]

In LabXscape, the narrative included elements of urgency, which helped create a
physiological response in some players, despite accessing the game with a less
immersive device. While the increase in heart rate is observed by the partici-
pant and not measured, there is a correlation between heart rate changes and

engagement (Boyle et al., 2012).

5.2.2 Roles Compensate for Device Immersion Limitations

As discussed in Section 2.1, the player role can impact various elements of PX,
including engagement and embodiment. The roles in the game were well-
defined and provided a clear sense of purpose for the players. Observations
show that establishing roles for VR and non-VR players, which were supported
by the limitations and affordances of the device they are using, could immerse

players in the game and create a positive PX.

The PC players’ experience in the game was limited and, they had limited im-
mersion and methods of interaction, but the role they assumed supported those

limitations and facilitated their ability to embody their character.

“I don’t think I needed that immersive of an experience to get the same sort
of benefit from it. I was already in my mind thinking about this scenario of
looking through screens as a security guard like a remote assistant. That

set my expectations.” [PC player, Session 1, Interview]

“I felt like it [device limitations] added because I actually felt like I was

behind a security camera.” [PC player, Session 4, Interview]
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“You know I had my role, and you know, and I could kind of immerse

myself in that scenario." [PC player, Session 6, Interview]

While the mobile player had slightly more interaction options, as discussed in
Section 5.3, they are still using a potentially less engaging and immersive de-
vice than a VR headset. Similar to the PC player, the role assigned to the mobile
player supported the device’s limitations and affordances, which contributed
to a positive PX. The mobile player was able to support the VR player through

active participation.

“I had fun knowing that I was robot 3000 and tried to embody that role.
I felt like R2D2 going up to the doors and sticking that little probe and
twisting in different directions. So yeah, it was great.” [Mobile Player,

Session 7, Interview]

As with the non-VR players, the role assigned to VR players provided purpose

and connected them to the other players.

"It [narrative] helped me understand the objective. It helped me under-
stand what were trying to do as a team." [VR player, Session 6, Inter-

view]

"It was a good narrative. It gave a sense of purpose, made me feel like I

knew what I was trying to do." [VR player, Session 7, Interview]

While the implementation of roles in LabXscape is similar to (J. Lee et al., 2020), I
chose to integrate the assigned roles as part of a larger narrative. Additionally,
the interaction options support the device and role within the narrative. I also
focused on remote, rather than co-located players, which has been proven to

result in more effective communication and social presence (Born et al., 2019).
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5.2.3 Quantitative Evaluation

As previously mentioned, the asymmetric VR game, BirdQuestVR (Smilovitch
& Lachman, 2019), incorporated device-dependent roles within a narrative con-
text to enhance player enjoyment. However, the research findings were not
detailed in the article. The narrative elements of the story and role are essen-
tial to creating enjoyment for all players, including the non-VR players. This is

supported by the quantitative data presented below.

A one-way ANOVA was conducted to determine if the satisfaction with the
narrative was different for groups using different types of devices to access
the cross-reality game. The ANOVA results showed no statistically significant
difference between the three device groups, F (2, 21) = .350, p = .708. Data
is presented as mean + standard deviation. VR players’ satisfaction with the
narrative (M = 5.56, SD = .82) was very similar to PC players’ satisfaction (M
= 5.53, SD = 1.19), but mobile players’ satisfaction (M = 4.87, SD = 2.48) was

slightly lower.

Simple Bar Mean of Narratives by Device
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Device

Error Bars: 95% Cl

FIGURE 5.2: Visual representation of narrative total score from
the GUESS-18 tool
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The mobile players” lower satisfaction with the narrative may be attributed to a
reduced ability to identify with their character in the game. As was indicated in
Section 2.1.3, when players are able to control their character, role identification
and immersion increases (Qin et al., 2009). The manner in which the mobile
players controls their character is more abstracted than the VR and PC players,
this abstraction can have a negative effect on player enjoyment (McEwan et al.,

2014).

5.3 Interactions

As discussed in Section 2.1.2, how a player interacts with a video game con-

tributes to their overall PX. The following sub-themes were identified;

¢ Physical movement creates embodiment. This sub-theme focused on
the impact interactions performed through body movement had on PX
for VR and mobile players.

¢ Interactions Methods Affect Engagement and PX. This sub-theme con-
cerned how naturally recognised interactions that support the role and
limitations of the PC device affected the PX for the PC player and how
locomotion challenges experienced by VR and mobile players negatively

affect PX.

5.3.1 Physical Movement Creates Embodiment

As described in Section 2.4, embodied interaction can have a positive impact on
presence and PX. For the mobile player, leveraging the IMU to allow the player

to navigate and explore the virtual environment through physical movements
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connected the player to the virtual environment, fostering presence and em-

bodiment, which ultimately can result in improved PX.

“It's kind of like being in a VR environment. I just started walking around,
so in a sense it felt like it was a VR except instead of having a device
right on my face as I was just holding it up.” [Mobile Player, Session 5,

Interview]

"It [the ability to control your character] definitely connected you to your
player as far as being able to control their movements quite well.” [Mobile

Player, Session 1, Interview]

"Moving around the space with the scientist and watching the scientist
do things really connected me to this space.” [Mobile Player, Session 3,

Interview]

“The tablet was really cool because it’s like a mixed reality device. I'm ac-
tually walking and then the game actually moves and it’s so fun.” [Mobile

Player, Session 8, Interview]

“It's fun to do that and it really felt like wearing 3D goggles.” [Mobile

Player, Session 7, Interview]

As was suggested by Serubugo et al. (2018), I explored how a non-VR player
could use features of the mobile device to give them new abilities. In the
case of LabXscape, the mobile players were able to move physically and have
their movement reflected in the virtual world. The mobile players’ movement
allowed them to anchor themselves in the virtual environment and feel con-
nected to the VR player. They could more effectively connect with their char-

acter and embody their role as a support droid as they control their character,
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resulting in a higher sense of presence. In addition to the mobile player’s phys-
ical movement affecting engagement, the fact that the mobile device acted as
a window to the virtual world increased immersion. Similar to the TeleSight
research project (Furukawa et al., 2019), the mobile device enabled prosthetic
telepresence, allowing the mobile player to access the virtual world. Further-
more, a study by Denisova and Cairn (2015) confirmed that the first-person
viewpoint where the world is viewed through the eyes of a character increased
immersion compared with the third-person viewpoint, regardless of the pre-

ferred viewpoint of the users.

Of all the players, VR players were afforded the most movement of body and

limbs, which contributed to VR players feeling a sense of embodiment.

"I put my physical body there and then was able to peek around the corner
to try not to be spotted. It felt pretty natural." [VR Player, Session 6,

Interview]

"I could look around. I could see the full interaction of what I was touch-

ing." [VR Player, Session 3, Interview]

"[ felt like I was there. I was interacting with the environment." [VR

Player, Session 5, Interview]

As indicated by Zhou et al. (2019), physical movement is essential for creating
a sense of embodiment for both VR and non-VR players. Unlike the Astaire
asymmetric VR experience, the non-VR player that moves (the mobile player)
does not look at a computer screen, which is potentially immersion-breaking,
but rather looks through the mobile device,which acts as a window to the vir-

tual world.
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5.3.2 Interaction Methods Affect Engagement and PX

As described in Section 2.1.2, when interactions are more natural, there is less
abstraction and reduced cognitive load, which can contribute to an improved
PX. The interactions can appear natural through the method of interaction, de-

vice, or how the interaction is presented in the context of the narrative.

“I'm very used to the PC configuration so that actually worked really
nicely for me because this is a format I'm used to.” [PC player, Session 6,

Interview]

“The controls were clear and easy to figure out. I'm really good at skim-
ming information or scanning and taking the essential information to piece

together.” [PC player, Session 5, Interview]

While the PC players’ interactions were limited, they were presented in a fa-
miliar paradigm. Using a mouse and keyboard to toggle through a series of in-
formation panels is something most people have experienced. This familiarity
supported embodied thinking and reduced cognitive load, ultimately leading

to a positive PX.

Providing methods for the mobile players to move around the virtual envi-
ronment helped to anchor them to the environment. Since physical spaces are
limited, artificial locomotion or teleportation was introduced. It was observed
in some mobile players that the teleportation did not work as expected, poten-

tially negatively affecting the PX.

“I found some of the teleporting to be a little bit frustrating because I would
teleport and think I knew where I was going and then I would be like on

the other side of the wall.” [Mobile Player, Session 4, Interview]
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“The device took away from the experience a little bit because the movement

wasn't constant.” [Mobile Player, Session 5, Interview]

"I was getting stuck with places like the reactor and for some reason, I

would go out of the map.” [Mobile Player, Session 8, Interview]

Even though artificial movement such as smooth locomotion is a common prac-
tice in VR games, there are still challenges with this approach such as motion

sickness and unfamiliarity, which can reduce engagement and PX.

"There were things that popped me out of it [the experience]. Whenever I
tried to move forward and I was trying to turn, I was shifted 90 degrees
and it shifted back." [VR player, Session 4, Interview]

"Personally I do struggle from motion sickness. I found that I would just
look in the direction I needed to go and close my eyes and move forward

and then open them again." [VR player, Session 6, Interview]

These experiences affected the VR and mobile players’ cognitive load, as they
needed to focus on accounting for the errors in locomotion or motion sickness.
This shift in cognitive load potentially disengaged them from the game and

negatively impacted PX.

5.3.3 Quantitative Evaluation

The PC players’ interactions felt natural and connected to their assigned role
and likely matched a familiar paradigm, resulting in a positive interaction ex-
perience. Whereas there were some challenges experienced by both the VR and
mobile players regarding interaction and locomotion, some of which are iden-

tified in Section 5.4.4. The quantitative data below supports these observations.
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A one-way ANOVA was conducted to determine if the satisfaction with the
controls and interface was different for groups using different types of devices
to access the cross-reality game. The ANOVA results showed no statistically
significant difference between the three device groups, F (2, 21) = .542, p = .590.
Data is presented as mean + standard deviation. VR players’ satisfaction of the
controls (M = 5.12, SD = .954) was very similar to mobile players’ satisfaction
(M =5.18, SD = 1.99), but PC players’ satisfaction (M = 5.87, SD = 1.66) was

slightly higher.

The VR and mobile players’ slightly lower satisfaction with usability could be
attributed to the locomotion challenges identified by VR and mobile players.
Additionally, the higher usability satisfaction of the PC players could be a re-
sult of the interaction options provided to the PC players. As mentioned in

Section 2.1.2, authentic and intuitive controls have a positive effect on PX.
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FIGURE 5.3: Visual representation of usability total score from the
GUESS-18 tool
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54 Engagement

The engagement that VR and non-VR players experience in an asymmetric VR
game has a consequence on PX. The more engaged the players are, the more

likely they will have a positive PX. The following sub-themes were identified:

¢ Team dependencies motivate players to complete tasks. This sub-theme
focused on the desire players felt not to let team members down and, as
discussed in Section 5.2.1, is correlated to the narrative.

¢ Time constraints create challenge and enjoyment. This sub-theme con-
cerned the pressure to complete the tasks within a specific time frame and
the impact on enjoyment, again correlated to the narrative.

* Visual observation sufficient for PC players. This sub-theme identified
how the PC player felt satisfied with the limited ability to observe the
other players in the game.

* Lack of preparation reduces engagement. This sub-theme concerned
how the confusion caused by the lack of player preparation and affected

player engagement and PX.

As discussed in Section 2.2.3, player engagement is created through goal-related
and empathetic engagement. As a result of the engagement felt by players, in-
cluding the non-VR players, it was observed that teams that failed to complete
the challenge in time opted to continue the challenge to completion, despite the
scenario being over. The cheers and smiles demonstrated a sense of pride and

accomplishment for teams that completed the challenge in time.
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5.4.1 Team Dependencies Motivate Players to Complete Tasks

As discussed in Section 2.1.4, interdependence has been found to have a pos-
itive effect on enjoyment and increase social closeness among players. Obser-
vations show that the feeling of dependence generated through an asymmetric
multiplayer VR game can engage both VR and non-VR players. Players are
drawn into the experience and motivated to complete the tasks and communi-

cate with team members through these dependencies.

VR and non-VR players were drawn into the experience because they pos-
sessed critical information or abilities required for tasks to be completed. This
dependency engaged players and helped them connect to the other players

through a common goal, ultimately immersing them in the game.

“I had a sense of being there because I was very focused on the goal, which
is to stop the meltdown. I wanted to help them get what they needed so we
could mutually achieve that goal and I didn’t want to let them down.” [PC

player, Session 6, Interview]

“I felt I was there. I felt committed to trying to make sure that the reactor

didn’t blow up.” [PC Player, Session 8, Interview]

"[ think having other people that you didn’t want to let down helped me

keep going." [VR player, Session 1, Interview]

As described in Section 2.2.3, these statements represent both cognitive and
emotional engagement. These players were cognitively engaging as they were
determined to assist in solving the puzzles and guiding the other players. The
responsibility they felt not to let their team down emotionally engaged them in

the game.
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5.4.2 Time Constraints Create Challenge and Enjoyment

Flow theory, as described in Section 2.1.2, indicates that challenge directly im-
pacts PX. Time constraints are often used to create challenges and increase
player enjoyment (von Ahn & Dabbish, 2008). Observations show that the pres-
sure and challenges created by time constraints engaged both VR and non-VR
players, as they would often communicate to their team on various occasions
the time remaining to complete the game. The influence of time constraints on
PX is magnified when connected to the feeling of duty to other team members

and the social connections they feel.

“I felt I could sense the urgency, the stress of that because of the time was
going down. 1 felt like I was there, even though I wasn’t there, it was

awesome.” [PC player, Session 2, Interview]

“I was very focused on this game. I was focused on this clock (pointing to
the computer) and not that clock (pointing to the clock on the wall).” [PC

player, Session 6, Interview]

“Several times through the game, the mobile player shares with the team
the current time remaining in the game. During one of the final time up-
dates, the mobile player exclaims “it’s down, it's down, it’s down’ (referring

to the force field).” [Mobile Player, Session 7, Observation]

"The time-based pressure enhanced the experience because it gave us that

sense of urgency." [VR player, Session 1, Interview]

The influence of time constraints on enjoyment and PX is magnified when play-
ers feel an increased social connection to the other players in the game and a

sense of responsibility to the other players.
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5.4.3 Visual Observation Sufficient for PC Players

As highlighted in Section 2.2.3, a direct correlation exists between engagement
and players’ actions. While the PC player’s actions were limited to access-
ing and sharing information and observing the virtual environment and other
players through security cameras, that was sufficient with the caveat of want-
ing to have more control of their camera. The camera is the embodied avatar of
the PC player and as referenced in Section 2.1.3, the higher degree of control of

the avatar, the higher the sense of presence and immersion.

“I wanted to be part of the action. I wanted to see what the other players
were seeing. 1 wanted to be more engaged, but I was limited to what I could

see.” [PC player, Session 2, Interview]

“There were times I wanted to be in there and move around and see.” [PC

Player, Session 7, Interview]

" I do wish there was a little bit more movement on the camera to look up
or pan up a bit, because if you zoom too far in it, you're just locked in on
the ground, which was a little bit unfortunate." [PC Player, Session 3,

Interview]

"I relied heavily on the instructions. How we cooperated more was by
listening and I kept zooming. I was relying heavily on the cameras and I
needed the cameras to have a tilt, but they didn't." [PC Player, Session 5,

Interview]

In addition to the players desiring equal task responsibility, players desire tasks

that involves more than simply sharing information.
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"[ felt restricted because I could only zoom in, zoom out and check the
rooms. 1 felt like the bulk of the interaction was communicating. I feel like

[ was just relaying information." [PC Player, Session 4, Interview]

"A limitation was because I was in the resource library and really it was
just the four buttons I was clicking through" [PC Player, Session 7, In-

terview]

5.4.4 Lack of Preparation Reduces Engagement

Player preparation is vital with any game, especially asymmetric multiplayer
VR games. As players use different devices with different abilities and roles,

they are less able to support each other during the game.

It was observed that both VR and non-VR players needed help understanding
the instructions, their role within the narrative, game mechanics, and how they

fit into the team. The confusion may have contributed to a poor PX.

"[ first felt like I had to figure out what to do, and so I had to read the
instructions and then I felt like that took some time.” [PC player, Session

4, Interview]

"Appears to be trying to use an incorrect button for grabbing objects." [VR

Player, Session 4, Observation]

“I don’t know, maybe the instructions weren't as super clear. I didn’t know
I could use my mouse and click buttons to open up all the information 1

needed to share.” [PC player, Session 2, Interview]
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“I just wasn’t always sure when I needed to step up, so it took me a little

bit to figure that out.” [Mobile Player, Session 6, Interview]

The confusion was wider than players’ confusion with their own role and re-
sponsibilities. It was also observed that players needed help understanding
the role of each member of the team and how they would work together to

accomplish the tasks.

“I also felt that there was lots of misunderstanding of how to play the game,
and so we spent probably the first ten minutes trying to orientate how to
play the game and therefore I think that impeded my communication and

moving the game forward.” [PC player, Session 8, Interview]

"It took a while to get them actually communicating. It did limit me be-
cause I was kind of walking around for the first minute or two trying to
figure out what exactly it was that was supposed to be happening. But once
I figured out they had some of the information I needed, then it made more

sense.” [VR player, Session 4, Interview]

“It took a couple of minutes to kind of get everything figured out since
we hadn’t been able to do anything beforehand.” [PC player, Session 3,

Interview]

"There was some uncertainty with who had control over what. Like who
enters the code to unlock the cabinet or who activates the hand scanner."

[VR player, Session 6, Interview]

“It took me a good 3-4 minutes to just figure out who's doing what and
where everybody is and what our roles were." [Mobile Player, Session 6,

Interview]
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Due to this confusion, non-VR players frequently consulted the external sce-
nario cards to understand their roles and game instructions.Referring to the
external scenario cards may clarify their role, but it can also remove them from

experience.

"Having a little more time with the explanation sheets scenario cards. I
had to keep kind of going back to them.” [Mobile Player, Session 3, In-

terview|

“I think a lot of it went back to the handout sheet with the scenarios. I
would not have remembered what my steps were if I hadn’t had that sheet

to reference.” [Mobile Player, Session 4, Interview]

“mobile player looks away from the mobile device and refers to the printed

scenario cards a few times.” [Mobile Player, Session 1, Observation]

Our findings on the importance of preparation time for coordination, strategy
development, and team awareness are in line with findings from Karaosman-
oglu et al. in which they determined that collaborative asymmetric VR expe-
riences require time for adaptation (Karaosmanoglu et al., 2021). Furthermore,
the importance of providing dedicated time for strategising in a collaborative

asymmetric VR game is reinforced by previous research (Sajjadi et al., 2014).

5.4.5 Quantitative Analysis

Despite some of the issues with the prototype that created challenges, all play-
ers reported a high level of game enjoyment, which is a determining factor of
engagement. This observation is supported by the quantitative data shown

below.
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A one-way ANOVA was conducted to determine if level of enjoyment was
different for groups using different types of devices to access the cross-reality
game. The ANOVA results showed no statistically significant difference be-
tween the three device groups, F (2, 21) = 483, p = .623. Data is presented
as mean + standard deviation. VR players’ level of enjoyment (M = 6.18, SD =
.458) was identical to PC players” enjoyment (M = 6.18, SD = .883), while mobile
players” enjoyment was just slightly lower (M = 5.87, SD = .79).

Simple Bar Mean of Enjoyment by Device

-
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Mean Enjoyment

2.0

0.0

VR Mobile PC
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Error Bars: 95% Cl

FIGURE 5.4: Visual representation of enjoyment total score from
the GUESS-18 tool

5.5 Team Dynamics

How players communicate and work together is paramount, especially in asym-
metric VR multiplayer games. As VR, mobile, and PC devices provide varying
degrees of immersion, presence, and engagement, non-VR players’ connection
to other players in the game helps anchor them into the virtual world. The

following sub-themes were identified:
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* Verbal communication preferred for team collaboration. This sub-theme
focused on the preferred use of verbal communication to communicate
and coordinate their actions effectively.

¢ Interdpendence creates a positive PX among all players. The sub-theme
concerned the requirements of team members needed to work together to

complete tasks and the effect this had on social presence and PX.

5.5.1 Verbal Communication Preferred for Team Collaboration

While verbal communication is the primary method of communicating in asym-
metric multiplayer VR games, non-verbal communication methods such as
gestures and movement are possible. When players communicate with each
other, particularly when there is visual feedback such as player movement
or gestures, the feeling of social presence of those communicating may be in-

creased.

“I was able to visibly see them physically moving around and you know
they would emote through gesture. I don’t think I felt detached from the

experience.” [PC player, Session 1, Interview]

While the ability to perform gestures was available to the VR players, and to a
point the mobile players, it was observed that the preferred form of communi-

cation was verbal.

The limitations players experienced in the game, through design or device, ne-
cessitated communication between players. The increased communication en-

hanced the player experience for VR and non-VR players and connected them.
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“I found the communication to be pretty easy. It really enhanced the expe-
rience in the game because you do have to do so much by voice. Being in
the role that I was in for security, I found that I had to be a lot more concise

with my answers.” [PC player, Session 3, Interview]

"Even though the scientist was down the hallway on the corner, I could
still hear him. It was like he was right beside me. That was good.” [PC

player, Session 2, Interview]

"I could look at what I needed to see and then talk to the PC player. Without
communication, it would be a two-dimensional video game. I found it quite

immersive." [VR player, Session 3, Interview]

"The communication part went really well. It was fun trying to problem-
solve together. We were in it together trying to figure the puzzle out. I did

very much like that." [VR player, Session 1, Interview]

Some of the non-VR players found verbal communication challenging. This
challenge was mainly due to the competing voices, which negatively affected

some players’ ability to engage with the environment or other players.

“I found it hard to cognitively engage in the environment fully and still be
listening to two other people with various types of responsibilities.” [Mo-

bile Player, Session 2, Interview]

"I said hi to them at the beginning and then the two of them got so en-
grossed in what they were doing. I wasn’t sure if they could hear me any-
more or if I needed to communicate more with them, but then later in the
process, they remembered that I was there.” [Mobile Player, Session 7,

Interview]
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“The communication with the players was a little bit difficult because I felt
that we were all talking above each other and that my instructions weren’t

being conveyed appropriately.” [PC player, Session 8, Interview]

5.5.2 Interdependence Creates a Positive PX Among Players

Collaboration is essential in asymmetric multiplayer VR games, especially for
non-VR players. When VR and non-VR players are required to support each

other through collaboration, it increases the engagement of all players.

“I thought that was fun. I wouldn’t have liked it as much if one person
could have just done this whole thing all by themselves. So, I liked that
there was a team aspect to it and that I couldn’t finish my part without

somebody else doing their part.” [Mobile Player, Session 5, Interview]

“I think the device in the augmented reality helped with the assistance.
I think having restrictive roles so that I couldn’t go follow that guy was
important because I would have totally gone.” [Mobile Player, Session 2,

Interview]

"[ thought the cooperation went well because we were able to say "I need this
bit of information” and someone was able to provide it. It felt very much
like we were working together towards the goal." [VR player, Session 1,

Interview]

“I actually think the limitations added to the experience because it forced
me to depend on the other players. The fact that I couldn’t see the levers
that the VR player had access to forced us to communicate back and forth.

There were certain pieces that forced all three of us to engage. As a security



100

officer, I was the only person who could input the code, so there was a need

for everybody.” [PC player, Session 7, Interview]

Despite the perceived limitations experienced by non-VR players, the required
collaborations engaged non-VR players and worked towards creating a posi-

tive PX.

The asymmetrical nature of the interface, information, and abilities fostered
interdependence among players and resulted in a positive PX for all players.
These findings support the findings from previous research (Karaosmanoglu

et al., 2021).

5.5.3 Quantitative Analysis

The communication features and collaboration opportunities facilitated a high
feeling of social connectivity that was almost identical for all players. This

observation is supported by the quantitative data shown below.

A one-way ANOVA was conducted to determine if the level of social connec-
tivity was different for groups using different types of devices to access the
cross-reality game. The ANOVA results showed no statistically significant dif-
ference between the three device groups, F (2, 21) = .722, p = .497. Data is pre-
sented as mean =+ standard deviation. VR players’ level of social connectivity
(M =6.88, SD = .372) was identical to mobile players’ level of social connectiv-
ity (M = 6.88, SD = .593), while PC players’ feeling of social connectivity was
just slightly lower (M = 6.31, SD = 1.03). The lower feeling of social connectivity
felt by the PC players may be attributed to the lack of a humanoid avatar for

the PC player, an issue which is discussed in Section 5.6.1.
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FIGURE 5.5: Visual representation of social connectivity score
from the GUESS-18 tool

5.6 Presence

As indicated in Section 2.2.2, players feel various forms of presence, including

social and environmental. The following sub-themes were identified;

* Humanoid avatars required for social presence. This sub-theme referred
to the appearance and behavior of players’ virtual representations within
the game and the impact on both presence and social presence

* Focused interaction connects players to each other. This sub-theme con-
cerned the interactions that required more than one player to complete
through a synchronised effort.

¢ Environmental responses to players’ actions create presence. This sub-
theme focused on the environmental responses to player inputs and the

impact on presence.
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5.6.1 Humanoid Avatars Required Social Presence

As discussed in Section 2.2.1, embodiment is possible with non-traditional avatars
as a result of Game Ego and embodied thinking. This is evident in the inter-
view quotes in Section 3.3. While presence and embodiment are possible with
non-traditional avatars for non-VR players, non-traditional avatars have the
opposite effects on social presence. While previous research has identified the
importance of avatars in creating social presence (Bulu, 2012), all players must
have a humanoid visual avatar in the game to ensure equal focus. While this
is important for PX and social presence, it becomes challenging to implement
across all devices due to their limitations. It was observed that the PC player’s
non-traditional avatar, a security camera, may not have been sufficient to cre-
ate a sense of social presence in the VR and mobile players. This may have

contributed to a sense of imbalance in the team structure.

"At first it seemed like it was very like one-sided, because they both had
avatars in the scene and I was not an avatar in the scene, I was just con-

trolling the cameras.” [PC player, Session 1, Interview]

“I think the security guard was a bit far away just because there wasn't
really any physical representation of them. I think maybe it would be nice
if maybe there’s some sort of a screen that would pop up and just have like

a 3D model of a security guard.” [VR player, Session 5, Interview]

“The PC person was basically a voice that had some information.” [Mobile

Player, Session 3, Interview]

“The PC person, seemed the most disconnected unlike the mobile person

who seemed to be right there.” [VR player, Session 4, Interview]
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A recognisable avatar that is controlled by the player not only positively af-
fects the social presence felt by other players but also anchors the player to the

virtual environment.

“When I was standing in front of the cabinet and I opened the door and
she’s ‘like I'm moving.” I'm like ‘oh, I need to be careful where I'm walk-

1

ing’.” [VR player, Session 4, Interview]

“I felt like we were all in the same space. You know at one point in time
I was kind of doing my task and I couldn’t stand still, and the other guy
was like ‘oh sorry that’s because I'm bumping into you, right?”” [Mobile

Player, Session 4, Interview]

“On a few occasions, the VR player smiles and waves to the mobile player.”

[VR player, Session 6, Observation]

Avatars are not only effective in creating a sense of social presence among play-
ers, but for connecting players to their character, which indirectly connects

them to the environment.

“If there was a mirror somewhere in there I could see what I looked like.
Maybe that would have helped the experience.” [Mobile Player, Session

1, Interview]

As identified in Section 2.2.1, a player’s own avatar and the ability to cogni-
tively connect to their player through the visual representation of their avatar

has an effect on embodiment.
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5.6.2 Focused Interactions Connect Players to Each Other

Related to collaboration is the concept of focused interaction, which as de-
scribed in Section 2.2.2, occurs when players are communicating and interact-
ing together on a shared task. Not only does the concept of focused interaction
increase social presence in all those participating, but it also anchors the players

to the virtual world, increases engagement, and improves PX.

“I think I felt close to them because they could provide direction and they

could see me.” [VR player, Session 8, Interview]

“We shared back and forth a lot of information. When I got out to the lever
panel, I described everything I saw. Then the PC Player was able to go
through and figure the levers and the button order.” [VR player, Session

2, Interview]

“I held the key to lowering the glass, but they worked with me, and we
did it. I had to guide them like I was reading a set of instructions.” [PC

player, Session 5, Interview]

“I could watch him do something and then he commented on what it was
that he did, so it connected to him.” [Mobile Player, Session 3, Inter-

view|]

Players mentioned feeling like a community, and the focused interactions that
players participated in were not the sole reason for the feeling of community.
According to Oh and Lee, an attribute of a community is often a shared goal
(K. Oh & Lee, 2005). As discussed in Section 2.1.4, a shared goal occurs when

all players in the game share a common goal. Unlike the MagicTorch (Li et al.,
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2017) game, my prototype focused on players working together to accomplish

this shared goal, which resulted in a feeling of community.

5.6.3 Environment Responses to Non-VR Players Create Pres-

ence

Environmental presence is most often experienced by those fully immersed in
the virtual world, in this case, the VR player. It is however possible for the PC
and mobile players to experience environmental presence as elements of the
environment respond to their interactions. As the non-VR players experience

environmental presence, it connects them to the virtual world.

“I think I cognitively shut off a lot of the subconscious surrounding of the
actual physical and started thinking about things like that corner is where
door two is, this corner is where door three is.” [Mobile Player, Session

2, Interview]

“When I moved, I moved within the room, so I assumed I had a presence.”

[Mobile Player, Session 3, Interview]

“I could see the space and the three of us talking about something in this

space said that the space was real.” [Mobile Player, Session 3, Interview]

“The PC player entered the crystal cabinet unlock code and then excitedly
confirmed that the cabinet was unlocked.” [PC Player, Session 1, Obser-

vation]

As reflected by the comments, environmental presence was felt more by mobile

players. This is likely a result of mobile players being able to interact with
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elements of the virtual world and appear to move around the environment, a

feature not made available to PC players.

Despite the non-VR players being on less immersive devices, it was observed
that sound effects that were triggered by others could connect non-VR players

to the experience, allowing them to share in the feeling of accomplishment.

"I heard sound effects when they achieved something. I felt a sense of cele-

bration.” [PC player, Session 5, Interview]

“The PC player heard sounds triggered by the action of the VR player and
began toggling through the various cameras to see where the sound came

from.” [PC player, Session 2, Observation]

“I just showed the droid, and he looked down and I could look at the droid
and see what he was looking at the crystals that were in the cupboard.”

[VR player, Session 3, Interview]

5.6.4 Quantitative Analysis

While VR players experienced higher levels of social presence, non-VR players
did feel social presence and also that they were recognised by other players in

the game. This observation is supported by the quantitative data shown below.

A one-way ANOVA was conducted to determine if social presence was differ-
ent for groups using different types of devices to access the cross-reality game.
The ANOVA results showed no statistical significance between the three de-
vice groups, F (3, 21) = .530, p = .596. Data is presented as mean + standard

deviation. VR players experienced slightly higher social presence (M = 20, SD
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=2.4). PC players (M = 18.7, SD = 3.2) and mobile players (M = 18.7, SD = 2.8)

experienced similar levels of social presence.

Simple Bar Mean of Overall Social Presence Total by Device
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FIGURE 5.6: Visual representation of the MPS social presence to-
tals

As mentioned in Section 2.2.4, one of the dimensions of immersion is sensory
immersion. VR devices provide higher levels of sensory immersion than PC
and mobile devices. Furthermore, the statements in the MPS use the verbiage,
"virtual environment" (as shown in Appendix G). In could be concluded that
VR players felt more connected to the "virtual environment", resulting in the

higher values in social presence.

5.7 Summary of Findings

In this research study, I explored factors that would contribute to a positive
PX for both VR and non-VR players in an asymmetric multiplayer VR game.

Our findings suggest that VR and non-VR players can experience almost equal
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levels of game satisfaction. These findings are supported by the quantitative

data presented below.

A one-way ANOVA was conducted to determine if player experience (overall
GUESS-18 score) was different for groups using different types of devices to
access the cross-reality game. The ANOVA results showed no statistically sig-
nificant difference between the three device groups, F (3, 21) = .762, p = .479.
Data is presented as mean + standard deviation. VR players’ satisfaction (M =
51.2,SD =4.6) was very similar to PC players” satisfaction (M = 50.0, SD = 10.4),

but mobile players’ satisfaction (M = 46.5, SD = 9.5) was slightly lower.

Simple Bar Mean of Overall GUESS Score by Device
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FIGURE 5.7: Visual representation of the overall GUESS-18 scores
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5.8 Chapter Summary

The study delved into the exploration of PX in the context of asymmetric VR
gaming, particularly focusing on the disparities between VR and non-VR de-
vice users. The primary objective was to identify how the inherent limitations
and capabilities of non-VR devices influenced the PX and to devise strategies
for designing an asymmetric VR game that could captivate non-VR players as

effectively as VR players.

To achieve a comprehensive understanding, a mixed-method approach was
used. The primary research method was qualitative, involving interviews and
observations, analyzed using thematic analysis. Quantitative methods, such as
the GUESS-18 and MPS tools, were used to support the findings. The analysis

culminated in the identification of five pivotal themes:

* Narrative Significance: Beyond mere storytelling, the narrative emerges
as a potent tool to bridge the experiential gap between VR and non-
VR players, suggesting that game developers should prioritize narrative
depth to foster inclusivity.

¢ Compensation through Roles: The study illuminates a novel approach to
counterbalance device limitations. By strategically assigning roles, game
designers can not only neutralize device constraints but also enrich the
gaming dynamics, ensuring that non-VR players are not mere bystanders
but active contributors to the game’s progression.

¢ Physical Movement & Interaction: The correlation between physical move-
ment, interaction methods, and PX underscores the need to design games

that cater to diverse interaction preferences, ensuring that the physicality
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of the game does not alienate any player segment.

* The Social Fabric of Gaming: The significance of team dynamics reaf-
firms that gaming is not just an individual pursuit but a social experi-
ence. The quality of interactions, collaborations, and even conflicts within
a team can make or break the PX.

¢ Avatar Realism and Immersion: The emphasis on humanoid avatars
suggests that the semblance of reality in virtual environments can am-

plify immersion, hinting at the psychological underpinnings of PX.

In conclusion, the chapter underscores the importance of understanding the
nuances of PX in asymmetric VR gaming and offers insights into optimizing

the experience for both VR and non-VR players.
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Chapter 6

Discussion and Conclusion

Observations and recommendations are based on the established theories and
frameworks identified in Chapter 2. The research questions addressed in this

thesis are:

* RQ 1: Is it possible for VR and non-VR players to have an equally
positive PX in a remote asymmetric VR game?
This question is addressed in Section 6.1 and is based on the qualitative
and quantitative findings in Chapter 5.

¢ RQ 2: What factors affect the PX of VR and non-VR players in a remote
asymmetric VR game?
This question is addressed in Section 6.2 and is supported by the previous
research identified in Chapter 2.

* RQ 3: What are the best practices for designing an asymmetric VR game
that would provide an equal PX for all players?
This question is addressed in Section 6.3 and is also supported by the

previous research identified in Chapter 2.
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An asymmetric VR multiplayer game prototype called LabXscape was devel-
oped to answer these research questions. The intent of the prototype was to
implement game elements that would support the device limitations of non-
VR players and create experiences and interactions that would engage VR and
non-VR players and result in a positive PX for everyone. The findings from
the study have led to the development of recommendations for developers to

consider when designing an asymmetric multiplayer VR game.

6.1 PXof VR and non-VR Players

Although players with all devices reported some challenges with the prototype
asymmetric VR game, the result was a positive PX for all players. Through ob-
servations, interviews, and survey data, non-VR players can have almost as
engaging an experience in an asymmetric VR game as VR players. While some
elements were successful in engaging non-VR players, such as the narrative
and roles (as shown in Section 5.2), others were less successful, such as the
abstract avatar assigned to the PC player (as shown in Section 5.6.1) and pro-
viding narrative and role details on an information sheet. As was identified
in Section 5.4.4, non-VR players often referred to the information sheet, which
helped the player with gameplay, but likely took them out of the experience,
potentially negatively affected their level of immersion. Additionally, includ-
ing various types of asymmetries between players created a positive PX for VR

and non-VR players.
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6.2 Factors Affecting PX of Players in an Asymmet-

ric VR Game

The PX of VR and non-VR players were affected by a number of factors. The

factors can be categorised into the following areas:

¢ Embodiment Factors
¢ Engagement Factors

e Social Presence Factors

6.2.1 Embodiment Factors

While PC players did not have a traditional avatar, there did not seem to be
problems with PC players embodying the character/role of the security guard.
As indicated in Section 2.2.1, other aspects affect embodiment such as a player-
controlled camera creating a diegetic embodiment and embodied thinking, re-
sulting from a strong narrative and character connection. As identified in Sec-
tion 5.2.2, PC players were able to put themselves in the role of the security
guard easily, which made the interactions feel less abstract and more natural,

resulting in PC players embodying their character.

For the most part, the mobile players were able to feel a sense of embodiment
for similar reasons to PC players, with the addition of the ability of mobile
players to control the movement of the character based on their physical move-
ment, creating a sense of "tactile motor/kinesthetic link", as identified in Sec-

tion 5.3.1. However, it was observed that the lack of an avatar visible by the
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mobile player may have created a disconnect between the player and the char-
acter. With the tracking limitations of mobile devices, creating an avatar that
the mobile player can see in response to their movement, such as the VR player
sees, is challenging. One option, as one of the participants suggested, would
be to provide a mechanism such as a mirror to allow mobile players to see their
avatar. Another option would be to provide a humanoid-type avatar that the
mobile player could see "their body" if they looked down. A walk cycle anima-

tion would be triggered as the mobile player physically moved.

As a result of the direct correlation between player movement and their avatar
movement, VR players also felt a sense of embodiment. VR players identi-
fied a high level of satisfaction with the narrative components of the game.
The narrative and assigned role of the scientist or protagonist of the game fur-
ther increased the feeling of embodiment through the "Projective Stance" theory

identified in Section 2.2.1.

As discussed in Section 2.2.1, embodiment affects the PX. For non-VR devices,
creating embodiment needs to be a priority and can be accomplished through
narrative, roles, interactions, and avatars. VR players more easily experience
embodiment because of their natural movement abilities. Still, it can be in-
creased through a compelling narrative and role that draws VR players into

the game and facilitates a connection with their character.

6.2.2 Engagement Factors

It was reported in Section 5.4 that PC players had as equally as high enjoyment
as VR players. As described in Section 2.2.3, enjoyment and engagement are

interconnected. One factor contributing to the high enjoyment of PC players is
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the cognitive engagement they experience. In Section 5.4, PC players reported
feeling engaged or focused on the tasks to help the team complete the tasks in
time. This focus on tasks or cognitive engagement created enjoyment for PC
players, despite not being as immersed in the asymmetric VR game as the VR

and mobile players.

While PC players demonstrated cognitive engagement, it was observed that
many of the PC players desired to be more engaged in the game. While the
narrative supported PC players’ interaction limitations and methods of inter-
action, these limitations created an imbalance in active responsibility. With PC
players being left to control cameras or access information to share with the
other players, they often waited for other players to complete their tasks and
then asked for more help. As indicated in Section 2.2.3, one of the dimensions
of engagement is behaviour engagement, which is active participation in a situ-
ation. With PC players already feeling removed from the asymmetric VR game
due to a reduced feeling of presence and social presence, maintaining engage-

ment throughout the game is critical for a positive PX.

Mobile players were typically more engaged than PC players, as they had ac-
tive tasks such as unlocking doors or scanning crystals. These tasks affected
cognitive and behavioral engagement and contributed to the observations that
mobile players were typically engaged in the game, despite the quantitative
data showing slightly lower enjoyment than the VR and PC players. This
lower engagement is likely a cause of mobile players’ locomotion challenges
(as described in Section 5.3.2), which increased their cognitive load. Cognitive
load is often described as the mental energy required to process information

or perform tasks (Feinberg & Murphy, 2000). The higher the cognitive load
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experienced by a player, the higher the likelihood for a reduction in player en-

gagement (Alexiou & Schippers, 2018).

As identified in Section 5.4.4, all players equally expressed confusion about the
game instructions, tasks, roles of each team member, and their responsibility
within the game. This confusion may have led to frustration, potentially re-

ducing immersion (Nylund & Landfors, 2015) and increasing cognitive load.

6.2.3 Social Presence Factors

As indicated in Section 5.6.1, humanoid avatars are critical for social presence
in asymmetric VR games, especially when most of players have humanoid
avatars. Failure to accommodate this requirement results in an imbalance be-
cause the player with a non-humanoid avatar may be overlooked, despite the
ability for them to communicate verbally. Even though the PC player was the
person that had all the information needed to accomplish tasks and could direct
players to the correct corridors, they were often not consulted or their direc-
tions were ignored. The disembodied voice from the PC player was insufficient

to create a strong feeling of social presence in the other players.

While the VR and mobile players felt a reduced social presence with regards
to the PC player, social presence increased when players could see other play-
ers move and interact with the environment. The feeling of social presence
increased when players spoke about the tasks they were performing and when

players worked on tasks together.
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6.3 Best Practices for Designing an Asymmetric VR
Game

Designing an asymmetric multiplayer VR game that fosters equal involvement,
engages all players, and addresses the limitations and affordances of non-VR
devices requires a deliberate and strategic approach. The recommendations
listed below are based on the findings from this research study listed in Chap-
ter 5 and supported by existing theories and frameworks identified in Chap-

ter 2.

Additionally, the design approach presented by Liszio et al. (2017) has been
validated through my prototype. Every design element recommended was in-
cluded in my prototype and directly impacted the PX for all players. For ex-
ample, in the unification theme, the researchers recommended that rather than
trying to explain away a particular mediated input system, its existence should
be explained in the context of the game’s theme. My prototype did this with the
PC player. Rather than trying to pretend the player was not mediated through
a computer, which could limit immersion, the computer itself became a part of
the game theme through the player’s role as a security guard monitoring the

situation.

6.3.1 Design a Compelling Narrative and Device-specific Roles

Including a compelling narrative with equally compelling roles designed with
device limitations in mind fosters engagement in both VR and non-VR players.

It was observed that the narrative provided opportunities for players to feel
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present in the environment and support the development of social connections

with the other players.

Developing roles that leverage each device’s limitations and affordances help
reduce cognitive load and increase immersion, embodiment, engagement, and
presence. In LabXscape, the PC player is a security guard observing the game
unfold through different security cameras. This role and how the player in-
teracts with the computer have the potential to feel natural because this is a
common trope found in film and television. With this role, the computer offers
a natural interaction style rather than an abstract interaction style. The device
limitations become strengths as they support immersion and draw the player
into the virtual environment, encompassing the computer they are using (Con-

way, 2010).

Providing mechanisms for mobile players to move physically, and have those
movements translate to their avatar in the virtual environment, has been found
to increase presence and embodiment. It was noticed that some mobile players
viewed the mobile device as a "window" to the virtual world. This is partly
due to the physical movement opportunities provided to them. Mobile player
movement using the mobile device’s IMU is a relatively new concept. The mo-
bile player’s physical and artificial locomotion must match the physical world
measurements. For example, if the mobile player walks one metre in the phys-
ical world, the correlated movement in the virtual environment should be ap-

propriately represented.

The narrative should include a shared goal or objective. As indicated in Sec-
tion 2.1.4, shared goals are likely to increase player enjoyment and coopera-

tive behaviors. A component of a compelling narrative should also include a
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pressure element. This pressure element will encourage the players” bonding,
enhance the effectiveness of the shared goal, and increase engagement. It was
observed that both VR and non-VR players felt the tension caused by the time

pressures in the game, which engaged them and increased enjoyment.

6.3.2 Tasks Should Include Interdependencies and Actively In-

volve All Players

With an asymmetric VR multiplayer game, as with many collaborative multi-
player games, players will interact to accomplish tasks. As discussed in Sec-
tion 2.3.2, when collaborative tasks include a form of interdependence, PX and

social connectedness are improved.

Observations indicated that non-VR players felt a sense of responsibility to-
wards other players due to their interdependence. Not only did this feeling of
responsibility connect the non-VR players to the other players, but it also in-
creased engagement. As non-VR players collaborated with others, their sense
of social presence heightened upon witnessing real-time results of their joint

efforts, a phenomenon termed as "focused interaction” (refer to Section 2.2.2).

In addition to tasks including interdependencies, tasks should actively involve
all players. It was observed that when one or two players were performing
actions, the non-VR players who were not involved in the task felt slightly dis-
engaged. At this moment, they momentarily shifted from an active participant
to a passive participant. Furthermore, it was observed that non-VR players,
particularly the PC player, desired to take more of an active role in the game.

Providing opportunities for all players to actively engage and interact with the



120

game and the other players in ways that involve more than sharing information
has a more significant opportunity of increasing engagement and immersion

and, ultimately PX.

6.3.3 All Players Should Have a Humanoid Avatar

While research cited in Section 2.2.1 suggests that non-traditional avatars can
still cause a player to feel a sense of embodiment, the effect that non-traditional

avatars have on social presence is quite negative in an asymmetric VR game.

It was observed by many participants that the PC player, while visually repre-
sented by security cameras in the virtual environment, was often overlooked
or felt distant or removed from the scenario. The VR and mobile players had
recognisable visual avatars that responded to their physical movements, which
helped create a sense of embodiment and social presence. The PC player was
visually represented with a security camera, which other players only some-
times realised represented the PC player. This created an imbalance in repre-
sentation and negatively affected the PX of the PC player and other players, as
they often overlooked the PC player, which caused the team to perform tasks

slower.

While it is recommended that all players have a humanoid avatar representing
them, it is not suggested that the PC player be represented by a movable avatar
that responds to keyboard input, similar to a first-person game. This approach
will create more of an abstraction of input and negate the benefits of having
the keyboard and mouse as natural input devices that fit the narrative and role
assumed by the PC player. One possible recommendation would be to visually

represent the PC player as an avatar on a computer screen within the virtual
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environment. This would fit with the paradigm that PC player is viewing the
scenario through a computer, enhance the social presence felt by the other play-
ers towards the PC player, encourage the other players to keep the PC player

top-of-mind and encourage frequent interactions with the PC player.

6.3.4 Player Preparation Should be Considered

Player preparation is essential in any game, but it is vital with an asymmetric
VR game. With non-asymmetric VR games, players often have a similar view of
the game. While they may have different abilities, there are commonalities such
as input styles, Ul, and tasks. Depending on the asymmetries implemented
in an asymmetric VR game, players may have access to different roles, tasks,
interfaces, information, and views. These differences make it challenging for

the players to support each other.

It was observed that many participants needed help understanding what to
do or what the other players’ roles were, often rushing into the game without
planning. Non-VR players were also observed frequently referring to a pro-

vided scenario card, potentially affecting their immersion in the game.

Asymmetric VR games should provide a dedicated space and time for players
to interact, share information about each of their roles, and strategise. Addi-
tionally, rules and other pertinent information should be embedded directly
into the gaming experience in an easily accessible manner in order to maintain

immersion and attention.
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6.3.5 Communication Protocols Need to be Established

As was identified in Section 5.5.1, some players experienced challenges with
verbal communication. The overlapping communication that was experienced
by some players occurs more frequently where conversations are not face-to-
face (Johnovéa, 2004). The challenges with communication are partially due
to the xlack of face-to-face communication and related factors such as facial

expressions and gestures (Golden et al., 2008).

To address the verbal communication challenges that were experienced, it is
recommended that communication protocols be set to compensate for the lack
of face-to-face communication. The following is a list of metaphors identified

by (Wadley et al., 2005) for voice communication in multiplayer games:

* Two-way radio: communication is equally available to all players

* Mobile telephone: communication is available anywhere in the game,
but communication must be initiated

¢ Land-line telephone: communication is only available at particular loca-
tions in the game

¢ Physical transmission of sound in air: communication is only available

between players who are in close proximity

The recommended communication metaphor depends on the nature of the
asymmetric VR game. For a game similar to LabXscape, Wadley et al. (2005)
recommends the two-way radio metaphor, but indicates that a voice protocol
and radio discipline need to be implemented. The need for radio discipline is

reinforced by further research (Wadley et al., 2015).
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To address the recommendations from (Wadley et al., 2005), I propose a com-
munication protocol similar to what physical radio operators would follow
(Lees & Williamson, 2013). The ClearComms Protocol would ensure that play-
ers are familiar with communicating during the game and would potentially

reduce confusion. The protocol consists of four elements:

¢ Call Signs: Each team member will be assigned a call sign that is unique
(eg. Alpha 1, Bravo 2, etc.). When addressing a particular player, begin
the transmission with the other player’s call sign.

* Procedural Words (pro-words: These are common phrases such as "over",

"out", "standby", and "roger". These pro-words will provide a common
vocabulary that all players will be familiar with.

¢ Clarity and Brevity: When communicating, players will keep messages
short and not use non-standard words or slang terms.

¢ Radio Discipline: Players will not interrupt current communication be-
tween players. If two players begin communicating at the same time, the

player with the lower call sign (eg. Bravo 2 vs. Alpha 1) will yield the

channel.

During the player preparation or tutorial stage of the game, players will have
the opportunity to practice the ClearComms Protocol through scenario-based
drills. While clear two-way radio communication protocols are essential in life-
and-death situations, strict rigidity in a multiplayer game may have a negative
impact. Further research would be ideal to identify the level of communication

rigidness that can be implemented before negatively impacting the PX.
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Another study (Gibbs et al., 2006) suggested that the two-way radio metaphor
might pose challenges. They introduced a concept termed the Interactive Com-
munication System (ICE), which essentially mirrors the physical transmission

of sound in the air, with an option to activate a two-way radio as required.

the physical transmission of sound in air metaphor with the option to enable
two-radio when needed. While ICE may appear to be restrictive at first, these

restrictions allowed for more effective communication.

Furthermore, introducing enhanced visual cues to signify the speaking player
could reduce confusion, prevent communication overlaps, and enhance activ-

ity coordination (Halloran et al., 2004).

6.4 Limitations

This study and thesis encompass certain limitations worth noting. Firstly, the
sample size of this research study was small, with only 24 participants. In or-
der to recruit and collect a large-scale dataset, considerable effort, time, and
resources would be required. Recruiting more participants might have posed
challenges, especially given the concerns related to the pandemic. Even with
the small sample size, valuable information was uncovered through the the-
matic analysis of the interviews and observations. However, the small sample
size did result in the quantitative data from the surveys yielding "not statisti-

cally relevant" results.

Secondly, the prototype required exactly three players using one of three de-
vices; VR, PC, or mobile. The game needed to have each device to be included.

The roles were also directly correlated to a specific device. For example, the PC
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player had to be the security guard, the VR player the scientist, and the mobile
player the support drone. In addition, the research focused on a single specific
asymmetric VR game prototype. While valuable insights were still generated,
a study with a more generic game or a few different types of games could yield
additional insights. Furthermore, the prototype was designed with a specific

narrative, that of an escape room theme.

Thirdly, a "between subjects" design approach was used in the study. The re-
search design did not include the use of a control group. For future studies,
a control group could be implemented to establish a baseline to compare the
impact of the experimental conditions, which are the different devices. The
control group could consist of individuals observing the game, which can help
establish the natural level of game enjoyment. This baseline provides a point
of reference to measure how much each device augments the gaming experi-
ence (Braver et al., 2010). The goal of the research was not to determine player
device preference, but rather to determine factors affecting the PX of VR and
non-VR players and how to design asymmetric VR games to equally engage
non-VR players, hence the decision to not use a "within subjects" design. A
"within subjects" research study could provide some interesting advantages,

including:

* Reduced Variability: In a within-subjects design, each participant serves
as their own control, reducing the impact of individual differences on
the dependent variable (Cohen, 2013). This can increase statistical power,
reducing the sample size needed to detect a given effect (Charness et al.,
2012).

¢ Detecting Interaction Effects: A within-subjects design can better detect
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interaction effects between conditions or platforms and individual differ-
ences. For example, certain players may have different experiences across
the VR, mobile, and PC platforms. A within-subjects design allows for the
identification of such individual-level interactions (Kirk, 2013).

¢ Consistency: Participants” understanding of the game rules and mechan-
ics remains consistent across platforms, controlling for potential confound-

ing variables related to learning or understanding the game (Cohen, 2013).

Furthermore, all participants met in person during the onboarding session be-
fore being set up in separate rooms for the game session. This may have created
preliminary social connections prior to the game, potentially skewing some of
the feelings of social presence reported. The specific hardware and software re-
quirements prevented an open call from being sent to recruit participants from
around the world. Additionally, the lack of research assistants required the

principal researcher to welcome and orient all participants at the same time.

6.5 Future Work

This thesis aimed to determine if VR and non-VR players could have an equally
enjoyable experience in an asymmetric multiplayer VR game, identify factors
affecting the PX, and develop best practices for designing an asymmetric VR
game. These aims were accomplished, but with player roles being directly re-
lated to specific devices. Future work could explore the impact on PX of having
roles not connected to device type. While this could reveal additional insights,
an inherent challenge exists in the interaction limitations of non-VR devices

that would need to be addressed. Additionally, future research could explore
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developing asymmetric VR games that were not designed for a specific num-
ber and type of devices. Asymmetric VR games that are designed to allow any

combination of devices could introduce different group flow experiences.

Another research initiative worth exploring is expanding the asymmetric VR
game beyond the escape room-style game to determine how the best practices
identified in Section 6.3 would apply to different game styles. Furthermore,
it would be worthwhile to determine if the research findings from this the-
sis could be applied to create positive user experiences in asymmetric serious

games or asymmetric VR collaboration applications.

6.6 Conclusion

The impact of narrative, group flow, and authentic input devices on PX in an
asymmetric VR game has yet to be widely researched. To address these games
and determine if VR and non-VR players could be equally engaged, the pro-
totype asymmetric VR game, LabXscape was developed. The prototype game

was built following theories and frameworks identified in Chapter 2.

It was observed in the study that non-VR players can have almost as engaging a
PX as VR players. Including a compelling narrative, player roles, and authentic
interaction styles that supported the roles was highly effective at engaging non-

VR players and immersing them into the asymmetric VR game.

When non-VR players can be actively involved in an asymmetric VR game and
connected to the other players through shared goals and interactions, they can

feel a sense of enjoyment and a positive PX.
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Appendix A Social Media Recruitment Post

COLLABORATION IN ASYMMETRIC MIXED REALITY

ARESEARCH STUDY EXPLORING THE AFFORDANCES AND LIMITATIONS OF COLLABDRATING
WITH DTHERS UISING VIRTUAL REALITY, AHGMENTED REALITY, AND-DESKTOF COMPUTERS.

ARESEARCHSTUDY CONDUCTED BY MIKE MCCREADY, UNIVERSITY DF KENT GRADUATE STUDENT

I am conducting a research study to understand how collaboration is
affected in an asymmetric mixed reality experience, which means
participants will be in the same shared virtual environment using
different types of devices.

Participants sessions are 60 minutes in length. Participants must be
over 18, be able to attend the session at Lethbridge College, have
basic computer literacy, and English language proficiency.

If you are interested to learn more about the study and to express an
interest in participating, visit www.mikemccready.ca, email
mjm75@kent.ac.uk or send me a private message.
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Appendix B Participant Recruitment Questionnaire

This questionnaire was completed on the participant’s own time via computer,
tablet, or smartphone. A link to this questionnaire was made available on the

research study’s website.

Some of the questions included in the questionnaire were used as potential
exclusion criteria where health conditions may pose a risk to the potential par-

ticipant.
Age Range (radio buttons)

e 18-24

25-34

35-44

45 - 54

55 -64
* 65+

Gender (radio buttons)

e Male
¢ Female

¢ Non-binary

Prefer to self-identify

Other
How often do you play video games? (radio buttons)

¢ I don’t play video games

¢ A few times a month
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e A few times a week
¢ Daily
* Multiple times a day

What type of video games do you play on either mobile, console or computer

(check all that apply) (checkboxes)

¢ First Person Shooter (eg. Call of Duty)

Idle / Casual Games (eg. Candy Crush)

Competitive Sports Games (eg. Rocket League)

Puzzle Games (eg. Tetris)

Racing Games (eg. Forza Motorsport 7)

Role-playing Games (eg. Final Fantasy series)

Please select ALL activities you do on a mobile device (eg. smartphone,

tablet). (checkboxes)

¢ Taking photos/videos

¢ Surfing the internet

* Online shopping

* Maps/directions

¢ Video calls

¢ Play games

¢ I don’t have a mobile device

¢ Other
How many times have you used Virtual Reality (VR)? (radio buttons)

e () times

e 1-2times
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e 3-5times
* 6-9 times

¢ 10+ times
How many times have you used Augmented Reality (AR)? (radio buttons)

¢ ( times

e 1-2times
® 3-5times
* 6-9 times

e 10+ times

How easily do you get motion or car sick?

1 2 3 4 5 6 7
Never been sick Get motion sick
before very easy

I do not have a seizure disorder, epilepsy, or have ever had a seizure. (radio

buttons)

e True

¢ False

I do not have a heart condition, heart arrhythmias, or suffer from hyperten-

sion. (radio buttons)

e True

¢ False

I do not have a vestibular (balance) disorder or medical conditions affecting

balance. (radio buttons)
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o True

¢ False

I haven’t had a head injury or been diagnosed with a neurological disease in

the past year. (radio buttons)

® True

¢ False
I am not pregnant or suspected of being pregnant. (radio buttons)

e True

¢ False
How do you assess your English proficiency? (radio buttons)

* Native or bilingual proficiency

Full professional proficiency, or fluent

Professional working proficiency, or intermediate

Limited working proficiency, or lower intermediate

Elementary proficiency, or beginner
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Appendix C Participant Information Sheet

What is the purpose of the study?

Due to the current pandemic context, there has been a surge in interest in tech-
nology that allows people to connect, play, and collaborate, despite physical
distance and restrictions. A technology area that has seen growth during the
pandemic is multiplayer games. Immersive technologies such as virtual re-
ality (VR1) and augmented reality (AR2) have also seen an increase in adop-
tion, as people were looking for ways to connect during the lockdowns and be-
yond. Despite their immersive qualities, VR head mounted displays (HMDs)
have also received criticism for their isolating characteristics, both socially and
technologically and for the discomfort they sometimes induce. As a result of
these limitations, VR research and design has started to look more and more
into leveraging different systems for the design of novel interactions, which
include bystanders and co-players. In this context, various types of asymme-
tries were considered from the asymmetry of player interfaces (rooted in cross-
reality paradigms) to differences of how players interact with the game and the

information they possess.

With this study, our aim is to address some of these existing gaps by developing
an asymmetric VR game that connects remote VR, AR, and PC users in a shared
virtual environment. This study may provide important insights and provide
a foundation for developing a multi-user gaming experience that can scale and

accommodate a variety of devices and number of participants.

Why have I been invited?

This research is looking for a minimum of 30 participants to take part in this
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study. You were invited because you are at least 18 years old and are able to

travel to Lethbridge College.

Do I have to take part?
It is up to you to decide whether or not to take part. Your participation is
entirely voluntary. If you do decide to take a part, you would be asked to sign

a consent form prior to any further procedures.

You are free to withdraw from the research study at any time and without giv-
ing any reason. If you withdraw from the study prior to the anonymization
of the data, your personal data will be destroyed. If you withdraw from the
study after your data is anonymized, the anonymized data will remain part of
the study, as it will not be possible to identify your data to remove it. In order
to have your personal data removed from the study, you must withdraw prior

to May 16, 2022.

Am I eligible to take part?

The following criteria need to be met in order to participate in the study:

¢ 18 years or older

¢ Fluent in English

¢ Have basic computer proficiency

¢ Have no condition or impairment that would affect your ability to partic-
ipate

* Be able to attend a session at the Lethbridge College in Lethbridge, Al-
berta, Canada on either May 16 or May 17, 2022

What are the possible benefits of taking part?

We cannot promise that this study will provide any immediate benefits to you,
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however the information we get from this study will help to inform the research
community on the effects of various devices on collaboration in a virtual envi-
ronment. Many people enjoy participation in research, particularly expressing

their views during in-depth interviews.

What are the possible disadvantages and risks of taking part?
For those participating with a VR or AR device, there may be some potential

risks.

VR Risks

While participating in VR, you will be wearing a VR headset and headphones,
which will totally block your view and understanding of position in the phys-
ical world. During this time, a facilitator will communicate to you through a
microphone, which you’ll be able to hear with your headphones. All obstruc-
tions such as cables and chairs will be cleared to minimize your physical risk.
Additionally, a facilitator will monitor your physical movement and guide you

if you're getting too close to an obstruction such as a wall or desk.

Although rare, some participants may experience VR sickness. This occurs
when exposure to a virtual environment causes symptoms that are similar to
motion sickness. The most common symptoms are general discomfort, headache,
stomach awareness, nausea, vomiting, pallor, sweating, fatigue, drowsiness,
disorientation, and apathy. If symptoms are severe, you will be instructed to

remove the VR headset and will be removed from the study.

Prior to your session, your facilitator will provide you these two suggestions if

you experience motion sickness:

¢ close your eyes for a few moments and then open them
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¢ if the motion sickness is severe, take off your VR headset immediately

and you will be removed from the study

AR Risks

While you will be able to see the physical world, you may lose track of your
physical environment. This could result in walking into walls or other obstruc-
tions. All obstructions such as cables and chairs will be cleared to minimize
your physical risk. Additionally, a facilitator will monitor your physical move-
ment and guide you if you're getting too close to an obstruction such as a wall

or desk.

What will happen to me if I take part?
You will be asked to attend one session at Lethbridge College. The session will

last approximately 60 minutes.

The session will start with an Orientation Stage where instructions for the study

and hardware usage will be provided. This stage will take 5 minutes.

Following the Orientation Stage you will be randomly assigned either a VR
device, AR device, or desktop computer. You will then enter a shared virtual
environment to collaborate and solve a series of challenges. This portion will
take approximately 15 minutes. You will then be asked to complete a survey

about the experience, which should take approximately 15 minutes.

At the conclusion of the survey, a short interview will be conducted about your

overall experience. The interview will take approximately 15 minutes.

Will my taking part in this project be kept confidential?

All information obtained in this study will be handled in confidence by us.
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As soon as the data is collected, the data will be stored in a secured univer-
sity server. We will video record you while in the XR experience.. The camera
will be placed in a position where non or minimum identifiable info can be
gathered. From the collected video-recordings we will not be able to remove
identifiable data, but these will be stored and anonymised so that no other per-
sonal identifiable info is connected to the video. The camera will not be left
unattended or moved until the recordings have been transferred to a univer-
sity server and removed from the camera. The interviews will be transcribed,
coded and the results connected to a random ID and not personal identifiable
information.. Screenshots from inside the virtual environment or quotes from
interviews may be used, but these will also be anonymous. Once the video
recordings are analyzed, they will be destroyed. All other anonymized data

(observations, surveys, interviews) will remain with the research project.

To learn more about the University of Kent Privacy Notice, visit:

https:/ /research.kent.ac.uk/ris-operations/privacy-notice

What will happen to the results of the study?

When the study is completed, we would analyse the data we collect and report
the findings. It would be reported in an appropriate journal or presented at a
conference. You will not be identified in any report or publication. If you wish
to receive a copy of any reports resulting from the research, please ask us to

include you in our mailing list.
Who are the researchers?

* Michael McCready (Chief Investigator) is a remote student in the MSc

Digital Arts (by Research) program living in Lethbridge, Alberta, Canada.


https://research.kent.ac.uk/ris-operations/privacy-notice
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* Dr. Alexandra Covaci (Supervisor) is a lecturer in Digital Arts and Tech-
nology and a researcher at the University of Kent.
¢ Dr. Luma Tabbaa (Supervisor) is a lecturer in Digital Arts and Technology

and a researcher at the University of Kent.
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Appendix D Informed Consent Form

I confirm I have read and understand the information for the above study
which is stated in the Participant Information Sheet dated November 16,
2021. I have had the opportunity to consider the information, ask questions
and have had these answered satisfactorily.

I understand that the session will be video and audio recorded for analysis,
and that as soon as this data is collected it will be stored on a secured server.
No other identifiable information will be connected to this data. I understand
that once the video recordings have been analyzed, they will be destroyed,
but the anonymized observations will remain with the research study. I give
permission for these recordings to occur.

I'understand that if I wish to receive the research results I will need to provide
my email address. My email address will be stored separately from research
data and will not identify my participation results. I give permission for my
email address to be collected.

I understand that my responses will be anonymised before analysis. I give
permission for members of the research team to have access to my responses.
Iunderstand that the data could be used for publication.

I understand that my participation is voluntary and that I am free to with-
draw at any time without giving any reason. I understand that if I withdraw
from the study after my data is anonymized, the anonymized data will re-
main part of the study, as it will not be possible to identify my data to remove
it.

I understand that my response will only be used for research purposes. 1
give permission for the research team to archive my anonymized responses
for future research and make them available to other researchers in line with
current data sharing practices.

I agree to take part in the above research project.

Participant: Signature: Date:

Lead Researcher Signature Date

Initial
Boxes
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Appendix E Player Scenario Cards

LabEH%scape

ACROSS-REALITY ESCAPE ROOM

SCENARIO DESCRIPTION
In a top secret lab, an experimental power crystal has
become unstable, resulting in an impending catastrophe.

You must collaborate with your group to prevent the
catastrophic failure. Each member of your group will have
a specific roles and access to important information.

ROLE: Scientist

You are an experimental energy scientist. It is your job to
replace the faulty power crystal with the correct crystal.

To replace the faulty crystal, you will need to first lower the
force field and the reactor glass. Once you have done this,
you can replace the power crystal with the correct one.

You vwill need to communicate with the other players to know
how the levers should be positioned to lower the force field.
You vill also need to communicate to know the button press
configuration to lower the reactor glass.

The energized power crystals are stored in a locked cabinet.
Communicate the Unlock Code to allow the Security Officer
to unlock the cabinet. You will then be able to access the
pouwer crystals.
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LabEH%scape

ACROSS-REALITY ESCAPE ROOM

SCENARIO DESCRIPTION
In a top secret lab, an experimental power crystal has
become unstable, resulting in an impending catastrophe.

You must collaborate with your group to prevent the
catastrophic failure. Each member of your group will have
a specific roles and access to important information.

ROLE: Robot Assistant

You are the LabBot-3000. You have three primary tasks to
assist the scientist:

1. Override Door Locks
To override the security lock on a door, approach the
override panel and tap 'Override Door' button when the
target highlights orange.
Confirm Reactor State
When the scientist attempts to disengage the force field
and lower the reactor glass, you need to confirm if the
force field and reactor glass are lowered.
Identify Energized Crystals
Some crystals are depleted and should not be put into
the reactor. To identify an energized crystal, approach a
crystal in the opened cabinet and tap the 'Identify
Crystal' button when the target highlights orange. In the
interest of time, you will only want to scan the correct
crystal color.

You can move around the virtual environment by looking
at the virtual ground and tap the 'Teleport"” button or
you can physically walking around.
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LabEH%scape

ACROSS-REALITY ESCAPE ROOM

SCENARIO DESCRIPTION
In a top secret lab, an experimental power crystal has
become unstable, resulting in an impending catastrophe.

You must collaborate with your group to prevent the
catastrophic failure. Each member of your group will have
a specific roles and access to important information.

ROLE: Security Officer

You are the head of security. You are not on site, but viewing
the proceedings through security cameras in the facility. You
can switch the camera you are looking through with SPACE BAR
and rotate with the LEFT and RIGHT ARROW KEYS.

It is your job to communicate to the other players and
ensure they have the correct information.

Time is of the essence. You need to make sure the other
players are taking the correct path. You can scan all the
corridors and communicate which path is clear.

You also have access to a Reference Library which contains
all the required information to complete the tasks. You can
page through the library by clicking the icons at the bottom
of the screen. You uwill need to rely on eyes of the other
players to help you know which information to convey.

As part of the security lockdown, the power crystals cabinet
has been locked. You will need to input the correct override
code that is provided by one of the other players.
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Appendix F  GUESS-18 Survey Questions

The following items are from the shortened version of the Game User Experi-

ence Satisfaction Survey (Keebler et al., 2020).

I find the controls of the game to be straightforward.

1 2 3 | 4 5 6 7
Strongly Strongly
Disagree Agree

I find the game’s interface to be easy to navigate.
1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

I am captivated by the game’s story from the beginning.
1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

I enjoy the fantasy or story provided by the game.
1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

I feel detached from the outside world while playing the game.
1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree
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I do not care to check events that are happening in the real world during the

game.
1 2 3 4 5 7
Strongly Strongly
Disagree Agree

I think the game is fun.
1 2 3 4 5 7
Strongly Strongly
Disagree Agree

I feel bored while playing the game.
1 2 3 4 5 7
Strongly Strongly
Disagree Agree

I feel the game allows me to be imaginative.
1 2 3 4 5 7
Strongly Strongly
Disagree Agree

I feel creative while playing the game.
1 2 3 4 5 7
Strongly Strongly
Disagree Agree
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I enjoy the sound effects in the game.

1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

I feel the game’s audio (e.g., sound effects, music) enhances my gaming ex-

perience.
1 2 3 | 4 5 6 7
Strongly Strongly
Disagree Agree

I am very focused on my own performance while playing the game.

1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

I want to do as well as possible during the game.

1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

I find the game supports social interaction (e.g., chat) between players.

1 2 3 4 5 6 7

Strongly Strongly
Disagree Agree
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I like to play this game with other players.

1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

I enjoy the game’s graphics.
1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree

I think the game is visually appealing.
1 2 3 4 5 6 7
Strongly Strongly
Disagree Agree
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Appendix G Multimodal Presence Scale (MPS)

The following items are the social presence items of the Multimodal Presence
Scale (Makransky et al., 2017).

I felt like I was in the presence of another person in the virtual environment.

1 2 3 4 5
Strongly Strongly
Disagree Agree

I felt that the people in the virtual environment were aware of my presence.

1 2 3 4 5
Strongly Strongly
Disagree Agree

The people in the virtual environment appeared to be sentient (conscious

and alive) to me.

1 E 3 4 5 |
Strongly Strongly
Disagree Agree
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During the simulation there were times where the computer interface seemed

to disappear, and I felt like I was working directly with another person.

1 2 3 4 5
Strongly Strongly
Disagree Agree

I had a sense that I was interacting with other people in the virtual environ-

ment, rather than a computer simulation.

1 2 3 4 5

Strongly Strongly
Disagree Agree
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Appendix H Semi-structured Interview Questions

Collaboration / Communication

* So how would you describe your communication with the other players
as contributing to your overall experience and team performance?

* How did you cooperate with the other players in the game? How did the
device limitations and affordances contribute to your ability to cooperate?

¢ Can you describe your communication experience with other players who

were remotely located?
Embodiment / Interaction

¢ When in the virtual environment did you feel a sense of “being there”?
Can you describe how you felt?

¢ Can you describe your ability to control your character and interactions
with items in the environment and how they contributed to your experi-
ence?

¢ How did your “avatar” contribute to your game experience?
Usability

* How did you find the ability to move and interact with the virtual envi-
ronment?
* Were the controls clear and easy to figure out?

¢ What challenges (if any) did you encounter in the experience?
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