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Abstract

Augmented reality gameareincreasinty popular Like other digital games,
theycan include multiplayer featuse the game settinp enhance the gaming
experience However, mosmultiplayer augmented reality games keep their
focus on what objects players are interacting with and how plaperact with

them. Theygenerallymiss one crucial part of multiplayer games, which is
integratingthe physical interactionsbetweenplayers. This thesis presents a
study of pl ayersd physical movements
physical faceo-face interactions using a markatacted to the back of each
device. The main goal of the thesis isdentify a design space faadeto-face
interactions between players, which could open many new game design
possibilities.

The thesis starts by examining the feasib#idf technology that is used in the
setting of faceo-face multiplayer augmented reality games by reviewing the
potentials and limitations of current augmented reality engines. The movements
and interactions of players in six degrees of freedom are identified. In order to
develop a game to be used arpractical study, a game design process is
introduced through asies of structured workshops. This results in a process to
design a facéo-face multiplayer augmented reality game using cards to
represent the components of games. Finally, one of the games which is designed
during this game design process is develogad playtested by a number of
participants with computing and games expertise.

This study reveals how physical movements and interactions affect players,
augmented reality, games, and social scenarios in game. The movements of one
player in sixdegreesof freedom are categorised into six groups which are
horizontal transitions (left and right), vertical transitions (up and down), depth
transitions (in and out), roll rotations (rotate clockwise and counter clockwise),
yaw rotations (tilt left and right),ral pitch rotations (tilt up and down). There

are 169 possible combinations of interacsiowhen these interactions are
considered in detail, they can be categorised in six types of mowsearent
produce four groups of limitations when practically impletednin an
augmented reality game.



The study identifies an intersection area in which {ae&ce interactions in
augmented reality can be performed, wh
aread. Thfiedstsh artd yt lmé slou ma notiobsalsoydéfise r an g e
the possibilities of interactions between two players. This creates an ergonomic
range of facdo-face interactions in augmented reality games that can be used
further.

These studies reveal the difficulties of performing each movemedt a
interaction in theory and practical experience. Considering the implementations
of the interactions to a game mechanic, sizedetectable area, and score
which participants during studies gave to each movement, this thesis suggests
the level of diffculty of the games which each movement and interaction should
alsobe implemented. An implementation of movenseartd interactions to a
suitable level of difficulty will create a better gameplay experience to users.

These suggestions are considered whesigthing a multiplayer game. 1t is
revealed that social scenarios in the gamedaabe divided into cooperative

and competitivehavea significant impacbn the game mechanic and fdoe

face interactions. It is discovered during the studies that particifisuats
playing the game in a competitive settimpre enjoyabléhana cooperative

one. However, a cooperative setting encourages participants to cocateu
more with each other. The fat@face interactions in a cooperative setting are
also easier to perform than in the competitive setting. There are also other minor
factors whichaffect the overall gameplay experience such asssitspace of
gamepay and intimacy among players.

Overall, this thesis suggests that facdace interactions could be one of the
enhancements to multiplayer augmented reality games. They create a better user
experience to players. However, the usage of-fadace interatons in
augmented reality games could be furterdiedin many more aspects of
games in the future.
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Chapter 1

Introduction

Augmented reality, introduced in 1992 (Caudell and Mizell, 1982form of

digital experiencehat establishesnillusion thatadvi rt ual 6 wor |
overlaid upon the O6real 6 worl d. Unl
the viewer to a new virtual world, the core idea behind augmented reality is that
the viewer believes they have remained in the real world, buthisais now
populated with virtual objects with which they can observe and interact (Azuma,
1997). Augmented reality ,igherefore one particular arrangement of more
general mixed reality environments in which real worlds and virtual worlds co
exist in various forms (Milgram et al., 1995). Augmented reality is made
possible by the convergence of several computing technologies including
positioning and sensing, handheld and headinted displays, graphics and
sound. These technologies are now becoming straam Hence,augmented
reality may soon become a feature of our everyday lives.

Proposed applications @ugmented realitgpanin military, medical, office,
education, and entertainmatdmaing(van Krevelen and Poelman, 2010). One
of the most compellig applicationsthat may help drive the adoption of
augmented reality is gamings evidenced at the time of writing by the recent

widespread public engagement with the augmented reality game Pokémon Go.

By overlaying virtual game content athe p | a y eearyday expevience,
augmented realitpromises to transform the gaming experience in multiple
ways. It canutilise real world locations, histories, and populations as a rich
backdrop for games. It can transform familiar everyday locations into new
fictional settings. Itcan engageplayers in physical activities and outdoor
exploration. Augmented reality games may aistroducenew kinds of social

play, including faceo-face encountersvhich isaparticular focus of this thesis.

There have already been mary examples ofaugmented reality games
academic literature, for example, ARuake (Thomas et al., 2000), AR Chess
(Reitmayr and Schmalstieg, 2001), Human Pacman (Cheok et al., 2004),

k ¢



Chapter 1 Introduction

Invisible Train(Wagner et al., 2005MapLens (Morrison et al., 20089ndAR-

Tennis (Henrysson, Billinghurst and Ollila, 2005). Many of these demonstrate
potential ofmultiplayeraugmented reality games. For exampie, ability to

overlay an existing classic game wih augmented reality setting (Reitmayr

and Schmalstieg, 2001), to use objectthereal world as part afocialvirtual

play (Wagner et al., 2005), to provide a better user experience when detecting
another playerods exi st enliae006)Heutlisey ss on,
collaborative play and conversation time real world to prgress the game

(Morrison et al., 2009), and trive the spread of a game on a global scale
(Ingress, 2012)in particular Marcus Montola identifiea social expansion of

gaming as one othe three key dimensions of sbal | ed OGO per vasi ve
alongside spatial and temporal expansions (Montola, 2005), which augmented
reality games are part of (Nieuwdorp, 2007). There have also recently been
examples of professional augmethtreality games that reveal the commercial
potential of this form of gamingor example, Ingress (Ingress, 2012) and
Pokémon Go (Pokémon GO, 2016). Interestinglgth gamedeature social

game play.

These examples point towards both the potential sasidéities of augmented
reality gaming as a new game format. They also suggest that social play will be
an inherent and importaméature of such games. However, aswile show in

the literature revievafterwards augmented reality games have, by anddar
neglectedbne important form of social interact®to datei support for direct
faceto-face interactioa among players. By this we mean situations in which
players who havephysicallyencountered one another in the real wostdnd
around and dirdty interact with each otheFor example, children standing
around in a park or school playgrouad engaging in a series of faoeface
games

In response, this thesis introduces a novel approach to suppotbface
gameplay among the players ofgawented reality games. To peek ahead, the
new concept that will be explored is that of using augmented reality to track the
relative movements of pl ayersd handhel
another. This can be achieed we explore lateby placing augmented reality
markers on the backs tife handheld consoles tablets so that they can track
each other usintheir integrateccameras and computer vision software. The
result is to set up a situation in which players can point their deviascht
other and move themr@undin order to jointly manipulate virtual objects,
wrestle, reveal information about each otlm@rengage in othesocial game
interactions. Tts thesis further motivates this approach, introduces it in detail,
demonstratessttechnical feasibilies, uses it as the basis of a new game design
and evaluates how this designexperienced by players. The result is a new
approach and framework for desigg faceto-face interactions in augmented
reality games.



Chapter 1 Introduction

1.1 Thesis contrilutions

This thesis makes several research contributions as part of an overall journey of
proposing, demonstrating and evaluating this new approadaceto-face
gameplay in multiplayer augmented reality games.

The journeybeginswith reviewing relevantiferature. This review provides a
overview ofcurrent multiplayer augmented reality gamespecially oplayer
interactions in facéo-face situations.The review clarifies that there is a
research gap in the area of supporting directfadace interations of the kind
described abovahe knowledgayained fromthe review doesot only benefit
the topic of facdo-face augmented reality games, bl#o contributes to other
multiplayer mixed reality games in differesituations

The specific approaclof mutually visually tracking handheld devices is then
introduced and furthernpacked through series of technical explorations that
serve to demonstrate its feasilid#and raise key challenges to be addressed by
further research Augmented reality tghnolaies as part of faceto-face
interactionsare observedo as to revedimitations and constraintsn both
virtual and real environment#t this point, severaietaphorsare raisedto
suggest how the new technique might support game mechahieseearly
explorations confirnthe feasibilites of faceto-face augmented reality games
and contributeto further understanding in tersnof the viabiliy of the
underlyingtechnology.

In order tofurther explore the possibilitieand challenge®f faceto-face
augmented reality games, a series of design worlkshop then conducted
Theseutilise a structured process pooducedesigns forvariousfaceto-face
augmented reality gammacross variougenres. The workshopsiggest future
possibilifes for implementing facto-face interactions into augmented reality
games in practical circumstarsc@ hey alsoestablisha focus for studes for
faceto-face augmented reality games for the second halthefthesis.
Additionally, the workshops revealhat key interess and concern$or game
designers when designing augmented reality game

The established areas of stuadg thennvestigated through a series of playsest

involving a prototype gamevith participantsfrom various disciplines. The

study results are analysed atidcussed from the perspective of both mixed

reality environments and fate-face interactions. The study results reveal how

players interact with each other when they perform-fadace interactns,

how they feel about these interactions, and how augmented reality in this face
to-face form affed t h e pl ayersd experiences and
progresses. The resulting knowledge provides more understanding -0b-face

face interactions in mufilayer augmented reality games as a resource for
researchers in the mixed reality gaming field alongside guidelines for game
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designers and developers to implementfaefce interactions into augmented
reality.

1.2 Thesis organisation

This thesis consts ofseven chapters in total, imcling this introduction. It can

be divided into two halves. The first half, which comprises Chapters 2 and 3,
establishes the concept of faceface interactions in multiplayer augmented
reality games. This concept isein explored for its feasibilgs and challenges

in order to ground the studies in the second half of thesis.

Chapter 4dentifies and reviewtheliterature ormultiplayer augmented reality
games. The reviefocuses on exploring the multiplayer augmenteality
gaming topic from several key perspectives including realityality
continuum (Milgram et al., 1995) social expansion in pervasive games
(Montola, 2005) and thetime-space taxonomyJohansen, 1988YThe review
identifies an opening in mugilayer augmented reality games which is an
interest of facdo-face interactions between the players in those augmented
reality games.

The patrticular approach to fateface interactions in augmented reality games

of the thesis is fully established Chapter 3 The limitations andfeasbilities

of AR technologes to support this are then appraised covering hardware and
software technologies in augmented realty well agphysical limitations in

the real world. Within these limitations, the possibifitief faceto-face
interactions among players with multiplayer augmented reality games are
explored through a series of structured design workshops. The chapter ends by
fusing the results of feasibility work and game design workshops to establish
the areasf interest for subsequent studies of prototype-fadace augmented
reality games in the second part of the thesis.

This second part, starting from Chapter 4, contains the studies etoféaee
augmented reality gamdbeir findings, and discussiaf their results. A series

of user experiencstudies of facg¢o-face augmented reality games are reported

in Chapter 4 and 5. In Chapter 4, the fé@éace interactions are considered
solelyonvisiodbased tracking of pl aiymarker6 devi
detectionThis study focuseon howplayersreact to individual movements and
faceto-face interactions in various social scenariise studiesandopinions

of the participantsvererecorded The participanta/ereinvitedto play the game

in single player mode, multiplayer mode with cooperative intention, and
multiplayer mode with competitive intention. Thegre interviewebout their
experience with the interactions and the game, their opinion about difficulty of
the mazements and interactions, and the other factors which influence gameplay.
While showing the feasibiigs of the approach to support gameplay, the study

4
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also revealed a number of interactional ambiguities arising from relative
movements between players.

Consequently, a further series of studies are reported in Chapter 5 with
additional information from buiin motion sensors taken into consideration in
order to avoid the ambiguities from fatteface relative movements as
identified in Chapter 4. The stiegd are performed similarly to the studies in
Chapter 4. The studies focus on the
similar to the last chapter.

In Chapter 6, facéo-face interactions in augmented reality games are discussed
in general, drawing on th&tudy results and returning to the literature that was
reviewed inin Chapter 2. Each aspect is discussed by linking back to the past
chaptersso as to ground théiscussion both in theory and praetighe result

of the discussion is to deliver a desfgamework for implementing a fade-

face augmented reality game for game designers and developers in the future.

Finally, the thesis is concluded in Chapterintluding identifying areas for
furtherresearch



Chapter 2

Literature review

The main interest of this thesigmugmentedreality games was briefly
introduced in Chapter. 1n this chapter, augmented reality games t@pgning

to be further examined toprovide an understanding dfs current state and
explore the openingsf the subject. This chapt@resentsan overview ofthe
characteristics and histoof augmented reality games on both academic and
commercial aspects It is followed by amore comprehensiveeview of
multiplayer agmented reality game® analyseand identifytheir opening.
These lead to an introduction loésic ideas of faewm-face augmented reality
gameswhich will be further expbred in the next chapteiThis chapter igshe
starting point and sets a path foe tlesearch topic in further chapters.

2.1 Augmented reality and augmented reality games

This thesis focuses its interest on multiplayer augmented reality games.
However,beforestart exploringsuchspecifictopic, the concept ofaugmented
reality gameswhich isa more general concephdthe superset of this topic
should bdirstly examined.

Augmented reality games constgdttwo principal areasvhich are augmented
reality and games as shownFigure2-1.
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Augmented| Augmented
Reality Reality

Games Games

Figure 2-1 Augmented reality games Venn diagram

Augmented reality and games ha¥eir own characteristics anuroperties
They will be investigated separately and then together to define our interest
space of augmented reality games.

2.1.1 Augmented reality

Augmented reality (AR) is form of technologywherethereal world andhe

virtual world coeexist. One of general augmented reality definitieéi t h e
supplement of the virtual objects and the reality by superimposing the objects
upon or compositing with the real wor |
was introduced by Tom Cauda 1992 (Caudell and Mizell, 1992) to be used

in a manufacturing process in an airplane factory (Behringer, Klinker and Mizell,

1999). Augmented reality is defined as a subset of mixed reality which is in
between real environment and virtual environmemt reality-virtuality

continuum (Milgram et al., 1995), as showrFigure2-2.

Mixed Reality (MR)

]

Real Augmented Augmented Virtual
Environment Reality (AR) Virtuality (AV) Environment

Figure 2-2P a u | Mi | g r avmadakty CRrdirubm (Mylgram et al.,
1995)

Mi | g r a mavstualityecantinuumyshows the spectrum of mixed reality
environment between real environment and virtual environment. However, each

v
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subset of mixed reality is placedla different placeonthe continuunshowing

how close it is to each end of the spectrdmgmented reality is placed closer

to the real environment than the virtual environment. This is because
augmented realityunlike virtual reality which bringthe user fully to virtual
environment,the user can see both the virtual world and the real world
simultaneously (Azuma, 1997) and objects in both worlds generally appear to
be corresponding with each other. This does not mean that the importance of
virtuality has been removed or inferior to reality, but instead virtuality is brought
into the real environment with equal significance. This is one of essential points
of augmented reality technology which is the basis of this thesis funher

Kato et al. (2000) described the process of vidiased augmented reality

which could be adjustesihd applied to general augmented reality process. In

general, augmented reality requires three main sthps: e al wor | ddés r e
points detection anddentification, virtual objects generations, and scene
augmentations as shownhigure2-3.

J—————
Re al worl dés
detection and identifation

\ 4
Virtual objects generations

'

Scene augmentations

R

Figure 2-3 General augmented reality process

More precisely, each step contains severalstaps before the final scene is
produced. Firdy, augmented reality starts with detecting reference points in the
real world which trigger the augmented reality process to start. These points
could be image on video stream, points from GPS, etcy Bjathering
information in the real world, the informatioill be processed and sent to
generate virtual objectthat areappropriatefor that realworld information

After that, the virtual objects are augmented ba&ckthe real world in
appropriatgositions and orientations to create the final scene.

Macwilliams et al. (2004) studied several different augmented reality systems

and revealed that there is an augmented reality basic architecture structure
which consists of common components and subsystems. The six main

subsystems of generic augmenteditgalrchitecture are shown Figure2-4.
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Figure 2-4 Generic augmented reality system reference architecture
(Macwilliams et al., 2004)

Six main augmented reality subsystems conefstinteraction, Tracking,
Context, Presentation, World Model, and Application. Each of these subsystems
serves different pugses in the whole augmented reality system. Interaction
subsystem gathers and processes any input that matters from the user. At the
same time, Tracking Subsystem keejpack of the augmented reality
referenceds p o snearaldhtothe bher ssbsyptent ¢an dee d

at the time of reading an input or providing an output back to the real world.
Context subsystem collects the context data and prewitieother subsystems.

All data is processedand Presentation subsystem displays thpsecessed
outputs to the user whether they are 2D, 3D, or device feedback. The outputs
are posted back to be displayed in the real world by World Model subsystem
which collects real world information linked to the r@airld objects or the

us er 6 s ama culdbe taken into consideration of the augmented reality
system. Overall, Application subsystem bootstraps all functionalities and data
of an augmented reality system.

Consideringboth Mi | gr am@évsi rrteuaalliittyy conti nuum
augmeired reality architecture, it can be said that evah@augmented reality
system itself, its components are plaeg¢darious position®n the continuum.

The Interaction subsystem is responsible for inputs friiva user e.g.a
touchscreen, mouse, keybdamgamepad, etc. This subsystem workere
closely to the reality side thatie virtuality side. On the other handhe
Presentation subsystem prepares the objects or feedbacks that will be displayed
back tothe user. Hence, it is also placetbser tothe virtuality side. The
Tracking and World Model subsystem gather information in the real world.
However, they still work onthe softwareside of the system. They should be
placed near the reality side but not nearer thaimteraction subsystems the
Context subsystem works to gather the context diaites placed closer to the
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virtuality side but beforeéhe Presentation subsystem. Finalilye Application
subsystem works on several levels on the continuum. Therefore, it can be placed
anywhere on the cdnuum. These are shown kigure2-5.

Real Virtual
Environment Mixed Reality(MR) Environment

| —
T ‘

Interaction subsysten

»
»
»

Trackingsubsystem
World Modelsubsystem

Context subsysten

Context subsysten

v

A

Applicationsubsystem

Figure 2-5 Augmented reality basic architecture mapped on Reality
Virtuality Continuum

Looking back through the history of augmented reality technoldhg,
development was limited to theadmounted display devices its early days

due to the limitations of hardware technology. However, as the supporting
technology and the algorithm of augmented reality technology itself have been
improved, the development point of view has been widemad led the
development into three major devices.

Head-attached displays

Headattached displays are the original devices of the augmented reality
technology which have been used for the longest pereddattached

di spl ays ar e t hthe uber v waardhe displayesysteri one q u i |
his or her heado (Bi mber and Raskar,
among three kinds of major augmented reality devices that can produce the

most realistic scene because they are normally placed near the ebses 6

eyes while in use. However, there are also a few drawbacks. In the past,

10
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most of them were bulky and heavy so they were not suitable for consumer
usage. Furthermore, they could not k
while using which could cause mmn sicknesses when any sudden changes
happenedKolasinski, 1995)

Despite their downsides, heattached displayisave recently bearleased

to generatonsumersin the past, headttached displaysereusuallyused

in research labsThere have beeattempts to create new devices that are
much lighter and smaller in a shape of sunglasses, or even contact lens
(Parviz, 2009) They are still in an earlgtage, but some productbave
already been introducetbr example, Google Glasses by Google (Google
Developers, 2012), Oculus Rift by Oculus VR (Kickstarter, 2012),
Playstation VR (Playstation, 2016), HTC Vive (Vive.com, 2017), and
Microsoft Hololens (Microsoft HoloLens, 2017). Although some products
are not designed for augmented reality directly, they still useful for
augmented reality technology itself. These provide a promising approach to
headattached display devices and augmented reality technology. The
product trend has brought heatfached devices to attention and has led to
further develoment ofthe heaeattached display devices in the future.

Spatial displays

There are some scenes of augmented reality that are really overlaid in the
real environment. They are implemented to the real world by using any
projective devices to a Ascreenodo whi
reflect light. For instancea white wall, frosted glass, smoke, including
computer screens. One tfe early examples was a concert performed
entirely by virtual idols from a famous Japanese computer music software
called Vocaloid. A big hidden frosted glass was used as a screen projecting
a series oprerenderecanimatedmages of virtual singers and the concert
was performed just like real humans in the real performance (Cruz, 2010).
Another example was the usage of cheap and small projectors to create
impressive and portable augmentedlity scenes (Shi, Becker and Riviere,
2012), (Aksit et al., 2013). These examples show, thdth the
improvements in hardwaraugmented reality can be used almost anywhere.

Handheld displays

This kind of augmented reality display is the most skatbwn and could be
considered the most wdllalanced between easinesstlod development
process and realism. Handheld devices such as mobile phones or tablets
have already been integrated into ouitydéfe. Therefore, they should be

11
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the most convenient devices for end consumers to experience augmented
reality technology (Schmalstieg and Wagner, 2007). The development of
this kind of device emerged from an attempt to reduce the sizéhef
augmentedreality system where the technology allowed (Wagner and
Schmalstieg, 2006). The examplgf this kind of device could be dated

back from the era of PDAs (Wagner et al.,, 2005) to the present era of
smartphones (Madden, 2011).

Normally, the real environmén woul d be read through
After some image processing, the virtual objects would be augmented at the
destined position and shown on the screen. All the process would be finished

in the devices that <can d@andWagrlerd i n u
2007). This convenience enables many augmented reality applications into
handheld devices and integrstte the daily usage, e.g. Lay@ayar, 2009)

Ingress (Ingress, 2012), Pokémon Go (Pokémon GO, 2016), etc.

These three kinds of augmediteeality displays are different in tesraf device

location betweetheus er 6s eyes and projected ob
augmented images which prodscdlifferent user experiences. These
differences of augmented reality displays are showsigare2-6.

iy 2
)/ 7 spatial

O ‘ see-through
O N _

display
retinal I = i ;
display ~ J

head-
mounted
‘_n§i§p1ay

plbjector

projector hand-held
display

projector

head-attached hand-held spatial

Figure 2-6 Augmented reality device and image locationBimber and
Raskar, 2005a)

In terms of technology applications, augmented reality is the technology which
can be applied to numerous fields of applications. It has a capability to be
adaptedinto many areas (Behringer, Klinker and Mizell, 1999). In the first
International Workshoproaugmented realityn San Francisco in 1998, there

12
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was a workshopvheret he questi on fAWhat wi | | be

augment e dwas posed fortaygdup discussidrhe group could not

deliver an exact ans we rscussibnofickadbevegat ap p

possibilities of answers to the topic, even though the device technology such as
handheld devices were not much developed at that time. It shows that
augmented reality has a potential to create applications in many areas since the
early days of technology. Van Krevelen and Poelman (2010) surveyed the
applications of augmented reality technology and categorised them into six
major groups of applicatien

1. Personal information systems
Augmented reality possesses an ability to ovealapntent or message
to the usem the real world. When this ability is combined with personal

wearable computing, it can create

natur al Ul for wearable and mobi
(van Krevelen and Poeln, 2010). Examples of this type of augmented
reality applications are personal assistance, navigation, touring, etc.
which enable any useful information relayed to users.

2. Industrial and military
Augmented reality is useful for design, assembly, and ma@mce It
possesses an ability to superimpose information on the real position in
the real world. Therefore, it can be used to pilot a design space and direct
on how things can be assembled / maintained. These activities are useful
for corporate and mildry settings in both for training and real situations.

3. Medical
Like industrial and military applications, augmented reality can
superimpose information on the real position in the real wamttican
also be used in medical settings. It can be used égharining using
a simulation or in the real situation using information from ultrasound,
CT, MR scans, etc. overlaying on the real scanned position.

4. Office
Augmented reality can be used in collaboration in office spaces. Using
the ability of augmenterkality which simulates information and allows
user to interact with the information in reahe can be useful for public
management, urban planning, etc.

5. Education and training
Augmented reality can be used to support education with 3D objects.
Many researchers present educative applications using augmented
reality from time to time. Furthermore, augmented reality can also be
used to create new forms of visual art.

13
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6. Entertainment
Augmented reality can be used for sports broadcasting by overlaying
reakttime information on the live stream video to give the audience more
perspectiveof the game. Augmented reality is also used to enhance the
user s experience in games.

Augmented reality in games, which is going to be the focus of this thesis, is part
of augmented reality technology in entertainment. Since augmented reality
technology was first introduced, many augmented reality games have also
continuously been developed. This is because augmented reality can open
numerous options of new game mechanics. klnmg the usage of augmented
reality on several gaming devices such as smart phones, personal computers, or
headmounted displays, it makes games mmmpellingbecause the methods

of interactive input and the outputs to users can make them feel much more
realistic.

2.1.2 Games

Games have a long history in humankind and it is a vast area which engages
many fields of knowledge. There are an enormous number ednastopics

that investigate swlivisionsof gamesVarious attempthavealsobeen made

to definewhatgamesare

The definitions of gamesare determined from many aspects. Suits (2005)
defined games as fia volunt arlggdvwhilef or t t
Tekinbacand Zimmerman (2003) defined gamesiasystem in which players

engage in an artificial conflict, defined by rules, that results in a quantifiable
outcomeodo. However, there is a much sir
Rogers (204) that game is an activity that

1. Requires at least one player
2. Has rules
3. Has a win and/or lose condition

He offered an example of a hand ball game. Bouncing a ball and catch it in hand,
ball is simply a timewaster activity with only one person, a bahd a wall.
However, when rules and win/lose conditions are added, this activity trassform
into a game. Hence, this definition seems to cover every aspect of a game
definition. From this definition, it can be interpreted and visualised into a
diagram inFigure2-7.

14
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Rules

Activity

Win/Lose
Conditions

Figure 2-7 Visualisation of definition of games

Video game iskind of games which has been alongside computer history from

the start.

One

of

t h e Bertiertre Braid(Kages,t a |

1950)was introduced back in B9 with extremely simple graphics. Since then,
video games have been improved in gameplay, graphics, integacamd,
andthe othercountlesgarts Video games have become an enormous industry
with huge revenue and incr@aggrowth rate. It is reportetthat the video game
market value worldwide wa$08.9billion United States dollars in 2015 and
estimated t@each128.5billion United States dollars i2020(Newzoo, 2017)

Games consist of many complex parts and several layers which are strongly
relatedto each other. Lopes and Kuhnen (2007) proposed a layered view
structure to simplify the complexity of the game design cognitive process. They

break the game design cognitive process into five layers anditwis of
approachWhen consider closelyhesdive layers of the game design cognitive

process are also the breakdown of game layers. The layered view of the game

design cognitive process is showrHigure2-8.
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Figure 2-8 The layered view of the game design cognitive process (Lopes
and Kuhnen, 2007)

Five layers of the game design cognitive process consist of:

1. Concept layer- It is an abstraadescription of an idea. It is created from
phrases that describe style, setting, and other general matters in the game.

2. Context layer 7 It comprises any circumstances and motivations
presented to the players. It defines a concrete view of the game that the
players can refer to.

3. Core layer i It contains two components in this layer, content and
feature. Content is the component of the game that player can see.
Feature is the component of the game that describes what this game can
do.

4. Mechanics layeri Gamemechanics consist of rules which translate the
inputs of the player to the intended output back to the player.

5. Verbs layeri It is the lowest layer of this model. It consists of a single
action that the player can perform during the game. The action beght
restrained with the game state which cannot be done depending on game

rules.

The concept layer, context layer, and core layer are the top layers which identify

a game. These three layers are varied from one game to another. While two
other layers are ghbasic parts of each gante.each game in the same genre

some components in these two layeesy bewidelyreused For eFkeampl e,

16
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abullet on Verbs | ayer which is transl at
Mechanics layer are common infigero n s hooti ng games, an
enemyo on Verbs | ayer which could be

common in platform games. These layers of game design are useful when
reviewing and discussing on augmented reality games later.

Regardinggenres of games, games can be categorised into different genres
using their gameplay style. Many game genres are classic genres which could
be found in many games such as simulation, strategy, actiorplagieg, etc.
(Apperley, 2006). Nevertheless, since patential of games is endless, many
new genres have emerged through years. Therefore, it is suggested that game
genres should be divided by the other factors rather than their gameplay such as
setting, audience, theme, and purpose (Adams, 2009) or éséliretics (Extra
Credits, 2018). However, whatever genres the games are categorised into, one
genre that has recently been in the spotlight is pervasive games. This type of
gamesis the superset of augmented reality games which will be reviewed in the
nex section.

2.1.3 Pervasive games and augmented reality games

As stated itheprevious section, one type of video games that has recently been
in the spotlight and has gained more interest is pervasive games. This kind of
games extends the gaming exper@ninto the real world using the features of
computer hardware such as a camera, GPS, magnetdlendghe in-game

world with the physical world(Benford, Maerkurth and Ljungstrand, 2005)
Pervasive games apelievedo expand the gaming experience in three different
directions - spatial, temporal, and social (Montola, 2008)any recent
paradigms opervasivegamesavereceival a good attention and feedbaélor
instanceslngress (Ingress, 2012), Pokémon GO (Pok&@®, 2016), as well

as a rising number of virtual reality games using virtual reality headsets such as
Oculus Rift (Kickstarter, 2012), Playstation VR (Playstation, 2016), HTC Vive
(Vive.com, 2017), and Microsoft Hololens (Microsoft HoloLens, 20Thjs
suggests thgiervasivegames have good potential in gaming industry.

Augmented reality game is one of the subiem types ofmixed reality games
andpervasive gamesvher e At he r eal obj eekit and
and ineract in the gaming envr o n nidatkin and Yan, 2006 It adopts
augmented reality technology into gaming which displays advantages from both
sides to the users. By overlaying virtual game content on the real world, it
expands gaming experience tife players. As mentioned inFigure 2-1,
augmented reality game is the intersection of augmented reality and games.
Therefore, it inherits some characteristics from both areas.
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To beginexploring theaugmented reality games topic, it is reasonabliiestby
explore thehistory of augmented reality games to acknowledge attempts,
approaches, arttie current state of augmented reality games.

One of the first augmented reality gamess AR Quake which is an alternative
version of the popularfirgfer son shooting game O0Quake
By usinga GPS and digital compass plus some tracking on fiduciary markers,

the player can experience a shooting game in the real wohd. gayer is

equipped with a portableize computer in a backpack and a heaulinted

device with two input buttons which carry the action of firing the guns while

the movements are performedthgp | ayer 6 s movement s.

In 2001, Reitmayr and Schmalstie@®@(?) introduced a muHiser augmented
reality system. The system performs by using LAN and wireless LAN to bring
severalusers into a shared space. They performed a game of augmented reality
chess as the example of their syst®hch collaboraésbetweena stationary

user and a mobile user. This game of chess could be considered as one of the
first multiplayer augmented reality games.

Figure 2-9 Demonstration of AR ChessReitmayr and Schmalstieg, 2001)

Human Pacman was introduced in 2003 (Cheok et al., 2004). In this game,
augmented reality ganveas presented in a form afmobiledevicein awide-

area The systemwasbased on physical, social, and ubiquitous charaties.

By augmenting virtual Pacman Cookies in the real world and some real objects
as the special cookies, the players can experience the game piagreghe
virtual worldwasblended into the real world harmoniously.
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Figure 2-10 Augmented reality world through head-mounted display in
Human Pacman(Cheok et al., 2004)

I n the same year, the first commerci al
was released as a bundled game in Siemens mobile pkozzies, 2004). This

game allowed the player to shoot virtual mosquitoes augmented upon a live
video feed with the crosshair mark at the centre of the mobile phone screen.
Mozzies was awarded the best mobile game in 2003 and it has been ported to
many dher platforms of mobile phones even until nowadays.

The Invisible Train was introduced in 2004 (Wagner et al., 2005) as an example
of a board game using a muliser augmented reality system on handheld
devices. It runs on PDAs withbuilt-in camera. Wt markers and real wooden
miniature railroad tracks, the players can steer a virtual train over them with
their PDAs. The Invisible train is the first multiplayer game running on
handheld devices.

Figure 2-11 Invisible Train game play (Wagner et al., 2005)

Shortly after that, Henrysson, Billinghurst and Ollila (2005) presented AR
Tennis which was developed on Symbian phones using ARToolkit to
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demonstratgossibilities of collaborative playing in augmented reality games.

They connected two phones via BlueTooth. This game was awarded the 2nd

Il nternati onal Mobil e Game Awardso6é6 Gr a
Achievement in 2006 (International Mobile GargiAwards, 2006). AR ennis

is also the first collaborative augmented reality application on mobile phone.

e e oS St D

Figure 2-12 Player is hitting the ball in AR-Tennis (Henrysson,
Billinghurst and Ollila, 2005)

A game with outdoor locatichased augmented reality was introduced by
Morrison et al. (2009) in their projec
participants, one usinylapLens which is an augmented reality overlaying

digital information on paper maps and the other using a standard 2D mobile

map, were comparet was found that OMBkinglyyat ur es
creating a constant need for referencing to the phly&ature, and it allows for

ease of bodily configurations for the group, encourages establishment of
common ground, and thereby invites discussion, negotiation and public
problemsolving. The main potential of AR maps lies in their use as a
collaborathe t ool . 6

After entering the smartphone era, there has been a steady increase of interest

in augmented reality games along with the evolutions of the hardware. For
example, in Georgia Institute of Techn
isamodulechled 6 Handheld AR Game Design6 (€E
the goal is to give students intensive experience in rapidly designing,
prototyping and testing handheld augmented reality games. A project from this
class was 0Joe Wa hpwhichilate( idspired a@ifous |, 200 ¢
augmented reality game that is produced in a high quality at the level of
commer ci al games call ed adoThdsd showthe! 6 ( A
potential of augmented reality ganwelserenew possibilities of new augmented

reality game playing styles are endless.
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Augmented reality games are alsey featureof commercial console games.
Sony PSVita, Nintendo 3DS, and Nintendo WiiU include the {nuilt
augmented reality functions bundled with their hardware. Although the mumbe
of games is still relatively low compag to the total amount of video games in
the market, thegtill allow many new possibilities of gameplay to be introduced
to theusers.

Considering augmented reality games that have been released, it is suggested
that augmented reality games can be played in a multiplayer setting without any
problems. In fact, thereave beemany approaches on multiplayer augmented
reality games which are expected to create a new sensation of playing games to
theusers. From thedefinition of gamesplayess areone of thecrucial factors

This characteristi¢s also inherited to augmented reality ganidserefore, m

the next section, multiplayerin augmented reality games will be
comprehensivelgxplored to identify any possilikes or openings in this type

of augmented reality games.

2.2 An observation on multiplayer augmented reality games and their
analysis

Multi-user is a common feature in games nowaddustiplayer games where
several players play in the same gamevadely availablein the market. This

also applies to augmented reality games. In this sectioliplayer games and
multiplayer augmented reality games will be highlighted. The characteristics
and importancef essential components of multiplayer gawdsbe reviewed

After that, multiplayer augmented reality gamal beobserved and analysed

This is expected to give an understanding of augmented reality games in a
multiplayer aspect to explore improvements or diversities of multiplayer
augmented redy games.

2.2.1 Multiplayer games and multiplayer augmented reality games

Multiplayer games use a benefitamulti-user application feature into games.

A multi-user system is translated literally as a system that allows multiple users
to accesshe gane at the same time (multiser, n.d.). Multiplayer feature can

be normally found in a game either in digital games such as classic Pong or non
digital games such as football and chess. Although it cannot be concluded that
single player games are moappeling or more valuable than multiplayer
games and vice verssince it depends on the game setting and rules. However,
it can be said that multiplayer is indispensablghangamdield.

Multiplayer games involvevarious levelsof components which have an
influence onthe overall gameplay. Peng and Hsieh (2012) stated that a
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relationship among players hasignificant impacin multiplayer games. The
relationship amonghe players are divided into two types which a@re
existing relationship or, inther wordsarelationship in the real world, arzh
established relationship in games, in other wosdsial scenarios in games.
These two types of relationships affect the motivation of the playseparate
ways However, since the pmxisting rel@ionship is hardly defined in game
design, it istherefore placed inahigher level than the established relationship
in games which would affect all other components in games.

As defined in Section 2.1.2, games are composéegiayers engaging ima

activity which is defined by rules to give an outcome as win or lose conditions.
Thereforejn multiplayer gameseveraplayers can engage in the same activity

at the same time and create gameds So0cC
of activity in amultiplayer game can be in many forms such as single player vs

single player (e.g. boxing), group vs group (e.g. football), one vs group (e.g. tag
game), all individual (e.g. athletics), individual side by side vs system (e.g.
blackjack), and group vs dgsn (e.g. many board games) (Tekiknknd
Zimmerman, 2003). Ultimately, these forms of multiplayer games are loosely
divided into two group$ Competitive and Cooperative.

Competition and cooperation are the two bases of multiplayer activities
(Deutsch, 949), which are also applied to multiplayer games. Some may point
out the third category as collaborative games (Zagal, 2006) but it can be said
that collaborative games are also in the range of cooperative games. Generally,
competitive and cooperative gamare different in terms of a social relationship
between the players and goals of each player. Interestingly, it is worthwhile to
mention that competitive multiplayer games and cooperative multiplayer games
improve the effort and motivation of the playdérom the single player version,
especially in exertion games (Peng and Hsieh, 2@h2yetheir mechanics are
close to pervasive games. This, however, depends on many components, depth,
and complexityof the game structure.

From Peng and Hsieh (2012)et social scenario is a crucial component.
However, this is one of the top definable levels in multiplayer games. When a

game designer definesrelationship betweethe players as cooperative or
competitive, It does notgoatsnvhich ingpifef ect |
each playgis behaviours and decisions (Tekirlaad Zimmerman, 2003), but

also the game rules themselves.

Apart from relationships among the players in the game, there is another
concern of multiplayer games which is derived fromtthee-space taxonomy

of computersupported cooperative work (Johansen, 1988). Although
multiplayer games involve many players playing a game together, they can play
the game at the same or different time and places. This classification can be
written in a natrix as shown ifable2-1.
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Same space Different space
Same time Same time, Same time,
same space different space
Different time Different time, Different time,
same space different space

Table 2-1 Computer-supported cooperative work tme-space taxonomy
matrix

There are many examgl®ef multiplayer games on each type of space and time
which are diffeent in game rules, settings, and components. For example,
twenty-two players play together in the same space and time in a football game,
while several players play in the same space diutifferent times in a
weightlifting game Some online video games offer a period which allows
players to participate in a hugengle guildwar. This occurstthe same time

butin different space While some online video gamesteep | ayer s &6 s enc
troop of soldiers to attacdtkeot her pl ayer déds castl e and
result if the attack is succdgk This occurs in different tinseand space It

means that deciding whether a game happetiesame or different tinsand

spacswill put an impact ortheoverall gameplay.

Another component that has an impactind is cruciato multiplayer games is
aninteraction among the players (Dourish, 1998). This component is delineated

by the game rules and the defined social scenarios. The interaction bete/een

players could be an 4igame interaction whichs allowed by game rules,

physical interactions whicmay or may not be authorised by the game rules,

and verbal interactions which normally does not have an effect in the game rules

but indirectly affectheot her pl ayer 6s behaviours ar
impact from these interactions will be put baokthe overall group gaming

experience (Bluemink et al., 2010).

These influential components in multiplayer games are layered and visualised
as shown irFigure2-13.
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Figure 2-13 Multiplayer games influential components in different layers

Back to multiplayer augmented reality gameshere are augmented reality
games which include multiser features. The multiser features overlap the
relationship of augmented reality technology and gamdsigare 2-1. The
relationship of multiplayer augmented reality games is now modified as in
Figure2-14.

Augmented
Reality
Multi-User
System
Multiplayer
Augmented
Reality
Games
Games

Figure 2-14 Multiplayer a ugmented reality games Venn diagram
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Multiplayer augmented reality games inhéngcharacteristics from augmented
reality games, e.g. real world and virtual world attributes, and multiplayer
games, e.g. multiplayer game influential components, as presented béffigre in
sections above. However, Montola (20@Xplainedthat a pervasive gme,
which includes augmented reality gasnfeirther expanaregular game in three
ways: spatial, temporal, and social. Augmented reality games blur the
boundaries of regular game which are space and time of playing and, more
importantly, social scenariand howthe players interact with each other.
Therefore, as irFigure 2-13, augmented reality games expand multiplayer
games in every layer of compents whichs influential to gameplay and game
experience.

In the next sectionthe multiplayer augmented reality game topigll be

analysed with three main concerns of multiplayer augmented reality games that
presented befor e: Moiont af |parvasive gamese e k e
J 0 h a n s egpdce taxbnomyef compuisupported cooperative work, and

Mi | g r a mévistualityecantinuumyThis is to identify any openingstire

multiplayer augmented reality game topic that could be further expéarée

focus of this thesis in further chapters.

2.2.2 Analysiof multiplayer augmented reality games

The multiplayer augmented reality gantepic is the intersection area of
augmented reality gameand multiplayer gange Each area has its own
characteristics and propertiedieremost of them are inherited to multiplayer
augmented reality games. Moreover, these characteristics and properties are
additionally expanded by their combinations. These crademougpotential

to themultiplayer augmented reality game topic. However, as the topic is rather
new, there might be some openings which could be furtioved.Therefore,

the topic is going be analysed in this section using three concerns of augmented
reality games, mitiplayer games, and pervasive ganfesumber of academic

and commercial multiplayer augmented reality gamasch areconsidered a
turning point to the technology at their timevill be observedAt the end of

this section, it is expected that gapshamultiplayer augmented reality game
topic will be identified before their fillings are introduced in the further sections

Analysed multiplayer augmented reality games

At each point of augmented reality games history, several games cantain
multiplayer feature antiavea significant impacbn game experienc@ hese
games have similar and different features and properties. Some games were
presented before in the earlier part of this chapter. Since they have influenced
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the topic in their erahky are good examples and starting points to observe and
analyse foran introduction of thenultiplayer augmented reality game topic.
They are listed herasa reference for further point of the section.

AR ChesqReitmayr and Schmalstieg, 2001) is one of the first augmented
reality games which contaia multiplayer feature. It was created to
demonstrate the potential of a mobile augmented reality kit which was an
advanced technology at the timélowever, the demastration also
presented a new possibility of a system which costaintiple players and
viewers at the same time.

Human Pacman(Cheok et al., 2004¥% an augmented reality gamich
isderived from the Pacman game. It demonss$tadevy multiple playerplay
anaugmented reality game in a wide aredhafrealworld space. Players
are divided into two sides amdmpete Additionally, theviewerscanaccess
the game environment via the network withanyphysical presence. These
viewers takea 6 h e | gecto dilvise each player from the gogk view.
This createda hybrid environment othe actual and virtual playsr The
featureleads toamixed reality feeling.

Invisible Train (Wagner et al., 2005) is the first multiplayer augmented

reality game on hadheld devices. It redusethe size of multiplayer
augmented reality systems fmoented t he 6
display augmented reality kit to handheld lightweight PDA. Furthermore, it
overlays and runavirtual train onareal wooden miniatureailroad track

which demonstratehow virtual and real objects correspond in the same

space.

AR-Tennis (Henrysson, Billinghurst and Ollila, 2005) is the first
collaborative augmented reality game amobile phone. It demonstrate
the value of augmenteckality in the system and differences in user
experience between fateface and notfaceto-face conditions in
collaborative augmented reality environment.

MapLens (Morrison et al., 2009) presena locationbased treasure hunt
game in a large area. Ibmpars a usage ofin augmented reality map
system t@ 2D standard digital map. However, what MapLens demonstrate
is howthe players use communication in the real world to collaboratively
process the game.

Ingress (Ingress, 2012) is one of the first gaMsize commercial
multiplayer augmented reality games. It usesveald landmarks to be the

objective points in virtual environment. It demonstsatew the players
traverse in game environment using tl
also coopmative and competitive gameplaytbéplayers in the whole world

in the mixed reality space.
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Pokémon GO (Pokémon GO, 2016) isa globalsized commercial
augmented reality game which inherdome features from Ingress. It
deploys the feeling of exploratpand collectional gameplay from a famous
game series 0P o kwerkdexpldrationnRudherrhoneeit r e a |
demonstratean interesting relationship amotigeplayers. It does not form

strong cooperative bonds within the same side of players asrestngnd

the playersaremore likely to play individually in the virtual worltHowever,
theplayers from every side intensively collect and exchange information of

the game in the real world whether online or in person nearby.

Analysis from augmented reédity aspect

The first aspect that the listed augmented reality games are analyseithérom
augmented reality aspect. Recalllfigure2-2, augmented reality is a subset of

mixed reality betweethereal and virtual environment and can be presented in
reality-virtuality continuum (Milgram et al., 1995). Augmented reality is
normally placed towards the real environment side since the definition of
augmented reality, as mentioned in Se
virtual objects and the reality by superimposing the objects upon or compositing
with the r eall99% tnrothaed wordérdalityuisrexpanded with

virtuality. The regular position of augmented reality on the continuum is shown

in Figure2-15.

Real Virtual
Environment Mixed Reality(MR) Environment

Augmented Reality

Figure 2-15 Augmented reality on reality-virtuality continuum

Nonethelesscomponents in augmented reality can still be platedifferent
points on the continuum. For example, markers in the augmented reality system
are part ofthe real world but it also has an important role in the augmented
reality world. Therefore, markers should be placed more towards to the real
environmentside thanthe overall augmented reality system. Likewise, each
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component of augmented reality can be on overlapped environment to create
this augmented reality environment and mixed reality experiertbe tsers.

Using this classification to distinguisfomponents in multiplayer augmented
reality games that are listed above, components in multiplayer augmented
reality games can roughly be divided into five major groups.

1. Real objects

Real objects in multiplayer augmented reality games are the objdbts in
real world which do not have any direct connections to or not visible in the
augmented reality environment. This kind of components is placed at the
end ofthe real environment sidavhich means they are fully in the real
environment and do not involweith the events in the augmented reality
environment, as shown Figure2-16.

Real Virtual
Environment Mixed Reality(MR) Environment

| ]
|

REAL OBJECTS

Auamented reality

Figure 2-16 Real objects on realityvirtuality continuum

In listed multiplayer augmented reality games, a real objaath appears

in every game excepgiuman Pacmaningress and PokémorGo is the
playersin those games. There are adstalitionalreal objectspecifically to

each game, foexample, special cookies in Human Pacman which are real
objects thathe Pacmarside player needs to find in the game area, markers
in Invisible Train which are the reference points of detection algorithms but
do not directly play any roles in the game, markers in AR Chess and AR
Tennis whicharefully covered with virtual objects and are not visible in the
mixed reality environment, etc.

28



Chapter 2 Literature review

2. Augmented objects

These are typical objects the augmented reality system. They are part of
mixed reality environment towards the real environment side. Mostly, they
are virtual objects which are augmented to some real objects and change
their positiors, orientations, or even appearances per the amendment of
those real objects. This kind of components is placed at the same point as
regular augmented reality environment, as showkigare2-17.

Real Virtual
Environment Mixed Reality(MR) Environment

]

T

Auamented reality

AUGMENTED OBJECTS

Figure 2-17 Augmented objects on realityvirtuality continuum

There are several things in listed multiplayer augmented reality games
which are categorised in this type of componérds listed below:

AR ChessChess board, Virtual Pen.

Human PacmarVirtual cookes.

Invisible Train:Virtual trains.

AR Tennis:Tennis court, Tennis net, Tennis rackets.
MapLens:Virtual navigation.

Ingress:Avatar, Portals.

Pokémon GoAvatar, PokéStops, Gyms, Pokémon in catching screen with
AR option on.

3. Virtual objects

Contrasting to real objects, virtual objects are the objects in the virtual world
which do not have any direct connections to the augmented reality
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environment and are not augmented to the augmented reality scene. It is
placed at the end ttievirtual environment sidavhich means they are fully

in the virtual environment and do not involve with the events in the
augmented reality environment, as showfRigure2-18.

Real Virtual
Environment Mixed Reality(MR) Environment

]

T

VIRTUAL OBJECTS

Auamented reality

Figure 2-18 Virtual objects on reality-virtuality continuum

In listed multiplayeraugmented reality games, there are a few things that
are considered virtual objects. For example, helpers wheeagidyers by
atextbased chat butamot be physically involved in Human Pacman; in
play items in Ingress and Pokémon Go, and Pokémon @hingt screen
with AR option off in Pokémon Go.

4. Partial augmented real objects

This kind of components is real objects in real environment. However, they
are also part aheaugmented reality environment and mixed reality world.
They are normally visiblen anaugmented reality scene and involve some
virtual objects in the scene. On reatitiytuality continuum, it is placed
more towards to the reahvironment end than augmented objects, as shown
in Figure2-19.
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Real Virtual
Environment Mixed Reality(MR) Environment

]
T

Auamented reality

PARTIAL AUGMENTED REAL OBJECTS

Figure 2-19 Partial augmented real objects on realityvirtuality
continuum

In listed multiplayer augmented reality games, the examples of the partial
augmented real objects amavooden miniature railroad track in Invisible
Train as it is visible in the scene ane tinack that virtual train rides oa,

real map in MapLens as it is the reference point for virtual objects and not
fully covered, andhe player inHuman Pacmaringress and Pokémon Go
asanavatarithegame i s moved per pl aoglér 6s

5. Partial augmented virtual objects

This last kind of components is virtual objects which are augmented to the
augmented reality scen¥et, they are not fully attached to the real world.
The objects that move onm virtual plane for example,is augmented on
augmented reality marker. On realitytuality continuum, it is placed more
towards the virtuaknvironment end than augmented objects but not beyond
the half point of the continuum whias considered the point where reality

is transitedo virtuality, as shown ifrigure2-20.
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Real Virtual
Environment Mixed Reality(MR) Environment

]

T

Augmented reality

PARTIAL AUGMENTED VIRTUAL OBJECTS

Figure 2-20 Partial augmented virtual objects on reality-virtuality
continuum

In listed multiplayer augmented reality games, the examples of the partial
augmented virtual objects are chess pieces in AR Chtswis ball in AR
Tennis, portal links and captured area in Ingress, and Pokémon on map
scre@ in Pokémon Go.

These fivegroups are componerasmultiplayer augmented reality gamé&sis

shows that although overall multiplayer augmented reality game experience has
its position on the realityirtuality continuum, its components spread their
positionsacross the continuume create the mixed reality experience on their
own. Most importantly, all components, whegetheir position is, have their
roles and equal importancempaedto the other components.

However, multiplayer augmented reality games sometimes neglecver gi
precedence to some kinds of components. Any parts in multiplayer augmented
reality games whiclare not involved in the augmented reality are sometimes
ruled out from the game. The i mportanc
not haveanimportant ole in some games as the games focus on the augmented
reality environment.

Analysis from multiplayer game aspect

The second aspect that the listed augmented reality games are analysed is from
themultiplayer game aspect. As mentioned in Section 2.2d pbthe concerns

in multiplayer games is timgpace taxonomy whicis derived from thdime-

space taxonomy of computsupported cooperative work (Johansen, 1988).
Recalling Table 2-1, playing a multiplayer game can happsrthe same or
different times and space Because of this, on closer inspectioh listed
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multiplayer augmented reality games, they can be dividedhtpugto two
groups per their size of playing space, correspundo this timespace
taxonomy.

Large-field gameplay

This group of multiplayer augmented reality games present their gameplay

in an enormous sizef area. Their playing area is most likely to be far

beyond the reaching distancdiovép | ayer 6 s arms. This cr ¢
that relies on actions that each player perfomdgsidually, and the status

is communicated through the wireless connection. The listed multiplayer
augmented reality games in this group are Human Pacman, MaplLens,
Ingress, and Pokémon GO.

Intimes pace taxonomy matri x, t his grourg
The highlight of this group is asynchronous gameplayere individual

pl ayerds actions take the hither pr
players. Players will consider the game situations and appointed social
scenario, then decide on their individuali@es which will affect the game

situation. Interactions between the players could be done mostly ekher in

game or verbally. The physically interactions tend to occur low in number

due to theenormous sizef the playing area. Ultimatelyhe augmented

redity feature will be used to carry the message to pkagred enhance the
realistic feeling. The augmented rea

rather than the other playersod side.

Same space Different space
Same time Sometimes

Table 2-2 Large field augmented reality games inime-space
taxonomy matrix

Near-field gameplay

The other group of multiplayer augmented reality games is the group that
presents a gameplay withinlianited reachable size of area. This group
resembles many traditional multiplayer games such as football, chess, tag,
tug of war, rockpaperscissor, and several more. The example academic
augmented reality games which are categorised in this group athéss,
Invisible Train, and ARTennis.
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Intmespace taxonomy matrix, this group
highlight of the nearfield gameplay group, considering on traditional
multiplayer games, is that interactions betwteplayers are as imptant

as individual decisions, depending on the game design. The interactions
could be either wgame, verbal, or physical. These interactions put great
impacts on individual decisions, actions, and game situédBliemink et

al., 2010).

Same space Different space

Same time

Different time Sometimes

Table 2-3 Near-field augmented reality games initne-space taxonomy
matrix

From the augmented reality point of view, ideally the fiedl gameplay
should add the virtual superimposition on all detectable objects and players, in
addition to individual virtual augmentation. This could increase the
opportunities of gameplay creations which could enhance the game experience
for each playermwhich is the one of purposes of augmented reality. However, it
can be difficult tosuperimpos every single object in the scert¢owever the

more this can be done, the meamhanced thexperience in augmented reality

will be.

Analysis from pervasive gameaspect

The last aspect to be analysed is fiopervasive game aspect. Montola (2005)
proposed that pervasive games expand the boundaries of regular games which
Afare played i n certain spaces at cert
2005) in three dferent directions: spatial, temporal, and social. In this section,

the listed multiplayer augmented reality games are analgseentifyhow they

expand the gaming experience in these three directions and what the impacts
theyare from these expansions.

Spatial expansion

Pervasive games expand their playing location into a wide area or globally.
This expansion is coordinated with the tispgace taxonomy in the previous
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section, as the size tieplaying area increases along with the expansion
andtheplayers might not play in the same place.

This expansion is obviou®r the game witha largefield area. Human
Pacman and MapLens expand the size and place of game playing from in
front of the computer intawide field. Likewise, Ingress and Pokémon Go
increase the size ahe game to the global scale. These create unique
experience tohe players when they play these games.

On the other hand, it is not necessary that-fielt games do not contain

this expansion. The expansion is not attached only teizkeofthe playing

area, but also the place where the game occurs. AR Chess does not provide
an obvious expansion since the regular chess game is also-topabéme.
However, AR Tennis and Invisible Train provide this expansion. Games that
arenormallyplayedin the large field are diminished and played dalde
anunfamiliarspaceto the gameplay.

Temporal expansion

Pervasive games expand the playing time of the gameplay and sometimes
blur the starting and finishing posuf the game. Montola (2®) stated that
temporal expansion ties with social expansion as playmgtst not be aware
whether they are playing the game or not sgame anda reallife social
scenario might be different.

This expansion is not noticeable in some listed multiplayegmented
reality games as they show clear playing tlike otherregular games. For
example, AR Chess, Human Pacman, Invisible Train, MapLens, and AR
Tennis.

However, Ingress and Pokémon Go display this temporal expansion.
Playing these games can betpdithep | ayer s6 | i fe as they
exercise, etc.

Social expansion

The last expansion of pervasive games is social expansion. Pervasive games
expand howarelationship between people, who are players, is and blur the
boundaries of irgame and redlfe relationships betweetne players. As

stated inSection 2.2.1, the relationships amoripe players and assigned
social scenarios have an impact on the igtesas between them. These
influenceindividual decisions, behaviours, aactions which, subsequently,
affect the overall wholgroup gaming experience.
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AR Chess is an example of a emeone competitive social scenario. The

pl ayer sd r el laidootrioscompgte aigasnst gachropher. On
the other hand, AR Tennis and Invisible Train display a-amene
cooperative social scenario where nobody wins. Human Pacman shows a
oneversusgroup competitive scenario while MaplLens presents a group
versusgroup scenarioNonetheless, as mentioned in the previous section,
these examples have clear playing time. Therefore, relationships in game
are not expanded into the real life.

However, Ingress and Pokémon Go expand relationships between players
and interene into real life. Each player can be in the sameeparate
groupsin the game which is overlaid on their real life social scenarios and
distort their overall relationships.

Overall analysis on multiplayer augmented reality games

An analysis of threespects of multiplayer augmented reality shows that some

parts of the game have been neglected on each aspect. For example, on the
augmented reality aspect, the players are a component in every gatmasthat
beenanalysed. In most of those games, the pkyse categorised in Real

Objects category, which are not directly involved with the gameplay. It almost
appearghat the players are ignored from the gameptoywever,h e pl ay er 0 s
existence is the main point of any games (Montola, 2005), especially
multiplayer gamesThese create some more following openings in those games.

Based on the assumption that the player is one of neglected components,
focusing on neafield multiplayer augmented reality games whare played

in a limited reachable size afea this kind of games resembles a lot of physical
games where the existence of the players is emplsiste agmented reality
games aregervasivegames which are a hybrid betwedmgital games and
physical games. Aerefore, neafield multiplayer augranted reality ganse
should adopt advantages frdoath multiplayer digital games and multiplayer
physical gamedn multiplayer physical games, the players normally physically
engagen in-game relationships with each other. This playeey rolein the

game such as tugf-war, football, orathletics Even in several nedield
pervasive games such &shann Sebastian Jouatgood attention is paid to the

pl ayerds existence. As well as i n seve
are always importanh gameplay mechanics. However, this attribute is hardly
adopted to augmented reality games.

In seven analysed multiplayer augmented reality games, Human Pacman,
Ingress, and Pokémon Go recognise the existence of the players and include
them in the game acthanics. However, none of them is néald augmented
reality games. It appears that players in +iel multiplayer augmented reality
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games disappear from the game scenastMof the regular neafield
multiplayer augmented reality games concentrailg on the common space
between the players which the game emerges (Reitmayr and Schmalstieg, 2001)
or does totally not recognise the egisteof the other playerat all (\Wagner et

al., 2005) Players normally interact with igame objects e.g. markers, virtual
objects, orscreen interface, etc. and hardly interact with each other, as shown
in Figure2-21.

Object Object Object

Figure 2-21 Diagram of interactions between players and objects in
regular near-field multiplayer augmented reality games

This neglects the importancetbkplayers who are also a member of the mixed

reality environment in augmented reality games. This also abarsdanes

interactions amonthe players which is one of the key points of multiplayer

games Peng and HsielR012)and contradicts with per:
expansion gaming experien@fontola, 2005) Therefore, this is the opening

that this thesis is going to challenge and explore in the rest of the thesis.

2.3 Establishing the core research topic:Introdu ction of faceto-face
augmented reality games

As discussed irthe previous sectionthe feature which is absent from these
games is interactions amotite players.Theseinteractions could be any types
of engagement whether they are physical or verbwever, verbal
interactions do not normally have an effect in the game didestlybutinstead
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indirectly affect ot her.Thetefarg@®typé of b e h a\
interactions that should be of interest is physical interactions among thesplaye

These physical interactions will be the main concern of the absences in the
current multplayer augmented reality games and ideally purposdeigare

2-22.

Object Object Object

Figure 2-22 Diagram of interactions between players players and players
- objects inthe proposed setting of multiplayer augmented realitygames

Physical interactions betwedine players are from their physical movements.
Ideally, if all playes éxistence and movements are detected by the system and
play the important part in gameplay mechanitts®e current absences of
multiplayer augmentedeality games should be fulfilledVioreover, any
necessary virtual imagesan be overlaid in correspondnce with those
detectiongo enhance the gaming experience and shorten the gap between the
real world and virtual worlddowever, the limitations of caera range of view

could put a big constraint on the detection and augmentation of the other
pl ayerds action with virtual objects.
additional sensors apart from the vision friracamera for more information
about thecurrent state of other players, it is still difficult to detdet entire
movements and state in real time.

Nonetheless, in a nefield gameplay, there are several situatiarierethe
players are playing in a fate-face situation even if the gamepia not entirely
faceto-face. For example, in football, there are eleven players playing on each
side and the game occurs in the football field which is larger than the reaching
range of arms. However, each player eventually confronts each other @ a fac
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to-face situation such as a ear-one duel between two players. These usually
happen in the other regular games, either digital ordigital.

In the ARTennis studyHenrysson, Billinghurst and Ollila, 2005), the players
were put in a facéo-facesituation and the importance of superimposed objects
during the gameplay was studiethe study shows that augmented reality
enhances faet-face gaming experience. However, the backward study which
is how a faceto-face situation enhances augmented tgaéxperience,
includingthephysicalinteractions between playeshich is the neglected point,
has not been studiedruthfully, most of augmented reality games do not
include any physical movements into the game process. In NerdHerder game
(Mendenhall eal., 2012) the physical movements were ambitiously included
into augmented reality games which, in return, receivedfeetiback from the
users. This suggests that physical movements are an important part kca face
face situation. These physical mavents satisfythe point of absence of
interactions among players and transiate part of game mechanics. Therefore,
thesefaceto-face multiplayer augmented reality gamesare a noteworthy
interesting topic to explore more in this thesis.

Multiplayer augnented reality games conspire with three major areas which are
augmented reality technology, games, anehulti-user system as shown in
Figure2-14. Face-to-face situation of two users is a sutigen of the multi-user
system. Therefore, fade-face augmented reality games could be visualised as
in Figure2-23.

Augmented
Reality Multi-User
-~ 77 =~ System
s N
/ \
’ \
IFaceto-Face \
| Augmented| Faceto- 1
\ Reality face /
\ ; /
\Games actions
S ’
S —_ _ - -
Games

Figure 2-23 Faceto-face augmented reality games Venn diagram

39



Chapter 2 Literature review

2.4 Conclusion

In this literature review chapter, the multiplayer augmented reality game topic
has been introduced as the intersection area of augmented reality technology,
games, andmulti-user system. Each area was explored in detail including their
history, charactestics, components, and concerns. Augmented reality
technology has been introduced as a subset of mixed reality environment where
the real world and virtual world e® x i st . Mi -\irtgalita cor@tisuunt e a |
(Milgram et al., 1995was presented to showet spectrum of mixed reality
environmenbetweerthereal environment and virtual environmenttich is the

basis of mixed reality exploration. Process, architecture, types of display, and
application categories of augmented reality technology were reviewed. After
that, the games topic was visited in terms of its definition, layers of games, and
genres of games. These together introduced pervasive and augmented reality
games.

Pervasive games were reviewed as the games that blenebdgm@éworld with

the physical world(Benford, Maerkurth and Ljungstrand, 2005) and expand
gaming experience in spalt temporal, and sociafientationgMontola, 2005).
Augmented reality game topic is a subset of pervasive games. Several previous
augmented reality gamegerepresented to provide the history, developments,
and potentials of the technology. When conrmrwith a multiplayer feature to
create a multiplayer augmented reality game area, their potentials and
characteristics argtill present.

To identify an opening in multiplayer augmented reality gamestoihie has

been analysed using core concerns of its three component Breas:gr a moé s
reality-virtuality continuum( Mi | gr am et al ., -sh&® 5) ,
taxonomy of computesupported cooperative work (Johansen, 1988), and
Mont ol ads t iond pgervdsigeyganes (Maentola, 20@k) using a
number of academic and commercial multiplayer augmented reality game
examples. As the result, it showed that players and interactions among them are
neglected in the topic and studies although theyasrémportant part of
multiplayer games. To be more specifiaceto-face interactions in
multiplayer augmented reality gamesds the main research topic in the rest of

this thesis.
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Chapter 3

Concepibof faceto-face augmented
reality games

The literatureon themultiplayer augmented reality topic tHssbeen reviewed

in Chapter 2 suggested that faoeace interactions among players is onéef

social interactions that has been neglected. gioigidesthe core interest of the
forthcoming research in this thesiAt the outset, the topic of fateface
interactions in multiplayer augmented reality ganmeed tobe reviewed
thoroughly before the areas of topic study are established. This chapter
investigates facéo-face interactions in augmented reality ganmethiee major
parts: its foundations, feasibilities of the topic, and its possibilities instefm

its applications. These provide the essential background concept along with the
understanding of the limitations and potentials of the topic. By the etidsof
chapter, all these three major parts wilbstantiallyestablish the areas of topic
study for the next chapters.

3.1 Faceto-face augmented reality games foundations

Mixed Virtuality (MR)

]

Real Augmented Augmented Virtual
Environment Reality (AR) Virtuality (AV) Environment

Figure 3-1P a u | Mi | g r avmadakty CRrdirulm (Mylgram et al.,
1995)



Chapter 3 The concept of faceo-face augmented reality games

The realityvirtuality continuum (Milgram et al., 1995) in Chapter 2 skolnat
augmented reality occurs in betwette virtual world andthe real world. In
other wordsit occurs at the same time in both worlds. Therefore, any events in
an augmented reality application can be settled in either world or the world in
between andhey all affect each othefhe diagram below is an expansion of
reality-virtuality continuum that visualiseevents in an augmented reality
application.

Real Virtual
Environment Mixed Reality(MR) Environment

|
T ‘

Touchscreen inputs

»
»
>

Tracking

Augmented reality processe

Objects placemen

Figure 3-2 An expansion ofReality-Virtuality Continuum for augmented
reality events

The diagram shows various parts and events of an augmented reality application
that occur inthereal world,the virtual world, or the world in between. Adif
theseevents are essentiahd cannot be ignored. Othe input part, a typical
augmented realityapplication usesan input mainly from a touchscreen,
corresponding occasionally with some sensors sueim ascelerometer anal
gyroscope. However, in NerdHerder game (Mendenhall et al., 2012), the
physical movement inputs and feedback were ambitioustyuded into
augmented reality games which, in return, receawgdodreceptionfrom the
users. This suggests that physical movemearidean important part in a face
to-face situationFor this reasonfaceto-face interactions are intended to be
included in multiplayer augmented reality gan@expand thénputs in the real
world as well as ampliing the importance of other players in the game. This
should influence every other part of augmented reality in every world and give
many more possibilities to multiplayer augmented reality games.

Typically, physical movements of one body are operated irdsgrees of
freedom. An interaction between players in an augmented reality space requires
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Chapter 3 The concept of faceo-face augmented reality games

to know current positiaand orientations of the other players. Onetha
straightforward methodsyvhichis the method wifor the studies in this thesis,

is plachg an augmented reality marker at the back of each handheld device.
This allows the other players to track the position and orientations of that device
relatively to the observing device usimgcomputer vision and augmented
reality algorithms. An examplsetting of faceo-face augmented reality is
shown below.

Figure 3-3 An example of faceto-face interactions tracking between two
players

As mentioned above, this setting can track only a relative movement between
two devices. If any absolute movementstioé device are required, other
information fromthe sensors is needed to be taken into considerationar.g.
accelerometera gyroscope,etc. This will be explained later as the thesis
proceeds.

Any relative movements between any two devices are in six degrees of freedom.
This means the devicebs position and o
freely intheo b s e rpergpectivebut theyare moved along or rotate about

axis in three dimensions.

Position translations involve moving a body from one position to anotlteer in
threedimensional space without changing its orientations. However, relative
movements that cause position transl at
transition or obserkgue®4s transition, a
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______

Figure 3-4 Position translations in threedimensional axis

(Left)

object bs

t r atrassitidn i

on (Right)

On the other hand, orientation rotations involve ot body around a line in
athreedimensional space. There are several types of orientation rotations but
the one used in this thesis is aircraft principal axes which carglstee types

of rotation: roll, yaw, and pitch. Roll rotationts rotateclockwise or counter
clockwise around the axis thigtdrawn from the front of the body through the
tail. Yaw rotation ido rotateleft or right around the axis thetdrawn fromthe

top of the body through the bottom. Pitch rotatioiisotateup or down around

the axis thats drawn fromtheleft side of the body through the right side. These
aircraft principal axes are proposed to groandutual understandingith the
rotatiors. Like position translations, relative movements that cause orientation

rotations

can either

be

These orientation rotations are shawifrigure3-5.

t he

observed

Figure 3-5 Orientation rotations in three-dimensional axis
(Left) Roll rotation (Middle) Yaw rotation (Right) Pitch rotation

As augmented reality games are part of mixed reality environment as shown in
Figure 3-2, physical movements in six degrees of freedom which are an
amplification of augmented reality inputs are also considered to be part of this
mixed reality environment. Although theovements in the physical world have
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Chapter 3 The concept of faceo-face augmented reality games

no actual connections to the other world, they put many impacts to the other
world and the feedbackesoin the other world also influence the physical world

as well as overall player experience. If these are-gogtdinated and well
designed, they can create a lot of whole new possibilities to the gameplay and
player experience.

Consequentlysomemetaphos of faceto-face interactions in augmented reality
gameplay were created to pursue initial thoughts. There metaphors were
designed froma typical setup of augmented reality applications, fitsted

with a few gamelisciple players, and iterated thesegasses further in order

to display more possibilities of gameplay. These processes observe the
overview of faceto-face augmented reality games potentials and concEnmes.
implementations focused on overlaying of virtual objects per the relative
movementof the two devices. The virtual objects are expected to be changed
in each metaphor to observe the feasibilities of movements and experience from
each metaphor.

Metaphor 1: Simple rigid cube

This is the first and simplest setup of a metaphor amonghalimetaphor takes

the idea of typical basic augmented reality applications in most augmented
reality engines which overlay a primitive object over the marker. By adding
relative movements to the objects, it is expected to emerge some feelings of
faceto-face interactions. This could lead to the trial of feéace interactions
experience and give the direction of further metaphors.

Initial setting

In this metaphor, a virtual rigid cube is placed at the middle of two devices.

The cubeds or i erealveaysithe mlf af thedorigmtatisrist i o n

of the detected marker. This is different from a typical augmented reality
system where the objectwd d rely purely on one
The setting of this metaphor is expected to interpret the relative
movements between the two devices.

The initial setting is shown iRigure 3-6.
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Physical Space Digital Space Physical Space

Figure 3-6 Initial setting of metaphor 1

Relative movement interpretations

Moving left or right / up or downThe rigid cube would be in the middle
of the two devices. Therefore, it is moved at half of the distances that
devices move.

Moving closer to and further from each other: The rigid cube remains in
the middle of the two devices when the devices move wiitl@fimitation
areas

Roll, pitch, and yaw rotations: The rigid cube is rotated at half of the angle
when the devices move on each axis.

Metaphor discussion

Since this metaphor is slightly derived frartypical basic augmented
reality application setup,gpticipants stated thabe experience from this
metaphor idike a normal augmented reality system. However, the virtual
object is now manipulatable from both sidéss reported that participants
gainedahint of some real physical objects manipulation feeling. However,
due to lack of connections between manipulators and objects in sight, the
manipulation feeling is slim.

Despite the slim feeling of objects manipulation and typical augmented
reality experence similarity, this metaphor suggested the next step to
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improve the overlaid images to enhance the hint of objects manipulation
feeling in further metaphors.

Metaphor 2: Rigid cube and extendable attached strings

This is an improved version of the firstetaphor. In this metaphor, two single
strings are appended from the virtual cube to both sides of facing devices. The
strings remain connected wherever the devices and virtual cubes are move.
Therefore, the string lengths are flexible. This metaphoronested to observe
whether the feeling is enhanced when there are visible connections between the
manipulated object and manipulators.

Initial setting

The initial setting of metaphor 2 is like the first metaphor. There is a
virtual rigid cube placed at t he
orientation and positioare always the half of the orientations of the
detected marker ia comparable wap the frst metaphor. However, there

are two virtual strings appended to the setting with one end attached to the
back of device anthe otherend attached to the cube at the middle.

The initial setting is shown iRigure3-7.

Physical Space Digital Space Physical Space

Figure 3-7 Initial setting of metaphor 2
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Relative movement interpretations

Moving left or right / up or down: The rigid cube would be in the middle
of the two devices. Therefore, it is moved at half of the distances when the
devices move while two strings are attached from the cube to the devices.

Moving closer to and further from eacther: Since the two lines represent
flexible bodies, the strings remain attached from the cube to the back of
each deviceThelength of strings would change when the devices move
while the rigid cube remains in the middle of the two devices.

Roll, pitch,and yaw rotations: There is no change at the two strings since
it represents a line in two dimensions with no thickness. However, the
cube is rotated at half of the angle when the devices move on each axis.

Metaphor discussion

This metaphor was createdrgthe comments from participants who tried
metaphor 1. The attached strings were appended with an intention to create
a feeling of real object manipulation. However, participants, who also
tried the first metaphor, reported that the experience likaghe first
metaphor with slightly more feeling of real object manipulation. Even
though strings were appended to the cube, dippgareds only lines that
belongdto the virtual world, not the mixed reality world. It was reported
that because the length thie stringsvasmore extendable thahereal

world strings, the feeling aherealworld attributes then was lost.

This metaphor could be one of the best examples for havingepagdating

a mixed feeling for users on virtual, realistic, and mixed realistic
experience. It could be applied to some kinds of usages in games including
the guideline to an interested virtual object

Metaphor 3: Elastic body and rigid attachments

This is the last metaphor to be tested. Since the previous metaphors fail to
deliver a distinctively different feeling from typical augmented reality
applications tahe users, this metaphor tries to put feeirgd more realistic
attributes to the virtualorld objects. To make the objects feel more towards to
the mixed reality world, the elastic attribute was added to the available flexible
strings in the second metaphor. Moreover, the strings are increased from one on
each side to four. This is expectedelp the users feel the elasticitith more
stringson each side during rotations.
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Initial setting

In this metaphor, there are two main parts of virtual objects. Firstly, there
are two rigid rectangles floating on each side, one on the observer
(camen) and the other one on thppositeside (marker). Each rectangle
moves and pivots per real world positions and orientations on each side.
These rectangles represent the controller of strings for each player.

Secondly, the most important part is an etastbdy between the two
rectangles. This elastic body is represented by four strings connected from
a corner of the rectangle on one side to a corner of rectangle on the other
side. These stringsereinitially straight but they wouldoe change to

curve Ines per gestures between the two devices.

The initial setting is shown iRigure3-8.

Physical Space Digital Space Physical Space

Figure 3-8 Initial setting of metaphor 3

Relative movement interpretations

Moving closerto each other: Since four lines represent an elastic body
comparable to the natural physics, the object would be squeezed and
pressed from two rigid rectangles because of the slemitdistance
between the two devices. Faostraightlines would be changetb four

curve lines, convex out of the centre point, corresponding to the
compressive stress. The form tbk elastic body would be broken and
destroyed when the distance between two devices is shorter than a
threshold value of the maximum compressivesstre
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On the other hand, all rigid bodies are moved along the two devices
which they are attached to. The formstlué rigid bodies do not change
regardless of the shorter distance.
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Figure 3-9 Metaphor 3 when moving closer to each other

Moving further from each other: The elastic body in the natural physics
would be squeezed from all sides when the object is stretched. This also
applies to the elastic object in this metaphor. The four lineddvbe
changed to curve lines, concaving into the centre point, corresponding to
the tensile stress. The form tfe elastic body would be broken and
destroyed when the distance between the two devices is longer than a
threshold value of the maximum temsstress.

On the other hand, like when the two devices are moving closer to each
other, all rigid bodies are moved along the two devidashich they are
attached to. The forms dierigid bodies do not change regardless of the
length ofthedistance

Figure 3-10 Metaphor 3 when moving further from each other

Roll rotations: These gestures cause a rotation around the Y akis in
Unity Environment, which is a nor mal
from rigid bodieswhich are moved along the devices they are attached

the elastic body would be affected by shear stress. The four lines would
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be twisted corresponding to the movements. The forthexlastic body
would be broken and destroyed when tiwasted angle exceeds a
threshold value of the maximum shear stress.

Pitch rotations: These gestures cause a rotation around the X #éxés in
Unity Environment. The elastic body would be formed by two rigid
rectangles. The four lines would be calculamdhé¢ displayed separately
corresponding to the positions of the four corners of the rectangles.

Yaw rotations: These gestures cause a rotation around the Z dkés in
Unity Environment. Comparable to pitch rotations, the elastic body would
be formed by tw rigid rectangles. The four lines would be calculated to
be displayed separately corresponding to the positions of the four corners
of the rectangles.

Metaphor discussion

This metaphor delivers a feelingafrue physical form on virtual objects

for uses. With the elastic feeling on the strings, it was stated that users
can now feel a reakorld system on their hands instead of a device. It was
discussed among the participants that because thevoedl attributes
were implemented into virtual objectBe sensation of real objects in their
hands becomes apparent. They reported that they experienced a stronger
mixed reality feeling than typical augmented reality applications. This is
a good start for the improvements on a multiplayer augmented reality
system using fact-face interactions antb providethe most authentic
feeling of mixed reality world This metaphor can be applied to many
interactions in game$or example, a game of tugf war, which requires
twisting strings

These three metaphaaise the starting point of developing the concept of-face
to-face interactions to improve multiplayer augmented reality games. They have
laid a guideline of interested categories when a-fadace augmented reality
game is developed, as well as theirgdoisities for their applications. However,

they also displayed some limitations that could be considered as conceivable
concerns. These will be explored in further sections in this chapter before the
study conceptare set at the end of this chapter.

3.2Feasibilitiesof faceto-face augmented reality games

The metaphors createdtheprevious section introduce areas of inteefice
to-face augmented reality games and initiate a lot of potential paths for further
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studies, developments, and applications. Simultaneously, they instruct that there
are also some concerned limitations which could encumber the process of
design and development, or disturb the player experience. The limitations occur
due to the arrangemenf a markerbased augmented reality setting to the
system, along with faet-face interactions between players. These create
constraints on faeto-face augmented reality which is in the mixed reality
environment and suggest that several aspects obfigaess, in both physical

and virtual environments, should be brought into consideration.

Benford et al. (2005) proposed a framework of expected, sensed, and desired
movements for designing sensihgsed interactia The framework suggests
dividing movements into three categories.

1. Expected movemenistheseare the physical movements in which the
users are able and expected to perform per the user, interface, and
environment. There are also a set of movements which are less expected
to be performed andhe movements that are not expected to be
performed at all.

2. Sensed movemenistheseare the movements that can be sensed or
measured by the computer using technpltagdetermine and measure
them.

3. Desired movements these are the movements that the udessre to
do using the system.

The movements in this framework are overlapped with each other and create
the areas for using in design interactions in the system as shéiguie3-11.

expected sensed

expected &
sensed, but not
desired

sensed, but
not expected
or desired

expected, but
not sensed or
desired

expected, sensed
& desired

sgnsed & desirdg

sensed

desired, but not expected
or sensed

desired

Figure 3-11 Expected, sensed, and desired framework (Benford et al.,
2005)
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This framework considers the combination between physical movements in the

real world,movements that can be detected by the computer, and movements

that users want to perform. This frameworkhereforeideal to be usedsthe

skeleton of facéeo-f ace augment ed r eyacbnsidesatiorg a me s 6
since the fac¢o-face interactionsconsist of physical movements and
movements which the augmented reality system can detect.

Using this framework, parts of fate-face augmented reality games to be
considered are categorised in each section as ®llow

3.2.1 Expected movements

Generally the expected movements of faoeface interactions in augmented
reality games are the movements in which two users are on the same level of
attitude, i.e. on the same floor. Users are expected to hold the device in their
hands steadily. Users are exgecto perform any movements that cause the
device moving in six degrees of freedoms as presented in Section 3.1. However,
these movements are limited within their body and environment boundaries.
These boundaries should be identified first before admgninto further
expected movement declarations.

To begin with, faceo-face actions of two or more users are intersections of a
single personbs actions and movements
related joints to perform a movement in fdodace augmented reality are

hands, wrists, elbows, shoulders, d@nelhead. This creates the ergonomics of
faceto-face augmented reality actions. Expected movements oftddeee
augmented reality games atteerefore within these ranges ¢fiehuman body

e.g. moving left, right, forward, backward, up, down, tilt device left, right, up,
down, and rotate device. Usaare also expected to sometimes obstruct the
camera either intendedly or unintendedly.

The movements that are less expected are the moverhahi&ré¢ physically
possible, but they are not in the comfortable ranges of nwtibthe human

body. Those less expected movements are the movemenvitéch two users

are not in the same level, e.g. one user is on a staifttes@theruser is
continuously jumping. It is also less expected that a player holds his tablet using
only one hand and a few fingers as he will not be able to perform the movements
well. The movements like when one user lies on the floor or a device is thrown
into the air are also less expected.

The movements that are not expected are users floating in the air and moving
freely in six degrees of freedom. Although it is perfect for performing a face
to-face action, it is not physically possible.
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3.22 Sensed movenmes

The movements that are sensed by the computer in ddfd@ee augmented
reality system are the movements that are detectable by augmented reality
algorithms. Before discussirfgrther on the movements that are sensed, it is
essentiato understanavhat the limitations of augmented reality detection are.
Generally, markeb ased augmented reality uses a
position and orientation of the marker. Since the camera is always robustly
attached to the back tifedevice, the limitabns on the marker tracking which

are caused by the camera will certainly affect the overall movements of each
user. Apart from the hardware limitations, on the software side, the augmented
reality tracking algorithms also put an impact and constrairttseomovements.
These are the concerns that are not avoidable.

On the hardware side, the specifications of the camera which create the
boundaries of augmented reality tracki
l ength, and it s rnglesoflhienmtpioduce its viewmfaistena me r a
which is the region that the marker can appear and be detected (Sung, Shirley

and Baer, 2008). A size of the view frustum totally depends on the camera lens.

The widerthe angle ofthelens is, the largethe size ofthe view frustum will

be.

View

Camera Frustum

]+ O TN

Figure 3-12 Camera view frustum

This contrasts to the camerads focal
determines the size of field of view (Forsyth and Ponce, 2012). The higher the
focal length is, the narrower the field of view will be. The siz¢heffield of

view directly relags to the size of the object on the screen
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Image on screer

Camera

1< Field of view

>
Focal Length

Image on screer

Camera

Field of view

A

»
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Focal Length

Figure 3-13 Focal length, field ofview, and size of image on screen

However, lens resolutias the factor taletermines the quality of the image that

is used bythe augmented reality algorithm (Velho et al., 2009). Although the
sizes of the imageon the screen are the same, the diffeqeralities of images
reflect varied sizesof images that can be processed. The higher the lens
resolution is, the better the quality of the image will be.

1024 x 768 800 x 600 640 x 480

Figure 3-14 Different lens resolution and different quality of images

On the other hand, on the software side, limitations of augmented reality
detection depend on detection algorithms. The algorithms loeayaried
according to each augmented reality engmgtthecategories of limitatiosare
generally similar. Typical limitations od markerbased augmented reality
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system have been categorised in my previous study (Towongpaichayont, 2011).
These limitations were further tested wattiewwell-known augmented reai
engines, at the time of this study, to deliver actual results of each limitation
order to provide an overview of augmented reality engine feashilithe
tested augmented reality engines were ARToolkit, Vuforia, and DroidAR.
These engines wetested in categories as follew

Marker detection

The marker detection is performed by computer vision algorithms. The two
main steps to detect the markers are to locate the markers and to identify the
pattern on the markers. These limitations are thaditions that bring the
difficulties to the detection in both steps. For example, it is difficult to locate
and find the region of the markers if the camera is too close to the markers. On
the other hand, it is difficult to identify the pattern on the raegkf the camera

is too far away.

4:24.» =MF  ARMaemo

16

10.43 fps

Figure 3-15Marker detection at short distance

Li kewi se, it is also difficult to
detection is too obscure. The patteappearing in the scene would be too
narrow or too small to identify their features.
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ARMaemo

13.00 fps

Figure 3-16 The most criticel angle of camera and markers

The actual critical markers detectable distances of eachnsyste different.
ARToolkit can detect a marker between 24.50 centimetres and 419.50
centimetres. Vufori@andetect a marker between 4.50 centimetres and 150.00
centimetres. DroidARcan detect a marker between 19.00 centimetres and
214.20 centimetres.

Minimum Maximum
detectable | detectable
distance (in | distance (in
centimetres) | centimetres)
ARToolkit 24.50 419.50
Vuforia 4.50 150.00
DroidAR 19.00 214.20

Table 3-1 All engines critical markers detectable distance information

Like critical detectable angles, the actual results are also varied in each engine.
ARToolkit can detect a marker at 32.68 degree from the marker plane at
minimum. Vuforia can detect a markdr4®2.84 degree from the marker plane

at minimum. DroidAR can detect a marker at 33.37 degree from the marker
plane at minimum.
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Minimum

detectable
angle (in
degree)

ARToolkit 32.68

Vuforia 42.84

DroidAR 33.37

Table 3-2 All engines critical markers detectable angle information

Occluded markers detection

One of the common limitations of markeased augmented reality systems is
that the markers are not ablebedetecedwhen markers are occluded by other
objects. It happens because the method of finding the marker area in the scene
uses a labelling or floatill technique. For example, ARToolkit uses a labelling
technique to find the region of black squares which imipéylocation of the
markers. When the markers are concealed, these techniques cannot be
completed and cause the failure result of detecting markers

3G

= CHIE] pm

ARMaemo v

9.15 fps

Figure 3-17 Markers with some objects occluded

However,this problem does not occur or occurs in fewer rates in the systems
that use line detection or an eelggsed detection technique to detect the region
of the markers as Martin Hirzer explained in his article about an algorithm of
edgebased marker detectian 2008 (Hirzer, 2008) and his algorithm was
implemented in C++ by Corné den Otter and Reinder Nijhoff of Infi Company
in 2010 (den Otter and Nijhoff, 2010) to present the practical aspect of this
method in order to overcome the occluded madetectionproblems.
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The occlusion test was performed in different edges by concealing markers at
every 5% (0.75 centimetre®) identifywhether the virtual object is stable and

at the right orientation. The test is performed until the object disappears from
the reen.

ARToolkit presents a very good result of augmentation when concealing the
marker at 5% from the top or bottom edges. However, when the marker is
concealed at 10% and 15% from the top or bottom edges, the virtual object
position changes and it is that the right place. It is placed at the centre of the
remaining unconcealed marker. However, after 20% (3 centimetres of 15
centimetres) is concealed, or around at the inner black border of the default
marker, the virtual object totally disappears. Mehiwy when the marker is
concealed from the left and right edges, ARToolkit shows a satisfied result at
5% and 10%. At 15%, the error of position appékesthe results when covered
from the top or bottom edges. Resembléhttop or bottom edges condewy
results, the object disappears when the maskeovered at 20%.

In Vuforiad sase, the results of covering from either the top, bottom, left, or
right edges are similar. The system shawsmpressive performanaeéen the
marker is covered with narer of positions and orientations occurs. The object
stops appearing when the marker is covered at 65% from the edges (9.75
centimetres of 15 centimetres from the top or bottom edges and 13.65
centimetres of 21 centimetres from the left or right edges).

DroidAR stops detecting markers at the 5% marker concealing (0.75
centimetres of 15 centimetres) from every edge while the system performs the
augmentation very well when the marker is covered less than 5%.

ARToolkit Vuforia DroidAR
From Top Edge
5% O O X
10% O with errors O X
15% O with errors O X
20% X @) X
60% X @) X
65% X X X
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From Left Edge
5% @) @) X
10% @) @) X
15% O with errors O X
20% X @) X
60% X O X
65% X X X

From Bottom Edge
5% @) @) X
10% O with errors O X
15% O with errors O X
20% X O X
60% X @) X
65% X X X

From Right Edge
5% @) @) X
10% O O X
15% O with errors O X
20% X @) X
60% X @) X
65% X X X

Table 3-3 All engines occlusion test information
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These are typical concernstbéaugmented reality marker detection algorithm.
There are also minor concerns such as light conditionstldumber of
detecting markers. However, the main concerns are these critical positions and
the orientations of detection. These critical values ereatletection pyramid
which are the area that the marker can be detected. The sizedstection
pyramid relies on the critical detection angl€se lower the critical detection
angles fronthe marker plane are, the largie size ofthe detectablearea will

be.

Detection

Figure 3-18 Marker detection pyramid

Size, quality, and occluded areaamfiimage on the screen are other concerning
attributes of augmented reality algorithms. Size and quality depend on, apart
from camera lens specifications, the distance from the camera to the marker.
These create the minimum and maximum detection. Finakydétection on

the occluded marker is the attribute to reflect the ability of augmented reality
algorithms.Thesealso depend on the augmented reality detection and tracking
algorithms.

Combining the limitations from hardware and software sides, theneaiea of
the intersection of al | i mitations.
reality detection.
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Detectable area

Camera

meet

Jittering area

Figure 3-19 Augmented reality detectable area

If the camera andhe marker are within this detectable area watsuitable
environment, the marker will be detectable and augmented reality algorithms
should be working in theory. Any movements can be perforimhethe
movement does not cause the camerahermarker to move at of this
detectable area. However, due to the limitations of an augmented reality process,
it is possible that augmented reality does not perform well near the edge of the
detectable area and causes an unstable detection which leads to a jittering
augmetmation.

Within this detectable area, it is upttee lens resolution and occlusion of the
marker to determine if the movemeargnbe detected, tracked, and translated
into useful information to the augmented reality system.

Therefore, in theory, this detectable area is the area that the movements can be
sensed when considering each movement individually. However, when
considering facdéo-face interactions, the area that augmented reality can
perform the detection is shifteda@rding to the movements of both devices, as
shown inFigure3-20.
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Camera

Figure 3-20 Movements of both devices change the detectable area

Furthermore, some interactions can cause the sensed movements to be totally
different from the physical movements. For example, when one user is moving
left, and the other user is moving right at @me speedhe system senses

that there is no movement at all since both devices are moving in the same
direction.

In summary, sensed movements of feméace augmented reality games are the
relative movements between two players which are the comimsaibf
individual movements within the detectable area. This resnlta good
detection on augmented realipigorithms, but interpretations of relative
movementsrenot necessary to be sensible for the physical world.

3.2.3Desiredmovements

Finally, the desired movements of fatteface augmented reality games are the
movements which occur from the relatiyv
view. For example, if the opponent is moving backward and the player desires

to keep the movement ast@ndsli, the player must move forward to catch up

with his opponentds movement .

Since the desired movements in this case are the relative movements between
the two facing devices, it is important for designers to consider movements on
both sidedo create a geof realistic movement requests to devetopleasant
experiencen augmented reality games as shown in the list of metaphibies in
previous section.
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Considering all points in the expected, sensed, and ddsamework, it is
reasonable to indicate that the feasii@fitof faceto-face augmented reality
games are the area that three sections intersected. This is a guideline for
designers who design fateface augmented reality games in the futditee
gameshould lay on this intersection area of expected, sensed, andddesire
framework.

3.3 Designing workshop: Exploring possibilities of fac¢o-face augmented
reality games bya practical approach

Feasibilities of facgo-face augmented reality games have been discussed under
an expected, sensed, and desired frameworkthe previous section. It
established limitations of physical movementstie physical world the
augmented reality hardwar@ndalgorithms inthe virtual world which created
feasible space for fade-face augmented reality games. Within these
feasibilities, there are certainly possibilities to create various kinds of gameplay
as parts of these have been shown during metaphor ratipio The
possibilities in facdo-face augmented reality games are rming explored
using a designing workshop pattern. By using this practical approach, it is
expected that many kinds of promising fdodace augmented reality
gameplaycan beextraded, together with observations avhat andhow
designers consider when designing a fetace augmented reality game. By
the end of this section, there will lzefew potential faceto-face augmented
reality game examples presented, alanith a discussbn on findings during
faceto-face augmented reality game designing processes.

3.3.1 Designing workshop overview

Whenaseries of facgo-face augmented reality game metaphors were designed
and developed, many potentials and novel experiences were displiney

were thoughprovoking to seek for other further promising game design
examplesSeverafaceto-face augmented reality game examplesrareedo

be designed and displaytmshow the possibilities of this setting of augmented
reality games. However, game design is one of the areas which has no specific
pattern to achieve. There are many approaches in game design and there are a
lot of templates which have evolved over deca@ss approach to the fate

face augmented reality game designing process is to design gameplay
mechanics based on the relative movements and constilagrtse metaphors
design. However, since fate-face augmented reality is a novel setting in the
augmented reality field and it is a specific kind of gameplaig difficult to

design a game on it without some knowledge beforehand and iseduséed
perspective on the desigrheaugmented realitgame desigexplorationstars
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with gatheringsame veteransin the related fields tdorainstorm and put a
guiddine for the next path of game design. After a pilot brainstorming session
was conducted, the result was satisfied and pracéittal. that, several numbers

of brainstornmg sessionsvere condcted, and theypecamemore and more
structured. By using the pattern of structured design workshops with
participants who have expertise in either game design or augmented reality
fields, the results which were gameplay designs along with designing proces
were produced from several aspects and it fulfilled the intended goals to explore
the possibilities of the topic.

Design Workshop Outline

The pattern of game design workskgpould comfort the designing procedure

of faceto-face augmented reality gamesich are unusual for some die
designers as they are dissimilar to typical types of gaaweording to the pilot

study. From Rules of Play (Tekinband Zimmerman, 2003), there aeveral
designing processes that could be derived and adapted to the suitable designing
process for facéo-face augmented reality games. One is to transform the
designing process into a designing game (Hornecker, 2010). The designing
game thahasbeen widely ued lately isacard game which i&ngible and easy

to define necessary components in games (Lucero and Arrasvuori, 2010). In this
series of workshopsalsed on a game design pattern in Rules of Play (Tekinba
and Zimmerman, 2003), the process would meeand imaginable for game
designers when designing a game from a scratch on an unfamiliar platform by
specifying each game design components that are necessary for the game itself
which the designersire already familiawith - for example, roles of piers,

pl ayerbds objectives, etc. The game des
each gameTherefore,if each component is prdefined, it is imaginable for

game designers to focus only on the creativity for the game, which could result
in a good outcme with faceto-face augmented reality games. For these reasons,
all game components were transformed mtleck of cards. It is expected that

at the end of the series, potential example game designs oefoftaxe
augmented reality games should be agtile

Game design components

The problemof game designs to determinewhich components should be
specified for a design process. The components that are decided to be used are
conspired from the elements of games in seyeeaks ofjame desigthiteratue

- Rules of Play (Tekinbaand Zimmerman, 2003), Pattern in Game Design
(Bjork and Holopainen, 2005), and Game Architecture and Design (Rollings
and Morris, 2004). The components used in this workshop are as follows.
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1. Fixed rules

The fixed rules are theiles thataredefined beforehantb outline the
characteristics and limitations of the game. These rules will be the
highest level of the designing process which will keep all designers on
track.

2. Type of play

This is the type of augmented reality thag@ng to be designed. It will

define the size of gameplay and the overall setting of the game. There

are two types of play i n -toffaee wor ks
around tablebé. This type of gamepl a
around thetable. Normally, the players do not mowmmich, and the
concentrated parts of the game #&ee. The other type of play is
6running arounddé. This type of game
relocate their positions a lot. The concentrated parts ofjdnee are

normally placed in several locations.

3. Players and system roles

This component specifies the roles of the players and the system
elucidate what the players attte system would do in the game. It is
possible for the players arige system to pasess more than one role at

the same time. For examptége system can relay messages which will
only be delivered ttheplayers andirenot involved in gameplay. It can
guide whathe players should do occasionally but will rminvolved

in gameplay de ct | vy . The system cans inter
occasionally depending on gamepl®ne of the playersnay gainall
abilities and constraints like other players. The system may pose its
actions either as cooperative or competitive to other playestly| the
system can take the role of an outstanding player or a boss character
which will have outstanding abilities and much less constraints
compaedto the other players. Like the previous role, it may pose its
actions either as cooperative or competito the other players.

4. Social mechanics

This component defines the relationstapong the players and the
relationship between the players and the system which will outline the social
scenario in the game. There are plenty of social mechanics. The social
mechanics which are listed below are used in this design precess:

- Competitive / Race: Players earassigned to race to achieve
something before the other players.
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5.

Conflict: Players are assigned to conflict with each other in the game
which could be verbal or physical. The conflicts remain until the end
of the game.

Elimination: Players are assigned @étiminate the other players
individually or in group until the winning conditions are achieved.
Cooperation: Players are assigned to cooperate with eachtother
achieve the winning conditions, in which one or many players could
win.

Betrayal: Players arassigned to cooperate with each other initially
and betray the others as the game progresses.

Individual rewards / penalties: Players are assigned to compete to
achieve a reward or avoid a penalty.

Shared rewards / penalties: Players are assigned to tortpe
achieve shared rewards or avoid penalties.

Group activities

This is to specify what the players will do process the game. Group
activities outline the activities whidhe playess do together to process the
game. The group activities which aresdgn this design process are listed
below: -

Team play: Players must play as a team to process the game.
Alliances: Players must play individually but maintain good
relationships and mutual agreements with other players to process
the game.

Roleplaying: Rayers must play a role, which could change as the
game processeth process the game.

Constructive play: Players must play to construct an object to
process the game.

Player decided results: Players must make an individual or mutual
decision to procesfi¢ game.

Trading: Players must trade resources with each other to process the
game.

Bidding: Players must put resources on bidding in order to process
the game.

Social interactions: Players must interact with each other, verbally
or physically,to procesghe game.

Game mastery

This is to specify what the players should matte¢ake advantage in
the game.

67



Chapter 3 The concept of faceo-face augmented reality games

7. Goals

This is to specify what the players should aim for in each routitegime.

It may be different on each player and there might be moretiefor each
player. Goals are the objectives of the action of each player. There could be
one or more goals for each player. Goals which are used in this design
process are listed below:

- Gain ownership: Players should gain ownership of something in the
game.

- Overcome: Players should overcome the other players in the game
in any terms.

- Stealth: Players should put themselves in stealth and not to be
detected byheother players othesystem.

- Capture: Players should capture and hold something in the game.

- Rescue: Players should rescue something in the game.

- Eliminate: Players should remove something from the game.

- Evade: Players should escape from something in the game.

- Conceal: Players should cover their resources or information from
theother players othesystem.

- Race: Players should race to gain something in the game liedore
other players othesystem.

- Collection: Players should collect something in the game.

- Guard: Players should protect something in the gamethieother
players othe system.

- Survive: Players should concentrate on their survival from threats in
the game.

- Traverse: Players should relocate themselves in the game.

- Gain information: Players should gain information frdme other
players othe system.

- Gain competence: Players shibglin experience in the game from
their actions.

- Exploration: Players should explore something in the game.

Design Workshop Structure

The components dhegame are transformed in&aleck of cards$o perform a
series of gamelesigning. As mentioned before, the design workshops were
planned to present varieties of faoeface augmented reality games by
focusing on using creativities to answer the questions rather than building
something up from scratch without enough famitiariThese require a
structured execution to put every bit together. The workshop structure for 150
minute time duration is dsllows.
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Introduction session 30 minutes

The purpose of this sessiont introduce the current prototype system, its
concept, and its guidelines for the implementatidins. also tointroduce the
purpose of the workshop atige workshop schedule. After that, the prototype
system is introduced. Participants will have an oppattuo try the prototype
system. Afterwards, the methodologies used in this workshop will be explained
in detail for the participants to be ready for the next stage of the workshop.

Specify game design componén8) minutes

The purpose of this sessianto prepare the foundation information of game
designing to be used in the entire workshop. Each game component will be
divided into categories which are represented dyeck of cards. Some
components which are Type of Playing, Social Mechanics, Grotipithes,
System Role, and Game Mastery will be picked randomly wihdepal ofthe

game will be chosen by the participants secretly-lppene. These build the
main components of the game that will be designed to limit but thase
participants to focusn usingtheir imagination in game designing rather than
worrying about designing a game with technology and a setting that they are not
familiar with. These components are pinned up on a big board to be the
foundation of this workshop.

Brainstormi 30 mnutes

The purpose of this session is to ask the participants to consider any existing
games that satisfy some all game components that are selected. This is
expected to familiarise the participants with the current situainmruse this
opportunity toexpand the imagination of game designigriousgameplays

are expected to be introduced in this session, which might be also some good
practical games to be developed in the future. After that, there wdll%e
minute short break to refresh and wrap up

Game Desigiii 45 minutes

After the first discussionthe participants should be able to refine their ideas
and imagination in game design with the current settitigggfame components.

In this sessionthe participants are asked to pick one game tthaurdesign by
filling in the missing game components which are player roles and winning
conditions. With only a few components left, this should be feasible for the
periodgiven.

Discussion and wrggngupi 15 minutes

In this sessiona conclusion will bedrawn,and a number of questions will be
asked to all participants for their thoughts about the technology and applications
on games.
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3.3.2 Actual workshop progressions

There werea few workshops conducted in total using the structurdhie
previous sectionThe resuk of all the workshops will be summarised in this
section with separate sessions to present the thinking prodespafticipants
from the beginning to the outputs.

Introduction session

Each workshop started witlin introduction togame component cards. Each
category ofthe cards was explained briefly to the participants before
approaching the cards selection session. After that, before starting the process,
the guideline document was introduced to all participantsach workshop.

This guideline document consisted of three pages of all game components used
in this workshopto ease participants in terms of keeping tracking of the
information and focusing on the designing tasks. A sample of guideline
documerdis sltown below.

Game Design Guideline

Fiozd Rules

1. Thers resdto DE 2 OF mare playens

Z. Peyens can intErsc: with ony ENEOthar ppErs in ront of tham within 2 metres rangs,
alled “plapabie srea®

3. Out of “plyvyable area®, plyyers cannot know the pastion of the ather plapers

Type of play [dircle one]

Faom — to — f20= On tabke
Zhown | Hidden infanmatian

Running Around

Social Mechanics [cirde one)

Competitiee | Reoz Eliminastian Betrap
Canfiic Cooperation ndiricusl Reswrands | Pemmities

Shared Rewards | Penaltes

Group Activities (circle one)

Te=m play Alimno=s Rabeplaying
Construdnee Play Plyer Decded Results Sl Interactions

Trading Sadding

System Role [circle one)

Ta b= &n outstanding player J Boss Ta be = piwper Ta rakey massazes

Ta gusde Ta interrupt

Figure 3-21 The first page of game design guideline document
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The fixed rules were explained to participants.

1. This gamemustconsist of two or more players.
2. Players can interact with each otkethin two metres.
3. Out of two metres range, they wil/

The first rule is the purpose of the game as it will be a multiplayer game while
the latter rulesrredue to technical limitations as expressed earlier in this chapter.

Specify game design components

In this part, the main game component cards were selected. These were the basis
of game design outcomes of this workshop. The selected cards were pinned on
the flipchart on the wall which contained updated information otldsgning
processll along the workshopo help the participants to focus on designing a
gameplay.

Figure 3-22 The guideline flipchart was attached on the wall / the
flipchart being completed
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The gamecomponents were picked as the designing game rules indicate. For
exampl e, AType of Pl ay o, ASoci al Me c h
Rol eo, and fAGame Masteryo wwhickecoydi c k e d
indicate a type of gameplayere picked irgntionally by each participant. Each
participant picked one AGoal 0 card per
was picked randomly. Once all fAGoal 0 c
di scuss and decide a fnGoal acesstaadgstt o b e
the mind sets of all participants together before the whole design procass beg
Sometimes, participants chose Goal cards to comfort the design process later.
However, there were also some workshops that participants decided to
challengetiemselves by choosing Goal cards whdahnot comfort each other.

This totally depeneld on an agreemenbetweenall participants andt did not

havea significant impacon the end results of the workshop.

Brainstorm

The purpose of this session is to familiarise participants with the conditions of
game design picked by cards a@odspread the ideas which could be materials

for the actual game design process. For this session, there were differences in
detail in eachworkshop, but the beginning points were similaéenerally,
participants discussed together to gatbeveralgames that shared the game
components that were picked in the previous session. This procedure was to
comfort the real game design process and tp Iparticipants feel more
comfortable with the game components by sharing their ideas. Hoviieiger,
process did not involvanybrainstorminglin one workshop, participants started

with linking some otthe picked cards that they could present an exigjenge

wi t h. For example, they presented ALI €
turns, hide their dice, and declare how many dice showed up on the declared
face, whether it was a lie or not, and other players had to see through the lie.
This conspires viih some, but not all, goals and group activities. In the same
workshop, they also tossed the idea of Concert Game where the players were
from different bands trying to perform the concert in their own way without
letting the other players know what instrem theywereplaying. This satisfié

the same goals as Lie Dice but satdfiew players mastedthe game instead

of the group activities. On the other hand, in another workshop, participants
started with one game component that thdétydemfortable towvork with and
expaned the idea from this component. They started with the type of play
NFatofface game around a tableo in whicl
fighting games using markers on the table #redplayers could contradheir

own charactem the game to fight. After that, they linked this game with the
prototype using relative movements and strings to control the character instead
of touching the screen. They then obsdramey picked cards thabuldbe added

to this game,vifvoerdo egxoaamip | cer, MSyusrt em as
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They continued adding these components until tirenestuck or satisfied and
advanced to anothgamein a similar fashion.

Despite these different approaches, interestingly they eventually stumbled into
similar problems’ the limitations of the system and faimeface augmented
reality gamesln one workshopnwh i ch t h®8a Ryt lwihes dr a wi
participants found that wasdifficult to link this card with the others. They
discussed that the major problem of augmented realityth&RhythmBased

game might be the synchronisation between devices. This was because
augmented reality relied on the detection algorithm ticiculd contain some
delays and cause a problem on the RhyBamed game. Thigtito the other
similar limitation issues such as only a few players could be synchronised by
using the vision from the camera or the responsive time which would cause the
probdems on designing an augmented reality game. Vithidgother workshop,

the prticipants found that there were no network connections between devices
which meanthat each device would not know the state of the other devices.
Furthermore, the device recagal the relative positions of other detected
devices butould notacknowledge the global positions of all devicskich

could be a feature ad game or a limitation. These findings revealed some
interesting points whiclwill be discussed ithe upcomingsection.

Because of these constraints, there were some leniencies in some workshops to
ease the design to be within the workshop time limit. For example, there were
network connections allowed in one workshop. However, participants in those
workshops wereeminded that the constraints from picked cards should be the
primary concerns. With these leniencit participants appeared to be more
comforted to toss out ideas in the brainstorm instead of focusing on the
limitations. For example, in the workshtifat pickedhei Rhy-Bhmed 0o car d
they raisedhei J o hann Se b a s,which is a BlayStadidn gamg ia me
which many players have their controllers without a screen. Each playedplay

music and mowe around trying to make the other players maut of the

rhythmto eliminate them without being eliminated. Moreover, the rhythm of

the background musmasthe controlling feature of the game whereould
control the pace of twoddsybsequentlyrcongrol mo v e n
the pace of the gae itself. These linked RhythBased card with Eliminate

goal and Social Interactions group activities and this game could easily be
converted to a facw-face augmented reality gamihe participants suggested

this without any concerns on the constrgimtisich benefited the brainstorming

session. There were many other ganlest wer e menti oned e. g
APandemico, fAPongod, etc. which were gr
session.
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Game Design

This session often blooms the results from the previous brainstorm sd@sson.
participantsnormally used discussionsabrainstorm session as their materials
to start designing a game. As this sessi@asplaced after a short break, they
had opportunies and time to rethink about what they learnt@isdussedrom

the brainstorm. Sometimes, they casually talked with each other over the break
time in the common gathering point like the coffee machine. In one workshop,
the participants quickly introducka game design immediately after the break
as they talked about interesting points duthrgprainstorm session and surface

a game design withiafifteen-minute short break. However, there was also one
workshopwhere theparticipants still could not pwide any game designs until
the last ten minutes of the session. These varieties magidt from the
difference in disciplines of each participant. Anyhow, all participants still used
the materials from the brainstorm sessiomlesign the final game quits in
every workshop.

Discussion and wrap up

In generaltwo main topics arose from the discussion amongptrécipants
during their workshop. Firlst, they discussed about the methodologies used in
the workshop. They talked about the efficiency & thethodologies and how
theycouldbe improved in the futurdor example, adding brief description on

the card, or using colours to separate card categories. $gcey discussed

in part of augmented reality game limitations and how these limitaéifiaced

the game designing. This hugely beregfiihe research topic of this thesis, also
put impacts on establishment of area of study in the upcoming section. These
points will be discussed later in Section 3.3.4.

3.3.3 Workshop outputs

The final ouput of this workshop was a game design that satisfied all selected
game components, if possible, or most of them. In this series of woskshop
there were three game designs produced. The firstigdhgegame that imitase

the factory processes into oniegle playing room. The second gaie@ game
thatimitatsa party game cal |l ed is@twaer deferee at 06 .
game. These games were briefly outlined during the workshop and were
redesigned in detail after the workshop.
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Red Army Factory Game

Game concept summary

This game aims to be played in a closed space room and transform this playing

room into a factory. Players are required to be the workers of this factor
cooperatively operate the process of this factory through the pubkersdhat
represent each working station of the factory.

y and

This game can be played with two or more players. Each player has a tablet to

play this game. Each tablet has a marker attaithtbe back of the tablet. There

will be additional markers elsewhefer example, on the ceiling, on the tab

le,

on the wall, etc. to represent the working station of the factory. There i$ also

another PC whiclis used as the server where every tablet is connected
client.

This game will be played in turn. On each tuhere will be a signal from the
Ind the

server sent to each tablet telling them what to do. Each player needs to f
marker to process, either at the back of another player or somewhere elg

The game will run faster every single turn. The player who cdimtbainother
marker to process the game in time will lose his life. There are three liv
each player to lose and he will be immediately eliminated if he loses all his
which means the other players need to cover the rest of the operationghé\

e.

lives
fte

as a

es for

last person is eliminated, the game will end and the results will be scored in each

category, for example, the best long run, the best cooperative, etc.

The game world

As this game is a multiplayer augmented reality game, the game will con
two main parts of the game world, which are the physical world and the Vv
world. In the physical world, the system contains a number of tablets fof
player and one desktop computer as the server. There are a number of
to control the gamddw. A number of markers will be attached to the bac
each tablet to represent the identity of each player and the rest of the n
will be securely attached to the other places in the playing room to repres
working station of the factory.

In the virtual world, the augmented objects are the working stations and w(
objects. This could be a supply in the supply chain where the playe
required to operate with the ta
transferred from a working stah to a worker, a worker to a worker, anc
worker to a working station.
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Game control

This game is controlled by eaphl a y e r .@lse playarhvill @sé his tablet {
point to another marker when there is a signal and perform the move

according to the server instructions. This does not reguimeichscreen to

process the game.

Figure 3-23 Red Army Factory gamei Game Control

Core augmented reality mecham

The mechasmandtheinteraction between each marker depend on the sq
When the player receives a signal, he will find a necessary markeodess
the game and perform a fateface movement with that marker according
the serverés order. The game i s
marker being processed.

Technical configuration

The game is set with a marker attachethe back of each tablet and a set
markers attached somewhere else in the playing room. There will be
separate server and each tablet will be counted as a client and connecte
server. The activities that happen in the game will be all opebgittte server
The information will be sent to the client.
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The server will decide what operation each player should perform and send the
instruction to the player. The players are required to perform according to the
instructiors in time. Whether the opation is successful or not, the client will
send the information back to the server and the server will operate the received
information for the next move until the game ends.

Holding a Bomb Game
Game concept summary

This game takes the concept gbarty game into an augmented reality game.

The concept idea includes a bomb that a player is holding. That player needs to
send the bomb to another player before the time runs out. The ideal state of this
game is that no player except the bomb holdinggslegows who has the bomb.
This makes the game more fun and exciting.

This game consists of six or more players gathering around the table| Each
player has a tablet to play this game. Each tablet has a marker atathed
back of the tablet. There cam bdditional markers elsewhere, for example| on

the ceiling, on the table, on the wall, etc. There is also another desktop computer
which is used as the server and every tablet is connected to this server asja client.

5

A
O

ALY,

Figure 3-24 Holding a Bomb game- Initial game setting
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On each turn, when the player receives a signal, he needs to find another
to face at, either at the back of another player or somewelsse

There are three ways to face another marker, upright, 90 detpekwise, and
90degree counter clockwise.

If the pointed marker contains the bomb and faces the bomb upright, the
will be transferred to that tablet. If the bomb is not facipgght, the bomb wil
be revealed to that player but will not be transferred.

Figure 3-25Holding a Bomb Game- Transferring the bomb

The bomb holding player is free to rotate his bomb toaaigntations. Plus, h
can place the bomb on the additional markers to trick the other players
can retrieve it back. However, he is still considered holding the bomb.

The game will run faster every single turn. The player who cannot find an
maiker in time will lose his life. There atbreelives for each player to lose af
he will be immediately eliminated if he loses all his lives. When the time
out, the player who holds the bomb will lose.

The game world

As this game is a multiplayer augmented reality game, the game will coh
two main parts of the game world, which are the physical world and the \
world. In the physical world, the system contains a number of tablethdt
playes and a compuatr as the server. There are a number of markers to c(
the game flow. A number of markers will be attached to the back of each

marker

bomb

e
and he

other
nd
runs
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irtual
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pntrol
tablet
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Chapter 3 The concept of faceo-face augmented reality games

and the rest of markers will be securely attached to the other places

playing room.

Figure 3-26 Holding a Bomb game- Physical game world

I n the wvirtual wor |l d, t he aug8aefn
according to what that marker is holding. The bomb orientations can be in
ways accordingtothel ayer who h &dfdesd i wo wd i

upright.

! <
SAFD

@ SAFE

SAFE

Server

Figure 3-27 Holding a Bomb Game- Virtual game world
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Game control

This game is controlled by each playes t Ehé plagetr will uséis tablet to

point to another marker when there is a signal. The player can rotate the tablet

in three orientations. If the tablet is facing the bomb upright, the bomb wjill be

transferred.

Core augmented reality mecham

The mecharsim andthe interacton between each marker at the back of tablet
or public markers somewhere else are identical. When a signal is triggered from
ferent

the server, each player needs to point his tablet to a marker in three dir
orientations. If a bomb is held on that marker #relorientation is upright, th
bomb will be transferred to that tablet. All calculations will be held by

e

the

server. The augmented objects are the bomb in its orientation for the marker

hol ding the bomb or a word nSathes
bomb.

Technical configuration

0

for

The game is set with a marker attached at the back of each tablet and a set of
markers attached somewhere else in the playing room. There will also be a

separate server and each tablet will be counted as a clientrametted to the

server. The activities that happen in the game will all be operated by the server.

The information will be sent to the client.

Overal!l game operations wi || be

winning/losing conditions of the game.
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Tower Defence Game
Game concept summary

This game isa simple version othe multiplayer tower defence games. T

'he

initial version of this game consists thieediscrete lanes between two towers
which represent the base of each side. The main objective of this game is to

attack the opponentés base with

what

destroyed. The three lanes and two towers are augmented on a markeswhich

on top of a table

Figure 3-28 Tower Defence Game The table-top marker and
lanes/towers augmented on it

Each player can place a soldier on a lane using otfeetiiree buttons on th
screen representing each lane. If the soldiers from different sides me
other in the same lane, they will stéighting until each soldier rumout of
health poins andis eliminated.

e
et each
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I
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Figure 3-29 Tower Defence Game Soldiers are clashing with each other

The soldiers who reach the oppon
it runs out of health poistand is destroyed. However, if a new enemy so
is sent out on that lane, they will take priority to clash with each other &
continuing to attack the tower.

Figure 3-30 Tower Defence Game Soldiers are attacking the tower

Furthermore, each player can fire one arrow every second by touchi
screen. This arrow can be wused t

opponent directly. A player can be damaged directly by firing the arrow
marker at the back dhe tablet. The damage that the player receivél be
carried to the tower.

ent 6s
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Figure 3-31 Tower Defence Game Attacking with the arrows directly

The game will end whenever onetbétowelrsis destroyed.

The game world

As this game is a multiplayer augmented reality game, the game will consist of

two main parts of the game world, which are the physical world and the
world. In the physical world, the system contains two tablethégplayes and

virtual

acomputer as the server. There are three markers to indicate each component

of the game. One marker will be securely attached to the table to indic

ate the

three virtual lanes and two virtual towers while the other two markers will be

attached at the back each tablet.
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Figure 3-32 Tower Defence Game Physical game world

physical markers. Three discrete lanes are augmented on the marker

are responsible for fighting eachother e ach t he oppone
it.

P

Figure 3-33 Tower Defence Game Virtual game world

Game control

Thi s game I s controll ed by eac
touchscreen to place the soldiers on a lane and fire an arrow. The sold
placed using the buttons on the screen which represent each discrete la

In the virtual world, the main game components are augmented according to the

on the

tables with two towers at each end. There will be three types of soldiers moving
along each lane frome¢hi r base tower to the loppone

nt 6 s

pl ay
iers are
ne while

the arrows areaimedbgte t abl et 6s camera. Th

e pl ay
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S

not to expose hi mar ker t t he

directly with the arrows.

S o

Core augmented reality mechanism

As the system of this game consisfstwo types of marker$ private one
attached to the back of the tablet éinelpublic one on the table, the augmer
reality mechanism and interaction betweersémarkers will be as follows:

Tablet and tabletop marker

There are two types of augmented reality between the tabléhatabletop
marker. One is the operation dime tablet to put a soldier on the tahtp
marker. As the tableop marker represents the playable game area, apar
the virtual game worlavhich is augmented on the marker, when the butt
create a soldier is pressed on the tablet, a virtual soldier will be placed
mar ker at the controllerds side
moving and attacking automaticallgarding to each situation. In other wor
no other direct operation can be
the field. However, they can be viewed through each tablet if the tablet ¢
is pointed to the tableop marker. Their virtuabbjects andstatuswill be
conveyed to the tablet screen from the server according to an augmente
view.

The other type of mechanism between the tablettlamthbletop marker is
direct attack from t he t abbeexecutedh
pointing the camera directly to the marker and touching the screen wher
is no button. The arrow will be fired from the tablet to the marker. If the &
hits the opponent 6swilbeaéceasedr The caldtilen
whether an arrow hits a soldier or not is executed by the tablet which fir
arrow. A hit or miss result will be sent to the server, then the server will u
the status and send all information back to both tablets.

Between two tablet marksr

Only one action can be done between two tablets, which is a direct attack
themarkerwhi ch i s at t he bhiadskbleantl deteqapl
a virtual target will be shown on the screen. Thus, the player is able to
the opponendirectly. Similar to attacking a soldier, the hit or miss resu
calculated by the tablet which fires the arrow andisehe information bado

oppon
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t from
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Chapter 3 The concept of faceo-face augmented reality games

the server. The server will update all status and send all information back to
both tablets, which mearise attacked tablet will be notified and able to hide

his marker from his opponent.

Technical configuration

The game is set with one marker on the table and a marker attached at the back

of each tablet. There will be also a separate server andtaialeth will be

counted as a client and connected to the server. Discrete lanes will be augmented
using the marker on the table, as well as the soldier. The activities that happen
on the table will be calculated and operated by the server. The informatipn w

be sent to the client whenever it detects the marker on the table.

Tablet will detect the markers

-

and send the request to the server
that they are detecting a marker

Server will send the game

information back to the tablet Server Server constantly

process the game

Figure 3-34 Tower Defence Game Server / Clients operation (1)

Each player can attack the soldier directly by firing an arrow ttatble. If the

arrow hits a soldier, that soldier will be damaged. This activity will be operated

by the client who fires the arrow and the information is sent to the server.

Each

player can also attack the other player directly. When a player detects the

opponent s mar ker and fires an ar
to the server to damage and notify the opponent.
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When a virtual arrow hits a target

.

That client will notify the server

Server will send a notification
Server to the hit client

Figure 3-35 Tower Defence Game Server / Clients operation (2)

Overalgame operations wil/ be the| serve
winning/losing conditions of the game.

3.3.4 Designing workshop discussion and conclusion

To recapitulate, the purposes of this series of worksivape established into
three points, which were wedlerved during the progresstbéworkshops. The
first point was to construct a compositiortloé game design process which can
help designers to design an augmented reality game, especialip-face
augmented reality gargeunder the technology limitations. This point has been
fulfilled since participants in this series of workska@an perform a game
design well withagood reception in the interview at the end of each workshop.
The process in theswvorkshops still has rooms to further improve which could
be discussed in futustudies.

The ®cond point was to produce an amount of examplettatace augmented
reality games. This is to serve the purpose of evalyishe outcome of the
designing pocess in the workshepFurthermore, these fate-face augmented
reality games can be developed further to be the games that are used in the
studies later in this thesis. This point has also been fulfilled with three potential
output games in Section 333

Thelast pointwas to reveal any interesting or concerning issues intéaface
augmented reality game design, devalept or gameplay experience. During
the courses ahedesigning process in the workshops, there were several issues
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raised bytheparticipants which are worthy to be explored mdre issues were
pointedoutinto twodistinct groupsadditional technology feasibilities of face
to-face augmented reality games and innovative ways or satfifigceto-face
augmented reality games.

In the workshopsthe participants discussed and found some interesting
additional technology feasibilities of augmented reality games that directly
affeced faceto-face augmented reality games and the research in this thesis.
They found basic limitationsush as respoesime and detection abilities of
computer vision algorithms in augmented reality which can be a problem in
game synchronisation. They also found more advanced limitations. One thing
participants found was the perspective area of the camera is an impartant

of multiplayer augmented reality games. Sincariegular setting of augmented
reality, there are only a few markers in the viewthsf cameraHowever,in
multiplayer augmented reality games,dtpossible that the game needs the
camera to detect uitiple markers at the same timénerethe perspective area
might be too narrow. This depends hugely on the focal lengtireacimera. It

can be a limitation osome interesting kinds of gameplenywhich only two
players agree to look and detect eacleothhis could also be an interesting
social interaction group actiyit Another pointconcerned a lack afietwork
connection This meant thapverall thegame could not recognise the state of
each device. This might be a huge limitation for game desigsdhe states of
each player are normally monitored by the game systamegular game which
could be a problem e.g. there is no Wwaithe system tstate the end ahe
game However, this can also be used as a feature in specialdfigdmesut

asa gamen which some information is hidden frotine players or a game that
does not require each player to finish the game at the same time. The final
interesting pointhatparticipants found was it is difficult to recognibe global
position of eah device as the positioning technology is not very precise.

On the other handhe participants proposed simetting of faceto-face
augmented reality gamssichasin the gamavhereone side otheplayers can

be the only one that detedhe opponentor innovativesettingssuch asn a
faceto-face augmented reality game without verbal communicatifaceto-

face augmented reality game in different rooms by ustagnera to show each

other which could be played at different tsn@n augmented reality game
where a number of players can play and another group of players can spectate
the game, an augmented reality game where a marker can be virtually concealed
by another virtual objector differemtsions of players when markers are fyll

seen or partiay concealedor a multiplayer augmented reality game that is a
hybrid between facto-face augmented reality and taitgp augmented reality.

In conclusion, the workshops were successful in serving their purposes and
contributed to various points for the studies in this thesis and in the future. These
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points will be used to establish the study areas oftiafaece augmented reality
games in th@ext section.

3.4 Establishingstudy areas of face-to-face augmented realitygpames

Faceto-face augmented reality games have been observed, explained, and
discussed in several aspects and leetsugh activitiesn the previous sections.
These aimedat establish the study areas of faodace augmented reality
games in the further part of this thesis. Augmented reality andtddeee
augmented reality are defined as a combination of the physical world, the virtual
world, and a mixed reality world ibetween Faceto-face augmented reality,

its control, movements, and feasibdgare an attached relation between these
three worlds in which anything that happens in one world can affect incredibly
to other worlds.

The study in this thesis then witicus on how these happenings influence user
experience and their deeds. These objectives will be observed in several aspects
and levels. From each aspect of the physical world, the virtual world, and the
mixed reality world. From a low level in which eaphl ayer 6 s act.
movements corresponding to fatweface relative movements to a higher level

in augmented reality game environment.

In aphysical worldaspect, as reviewed in Section 3.1 and 3.2, physical deeds
and feasibilites are important in thdaceto-face augmented reality game
process. Therefore, it is interesting to obsérw players perform the actions

on their owrand how theynteract with each othéo form a relative movement.
These might be different in each type of game or settingnoitiplayer
relationships. These actions and interactions should also alter overall game
experience in which it is also observed. On the other hand, in the virtual world,
the study will focus on observing how an augmented reality gameplay, which is
desigred for faceto-face interactions, puts an impact on the player experience,
actions, and decisions. The observation should also be includbdréis
anything different from a typical augmented reality game

In a mixed reality world aspect, which includdsaugmented reality processes,

as it is an overlapped area of the physical world and the virtual world, each part
of them will be studied on how they influence players, for exantipdemarker
detections, marker design, object overlaid, dthese area®f study will
continuein the next few chapters.
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3.5 Conclusion

In this chapter, faceo-face augmented reality games were explored thoroughly
to serve the purpose of establishing the area of study in further chapters. It
started with expanding the Realirtuality Continuum in Chapter 2 with each
event in facdo-face augmented reality games. This revealed that events occur
relatively in each wdd and cannot beonsideredgeparately. A series of initial
observations and trials were put on the translations of six degrees of freedom
movements and fewmetaphors. These showed an initial feeling and thought
of faceto-face augmented reality gameswveell as revealed their limitations.

Feasibilites of faceto-face augmented reality games then were explored.
Various aspects of feasibiéswere reviewed including ergonomics of fatoe

face interactions, technology and hardware used inttatace nteractions and
gameplay, and the augmented reality limitations. Within these boundaries
which are difficult to alter, the question arising is how af@etace augmented
reality game will be designed.

A few workshops of fac¢o-face augmented reality gandesign then were
conducted. The workshops had three purpagkgh were to construct a
composition ofa game design process whichan help designers to design a
faceto-faceaugmented reality gamender the technology limitations, to build
faceto-face aigmented reality games which could be examples for the future
references, and teveal any interesting or concerning issues in-fadace
augmented reality game design, develept or gameplay experiencé@he
workshops wersuccessfuland all purposewere satisfied.

In the end, areas of fate-face augmented reality game study were established
using the information in this and the previous chapters. These areas of study
will be carried over to Chapter 4 and the further chapters which is the main poi

of this thesis.
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Chapter 4

A study of faceto-face augmented
reality games

Faceto-face augmented reality games have been explored in Chapter 3. Their
feasibilities and possibilities have been unfolded #imel areas of study
involving aspect®f faceto-face augmented reality gamestle physical and
virtual worlds have beemstablishedin this chapter, these areas will be stad

by using a multiplayer augmented reality game, with integratedtfeiaee
movements and interaet features as the spine of the studyirstly, the
conceps and objectives of this study will beskcribed. After that, the design of
this study, whichs based on observations on actual ssgaming experience,

will be presented and the results of the study will be revealed. The chapter will
finish with a discussion on the results to establish thdu direction of the
research. It is expected that, by the end of this chapter, the observations on
established areas of study will be shown and any hidden issues in the-face
face augmented reality game avall be exposed

4.1 Study concepd and dbjectives

The study of facéo-face augmented reality games in this chapter emerges from
the exploration of the topic in Chapter 3. In the last chapter, many issues-in face
to-face augmented reality games surfaced with observations ongatuaplay

for example, when metaphors of faweface augmented reality were developed
and observed to discover limitations of the settingyvloenusinga designing
workshop to explore the possibilities of the technology. Thereforedeieee
augmented reality gamebould be able to be studied from the actual gameplay
observation as well.
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In this study, an augmented reality ganwehich highlights faceo-face
interactions as the main featuiegoing to be developed. This game is derived
from materials and infornti@n received from the designing workshoptire
previous chapter. The game will be observed in aspects mentioned in Chapter 3
includinghow players perform faem-face actions and how they interact with
each other to perform relative movements, how $osienarios and
relationships ina gameinfluence those actions and interactions, how these
impact the gaming experience, how augmented reality technologysdffese

back and forth as well as the other componenésgame,andhow limitations

of the tehnology involvet he pl ayer 6 s @&astwelloas theirand d
experience. The results from these observations will be discussed to set the next
approach to the study.

From the coranechanic point of view of a fade-face augmented reality
system,the playes dnovements and their limitations directly affect each

pl ayer s exper i enwhchwillbk expled indthig sty j ec t i
to unfold the best practice for fat@face augmented reality experieackes

in these two parts.

Difficul tiesin performing each movement

To perform a facdéo-face augmented reality movement, the player performs
a device movement in six degrees of freedom as presentieeprevious
chapter. However, in the real world of three dimensional spaces, each
movenent has a different difficulty to be performed due to body movements,
ergonomics, etc. An intention to perforome gesture can eventually be
interpreted into another gesture. Furthermore, different difficulties of sets of
movements could affect the wholearge experienceln addition, the
gameplay settigand social scenagsocould alsoalter the difficulties of
movements. Therefore, an observation on these movements is a
fundamental question for fade-face augmented reality and it is expected
to implemen the guideline for designing movements into an augmented
reality system.

Limitations of movements

As mentioned above, each movement could contain limitations. In addition
to the theoretical limitations listed above which occur from the limitation

of themarker detection, there could btherlimitations from the physical
movements, gameplay settings, and social scenarios. These limitations are
unforeseen unless an actual gameplay is performed. Therefore, this is
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another fundamental question for faoeface augmented reality and it
could put the restraint guideline for future augmented reality designers.

In this study, these two points will be mainly observed in different social
scenarios. User behaviours should change according to the scenario and
unforeseen user experiersand behaviourareexpected to emerge as much as
possible.

4.2 Study design

In this section, the game being used in the studytlaadtudy layout will be
presented. The format of this study was settled after a few pilot studies we
tested, improved, and iterated a couple of times. These pilot studies also provide
interesting results which will be included in the study results section later.

4.2.1 Design of studied fae®-face augmented reality game

The faceto-face augmented riy game studyn this research is conductbg
observing user experiercand behaviours whilesers arglaying a faceo-

face multiplayer augmented reality game. Therefore, in this sethiergame
concept and development procesdi be explained The game is designed
based on advantages of three output games from a series of design workshops
in Chapter 3. To recapitulate, there are three games produeeesidtof the
workshops, which are Red Army Factory, Holding a Bomb, and Tower Defence.
These three games are different as the selected designing cards in the veorkshop
were picked randomlyand theyhold different advantages for fateface
multiplayer augmented reality games. These advantages are explained below.

Red Army Factory

This game ontains several components which benefit a -fadace
augmented reality games study. Fyrsthe setting of this game contains
markers at several places apart from at the back of the devices. This is an
interesting setting of augmented reality gamesac&ithe markers are in
different places across the game playing space and they represent different
entities in the game, it is expected that the players will move ardinsl

brings many interactions with other players and markers. Furthermore,
because dtis setting, it is comfortable to observe the interactions between
the players and the markers congghto the interactions between two
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players. This should be one of the main observations of -tadace
augmented reality games.

Secondly, the main gamenechanis of this game is to order the players to
perform movements with the marker pe
movement with the marker could lead to a relative movement between the
players since there are some markers attathéte back of e devices.

The benefits of observing fate-face actions and thelimitations would

be the fundamental element for faceface augmented reality games.

Thirdly, the main objective of this game is that the players need to work
cooperatively to proces$ié@ whole game smoothly. It is interesting to
observe the whole process of the game when the players work together to
overcome any obstacles that might occur, especially when playing an
augmented reality game with several limitations.

Holding a Bomb

This game is set with a similar settinghe Red Army Factory game. There

are markers in several places and some of #weattachedo the back of
each playeros device. There-tafaxce one b
augmented reality study. Since the game objective is to ask the players to
conceal their current situation, it is interesting to observe how this affects
the whole gara experience because one of the possible occurrences-in face
to-face multiplayer augmented reality is that a player will not acknowledge
the current situation of the other players unless the screen is shown.
However, it is obvious that the players can et conceal their screen
which also conceals their situations. This could be implemented as one of
thegame goals in faeo-face multiplayer augmented reality games in the
future.

Tower Defence

There are two advantages in this game. lyirgiis gamecontains two parts

T the tabletop marker which possesses the main game board and the tablet
mar ker which represents the player 6s
because this setting is like typical augmented reality games with some
movable markex enhancement. This could benefit a study of-fadace
augmented reality games by observing this enhancement experience
compaedto the typical augmented reality setting.

Secondly, as the main game is running on the main tatglemarker, it is
interesing for a game which contains different attention points. Players
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must balance between processes with minor objectives that could improve
their situation and maintain the main objective on the game board. This
could be interesting for faee-face augmentkreality games which give
players different tasks with one major task and to observe how they process
the gameplay.

Development of game design

The first attempt on the game design which possesses advantages of all output
games from the workshop seriesais adaptation ahe Tower Defence game.

The game is designed to observe faeéace interactions between the plager

and the static marker compadlto the interactionbetweenwo playersone of

which possesses a movable nkex. This is expected tgtudy their user
experience and limitations as well as any unforeseen circumstances.
Furthermore, this game is expected dbserve faceto-face multiplayer
behaviourswhich means this gamdes f | ahouldbea ekpandedn several
multiplayer levels.

The adaptation ahe Tower Defence game is designed to remove any wireless
communications bet ween devices to f o
performing faceo-face interactions. The game inherits the main part of the

main virtual game board which isverlaid on the main tabt®p marker.

However, the difference thatinstead of having two sides of players competing,

which is impossible if the wireless communications are removed, only one side
compeéeswith the system. Furthermore, to enable multipfagameplay, there

will be another player on the same side as the first player. Since there is no
wireless connection, the second pl ayel
situation on the main game board. This is one of the challenging game design
problems. To solve this problem, the supporter role is appointed to the second
player instead of a player role. The supporter does not know the situation of the
player unless they inform each other. However, it is also not important for the
supporter to knowhe situation on the game board. A different task is given to

the supporter to be completed individually and this task should also benefit the

main player.

From all the requirements, an enhancementtlod Tower Defence game has

been designed. There are twtes in this game. The main player role is directly

inherited from the first Tower Defence game design. The player must defend
the main tower from the systembs sol di
them and attack t he game dheenhancementtpartwe r t
of this game is that the playerods so
supporter must perform a series of movements to interact with a marker called
6Spawn Pointd to retrieve a saaéridsi er an
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of movements which imply faet-face interactions. The player then puts this
soldier to defend his tower. The player cannot interact with the spawn point
Mearwhile, the supporter cannahteract with the game board. This requires a
lot of cooperave works and communications to process the game. Both players
are appointed a distintask,but they can support each other and win the game
together. The flow of this game is showrFigure4-1.

2. Supporter retrieves a soldier frahespawn point marker by performing a seri
of aesture

Supporte
Spawn y 4
Point . I - >

3. Player retrieves the soldier from the supporter by perfornféngto-face
interactions

Supporter
I >
.

4. Player pusthe soldier to process the game on the main game board

e A

Figure 4-1 Setting of the adaptation version othe Tower Defence game

After a few play tests, there are some considerations on the advantages and
disadvantages of this game.
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Advantages

This game has set a game mechamibich hugely features performing
movementsand faceto-face interactions. There are two distinct roles and
both roles have a different set of markers which can be interacted with. The
mechanis carrying an object from one player to the other player is
interesting and this enablesgame which doesot contain any wireless
communications between devic&sisis good for a facéo-face augmented
reality game study.

Disadvantages

There is one big flaw in this game mechanic. Since there is no wireless
connection, it is impossible for both playerktmw the current state of the
other. It means that it is impossible for the supporter role to know if the
player successfully retrieves the soldiehich means the system cannot
determine if it should show the soldier on the supporter screen. On the other
hand, the player does not know if the supporter manages to retrieve the
soldier before interacting with the player. This affects hugely on the user
experience. Furthermore, this game does not hold feasibifior a
competitive game setting while a multiplayer games study should be in both
cooperative and competitive to observe the difference of user expearience
and behaviours.

Considering advantages and disadvantages of this game, a different approach of
gamedesign has been introduced. It has adopted the advantages of this game
and relieved its disadvantages. This is the final version of game design

Final game design

This game adopts the concept of rwineless connection multiplayer games.

The concept of seling and retrieving virtual items using faieface
interactions and a distinct set of markers that can be interacted only by a certain
player are also inherited in this game. However, the most challenging problem

from the previous game design is how piteeyers process the game and support

each other without knowing the other p

A game call ed ¢6J dWilson, 201Bwadbistredudecaduring ou st 0
a series of game design workshops in Chapter 3. This game is a great example

of multiplayer games without wireless connections. Each player knows only the
current seHsituation. They process their game with the tasks given and the other
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pl ayerdés actions directly affect t he
designing a multiplayerame. Theaskconcept is giverio each player. Their

tasks are similar to thatof eachothen d t hei r acti ons affec
situations Thisis adapted to the final game design.

The game context is set in a laboratory where the [Hayi#ibe given tasks to

deliver as many chemical solutions as possible within 5 minutes. There are two
types of mar ker s,whichare thentatker wHera theeplages t a s
receives the orders o6workstationd and
sei es of gestures to retrieve chemical
designed to be easy to understand and appropoitte game context which is

a laboratory area. Since there are two to three players for the initial version of

this game, each play is represented by colourged, yellow, and blue. The

markers for each colour are presenteBigure4-2.

| CAUTION |

CHEMICAL GOGGLES CHEMICAL GOGGLES
REQUIRED

INTHIS AREA

Get yoorBLOE SOLOTION here
y‘ . w
o

S
®
. ] ‘

Figure 4-2 Workstation markers (Top) and spawn point markers
(Bottom)

Additionally, there is another type of markers attactethe back of each

pl ayerds device Oprocessorodo represent.
will be processed with another substance. The marker of each colour is
presented ifrigure4-3.
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;‘/
0. . 5 N
'ng yo’G;\solowzv;c 'E;fyqor so'o‘ﬁ\bve k‘cre ‘ng yoor soloﬁb# Were

to get REDisalution> [to geff YELLOWisolotion] to g:zf BLOEselotion-

Figure 4-3 Processor markers

The game is initially set as Figure4-4.

Get yeoriBLUE SOLUTION here
-

Figure 4-4 Game initial setting for one player

The game flow starts with the player detecting the workstation marker to receive
an order. The list of orders will be given to the player at the centre of the screen
when the workstation marker is detected as shovAgare4-5.
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04:56:058
Score =0

Figure 4-5 Orders given to player

After that, the player is required to find the spawn point marker to retrieve the
chemical solution. Thepawn point marker is augmented with a virtual flask

and the player must perform a series of gestures to retrieve it as sheiguran
4-6.

Fallovy insiuctor) to (2 2 sl logse 04:39:066
Score =0

Figure 4-6 Movementsare required to perform in order to retrieve the
chemical solution

Once the series of gestures are successfully performed, the flask will be attached

to the player 6s deto indicate that thd gestudes ard a
successfuland the chemical solution is ready to be delivered.
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CARIUTESUCCESSTU I 04:24:080
Findydunyionsition or 2 IE frtilar it Gl gtier! Score =0

g
%

Drop Item

Figure 4-7 Chemical solution is ready to be delivered

There are also orders to retrieve the chemical swiuti different colours. To
retrieve tlese solutions, the player must retrieve the flask from his spawn point
first. The player then must find the other player to perform a series of gestures
which represent the chemical process. Once the gestures are successful, the
colour of the chemical soligin will change to the colour thahe player has
processed with.

Follow instruction to combine solutions 03:51:029
Score =0

Drop Item

Figure 4-8 Process on chemical solution with processor marker

The player must deliver the solution back to the workstation and perform the
final gesture that i mitates a Oopouri.
workstation tray. However, if the colour put on the workstation is not in the list
of orders, there will be an explosion effect to indicate that the solution is not
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needed. Afterhte solution is successfully delivered, the cycle will be repeated
until the time is up.

PoUHE SO ULEIIe e Station! 03:33:024

Score =0

Figure 4-9 Chemical solution is poured to the workstation

This concludes the design of fateface augmented regligame thats used
in the study.

4.2.2 Study layout

The study layout should be designed to provadgod learning curve ana

good O6experiencebd to study pahedaiaci pant
Therefore, from the initial study layogiameplay had bedastedseveratimes.

After a few pilot studies, the study layout has been finalised.

Firstly, participants are asked to perform training in a training session to
familiarise with the movements in the game. After that, there are three major
social scenarios in the study, which are single plagegperative and
competitive, to differ their reladnships which could affect the user experience.
Participants are asked to play a faodace augmented reality game and their
actions, reactions, decisions, and behavioursen@rded After that, they are
interviewedand are asked to shdheir experiace whichcontributego the data

of proposed questions.

From above, there are four main sessions in this stuthtroduction and
Training, Single Player, Multiplayer Cooperative and Multiplayer -
Competitive. These sessions will be explained in detail
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Introduction and training session

This session is designed to plant a good mutual understanding dbface
face augmented reality to participants. Some examples of augmented reality
systems arepresented,and the research objectives are introduced.
Partcipants also have an opportunity to try to perform movements with a
proxy marker until they are confident with the movements befareing

onto further sessions.

The marker used in this session is a default markiedfuforia enginein
Figure4-10, to simplify the development as it is one of the best detectable
marker.

Figure 4-10 Marker in training session

The screen afhesystem used in this training session is simplified. There is
only a primitive cube object augmented to the marker to indicate that the
marker is detected. However, there are a couple of issues to be tested in this
sessio before advancing to the single player session. These issues focus
only on the questions that should be observed by not being interfered with
gameplay.

Firstly, participants are asked testtwo different kinds of user interfase

for movement guidancén thetraining,the neximovements thaheplayer

needs to perform are put as a user interface at the middle of screen. However,
in this test, there is another user interface which the current situatibe of
device and the target for movements are ddddter trying a series of
movemeng using both kinds of user interfa;¢hey are asked to give a score

of difficulty of those user interfaces from zero to ten where zero is the
hardest to perform and ten is the easiest to perform. This is expected to
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observe how gameplay affects player 6s
objects affect user experience. By adding the guidance and target of
movements, it is expected that it would be easier for the player to perform

those movements than the user interface withouassistaniThe @ncept

of these two kinds of user interfaareshown inFigure4-11.

User interfacavithout guidance User interfacevith guidance
Rotate Clockwise Rotate Clockwise
=2
12 o2
Y 0% |
L b
-

Figure 4-11 Concept of twokinds of user interfaces

The screenshot of the user interface without guidance version is presented
in Figure4-12.

Finish Training

Figure 4-12 Training session interfacel without guidance version

The user interface with guidance versiors put togethemwith the current
orientation of the device and the target of the movement, as weikeas
percentage of completiamhenthe movement is performed. The screenshot
of this user interface with guidance version is presentedHigure4-13.
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Vuforia

Figure 4-13 Training session interfacel with guidance version

Secondly, participants are asked to perform each individual movement and
put those movements to the last point where they feel comfortable to
perform. This is to test the critical point of each movement which is
expected to answer the question of what the physical limitations of each
movement are.

After they finish the training session, they will move to the actual game part
with a single playemode.

Single player session

This session is the first session of the actual gameplay. Participants are asked
to play a game which requires performing a series of movements with the
marker andscoing as much as they can within a time limit. Gameplay
which is used in this session requires only performing movements with the

mar kers in the playerds possession.
understanding of movement performance before any other gameplay or
soci al scenari o imovdmamsnces on the pl .

After the time limit, participants are asked to give their opireontwo
topics. Firsly, they are asked to think about the whole experience from the
gameplay and rate the understandability of this game from zero to ten where
zero is the hardéso understand and ten is the easiest to understand. This is
expected to understand how the whole gameplay affects player experience
and how comfortable they are with a typical augmented reality systeam. Th
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gameplay in this session is like regular augmeentkality systems apart
from the fact that the players are not moving

Secondly, participants are askiedsharetheir opinion on each movement
they performed during gameplay and rate the gestures from zero to ten
where zero is the hardest to perform and ten is the easiest to perform. The
movements in the gameplaye put togethewith basic movements in six
degree®f freedom which are translated left and right, up and down, in and
out, roll rotations, pitch rotations, and yaw rotations. This is to set the
baseline of their opinion on the gesture difficulty before being affected by
the gameplay and to study the ditfity in performing each movement to
understand the movements from the user experience point of view.

Multiplayer - cooperativesession

After the single player finislsethe study continues to a multiplayer session
with a cooperativeetting. It is expded to have two or three players playing

in this session. The number of players would also affect the experience of
gameplay. Participants are asked to play the same game as the single player
session with multiplayer features and they are askeddperag with each

other to deliver the highest total scores as possible. The multiplayer version
of the game does not contain any sharing information among devices such
as using a wireless connection. Therefore, each player only knows his
situation and must relgn physical communications to pass the message.
This is also to reduce the complexity of gameplay which could affect the
gesture performance. They will be encouraged to talk with each other and
work to deliver the best results together.

In this sessionmany circumstances are expected to be revealed in terms of
a cooperativescenario. As before, participants are asked to give their
opinion about their experience after playing the game twicelygitisey are
asked to give their opinion about how tHand their experience compeu

to the single player version to retrieve the data of user experience of a
multiplayer play setting.

Secondly, participants are asked to share their opinion on each movement
they performed during gameplay and rate the movesrfemin zero to ten
where zero is the hardest to perform and ten is the easiest to pegHerm
sameway as the single player session. As it is anticipated that the social
scenario would affect the movements, it is interesting to discover if the
movements i@ easy to perform.

Thirdly, participants are asked to share their opinion on how
communications play a role in a multiplayer game, especially adefeee

106



Chapter 4 A study of faceto-face augmented reality games

augmented reality game where mutual understanding of the game is
important. This is to understandow the physical interactions and
communications affect the gameplay experience.

Multiplayer - competitive session

After the cooperativesession, the study continues to a multiplayer session
with a competitive setting. As inc@operativesession, it isx@ected to have

two or three players playing in this session and the number of players would
also affect the experience of gameplay. Participants are asked to play the
samegame but they are asked to compete to deliver the highest individual
scores insteh They will be encouraged to talk with each other to allow
them to plan any tactics or psychalwa] strategies to enhance their situation.
The playing in this session is to fulfil the fameface multiplayer
augmented reality experience from a differemtial scenario.

Participants are asked to give their opinion about their experience after
playing the game twice. Fifgt they are asked to give their opinion about
how they find their experience compdrto the cooperativeversion to
retrieve the dataf user experience of a multiplayer play setting.

Secondy, participants are asked about their opinion on eamfementhey
perform during gameplay and rate the movements from zero to ten where
zero is the hardest to perform and ten is the easiest to petii@rsamevay
asthesessions before.

Thirdly, participants are asked to share their opinion on how

communicationglay a role in planning their tactics. This is to understand

how the physical interactions and communications affect the gameplay
experience.

Conclusion session

After all sessions are played, participants are asked to give their final
opinion. They aresked about all three social scenarios and rate the degrees
of enjoyment on each scenario from zero to ten where zero is the least
enjoyment and ten is the most enjoyment. They are also tskbdreany
experience they find interestinghile playing in eah session. After that,
they are asked about their final thougbt this game mechani@dhow

this mechanis could be improved to a kind of gama addition they are
asked about their idea on faimeface multiplayer augmented reality games.
That contudes tlis study.
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4.2.3 Other important study components

These are the other important components for the study.
Study venue

An indoor room with a suitable ligimg condition for an augmented reality
system.

Expected participants

To maximise the studgata, participants should be anyone who has any of
these attributes:

- Interested in augmented reality

- Have related computer field backgrounds
- Relatedto computer games development
- Often play games

Number of participants

Two or three participants petudy to reduce the complexity of social
scenarios.

4.3 Study results

The study has been successfully designed and d@ddaee augmented reality
game has been developed. A series ofietithve been conducted to observe
the player 6s ibsihanws oaug swalnld asct hei r
objectives proposed in Section 4.1. In this section, those observations and the
interviews will be presented in detail before they are concluded and discussed
in the next section. To begin with, some basiormation of the studies will be
explained below.

Basic information of the study

These series of stigs have been conducted six times, two times as pilot
studies and four times as actual studies. However, all six studies will be
presented together leacse the structures are similar and the observations
on pilot study also provide some thouginbvoking issues.

There are two or three participants in each study. Participants are both male
or female who are betwee B 60 years old. All participants hawither
backgroundin either computer science or games. However, not every
participant has experiende augmented reality technology before. Some
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participants might have heard about the technologyhbuénever triedit
while some participantsaveneve heard about the technology.

There are three types of devices used in this stubich are Acer Iconia
501s running on Android 3.2, Galaxy Note 10.1 running on Android 4.4,
andGoogle Nexus 7s (2013) running on Android 5.1. However, degiees
identical in each study, as well as the installed system.

The studies were conductedanoom with suitable lighihg to avoid having
troubles on image detections during the studies.

The results will be presented below in each session of the study.

4.3.1 Introduction and training session

All participants were introduced to augmented reality in advertisenagt
games. Some participants were not familiar with the technology. Therefore, a
few images and videos of the technology were shown to those jpanti€ito
provide a basic idea of the technology to them. They were then introduced to
multiplayer marketased augmented reality and the concept of this research
about multiplayer, facéo-face setting, physical communications, and physical
movements ancditeractions.

Participants were then introduced to the training session of the game. The
training session gave an opportunity for each participant to try performing
augmented reality physical movements until they were satisfied. After that, they
were givera task to perform a series of movements twice, the first time without
guidance and the second time with guidance. Finally, all participants were asked
to share their opinia@during the training session.

Initially, participants struggled with how the plgal augmented reality
movements worked. However, they eventually familiarised themselves with the
system after somexplanation Thenthefollowing questions were asked.

1. How did you feel about physical augmented reality movements?

Most of the participants commented that they fiflat theperformance

of the movementwas realisticespecially compadto playing regular
computer games. However, they struggled at first since théyhba
experiences in physical movements. They felt that thexgea great
difference between performing movements and playing regular games
onatouch screen sindewas notrequired to touchanything,and itwas
confusing forthem. They alsstruggledwith how much they neexlto

move at the beginning amdwsensitivethe detection wadNonetheless,
they eventually familiarised themselves with the movements and they
thought that it was easy to understand &mtkarn the nature othe
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system and movement@neparticipant commented that he felt strange
because altholghe was playing a game in a big room, he needed to
focus on a tiny screen which was contradictoryhim.

2. Which kinds of movemenswere difficult and which ones wereeasy?
Participants were asked to rate the sedrem zero to ten as the
difficulties of the movements to put their opinion on each movement in
order.

Mowing in and out:

Most of the participants found that maw in and out was the
easiest set of movements they performed. However, one
participant disagreedLike other participants, héound that
moving in was the easiest movemediibwever,he thought that
moving out for him was moderately difficult. He commented that
moving out causghim to move the whole body and sometimes
caused a detection loss from that movement.

Mowing left, right, up, and down:

Most of the participants also found that these movements were
the easiest set of movements, on par with moving in and out.
However,one participant found that he was confubetiveen
these movementand tilting movements. However, oncee h
understoodhe felt more comfortable foerform themovements,

but he felt they wersstill slightly more difficult than moving in
and out.

Rotaing and Tilting:

The opinions about these movements were split in Gatie
group found thatotating was more difficult than tilting aridat

it wasthe most difficult set of movements. They found that it
was challenging to hold the device still and notlose the
detection while performing a rotation. Furthermore, when they
rotated, they oftenlistructed the screen arige camera with
their hands and fingers. Lastly, when they tried to perform the
rotation, the cameréocusesalways swayed from the marker.
The other group of participants disagreed. They found that tilting
was much more difficulthan rotating and that it was the most
difficult set of movements. They commented that the movement
easily caused a detection loss and it was difficult to move.
Nonetheless, all participants found that these movements were,
by far, more difficult than mowg in, out, left, right, up, and
down.

3. What is the difference between two types of interfacein terms of
movements with guidanceand without guidance?

All participants found thaheinterface without guidance confused them
on how much they should movexch how they should perform the
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movements. They all preferred theterface with guidance They
commentedhatit was much easier to perform.

After that, the studies proceeded to the single player session.

4.3.2 Single player session

After participants hadhad a full understanding of the game flow and felt
confident enough to perforim anactual session, the study proceedealsiogle

player session where theld not requireinteractingwith the other players.

After an initial obseration, it seemed that participants could be divided into
two major typesThe first was those whaushed to markers and moved their
device rapidly because they were asked to do their best and compete with the
other playerso achieve the highest scor&sis ledto a lot of detection Iesdue

to eithera hasty move or ligitg conditions although most of them performed
well during the training session. Eventually, mosta# participants in this
group slowed their movements down and they could perforrags better.

Figure 4-14 A patrticipant tries to detect the marker and eventually slovg
her pace

On the other hand, the othgroup of participants carefully and slowly
performed the movements. Their movements were slow dig@ning,but

they eventually improved their speed over time. They did not suffer from the
detection losas much as the first group.

It was also noticed that some participants were still uncomfortable with only
performing movements in an augmented reality system. Some participants still
unconsciously touched the screen when they lost the detection, as shown in
Figure4-15.
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Figure 4-15 A participant unconsciously touches the screen to solve the
detection problem.

It is worthwhile tonote thaimost of the playerkeld the device in two different
ways. Some players helithe device with both handsgrabbing the device from
the front while the others held their devddeom the sides, as shown kigure

4-16.

Figure 4-16 Participant on the right grabs the device from the front while
participant on the left holds from the sides
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It seemed that the way each participant held the devicenalderatelyaffected

on their marker detection. Participants who held the defriom the sides often

lost detection. It was because when they performed each movement, their
devices often swayedrom the markerlIn particular when they performed
rotating movements, they often lost detection because they also slightly tilted
the device at same time. Meanwhiier, participants who held the deviby
gralbing it from the front, their rotating movements hardly swayed from the
marker.

Figure 4-17 (Top) Participant who grabsthe device from the front
performs a rotation without swaying from the marker while (Bottom)
Participant who holdsthe devicefrom the sides performs a rotation and
loses detection.

However, some participants noticed this issue and tried to change the way they
handled their deviceHowever,they changed back to their origir@dsitionas
it was not comfortable for them.

In ternms of each movement, some participants who struggled tivehotating
movementst the beginningtill suffered from the same problem. Some of them
even struggled more because of the pressure from the coompdiviticeably,

some ofthe participants who struggled witle rotating movements tried to
recover by rotating the device more which caused their &rtenglewhile

their hands obstructed the camera, and sometimes the device would move away
from the markeras shown irFigure4-18.
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Figure 4-18 A participant tries to recover her twisted arms from rotating
gestures and her hands obstruct the camera

Meanwhile the participants who fourtiat thetilting movements were difficult
also struggled wittother movements. They often lost the detection and the
movements seemed ¢o against their natural movementien the marker lay
leveland they needed to tilt more, as showfigure4-19.

Figure 4-19 The tilting down gesture is against the natural movements

In one of the studies, it was observedthat par ti ci pant 6s spaw
came off the wall. Thidirectly affectedhep ar t i ci pant 6 s gamepl ¢
to stop his entire tasks to fix the rker.
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)

Figure 4-20 A participant needs to fix his spawn point marker

At the end, most athe participants did not notice that the time was up as they
solelyfocussed on their tasks. Howevarfew peoplewere aware of the time
and tried to rush the process whietito a lot more detection lesinterestingly,

all participants received similar scemo mattethow well they performed.

Interview

The participantsvere asked to share some opinions during theneplay.
Most of them commented that the tasks were like the traggsgionput
they feltthat they were under greater pressure from the compefitiaan,
these following questions were askedheparticipants

1. How easily were you able taunderstand the game? (rate out of
ten)
They all gave a high score at eight to ten which means it is extremely
easy to understand.

2. Which movemens did you find difficult and which ones were
easy?
All scores given by participants were the same as in thenitrgi
session.

4.3.3 Cooperative multiplayer session

The study then moved ta multiplayer session witha cooperative social
scenario where participants were asked to cooperate and receive their combined
scores as high as possible. The session is initiagsigned for players to
exchange their possessed objects at the same time. Nevertheless, in the actual
gameplay, it is difficult for participants in the same session to complete their
personal task to possess their chemical bottle at the same time. A few
participants agreed to cooperate with the pyéro finished first although

they were actually not ready for the interactidoecause he was still ithe

middle of his personal tasks. This process normally continued until the end of
session.

On the othehand, most of participants who finished later than their comrades
often verbally convinced the ones who finished first to wait for them and
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perform the exchanging tasks at the same time, aiming for an optimal result.
This caused the player who finishedtir to wait before the slower player to
finish.

Figure 4-21 Participants in each session wait for their comrades to finish
the personal tasks before performing their interactions

This eventuallyed to the event, in many sessions, that the player who finished

faster tried to sneakily interact with the player who possessed his required
colour without interrupting the current flow, as showlrigure4-22. However,

most of them failed to do so and were ultimately forced back to wait for those
personal task® finish.
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Figure 4-22 The player on the left tries to sneak on his required colour
that the player in the middle possesses whiliae two players (middle and
right) are interacting with each other

It is worthwhile to note that the study session where players decided to help
their comradegven without their benefit on their own tasks, always continue

in this manner until the timwasup. While the latter grougor a few times,
agreed to help each other like the first group but this behaviour eventually
shifted back to its original form. It also created different atmosphere and
feelingsto theplayers.

In oneof the threeparticipant sessi@)the player who was rdg to interact

with the other players, while they were not, had a strategy to imgireegerall

resulsof theirsessioby peeking at the other play
current progress and decided whether they should complete their colaur task

first or asking for cooperation from the other participants. It showed that there

is a possibility to acknowledge the ¢
observations, with or without their consent, as showkigare4-23.
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Figure4-23A partici pant peeks on another
deciding her next moves

Threeparticipant sessions also show that all plagetddplan their movements
together to optimise the process. There was onewinema playemeededo
interact with another participant who almost finished the tasks. However, that
participant suddegl struggled with the remaining tasks and the last player
finished the tasks before. They suddenly decided that they should interact with
each other rather than waiting for the player who they originally intended to
interact with, as shown iRigure4-24.

Figure 4-24 A participant tries to ask her comrade for cooperation while
another player comes toffer her cooperation instead

When two players interacted with each other, initially moshemperformed
their tasks individually and did not inform each other about their next moves.
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The individual movements dhe two players usually obstructed eacther
which resulted to a lot of detection losses. All participants eventually noticed
this issue and discussed with each other to avoid the obstructions.

Figure 4-25 Two participants perform their tasks without informing each
other and causes a lot of detection losses

Most of the participants used a solutievhereone player stopped moving and
allowed their comrade to finish the tasks first then he could finish his moves
afterwards. This particularly impved the speed and smoothnesthebverall
process. However, a few groups in some study sessions decided to perform their
own tasks simultaneously by informing their current tasks and trigdddhe
bestwaytdc es ol ve both pl atyneer sé tasks at

Not all players were successful at these attemptsigihésause the movements
were mirrored and some movements when performing at the sameaidinmt

give any benefits to the other players while some movements greatly benefited
from the mirrored movement8Vhenboth playersfor exampleare ordered to
move left, their directionvould be opposite and the movements benefited the
whole interactionHowever,whenthey were both ordered to move up, their
relative movements seeuto be saying still and the interactiorould notbe
completed. Some dheparticipants gave up after a few attempts although they
tried to communicate the directions with each other, due to unfamiliarity of the
movements, and went back to complete their tasksrn. However, there was
one group of participantwho succeeded on this attempt and it considerably
improvel their overall process.

Since it seems that communication is a key factor for their cooperative
gameplay Therefore,to observe their behavioyrsn a few sessionghe
participants were asked to play again with no verbal communicalioa.
participantsshowed that thegoulduse physical signals in the same manner as
verbal conversations and their decisions and behaviours were similar. Although
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the whole processes were slightly slowtre decreased speeds were not
significant.

Interview
Participants were asked a series of questions as follows.

1. What do you think about the multiplayer feature compared to
the single player one?
Most of the participants found that the whole game was more
difficult than the single player version because the cooperation
required causka lot of confusion and nesynchronised actions.
They thought that teamworkasa key factorin this kind of social
scenario. iey were also required to think of any sudden solutions
to overcome unforeseen obstacles they found. They felt the whole
process was more fun than the single player version nevertheless.
2. Which kinds of movemens were difficult and which ones were
easy?
Mowe in and out:
All participants commented thathese were the easiest
movements to perform.
Move left, right, up, and down:
Some participants felt that the movements were at the same level
of difficulty compaedto the single player version while some
participants commented that the movements were slightly more
difficult as the marker were sometimes moved out against their
will.
Rotate:
Participants found that it was easier to completertbeements,
but the challenge was to keep the detection avaiitie entire
times when performing the movements.
All participants commented that it was more difficult to
complete the movements as there were a lot of detection losses
when the players perfored the movements at the same time
3. What do you think is the most important for this gameplay?
Participants in every session agreed that communications among
players were the most important to the gameplay agateflows
improved since they realisedaththey should communicate with
each other.
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4.3.4 Competitive multiplayer session

Participants were then asked to play in the same gameplay agaira with
competitive social scenario instead where they competed for the highest score
among the participants in the same session. However, although they were asked

to compete, thewerestill required to interact with the other players to proceed

their tasks. The situations in the beginning of each session were similar to the
cooperative stting wheresomeplayers finished their personal tasks before the

other players. There were several kinds of behasianen the players who

were faster tried to proceed their tas

For the first type of behaviours, theysked the other players verbally to
cooperate with them. This was sucdeks the beginning. Some players who
were askedb cooperatéemporaily abandoned their tasks to interact with those
participants first without receiving anything back. Howevery tiieeventually
realised that they wemmpetingand they were interrupted too often. Some of
them refused to interact after being asked a few times and suggested to wait
until they finisked or agreedmutualtask exchange. Meanwhilspme players

just ignored the requests and foedsn their tasks without saying anything.

Figure 4-26 A participant waits patiently for a cooperation

For thesecond type dbehavioursthey tried to force the other players to interact

with them by Dbl ocking t heltismttettbatthep!| ayer
player with the first type of behaviours decided talie when they needed to

wait for a long time. Most of these attermsucceeded in teswf compleing

the tasks, but they failed later when they asked for any cooperation again. This

also usuallyled to a minor argument. As shown kigure4-27, a participant

tried to block the interacted marker using his whole body.
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Figure 4-27 A participant tried to force another participant to interact
with him
For thethird type of behaviours, participants who finistied task firshelped
the otherswho were struggled to speed up their progress for their mutual
benefits. However, if the benefits were not common, they usually did not agree

to help, even physically bl&ed those attempts as showrFigure4-28.

Figure 4-28 A participant helps another participant while hiding her
device from the third participant

For thelast type of behaviours, participants who finished first tried to sneak on
the other pl ayer 6s mar ker without
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intended to be a orgde benefit as therevould be only one playexwho
managed to completbe tasks, as shown kigure4-29.

Figure4-29Aparti ci pant tries to sneak on al

However, this behaviour usualfgiled because of two reasonsirstly, the
markerswere usually not in the line of detaon, orin the detectable area as
discussed itheprevious chapteSecondly, it is difficult for players whavere
sneakingn to see their screen while sneakily perforgthe tasksAs aresult,
theydid not know the current progress of their tasks.

e

,/\

Figure 4-30A participantt ri es t o sneak on another |
and cannot see his own screen

Despite this, there were still many playevko tried to sneak on the other
pl ayerds mar ker asueedFigures4-3d shews the darhe c u | t

pair of playersas inFigure4-29, heknew that the sneakily actiofaled before,
but he still tried to continue this sneaking behaviour and did this back to another

player.

123



Chapter 4 A study of faceto-face augmented reality games

Figure4-31Par ti ci pant tries to sneak back
marker

On a few occasionsg player tried to sneak on another player who was also
sneaking on the third player. This chaimeaking behaviour was usually not
successful nevertheless although there were a few successful attéoweser,

it fired upa more intenseompetitive atmgshere.

Figure 4-32Participant C t ri es t o sneak on another
while she is also sneaked by another player from different angles

These behavioursccurredwhen two players wereteracting,and another
player wanted to complete the tasks. They either waited, blocked, helped, or
sneaked.

When two players interacted with each other, there were several times that they
werebetrayed even though thaytially agreed to help each oth&or example,

there were a couple of timeshen one playerhad alreadyfinished the
interaction tasks and evaded back to complete their personal tasks without
waiting for their colleague to finish, as shownFigure4-33. This also often
caused some minor arguments among players.
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Figure 4-33 Participant moves away after finishing his tasks without
another playerdés consent

Some players tried to obstruct the actions of their partner, either by oiogfruct
the marker or blodkg the camera directly, as shown kigure 4-34. This
always caused mirrored actions, whioleant thanhobody could complete the
tasks, and they were eventually forced back to cooperative interactions for their
benefit.

Figure 4-34 Both participants cover their markers to prevent the others to
finish the tasks

As they were pressured from the competition, participants tended to interact
quickly unlike the cooperation scenario. It caused a lot of detection losses and
the overall sces were lower than the cooperative session.

Finally, yet importantly in the session where tlparticipantsknew each other

quite well, it was found that thegnded tdoemore competitivavith each other

thanin the sessiowhere thearticipants were not familiar with each other. This
supports the reviewn Chapter 2stating thatpre-relationships are one of the

factors in multiplayer games, but itis beydhdg a me desi gndés powe
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Interview
They were asked a series of questias$ollows.

1. What do you think about the competitive scenario compad to the
other scenarios?
Generally, participants commented that the game was much more
difficult than the other scenarios but also much more fun as the game
could bring unexpectedutcomes However, they realised that it was
impossible for all players to detect all markers at the same time. This
required good skills and good timing along with negotiation skills.
However,overall, they needed to maintain the cooperative movements
when achievinga competitive purpose.
They were asked to rate the difficulties and enjoymetitethree social
scenarios: single player, cooperative multiplayer, and competitive
multiplayer. All participants in all sessions agreed thatcompetitive
multiplayer scenariowas the most difficult, followd by the single
player and cooperative multiplayscenariosCompetitive multiplayer
wasalsothe most enjoyable, follogd by cooperative multiplayer and
single playeiscenarios

2. Which movemens were difficult and which ones were easy?
All participants agreed that the order of difficulties remain the same, but
overall difficulties weresignificantly higher

4.4 Discussion

This series of studies has revealed a lot of valuable information m use
experience, decisions, behaviours, concerns, etc. in addaee augmented

reality game topic. Howevernithis discussion session, the findings on
decisions or behavioussill not yet be discussed. This session focuses on the
findings of any possiblanprovements or unforeseen emerging concerns. This
aims to expand the scope of further research study inrtdafeee augmented

real ity games. The findings on user
comments, and behaviours will be discussed later ap@h 6.

During cooperative multiplayer sessions, most of the participants decided to use
verbal communications to inform each other and allowed each participant to
finish the tasks one at a time. However, on some occasions, participants decided

to perfom their tasksimultaneouslyAlthough it was not successful most of
thetime,theseat t empt s revealed interesting pl

Firstly, thesesimultaneousnovements created confusion for the players. The
players faceaach otherand their directions were mirrored. There were some
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movements in six degrees of freedom, which meant that they moved in the same
direction such as moving up and down. However, most of their movements were
in opposite directions such as move left / rightatating device clockwise /
counterclockwise. It caused the players to think of the movements from their

partnero6s point of view which is ©pro

participants in this series of studies gave up their attempts eventuadligitiad

back to the ondy-one movements instead. This is because the latter
movements were more understandable and easier to perform, especially in time
pressuring situations. However, there were also a few people who succeeded in
their attempts which této speed improvements.

Secondly, these simultaneous movements revealed another issue in relative
movements of the two players. Considering that one player can perform thirteen
movements in six degree of freedoms: stay still, move left, move right, move
up, move down, move in, move out, rotate clockwise, rotate couluekwise,

tilt left, tilt right, tilt up, and tilt down, therefore, combining the movements of
two players, there should be 169 movements in total, as sholabie4-1.

Transitions Rotations

Still
X () [XCO) [YH) [YO) |2(+) | 2(

-

Roll (+) [Roli(:) [Yaw(#) [Yaw() |Pitch(+) |[Pitch(-)

Still

X (+)

X()

Y(+)

Y()

Z(+)

W30 —~+=—n3®-= o

Z(-)

Roll (+)

Roll(-)

Yaw(+)

Yaw(-)

Pitch(+)

WS0 —~®~03

Pitch(-)

Table 4-1 Table of combined movements between two devices

However, there are some combined movements which produce ambiguous
relative movements. For example, when one player mefesand another
player moves rightThe relative movement is too vague to distinguish. In the
worstcasescenario, if two players nve at the same speed, the movement
detected in the observerbés frame i s
combined movements, as shownTable4-2.
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Transitions Rotations
Still
DY) | YE) |Z(+) |Z(-) |Roll (+) [Roll(-) |Yaw(+) [Yaw(-) |Pitch(+) |[Pitch(-)

Still S S A A R R
T X (+) Cc C A A C C C C C C
r
a X(-) C © A A © © © © © ©
n
s Y(+) S C C S C © © © © © © ©
i
t Y() s Cc c
i
0 Z(+) A A A
n
S Z0) A A A

Roll (+) R C C
R
o Roll(-) R c Cc
t
a Yaw(+) © (03
t
i Yaw(-) C (e
o
N [Pitch(+) C ]
s

Pitch(-) C C

Table 4-2 All possible combinations of relative movements

X1 This relative movement does not cause any changes in visual detections.

A T Devices are moving in parallel ifferent directionson the screenThe

relative movement is interpretedthi& o b s er v e r 6 svinglie plus ore

minus directions

S1 Devices are moving in or out. The relative movement is interpretdteas

observer6s devi cdheottersi@vi ng i n ofr

out

R Devices are rotating aroutite Y axis. The relative movement is interpreted
astheobserver6s device is performing a

counterclockwise drections

/T/7 Devices are tilting in the same directidrhereforeat acertain point, two
devices would be iaparallel gesture, like gesture A. The relatievement ig
interpreted as the obser v danrebtisrs.d ey

/T\'i Devices are tilting ina different direction. The relative movement
interpreted atheo bser ver 6s device is tiltl

S

c e

ng.

C 7 More than one type of movements is performed at the same |time.
Movements are complicated and independent. The relative movement is

interpreted per each inddual movement.

Moreover, as the combined movements are considered only -bigg®d, it

sometimes cannot recognise which one of the two devices is moving, or both.

For example, when a relative movement comes from ongitsislassumed that
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the detectechar ker on hi s partner 0sispbssible ce i s
thatthe observer is moving left while his partner is staying still, his partner is
moving to his left while the observer is staying still, the observer is moving left

while his parter is moving to his right but slower than the observer, the
observer is moving right while his partner is moving to his left but faster than

the observer, or the observer is moving left while his partner is moving to his

left. This ambiguity occurs commanénd prevents the players to perform some
decisions. It also possibly limits many kinds of possibilities in -tackace
augmented reality gameplays.

Therefore, this issue will persist in the next chapter to expand the scope of study
in faceto-face augranted reality games greatly.

4.5 Conclusion

This chapter covered a lot of elements in a practicalttaface augmented
reality system study. Filgt a prototype of a faem-face augmented reality
game was derived from the games which were designedthe series of
workshops in Chapte3. The game itself adopted advantages from the three
games and was designed to relyptrysical movementwhile being flexible in

both single player and multiplayer settings. This game is one of the first
examples of facéo-facemovementbased augmented reality games.

A user experience and behaviours studgre designed arounthis designed
game. The studyas designed to maintain the advantage pointplofsical
movementsand a facdo-face augmented reality game whileigg a suitable
learning curveto players. Itwas expected that this study will uncover any
unforeseen user experience and user behaviours otddiaee augmented
reality games.

The studiesvere conductedsix times Eachstudywasrun with two or three
participants each time. Fifteen participants in total took part in the study. All
participants hdsome experience either in computer science, augmented reality,
or computer games. Some of thend lexperienced augmented reality before

but some of therdid not haveanypreviousaugmented realitgpplications The

ages of the participants ranged fron23 years old to60 years old. The
experiments were run in a meditgized room with a good ligimg condition.

The markers wedin the study were printed cleardyd attached to their places

in the room. The user behaviours were recorded by one main camera to capture
the overall game flow and fews ma | | cameras at each p
capture individual behaviours.

There are four main sessions in the stwdyich areintroduction andraining,
single player,cooperativemultiplayer, and competitive multiplayer. Each

129



Chapter 4 A study of faceto-face augmented reality games

session reflects many user behaviours in each scenario. It seems that user
experience is affected directly from user behaviours which are inflddrycthe

given scenario. This includes how participants performo&ementand how

they interact with each other, whial the essential part of fate-face
augmented reality games.

This series of studies also reveals some concerns irddaee augmented
reality games where relative movements of two facing players create
ambiguities and confusions. This can hinder several possibilities in the topic.
This issuewill be further investigated in an expanded scope of the research in
Chapter 5. On the other hantletp a r t i ocopirpoasnahdsuder behaviours
from the study in this chapter is going to be discussed in Chapten§ with

the observations from the ertied studies in Chapter Which is expected to
expand the knowledge of fate-face augmented reality games further.
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Chapter 5

Further study of fac#o-face
augmented reality games including
device sensors

In Chapter 4, a series studesin thefaceto-face augmented reality game topic
wasconducted which revealed sevekaly issues. One issue that has emerged
from thestudesconcernsaambiguities in facgo-face interactionbetweenwo
players in the game because of mirrored actions and eelatitwvementsvhich
leads to confusionamong themThe currentchapter therefore extends the
study from the previous chapter to address iggge.The technology is now
extended to use onboard movement sensors to capture additional degrees of
freedom ofmovement of handheld displays and the previous studyeis
designed and conductedth additional participants This newstudy further
expand our understanding @dceto-face augmented reality garseidesand
reveals how different sensing modalities fatt playes @ehavious and
experiencewhich will befurtherdiscussed in Chapter 6.

5.1 Study concept and objectives

The studies in Chapter 4revealed severainteresting behaviours and
experience of players in facdo-face augmented reality games different

social scenarios. At the same time, it revealed ambiguities oftdedeee
interactions due to mirrored actions and relative movementsn&bagnot ba
fundamentalimitation of faceto-face augmented reality gaméat instead can

be eithera feature oran obstacle solely depending on the design of gameplay.
This can be an expansion of possibilities in faeéace augmented reality
games and affects user behaviours and experiences. Therefore, it is worthwhile
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to expand the scope of studyamtbservations on fade-face augmented reality
games with or without these ambiguities.

To recapitulate from the previous chapter, there are ambigaitiesmdsome
faceto-face interactions when relying on onlysual tracking of the other

players For exampledetectinghemarker ofthe partner to be moving right can

be caused from playerodés movements in a
these combined movements, some more information is néededach player.

Some can say that datarismissions between two devices, whether via cable,
Wi-Fi, Bluetooth, etc., are essential for multiplayer games to give a common
information to all players. However, there are also a lot of multiplayer games
thatinvolve nodata transmissiqryet still praduce a good multiplayer gaming
experience, e.g. Johann Sebastian Joust (Wilson, 2Gbhgidering a real

world situation where two playerare facing each othereach player
acknowledges the current situation witheatballyaskingfortheo pponent 6 s
stae. At each point of time, each player requires the current position and
orientations of the opponent relating to him through vision. Meanwhile, he also
knows his current orientations and the directions he is moving. These pieces of
information are enougto determine the current state of two players in a
multiplayer game.

| propose thattis is the same as in fat@face augmented reality games where
they try to imitate realorld faceto-face situations. Additional required
information, apart from relate movements from visionary observations, is
sel f 6 s sandidieentibsavhich cam generally be obtained fra@rious
internal device sensors. These pieces of informasbould be sufficiento
distinguish all ambiguous combined movemdrias theprevious chapter.

In this chapter, the study in previous chapter will bgendedto include

information frominternal devicesensors The study will focus on how this
additionalinformation affect user experienaeand behaviours. Like ithe
previousstudes observationsare conducted in different social scenarios to
investigate playerds decisions in diff
are observedfrom different perspectiveslike the previousstudes, including

actions, multiplayer intactions,andoverall gameplay.

5.2 Study design

In this section, the game used in the study and gilashywill be presented. The
format of this study was altered from the seriestoflesin theprevious chapter
by including information from deviceemssors and take those pieces of
information into consideration in the gameplay.
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5.2.1 Alteration of studied facto-face augmented reality game

The faceto-face augmented reality game, that was used to be studied in the
previous chapter, onkglied oncomputer vision technologgnd did not include

any data from sensors. To expand the scope of study over the relative movement
ambiguities, thisthemicaldeliverydgame will be altered to includgalditional

data to the gameplay.

The data appended into thaengeplay is from the device sens@gyroscope to
recognise the device orientations aad accelerometer to recognise the
directions of movement These pieces of data anecorporatedinto the
gameplay to acknowledge the current state of the device which was neglected
in the first build of the game.

The gameplay is simplified to lzetwo-player version instead afthreeplayer
version This is because this study will focus on thef@®nance and
interactions between two players without any interruptions. The context of the
game, where players are required to deliver chemical solutions which leads to
interactions with several markers, is also removed from the gameplay to
simplify the game flow. There is only one type of marker in the gameplay which
is attachedo the back of each device to track the movement of each player. The
marker used in this gameplay is the same pattertheasnarkerused inthe
training session in the previoakidies Since there is no context in the gante

IS not necessary to use a specific pattern of marker and this marker is a default
Vuforia markerwhich is one of the most detectable markers.

Figure 5-1 Marker in training session

The game is initially set as Figure5-2.
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Figure 5-2 Game initial setting of the gameplay with virtual objects in
dash line

The game flow starts witdemonstration ofequired movements thaach

player needs to perform at the centre of the screen. The movements are basic
relative movements in six degrees of freedom. This is similar to movements that
players perforrad together inthe previousstudes as shown irFigure 5-3.
However, there is one more movement added to théhatpfstaying still for

three seconds, which therefoneans thathere are thirteen movements in total.
Once each movement is perform#te scoreincreasedy one. Each player has

five minutes taget the highest scores

Itjy still for 3 more seconds

Figure 5-3 Movements required are shown at theentre of the screen

134



Chapter 5 Further study of face-to-face augmented reality games
including device sensors

However, from the second minute of the gameplay, there will be additional rules
deliveredto theplayer. These rules are appliedhe movementaohep | ay er 6 s
deviceusinginformation from the gyroscopeand accelerometer tietect he
movements and orientatiariBhe list of the rules created with data from device
sensors is shown below.

Rule Involved sensors
Do not move your tablet Accelerometer and Gyroscope
Keep moving left or right Accelerometer and Gyroscope
Keep moving up odown Accelerometer and Gyroscope
Keep moving back or forth Accelerometer and Gyroscope
Keep turning left or right Gyroscope
Keep facing upward or downwarg Gyroscope
Keep rotating your tablet Gyroscope

Table 5-1 Rules of movement and their involved sensors

These ar¢herules of movement thaeachplayer must followin the gamelf
theplayer does not follow the rule, the colour of the restriction text will turn red
and any scomeduring this time will not beapplied On the other hand, if the
rule is followed, the colour of the text will turn green and the scork be
added up normally. These restrictions will be changed from time to time until
thefive-minute period is up.

KEEP MOVING YOUR TABLET LEF

Figure 5-4 (Top) Restrictions are not followed and the text turrs red
(Bottom) Restrictions are followed and the text turn green
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The rules will be shown at the centre of the screen for a few seconds before
moved to the bottom right corner of the screen.

Remaining Time =

oo

KEEP MOVING! |eft or right

2 =
& vuforia

Figure 5-5 Rules of movement are shown at the centre of the screen

This concludes the design of revised version of-tadace augmented reality
game that hag used in the study.

5.2.2 Studyplan

The plan for thisstudy broadly correspond to that of the previous series of
studes This intends to bring similar settingp with appended features to
observe the user behaviours, decisions, and experiences in similar situations.

First, participants are asked to perform training in a training session to
familiarise with the movements in the game just like previous series of
studes followed by two major social scenarios in the study, which are
competitive and competitive multiplayer, ¢xplore a keyelationship which
might affect the user experience. Participants are asked to play-toftaae
augmented reality game atlteir actions, reactions, decisions, and behaviours
are recorded After that, they are asked to attend interviews about their
experience

These bur sessionare nowexplained ingreaterdetail.
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Introduction and training session

This session is desigd toestablisha good mutual understanding of face
to-face augmented reality to participants. Some examples of augmented
reality systems arpresentedand the research objectives are introduced.
Participants also have an opportunity to practice theiremants until they

are confident before continuing to further sessions.

The screen afhesystem used in this training session is simplified. There is
only a primitive cube objecaugmented to the marker to indicate that the
marker is detected. A series @guired movements is sentd@layer to
perform and this series is in a loop whére player can stop when he is
confident.

The screenshot of the user interface is presentejure5-6.

Vuforia

Figure 5-6 Training session interface

After they finish the training session, thesogresdo the actual game part
with a competitive multiplayer mode.

Multiplayer - competitive session

After the training sessiormas finished, a multiplayer session with a
competitive settings introducedThis is different from the previous studies
where paricipants were asked to cooperate with each other before
competing in those studiesnd theytended to communicate with each other
more as time pasgd which is the key factor of cooperative scensrio
Therefore, it is more sensible to ask participants to compete first, then ask
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them to cooperate which leads to more communications when they know
each other better. Participants are asked to perform movements with the
gameplay described above and delitbherhighest individual scores possible
within a time limit of five minutes. Thegreencouraged to talk with each
otherso ago plan any tactics or strategies to enhance their situation.

After that, participants are asked to give their opisi@bout tleir
experience when playing the game. First, they are asked to give their
opiniors about how they find their experiene®mparedto when they
perform the movements individually during the training session to retrieve
the data of user experience of a mldtyer play setting.

Secondly, participants are asked about their opisioineachmovementhat
they perforned during gameplay antb rate the movements from zero to
ten where zero is the hardest to perform and ten is the easiest to perform.

Participantsare also asked to explain on their interesting behaviours during
the session, or what they were thinkiwgen they made thos#ecisions.

This is a good material to understand the player experience. After this, the
study proceesito multiplayer witha cooperative setting.

Multiplayer - cooperative session

After the competitive multiplayer session, the study continues to a
multiplayer session witla cooperative setting. Participants amgited to

play the game as the previous session. However, theglsoaskedto
cooperate with each other to deliver the highest combinedssopessible.
They are informed the top scerfeom the other session to encourage them
to beat the statistic Thisis toencourage them to work together and build a
plan to delivethe best resudtwithin the restrictions and time lingit

In this session, as before, participants are asked to give their cyabiout

their experience after playing the game. Rirghey are asked to give their
opiniors about how they find their @erience comparing to the competitive
multiplayer version to retrieve the data of user experience of a multiplayer
play settingSecondly, participants are asked to share their ops@neach
movement they performed during gameplay and rate the movefamts

zero to ten where zero is the hardest to perform and ten is the easiest to
perform the same as the competitive multiplayer session, as it is anticipated
that the social scenario would affect the movements as well as how the
restrictions which are afipd on those movements affect user experience in
different social scenarios.

Participants are also asked to explain on their interesting behaviours during
the session, or what they were thinkwben they made thosiecisions,
like in acompetitive multipayer session.
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Conclusion session

After all sessions are played, participants are asked to give their final
opiniors. They are asked about all social scenarios and rate the degrees of
enjoyment on each scenario from zero to, t@here zero is the least
enjoyment and ten is the most enjoyment. They are also asked for any
experience they find interestivghile playing in each session. After that,
they are asked about their final thougbt this game mechanics on any
game it could be applied to. Also, they are asked about their idea en face
to-face multiplayer augmented reality games. That concludes the study.

5.2.3 Other important study components

These are the other important composéat the study.
Study venue

An indoor room with a suitable light condition for an augmented reality
system.

Expected participants

To maximise the study data, participants should be anyone who has any of
these attributes:

- Interested in augmented reality

- Have related computer field backgrounds
- Related in computer games development
- Often play games

Number of participants

Two participants per study.

5.3 Study results

The study has been conducted after it is revised from the previous series of
studes Themai n objective is still to obseryv
and experiences which would bendfiice-to-face augmented reality game

design. In this section, those observations and the interviews will be presented

in detail beforebeing furtherdiscussed in the next chapter. Like the previous

study, some basic information of the studies will be explained below.

Basic information of the study
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This series ofstudes have been conducted seven times, oivavhich are
pilot studies and fivef which areactual studies. All seven studies will be
presented together becausdrtsé&ructures are similar and the observations
onthepilot studesalso provide some thougptovoking issues.

There are two participants in each study. Participargbetween & to 35

years old. All participants have backgrosmd either computer science or
games. However, not every participant hpsevious experience of
augmented reality technology. Some participants might have heard about
the technologybut had never triedit beforewhile some participantsad

never heard aboutt

There is only one type of deviased in this study which Soogle Nexus
7s (2013) running on Android 5.1. The studsesconducted in room with
suitable lighing to avoid troubles on image detections during the studies.

The results will be presented below in each session of the study.

5.3.1 Introduction and training session

Initially, participants struggled with how the physical augmented reality
movements workeé However, they eventually familiarised themselves with the
system after somexplanation

5.3.2 Competitive multiplayer session

The study then moved ta multiplayer session witta competitive social
scenario where participants were asked to perforintilest and compare their
final scores at the end to createcompetitive atmosphere between them

Most of participants did not talk or communicate with each other. They focused

on their personal tasks and tried to increase their speed to maximise thesir sco
However, some of them changed their behaviours when the time passed. They
tried to observe their opponentds move
of the participants waited until thesawthe movements which benefttheir

tasks, they then stad moving.
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Figure 5-7 Participant on the left waits until he sees movements that
benefit his tasks

Some participants investigated and tried to move to match those movements in
the way that support their tasks, which caused somemfortablenovements,
asin Figure5-8 andFigure5-9.
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Figure 5-8 Participant on the left tries to move just her upper body to
match her opponentdés directithen, even
whole body instead
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Figure 5-9 Participants try to rotate their device to match their
opponent &8s movements

However,evenwwhent hey f ocused on their opponent
theyonlyfocusedn t he mar ker at the brotdHhe of t h
existence of their opponent or environmenhhis is becauséoth players

sometimes ri ed to move to match the oppone
later that those movements were impossibla. example, players iRigure

5-10 moved the deviceupward and downward at the same time and realised

later that they were at the limit of their body movements.

Figure 5-10 (Top) Two players move their device upward without
noticing that it is out of their reach (Bottom) A comparable situation
occurs when they move downward
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Another example was when playerdHigure5-11 moved out at the same time
and did not realise their environment which caused them to hit the wall of the
room.

Figure 5-11 Players move oufand hit the wall of the room

Despite of these issues, these people generally got highess sbare the
participants who did not observe oppon

One clearly noticeable issue wasayng still, which was the enhanced
movement in this series of studlyat caused a lot of frustrating moments to
participants. The movemergquirel playess to keep the marker on the screen
to stay still for three seconds or the timeyuld be reset back to three seconds
again.However, since the speed thie two players normallyvasnot entirely
equal, theraveresome overlapingmovements on each side. Thisdestaying

still difficult to execute. In the study, this task was like an anchor point of both
pl ayer sd mo twe plagenstpauskivdir matiens. It was difficult for
aplayer to execute this task while his opporiespt moving although he moved
atthe same speed amidsame direction as his opponent. This irritated a lot of
the participants as they could not easily complete this task. Shmeedtheir
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frustrationthrough their movements or conversatioBse participant was so
frustrated that he tried to move as cl
if he wanted to stofhe movements.

Figure 5-12A pl ayer tries to stop his oprg
moving in as c¢close as he can to |

In some sessionglayers agreed to both stop moving to complbeéstaying

still task first. However, theplayers who finishedirst tended to stannoving
immediately after they finished tmeowntask whi ch caused their
timer to resetln one sessigrboth players agreed to cooperate in staying still,

but one player tried to move his device a littiéh an intention to secretly reset

his opponentds ti mer.

On the other hand, most dlhe behaviours which were caused from the
movement tasks were still iceable. For example, rotatinghich is one of
problematic movementsalso caused troubles to some participants. One
participant even rotated in a full round to complete the task.
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Figure 5-13 A player has troubles with rotating, similar to the
previous study

From the second minute, a rule of moversemas presented to participants
randomly and it was changed every thirty secoB8dsneparticipants noticed

and tried to follow the rules wiglthe otherslid not notice the rukeat all. In

the session where both participants noticed and followed the rules, they
sometimegemporaily cooperated with each other until the rule was changed.

As in Figure 5-14, both players tried to foll ow
right o which | exaisgdhe tasiks whike tvadikingidcacke.e r s

Figure 5-14 Two players executes the tasks while walking iacircle to
follow the rule Akeep moving |

However, some players who tried to follow the rule eventually gave up as they
noticed that there was no penaloy not following the rulesHowever,their
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scoresdid not increase as fast as when they tried to follow the rules. There were
a few playersvhosescores did not increase at all after the second minute.

The last interesting point was, as mentioned before, fantits normally did

not recognise the existence of their opponeven when their movements
sometimes support each other coincidentally. However, when their movements
obstructed each other, they began noticing the opponent starting from the
marker, then tb arms, and the whole body.

Interview
Participants were asked a series of questions as follows.

1. What do you think about this setting of augmented reality games
comparedto the typical ones?
Most of the participants stated that it was more fun, but also more
difficult at the same time. Some said that mosthefaugmented
reality games are point and click games while this setting requires
the wholebody movements. Some stated that they felt their
movements had objectives and meanings, whicreated great
feelings for them.

2. Which movemens were difficult, and which oneswere easy?
All participants agreed that moving left / right / up / down / in / out
were equally easy to perform. However, while thayeld not agree
whether rotating or tilting were the most challenging task to perform,
some stated that staying still was also difficult. Some participants
even mentioned that staying still was the most challenging task to
perform.

3. How did you feel about performing the movements undethe
rules?
Some participants noticed the rules and they found it was hard to
follow the ruleswhile performing the tasks at the same time. Some
noticedthembut did not pay attention to them. A few peigants
did not notice the rules at all.

5.3.3 Cooperative multiplayer session

Participants were then asked to play in the same gameplay agaira with
cooperative social scenario where they helped each other to maximise their
combined scor®e Their combired scores were compared with the other group
to motivate them to do their best.
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In this social scenario, it was obvious that participants communicated with each
other much more than ia competitive scenarioHowever, each group of
players displayed different strategies to optimise their movements. These
strategies can be divided into threaingroups.

The first group displayed tuiiny-turn actions. They executed one task at the
time, waited until their parsr finished, and the loops repeated. These groups
executed their tasks perfectly and many of these groups tried to optimise every
action.It was often found thaine player in each growgztedasa commander.
However, because they needed to consider eyagsiblemovement, they
occasionallyrequired to pause anhink of a solution, as shown iigure5-15.

Figure 5-15 One player pauses and thinks before commanding the
next moves

As they tried to execute every task perfectly, sometimeswieegrequiredto
makegestures which followed the rules of movementladdo uncomfortable

and redundant movements. For exampl&igure5-16, they tried to follow the

rul e Akeep f aci ng bulthewdidrnat knawnifdhe thekwnn wa r d ¢
the lower device was executed properly. Therefore, they needed to switch their
position in turn and wastexdlarge amount of time.
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Figure 5-16 Participants try to follow the rules of movement perfectly

Nonetheless, in general, the speed of these gnwap low comparto the
other groups.

The second grougdisplayed synchronised actions by perforgtheir tasks
simultaneously. They gave thesignal for their current tasks, whichas

normally the same as the parthes tbecaukesthey did the tasks together.

This type of playing was difficult t@chieve,and manygroups tried at the

beginning andhengave upOnly one group successfully ustds method and

got the highest combined sceramong all groups. They tried their best to

perform the tasks at the same time and as sryoathpossible. As shown in

Figure 5-17, two participants were performinthe i t i | t ri ghto t a
suddenlytherueof movement changed to fikeep m
transferred their movements smoothly.
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Figure 5-17 Participants transferred their movements smoothlywhen
the rules of movementhanged

The last group, which contains the biggest number of groups, displayed hybrid
actions between the first two groups. They performed #kes tan their own and

asked their partnertohelghenr e qui red, normally at Ast
which were difficult to perform alone. However, although they only asked for

help only when required, they still continuously communicated.

Some ofthe behaviours ira competitive scenario were also displayed by this
group. For example, in one group Figure 5-18, the participant paused and
waited for her partner to move into her benefit without informing her partner
about her break.
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Figure 5-18 Participant on the left paused and waited for the
movements that benefit her without informing her partner

One thing that is worthwhile to mention tlsat players in this cooperative
scenario could fully recognise the existence of their partnethaevironment

and responded as if they were in the real world. &lsis involvedcontinuous
communication between players. However, there were some points that
participants reported that when something inconsistent thighreal world
occured it broke theimmersion For instance, players fhigure5-19 moved

their devices closw each other and could not detect the marker although their
devices wereidectly facing. This was because the position of the camera of the
device is on the left edge of the device dmelmarker was moved out of the
detectable area when devisesremoved too closeo each otherThey needed

to move the device a little to thigght-hand side which conflicted with the real
world feeling.
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Figure 5-19 (Top) Participants must move their devices out othe
pararel line to detect the marker again due to the position of camera
which createsan inconsistent feeling (Bottom) Detectable area of the

device when they move close to each other

In terms of therules of movement, unlike mcompetitive scenario, participants

in every group recognise the rules and tried to follow the rules as much as
possible. Ina competitive scenario, participants normally scored in the first
minute where there were no rules more than in the last four rairtdosvever,

in a cooperative scenario, they scored in the last four mimata® than the
competitive one. In some sessions, participants scored almost the same level as
the first minute with no rules.

Interview
Playerswere asked a series of questions as follows.

1. What do you think about the cooperative scenaricompared to the
competitive scenarios?
They felt that they could perform the tasks better this time because of
the communication. They also reported that thewgiint the competitive
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scenario was more fun than cooperative scenario. This is similar to the
previous studies.

In the sessions where participants tried to perform the tasks perfectly
(the first group which was described tine previous session), they
repated that they felt that the game was easier in the first minute without
rules. However,the game was more difficult in the last four minutes
with rules, although they scoretbre These might be because they tried

to perfect every single movement whiclyueed to consider frorthe

two perspectiveat the same timeédowever,the rest othe participants
stated that all tasks weeasierand they did not feel any difference from
the tasks with or withouthe rules of movement, unlike in the
competitivescenario.

2. Which movemens were difficult, and which oneswere easy?
All participants agreed that the order of difficulties remain the same, but
overall difficulties had decreasechugely including thestayng still
movement They now felt that staying #tiwas much easier. Some
groups stated that staying still was the easiest task to complete.

5.4 Conclusion

This chapter presented an expansion of theti@éace augmented reality game
study in Chapter 4 by considleg information fromonboarddevicesensorgo
capture additional movement dafdne game in Chapter 4 has been simplified
and enhanced with the data frargyroscope andnaccelerometer. Apart from

a list of tasks which are movements in six degrees of freedom like in the
previous chaptera set of movement ruldsas been added to the game for
players to follow. These rules are considered using sensor data unlike the tasks
which are considered using visionary information. Tresexpected to avoid

the ambiguities found itheprevious chager and display some more interesting
user behaviours and experiences.

The study was conducted with seven paigdayers All participants have some
experience either in computer science, augmented reality, or computer games.
Some of them have experiedcaugmented reality before but some of them did
not try any augmented reality applications. The age of participants ranged from
18years old t@5years old. The experiments were run in a meesigad room

with a good lighihg condition. The markerssed in the study were printed
clearly and attachedt the back of each devic&he user behaviours were
recordedvith one main camera to capture the overall game flow and a few small
cameras to capture individual behaviours.

There arghreemain sessions in the study whielereintroduction and training,
competitive multiplayer, and@¢ooperativemultiplayer. Each session reflects
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many user behaviours in each scenandially, ambiguities in facéo-face
augmented realityvere removed by th sensor data atwas observed that
participants successfully executed different ambiguous taskseiprevious
studies correctly with the help tferules of movementHowever, the usage of
these rules of movement in different social scenarios wsoeddserved. This
is useful for faceo-face augmented reality games design.

The study provided several additional issues in-fadace augmented reality
games. Participants seemedéunaware aheir constraints in both their range
of movemerd and surrounding when they focused on completing the tasks.
Staying still becomes one tife mostchallenging movements for players when
they played ina competitive setting. However, this movement became an
extremely easy task when they communicated with ettwr.An inconsistent
feeling was alsaevealedat the point of moving too cloge each other and
whenthe position ofhecamera anthemarkerwasnot at the expected position.
Apart from these, several points in user experience were comparablsticihe

in Chapter 4.

Points from studies in Chapter 4 and 5 will be discussed in the next chapter in
various aspects of the topic. The upcoming discussion aims to establish
knowledge for facéo-face augmented reality game design in the future.
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Discussion

The previouschapters have shown how multiplayer augmented reality games
can be enhanced with fateface interactions. The topic has been pursued
through an initial feasibility study and a further series of two user experience
prototyping and behavior studies. Theswtdies have revealedseveral
previouslyissues in facgo-face multiplayer augmented reality gantleat are
worthy of a more comprehensive discussiém particular, theyreveal the
characteristicsfeasibilities possibilities,and expectations of thedato-face
actions in a multi-user setting which could lead to the improvement of
multiplayer augmented reality gasihat is the purpose of this thesis.this
chapter, these issuesll be discussedo asrevealwider knowledgeas to how

we might desig such games in the future.

The discussion in this chapter will be structured around layers and aspects of
faceto-face augmented reality games as introduced in Chapter 2 and 3. It should
be noted that, as it has been indicated before, these componeats die
spectrum of mixed reality environments; the findings, observations, and
reflections on each aspect of the research in this thibsisefore will be
discussed regarding thereal world,the virtual world, andthe mixed reality

world as presented before in Chapter 2.

To beginwith, the components of multiplayer augmented reality ganegy be
aggregated iw groups and layers. As shownkigure2-13, this starts from the
lowest level which isctions of each player and interactions between players
This layer considers the actions and interactions, which are the grounding of all
games(Lopes and Kuhnen, 20Q7ard of players, which are one of the key
components of the definition of gamé&ogers, 2014)After that, these faet-

face actions influence eachtbtthree highetevel and overlapped components

of multiplayer augmented reality games which angmental reality, games

and a multi -user system
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Figure 6-1 Faceto-face augmented reality games Venn diagram

By the end of this ltapter, it is expected that the nature fateto-face
multiplayer augmented reality gamwill be more clearly definedand that
guidelines of designing and developing a faeéace multiplayer augmented
reality game for future development will bestablished
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6.1 Faceto-face actions and interactions
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Figure 6-2 Faceto-face actions and interactions in Venn diagram

As reviewed in Chapter 2, games have structures which consist of several layers
and the most bottom | ay erefersadthefrgarae st r uc
actions of playersLopes and Kuhnen2007) The faceto-face augmented

reality game studies in this thesis concentrated on the individual actions of each

pl ayer and interactions between these
discussedh this thesis mainly focus on physical actions that players perform in

six degrees of freedom in the real world. These then generate the-face

actions that are the core focus of this thesis. The following discussign will
therefore begin with the individual actions of each player, before expanding to
consider interactions between players.

6.1.1Individual actions

A physical action can bieeely performed by a player in six degrees of freedom.
However,as indicated in Chapter 3, a conggliedlooking overall action can

be considered to be a combination of thirteen basic movements on each axis:
translatdeft and right, translate up and down, translatand out, roll rotations,
pitch rotations, yaw rotations, and stay sAlkhough te actual movements are
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not strictly on each axis, weanconsidereach ofthem separatelylhe studies
in this thesis have observed how players perform and experience these
movements.

The studies revealed several behaviours and opinions of study participants
concerning the difficulties of each movement and the tymizalmstance

when these movements are performed. During the studies, participants were
asked to provide the difficultycores of each movement to help participants to
compare their opinions and experiences with these individual movements.
These are summarised below.

Stay still

This movemenis the movemenh whichthe user stays still for several
secondsDuring thestudies,this typeof movementis easy to learn
perform, and master. Participants reported that it is easy to perform. It is
also perhaps an unusual movement in somedngingy game situations
and may open up powerful opportunities for designing surngisir
powerful moments of interactisn

Translate left and right

These movements are the movementw/hich the user traslates his
device horizontallyDuring the studiesthese types of movemesdre
generallyeasy to learnperform, and masteParticipants reported that
they are one of the easiest movements. Thegaayandsuccessfully
complete these movements by moving the device only in the range of
their arms. Furthermoréheyrelatively rarelylose their detection from

the marker whilgoerforming these movements.

Translate up and down

These movements are the movementwhich the user translates his
device vertically During the studiesparticipants reported thdhese
types of movemestare equally easy to learn, perform, and maste
move left and right. Likewiseparticipantscan easilyand successfully
complete these movements by moving the device only in the range of
their arms and hardly lose their detection from the marker while
performing these movements.

However, there wer some minor events when participants performed
these movements and realised that thegre at the limit of the
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movement, either out of their reach when they ndawewards which
causé a few userso jumpor theywereon the floor when they mode
downwards. This did not happen frequently during the studies, but it
exists.

Translate in and out

These movements are the movementa/hich the user translates his
device inthe relativedistancebetween the playerfuring the studies,
participants st@éd thatthese types of movemenare slightly more
difficult to learn, perform, and master thanslatingeft, right, up, and
down. Unlike the other position transitional movements, users
sometimes requirenoving their whole body in order to completieet
movements instead of moving the device within the range of their arms
or upper body at most. This is becatisrange obodymoving forward

and backward is smaller than moving left, right, up, and down.
Furthermore, users prefer to move the whole biadgr out when the
limitations of the bodyrealmost reached instead of reachihgarms

in or out. This is interesting since users fitmls approachs more
convenient than movinthe bodyhierarchically as expected in theory.
However, this movementao cause a marker detectimssfor a few
users because they can sway the device out of the area of detaction.

a design point of view, such movements may provide opportunities to
bring players close together and so establish more intimate social
encounters which might provoke powerful reactions among players as
discussed irthe previous work on intimate (Veteret al, 2005) and
uncomfortable (Benford et al, 2012) interactions.

Roll rotations (rotate clockwise and counter clockwise)

These movements are the movemantsvhich the user rotates his
screenThe observation frorthe series of studigsveals thatametimes
whenthe user performs the rotation to the point that both arms which
areholding the device are twisted. Whete users untangle their arms,
they often lose the detection during the process.

The observation also revedlsatsome people tend tavay the device
away from the marker while performing the rotations and lose the
detection However,some people found that these movements are easy
and straightforward to perform as they found it is easy to hold the device
steadily while performing the rations.Neverthelessboth groups of
people took a period of time to learn and master the movements.
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Whenpatrticipantsvereasked for their opiniamabout the movements,

the first group of people found that these movements are the most
difficult set of movemerstfor them.Whereasthe latter group found that
these movementare only slightly harder to perform thaposition
transitional movements, whiare the easiest group of movements.

Yaw rotations (tilt left and right)

These movements are the movemeamtshich the usertilts his device
left and right.These movements wenadely noticed as one of the most
difficult sets of movementsduring the <ries of studies Study
participants spent a long period of tifearninghow to perform the
movements.When performing the movemenisthey often lost their
marker detection which further caused strugglgh the movements.

Thebiggestobstacle is whethe user tilts the devicghescreen is also
tilted and swayed ocantpelghé usetdtgytous er 6 s
lean out to be able to see the screen which could frequenibe them

to unconsciously sway the device out of the positioneselthenarker

detection as the result.

The opinions about these movements from participants during the
studies were divided into two group&he firstgroup agreed that these
movements are the most difficult set of moveraatperform witha

fairly wide marginfrom the other movements. However, the other group
of people found that although these movements are difficult, they prefer
these movements over roll rotations. These people move their whole
body to perform the movements instead of only tilting the devtdeh

is easier to keep the detection alive.

Pitch rotations (tilt up and down)

These movements are the movemeémtwhich the user tilts his device

up and down These movements lareadlysimilar to the yaw rotations

in both observations and difficulty. Howeyehese pitch rotation
movements could be more difficult than the yaw rotation movenents
some cases. Wing the studies, it revead that there is a notable
physical limitation wien the marker lies flat. The movement of tilting
up could be awfully againghe natural body movements and caase
hugdy uncomfortable experience whethe user performs the
movementsince the screen is out of the eyesight range and the whole
body cannotmove up enough to relie this constraint, as shown in
Figure 6-3. The opinions about these movements from participants
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during the studies were dived into two groupsvhich are like yaw
rotations where there were people who stated that these pitch rotations
were particularly more difficult than the other sets of movements while
another group reported that roll rotations were moderately more difficult
than pitch rotations.

Figure 6-3 Tilting up gesture is against the natural movements

So far, these comments and observations on each movement mainly concentrate
on how the movements were performed dutimg study and how difficult or
comfortable users found them to be. However, the discussion also touched upon
the issue of successful detection of the movements which we now expand upon.

In Chapter 3a feasible area where an augmented reality applicatiometect
a marker was raised as fndetectable are

Detectable area

Figure 6-4 Recapitulation of augmented reality detectable area
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