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Abstract 
Uncertainty is widely acknowledged as an engaging player experience.
Practice and research have proposed various types o fgameuncertainty,yet
there is little work explaining when and why they motivate, especially with
respect to ‘micro-level’, moment-to-moment gameplay. Moreover, there is
little insightintodesigningformotivatinguncertaintyingames.Inresponse,
this research aims to answer (1) what constitutes motivating
moment-to-momentuncertaintyand(2)howtoelicititthroughgamedesign,
takinginspirationfromstagemagic. 

We survey player motivation, player experience and related literature in
psychology, exposing underrepresentation o f epistemic emotions in games.
We showcase the motivating role o f uncertainty in moment-to-moment
gameplay, proving its link to curiosity and o ther epistemic emotions. We
present this with a grounded theory taxonomy o f seven types o f engaging
gameplay uncertainty emerging from three sources - game, player, and
outcome. 

For inspiration, we survey the field o f stage magic to find designprinciples
usedtoelicitepistemicemotions.Weidentifyequivoque,animportantforcing
technique, to create the illusion o f choice and thus engaging decision
uncertainty in games. We empirically test the efficacy o f equivoque through
three studies: (1) using playing cards; (2) in a narrative game to create
decision uncertainty; (3) repeating the trick four times consecutively in an
extendedversiono fthegame. 

Overall, o ur work exposes gaps in player motivation research, especially
regarding empirical work o n epistemic emotions in games. It provides a
taxonomyo fmotivatinguncertaintytypes.Itestablishesmagicasapromising
sourceo fgamedesigninspiration,andzeroesdowno nequivoqueforevoking
uncertainty. Furthermore, it provides empirical evidencethatequivoquecan
be used in narrative games to elicit decision uncertainty. Finally, itprovides
insights into translational work between creative fields and from theory to
design.
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Chapter1 

Introduction 


“Making games combines everything that is hard about building a
bridge with everything that is hard about composing an opera.
Gamesareoperasmadeoutofbridges.” 
—FrankLantz(Lantz,2014) 

As game designers and researchers we can empathise with the quoted
sentiment.Wefindo urselvesconstantlyhuntingforphysicalo rabstracttools
which can make o ur game architectures sing. We incessantly scrutinizeo ur
craft(Juul,2010a,2011),studytheplayers(e.g.(Bartle,1996)),seeChapter2
for more) and look for inspirations (e.g. (Barlow, 2016))toinformthetotal
artworko fgames. 

Game developers draw ideas from everywhere (Schell, 2014). We find
inspiration in a variety o f sources from personal loss (That Dragon, Cancer
(Numinous Games, 2016)), politics (Balance of Power (Crawford, 1985)),
crime (L.A. Noire 2011 (Team Bondi, 2011)), curiousincidents(Kholat(Pro,
2015)),graphicnovels(Florence(Mountains,2018)),folkart(Okami(Clover
Studio, 2006)), o r mythology (Jotun (T. L. Games, 2015)) to fields like
astrology (Astrologaster (Nyamyam, 2019)), architecture (Monument Valley
(Ustwo Games, 2014)), botany (Botanicula (Amanita Design, 2012)) and so
on. However, most o f these inspirations are unique in their applicationand
don’t follow a traceable common technique (which is expected in o rder for
them to produce unique games). The inspirations are o ften applied to a
game’s theme, message o r art style, which in turn informs the game
mechanics and rules. For example, in Papers, Please (Pope,2013),thegame
designers drew o n the world o f bureaucracies in totalitarian regimes,
immigration, and passport inspectors. The ever-changing regulations and
loopingreal-worldtaskso ftheseo fficersinturninfluencedtherules,systems
and mechanics o f the game. Such a process o f taking inspiration from a
particular area o f interest and then handcrafting a game around it mostly
benefitsasinglegame’sdesigno ratbestservesasapiecetobestudied.They
donotadduptomoregenerictoolstoapplyinspirationsfromo therfields. 
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As the games industry is evolving, it is becoming harder to define 'what a
game is' (Ballou, 2019; Juul, 2018) o rapproachinggamedesigninaunified
way (Lanier, 2019). Even though game designers have tried to learn more
rigorous general principles from o ther artistic practices, for example,
characterisation, plotting, and dramatic arcs from literature and film and
stagingfromtheatreandfilmsetdesign(Nguyen,2017;Stemm,2016;Stuart,
2016;Zukowski,2018);theselearningsareo ftendoneo nacasetocasebasis
without testing the impact o f the applied techniques o n player experience.
They never really get into the nitty gritty o f game design o r cater to the
diversity in games o r players. As games are becoming more varied, so are
game development processes and constraints (New York Film Academy,
2014).Asaresulto fthismuchwelcomediversity,theplayerspectrumisnow
spread between commuters tapping o n their smartphones for a couple o f
minutestoprofessionalplayerswatchedbythousandsinanOlympicstadium
(Baker, 2019). A game not o nly needs to fulfil its expressive goals but also
cater to the many moving parts that are being influenced by the changing
dynamicso ftheplayersandtheindustry. 

Game design plays a pivotal role in keeping the game glued together. One
fundamentalaspectthatgamedesignersareseekinginspirationforisfinding
ways to elicit particular experiences. Evoking player experiences can be an
important goal that kick-starts the game design process. For instance, the
prime focus o f Florence's (Mountains, 2018) game designers was to foster
players’ emotional exploration instead o f pushing them to achieve goals
(Findling, 2018). Since game design o ften revolves around desired player
experiences,itisnotasurprisethatplayermotivationandplayerexperience
are extensively studied in research and industry (see Chapter 2). One o f
gamesresearch’sgoalsistomakeiteasierfordesignerstodiscernimportant
pillars o f player experiences (e.g. (Rigby & Ryan, 2007)). However, existing
researchfocuseso ntheoryandlargelyfailstotranslatetheoryintoapplicable
techniques to reliably craft particular playerexperiences(Kultima,2018).It
rarely delves into theexplorationo fgranular,moment-to-momentgameplay
level player experiences to be able to create methods to impact it. More
specifically, games research lacks investigation o f the mechanisms that
motivate players to engage with a game o n a ‘moment-to-moment’ (m2m)
basis. 

“[Gamers] want to be swept up in the moment o f play (Costikyan, 2013)”.
Even though there isn’tmuchresearcho nm2mgameplay,withinthedesign
community there is a huge emphasis o n this m2m experience o f theplayer
(EuropeOG, 2015; Sivak, 2012; Swink, 2007b, 2009). M2m terminology is
used to explain the interaction at a snapshot in time as o pposed to the
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overarchinggoalso fthegame.Itfocuseso nmakingtheimmediategameplay
experiencefromo nesecondtothenextalignwiththedesigner’sintent,thus
keepingplayersinvolvedandwantingtocontinue. 

Uncertainty as an Important Moment-to-Moment
PlayerExperience 
Uncertainty shows up as an important experiential factor in literature and
hasbeenrecognisedasakeyingrediento fengaginggameplay(Caillois,2001;
Costikyan, 2013; Johnson, 2018; Power etal.,2019).However,ithasnotyet
beenstudiedatthem2mlevel. 

In his early typology o f play, Roger Caillois (2001) famously describes the
relation between alea, chance-based play, and agon, skill-based strife,
observing that either would lose its appeal if it lacked the‘fitting’kindand
degree o f uncertainty. A great number o f gamedesignersandscholarshave
since reiterated the importance o f ‘well-balanced’ uncertainty for a good
player experience, and diversely tried to identify different kinds o r sources
thereof (DeKoven, 2002; Golman et al., 2015; Juul, 2011; LeBlanc, 2006;
Malone, 1982; Salen & Zimmerman, 2004). While practitioners and
researchers have proposed various types and factors o f game uncertainty,
there is little work explaining aspects o f exact working o f uncertaintyasto
whenandwhyitbecomesmotivatingforplayers,especiallyo nam2mlevel. 

It is argued that uncertainty is o ne o f the main factors that fosters human
curiosity (Shin & Kim, 2019; Wilson et al., 2005). This is because curiosity
functions as a coping mechanism for resolvable uncertainty (Shin & Kim,
2019). Berlyne and o ther psychologists have extensively studied the
fundamental role o f curiosity in motivation. It is seen as o ne o f the main
drivers second o nly to appetite o r sex (Greenberger et al., 1967). It is
perplexing that with curiosity holding such a front and center role in
motivation, curiosity and its link to uncertainty have barely been studied
(especially empirically) in games. The little work that there is regarding
curiosity in games follows some specific models while disregarding o ther
base models without much reasoning (To et al., 2016). Within games
research, o ther than scattered guesses at the relationship between
uncertainty and curiosity, we don't see the linkage systematically
investigated. We suspect this is because player experienceslikeuncertainty
havenotbeenstudiedwithrespectto‘micro-level’m2mgameplaywherethe
connections might be more apparent. For both uncertainty and curiosity,
existing research chiefly relies chiefly o n ‘summativepost-hoc’memorieso f
gameplay as o pposed to probing into instances o f gameplay through
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gameplay-videorecallso rtakingo bservationalnotesduringgameplay.Ithas
not investigated howtoinvoketheuncertaintythatkeepsplayersmotivated
or when this uncertainty makes players curious. It is not just curiosity and
uncertainty though that are linked in human motivation literature. Both
belongtotheclustero fso-calledepistemicemotionswhichareemotionsthat
arelinkedtoacquiringo rhavingknowledgesuchasinterest,surprise,trust,
feeling o f knowing, feeling o f anticipation amongst o therswhichareclosely
connected and inform each o ther (Carruthers, 2017;Meylan,2014;Morton,
2010; Pekrun et al., 2017). Not o nly do we need to start exposing such
linkages when it comes to games, but also explain ways toelicitmotivating
epistemicemotionsingamesforpracticalapplication. 

RoleofChoiceandDecisionMaking 
An important nexus o f curiosity and uncertainty in games are choices o r
decision-making. Perception o f free choice and ability to make impactful
decisionswhenfacedwitho ptionsislinkedtocuriositytowardstheo utcome
of o ne’s choice (Berlyne, 1950;Shin&Kim,2019).Choiceandthusdecision
making are fundamental to gameplay and gameplay enjoyment. Sid Meier
popularly says, "Games are a series o f interesting decisions" (Meier, 2012).
This is backed by o ther designersandaconsiderableamounto fresearchin
player motivation (DeKoven, 2002; Golmanetal.,2015;Juul,2011;LeBlanc,
2006;Malone,1982;Salen&Zimmerman,2004).Whatwedonotfullyknow
iswhatmakesthesedecisionsinterestingasthegameunfoldsfortheplayer
on a m2m basis. In human motivation studies it is found that participants
provided with choice in topics show greater curiosity regarding the topic
than participants who do not have a choice (Schutte & Malouff, 2019). We
think that choice creates a sense o f agency and freedom o r autonomy in
games (Ryan et al., 2006). Players become aware o f their agency when
presentedwithdecisionswhichallowsthemtoengageinthethrillo fmaking
risky/strategic/intelligent/winning choices (Fendt et al., 2012; Thue et al.,
2011). 

How choice relates to curiosity and 'optimal' uncertainty is less well
understood.Specifically,weknowlittleabouthowtodesignforcuriosityand
optimaluncertaintygiventhatchoiceso fferedtoplayersalwaysrunintothe
pragmatic limits o fgamedevelopment.Thequestiono ffindingwaystohelp
game designers elicit these m2m player experiences remains far from
answered. Psychologyisanevidentlenstostudytheplayer'smindforgame
designinsightsandgamedesignerslikeRaphKosterhavelookedattheuseo f
cognitivetheoryconceptsingamedesign(Koster,2013).Othercreativefields
like stage magic also rely o n their firm knowledge o f human cognition for
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practical design inspiration and to formulate principles that lend to stage
magicians’ design toolkit (Kuhn et al., 2016). This is where the needs o f
practical game design meet that o f o ther creative fields. This is the main
reasonwelookforinspirationino thercreativefieldsthathaveperhapsfaced
similar challenges and effectively utilised existing knowledge in cognitive
psychologyforo urenquirytobenefitfrom. 

Stage Magic as Design Inspiration for Evoking
EpistemicEmotions 
We1 want to understand and evoke uncertainty and related epistemic
emotionsingames.Stagemagicwhichreferstoillusionsperformedo nstage
for a live audience, heavily draws o n epistemic emotions like curiosity,
surprise and their catalysts like suspense and mystery (Ortiz, 1995, pp.
182–217).Ortizando thermagicianshaveexplicitlyrecognisedtheimportant
linkbetweenmagicandepistemicemotions(Ortiz,1995;Ozonoetal.,2020;
Vidler&Levine,1981).Thedramao fagoodmagicperformanceo rchestrates
curiosity,uncertaintyandanticipationinatightloop(Ortiz,1995). 

Successful conjuring requires a firm understanding o f human cognition
(Kuhn etal.,2008)whichisthecoreatwhichagamedesigner’sneedsmeet
that o f a magician. For perfectingamagicperformance,magicianstesttheir
theoriesandrevisethemuntiltheyelicittheexperiencetheywantpeopleto
have.Magicianshavededicatedyearso fsuchtestingbetweengenerationsto
learn about the human mind. Magic as a scientific field is in the process o f
testing these psychological theories and making these principles viable for
application in o ther fields like that o f wellbeing, education and perhaps
games (Bagienski & Kuhn, 2019;Kumarietal.,2018;Vidler&Levine,1981;
Williams & McOwan, 2014). Furthermore, existing research argues that the
science and art o f stage magic share uncanny similarities with interaction
design(Tognazzini,1993)andtherebypossiblywithgames.Thisiso neo fthe
reasonswhymagiccanpotentiallylendgamesamuchmoreprecisepointo f
entrytothesecretso fthehumanmindthatgameresearchersanddevelopers
wishtoinvestigate. 

When it comes to games, amongst o thers, designers like Jeff Howard
(Howard, 2014) and Jennifer Scheurle (Scheurle, 2018) have investigated
differentaspectso fmagicforpracticalinspiration.‘Magic’ingamescanmean
multiplethings:‘magicsystems’asinrulesystemsforhandlingfictionalgame
Throughoutthethesis,insaying‘we’theresearcherprimarilyreferstoherself,thereaderand
acknowledgesthesupervisionteamfortheguidanceprovidedtoherindoingthePhD. 
1
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worlds (Howard,2014);formso fmagicasinspirationsfortheworldtheme
of agame(Magic:TheGathering(Garfield,1993));ritualmagicasusedinthe
analysis o f social and psychological processes and designs o f role-playing
games (Harviainen & Lieberoth, 2012) etc. That said, stage magic with
respecttogamesisbyandlargeanunexploreddiscipline.Stagemagictricks
use honed techniques to induceepistemicemotionsthatcouldbeespecially
interesting for similar interrogation in games. We suggest that games have
much to learn by taking a closer look at how magicians choreograph for
creatingcuriosity,surpriseanduncertainty.Amongsto thermethods,theydo
so by creating conflicts in viewer’s expectation o f the o utcome by violating
existing causal expectations (Kuhn & Land, 2006) o r creatingadilemmaby
presenting illusory choices (Kuhn et al., 2008, 2020). In general, magicand
gamestrytobuildupanillusionwhereanythingispossiblewithintherules
establishedbythemagiciano rgamedesigners.However,behindtheillusion
liesaseto fmechanicswithpre-scriptedmaneuvers.Forinstance,amagician
presenting a choice by saying “pick a card, any card” can be compared to
games when they ask the player to pick between o ptions, but the eventual
outcome is already scripted like in the stage magic trick. The technique o f
‘forcing’(creatingtheillusiono fchoicewherethereisnone)couldbeagreat
inspiration for game designerswhentheywanttoaffordplayerchoicesthat
aremotivatingandevokeepistemicemotionsconnectedtouncertaintywhile
thereinfactbeingno‘real’choiceatall. 

Like magic tricks, games limit their audience’s choices, and like magicians,
developers don’t want players to see these limitations (unless intentional)
whentheyareimmersedinthegameworld(Nitsche,2008).Oneo fthemost
powerfulandversatiletoolsinamagician’stoolkitformanipulatingaudience
choicesis‘forcing‘(Kuhn,2019).Thisisanumbrellatermfortechniquesand
tricks that allow magicians to covertly influence spectators’ choices o r
outcomes o f the choice (Kuhn etal.,2008;Pailhè s&Kuhn,2019).Thebasic
useo fforcingistoinfluenceaperson'schoicewithoutthembeingawareo fit
(Annemann, 2011; Shalom et al., 2013), creating an illusion o f choice and
thusperceivedautonomywhereinactualitythereisnone. 

ForcingandEquivoque 
Forcing principles are divided into two major categories: Choice forces and
outcome forces (Pailhè s & Kuhn, 2019). Choice forces refer to forces where
magicians directly influence and manipulate the spectator’s choice. For
instance, magicians can increase the visible exposure o f a particular card
making it a more salient o ption to pick (Olson et al., 2015). The more
commonlyusedforcesfallunderthecategoryo foutcomeforces.Theseforces
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relyo nmanipulatingtheo utcomeo fthechoice,ratherthanthechoiceitself.
Here,themagiciandoesn'trestrictthechoiceandtheaudiencememberhasa
genuinelyfreechoicetomake.However,contrarytotheirbelief,theirchoice
hasnoimpacto ntheo utcomeo fthetrick. 

Aprimeexampleo foutcomeforceistheprincipleo fequivoque,alsoknownas
‘The Magician’s Choice’, where magicians give a genuine free choice to the
audiencebutdevisethenextstepso fthetrickinawaythatanychoiceleads
to the same result. It is said to be o ne o f the strongest tools mentalists
(magicians who perform mind reading tricks (Landman, 2013)) can use to
force an o utcome (Banachek, 1998,p.22).Equivoqueheavilyrelieso nusing
semantic ambiguity when phrasing a choice (Pailhè s et al., 2020). The
magician predetermines a target o bject (often a card) and provides the
spectator with a set o f so-called free choices. The choices are phrased and
framed in awaythateachdecisionleadstothesameo utcome.Forexample,
themagiciandealsthreecardso natableandasksthespectatortotouchtwo
ofthem.Themagicianknowstheywanttheaudiencemembertoendupwith
one particular card. The performer asks the spectator to touch some items
among o thers, but simply always removes the items they do not want the
spectator to have.Thewordtouchisambiguousastoitsresults:discardthe
card touched, o r keep the card touched. Had the magician asked to pick o r
hold the card, this necessary ambiguity needed for equivoque would have
been lost.Equivoqueisfoundtoproduceastrongillusiono fagencyoverthe
outcome, as the spectator fails to register how the magician selectivelyand
variouslyinterpretstheirdecisions(Pailhè setal.,2020). 

Humanbeingsfrequentlyacceptsuchsmalldisparitiesandtheygounnoticed
ino urdailylives(Erickson&Mattson,1981;Kahneman,2002,pp.449–489).
We gladly perceive o urselves as the causal agent,evenwheno uractionsdo
not directly impact the o utcome. For instance, in Choice Blindness
experiments, participants fail to detect themismatchbetweentheiro riginal
choiceandasecretlyforcedo utcome;theyreadilyproducepost-hocreasons
why they o pted for a selection they did notinfactchoose(Halletal.,2010,
2013; Hall & Johansson, 2008; Johansson et al., 2008). We simply accept
outcomes as a doing o f o ur decision making. We suggest that game design
and games research can benefit from looking into specific techniques like
equivoquetocross-referenceandgathernewinsights. 

We can apply equivoque to choices in games to see if these psychological
principles liberallyusedbymagicianselicitmotivatingplayerexperiencesin
gameworlds.Suchmappingo fprinciplefromthefieldo fstagemagico rany
other creative field to games for design inspiration has not yet been
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undertaken by research. While gamesalreadyhaveillusorychoices,o necan
expect equivoque to have a fruitful impact o n drastically reducing narrative
branchestolinearstructuresbyincludingfakechoicesthatdon’tevenneeda
reason to converge the branches. More importantly, equivoque can possibly
be used in a narrative game to confront the players with a decision via an
illusory choice and see if this creates motivating uncertainty that
accompaniesdecisionmaking.Followingmagician’sequivoquewecanexpect
player’s to o mit the inconsistencies that lead different choices to identical
outcomes.Thiscouldallowplayerstoexperienceanillusorysenseo fcontrol
over the o utcome which is conducive for feeling motivating decision
uncertainty regarding the choices presented. There is a wide o pening for
games research to use stage magic principlessuchasequivoquetodiscover,
buildandtestdesigntoolsforarousingplayerexperiences. 

This work o f research is primarily motivated bygamedesigners'interestin
finding ways to help designers elicit important player experience. As
discussed,toaccomplishthis,gamedesigno ftentakesinspirationfromo ther
fields in largely singular,non-transferableways.Inthisresearch,weexplore
whether we can apply the principles and techniqueso fo thercreativefields
likestagemagictogamedesigninamoregeneralisablefashion,anddosofor
one particular player experience, uncertainty. Thus, the work we presentis
set o ut to tackle this nebulous job by: (1) understanding uncertainty as a
crucial m2m motivation for players, and (2) exploring whether the field o f
stage magic o ffers principles and techniques that can be used to elicit said
motivatinguncertaintyingames. 

ResearchQuestion 
In summary, how uncertainty motivates players in their m2m play is an
importanto penquestionforresearchersanddesigners.Furthermore,howto
elicit such motivating uncertainty and related epistemic emotions isn’t
explored much in games research. Techniques inspired by the fieldo fstage
magic can help create illusory choices; the choices can further help in
elicitingdecisionuncertaintythroughdesign.Especially,theforcingprinciple
of equivoque appears promising to design uncertainty-preserving m2m
choices in narrative games where game designersareinterestedinsteering
thechoicesinaparticulardirection. 

Therefore, the central question o f the thesis is multi-fold in the following
order: 
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RQ1:Whatistheroleofuncertaintyinmoment-to-momentplayermotivation?
Howcanwedesignforsuchuncertainty? 

RQ2: Can the magic forcingprincipleofequivoqueofferdesigninspirationfor
evokingmotivatingdecisionuncertaintyinplayers? 

Evidently, the question has many largely unexplored terms like forcing,
uncertainty, in fact stage magic itself in the context o f games is a widely
undiscoveredfield.Thismakesitapparentthattheseconstructsneedfurther
explorationbeforeweattempttoanswerthemainresearchquestions.Thus,
here are some o bjectives that havebeensketchedo uttotackletheresearch
questions: 

ResearchObjectives 
To unpack the role o f m2m uncertainty for player motivation, we need to
knowthepresentliteratureinthefirstplace.Thus,ResearchObjective1is: 

RO1: To examine the current player motivation literatureinordertoposition
uncertaintyandrelatedepistemicemotions. 

Forthis,weconductedfocalnarrativeliteraturereviewso nplayerexperience
and motivation (Chapter 2), curiosity and uncertainty o utside o f games
research (Chapter 3), and uncertainty as a player experience in games
research(Chapter4). 

Theseliteraturereviewsrevealthatthereislittleempiricalknowledgeabout
howuncertaintymotivatesplayersm2m.ThisleadsustoResearchObjective
2: 

RO2: To explore when and why uncertainty becomes motivating in m2m 
gameplay. 

We o pted for a qualitative method, namely constructivist grounded theory
(Chapter 4) for answering this o bjective. The study uncoveredastronglink
betweenuncertaintyandcuriosity.Furthermore,ithighlightedtheimportant
roleo f decisionmakinguncertainty. 

To devise tools for designing for motivatinguncertaintythatcouldbetaken
fromthefieldo fmagicwaso urnextResearchObjective: 

RO3: To survey the field of stage magic for relevant game design inspiration,
especiallywithrelationtoelicitingepistemicemotions. 
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To achieve this, we conducted a literature survey o f the field (Chapter 5)
uncovering ways to elicit epistemic emotions. From the review, we suspect
that equivoque can help elicit decision uncertainty in games. Research
Objective5teststhis: 

RO4: To explore if equivoque can be applied toinvokedecisionuncertaintyin
games. 

Weconductedamoredetailedreviewo fequivoque(Chapter6)toexploreits
applications.Furthertothat,weconductedaserieso fthreeempiricalstudies
(Chapter 7) into whether and how equivoque can help elicit decision
uncertaintyingames. 

ResearchApproachAndMethodology 
This research uses a mix o f research methods that answer to the needs o f
particular o bjectives. Primarily, it uses o nline quantitative between subject
studies to evaluate if uncertainty can be elicited using equivoque. Online
studies allow us to recruit diverse participants and maintain ecological
validity. This comes at an expense o f not being able to control the play
environment as strictly as in a lab study (Cairns & Cox, 2008). Across the
studies,wedidn’twantplayerstofeelpressuredintoplayinginacertainway
and feeling as if they are being monitored. We placed attention and
comprehension checks in place to avoid collecting data from players who
skippedcrucialstepso fthestudy.Weusedsuchquantitativemethodsaswe
hadspecifichypotheseswewantedtotest. 

Where we did not enter a topic with a fixed hypothesis but wanted to
generate theory, we used qualitative methods like constructivist grounded
theory (Charmaz, 2014) to explore m2m player motivation and find
uncertainty as a key player. Mixed qualitative methods o f data collection
(diaryentries,videorecall,semi-structuredinterviews)allowedustocollate
data from different perspectives. In terms o f recruitment, we were very
careful about diversity and tried to recruitpeopleacrossdemographicslike
age,gender,playpreferences,playbehaviour,o ccupationsandethnicity. 

Lastly, thethesisspansseveraldisparatefields(stagemagic,psychologyand
games),thereforerequiredinvestigationo fcolossalandentangledtopics.We
did not want to fall prey to wearing blinders and starting the investigation
with the first fitting model without making an o rganised effort to find
suitable inlets. To remainrigorousyetincisive,topicalliteraturesurveysare
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in o rder. For instance, to look at epistemic emotions we primarily
concentrated o n literaturesurroundingfeelingso funcertaintyandcuriosity,
and for looking at stage magicweusedthelenso fepistemicemotions.This
allowed us to analyse o nly those stage magic principles that have been
documentedwithrespecttoinvokingepistemicemotions. 

StructureoftheThesis 
This thesis moves between involved yet separate topics (player motivation,
uncertainty,epistemicemotionsandstagemagic).Weworkthroughaspecific
literaturerelatedtoanindividualtopicandbundleo fstudiesatatime.Wedo
sotoavoidfrontloadingthereaderwithalltheinformation.InChapter2,we
discuss the work done in player motivation by researchers and developers
and draw tentative links between uncertainty and player motivation. We
identify that despite emotions being integral to human motivations, its
exploration in games research with respect to motivations is restrictedand
pre-empirical(nottestingthetheorieso rverifyingtheirrelationswitho ther
game elements o r o ther player experience constructs). In Chapter 3 we
therefore throw light o n curiosity and related epistemic emotions as
understood in psychology. We identify relations between curiosity and
importantplayerexperienceslikeuncertainty,surpriseandinterest.Wekeep
thischapterbrieftoavoidgettingderailedinvariousbrancheso fpsychology;
instead the main aim o f this chapter is to make thereaderacquaintedwith
thesetermsandfindlinksbetweenuncertaintyandmotivation.InChapter4,
weexploreexistingworkinuncertaintyingamesandidentifythegapsinthe
field. This is accompanied by a mixed-data grounded theory study that
inspects m2m player motivation and finds that uncertainty plays a central
role. We identify sources o f uncertainty and provide a taxonomy o f seven
uncertainty types based o n these sources. We also identify which
motivational constructs uncertainty communicates with, identifying when
and why uncertainty becomes motivating. From o ur grounded theory
analysis, curiosity comes o ut as o ne o f the main motivators around
uncertainty. Of the different kinds o f uncertainty, we single decision
uncertaintyforo urinterestinlinewiththedefinitiono fgamesasaserieso f
interesting decisions (Meier, 2012). We identify two salient features for
players tofeeldecisionuncertainty:(1)theyfeelthatthereisagenuinefree
choicetobemade,(2)theyfeelthattheirdecisionwillhaveanimpacto nthe
outcome. 

Ourresearcho bjectivetogivedesignerstoolstoelicitmotivatinguncertainty
makes us evaluate different creative fields where we can find design
inspiration. In Chapter 5, we establish why stage magic is a rich source o f
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knowledgeforgamedesigners.Italsoapplieslessonslearntinpsychologyin
a creative format. We make a case that magicians are experts at invoking
epistemic emotions in their audience. They have applied design principles
thatusemystery,conflictandtensiontocreaterequiredcuriosity,uncertainty
and anticipation for theirconjuringtobesuccessful.Wedrawparallelswith
gamedesigntoshowcasetheoverlapandhighlightprincipleslikeperceptual
causality and forcing that can be used to create surprise andtheillusiono f
choicerespectively.Bothareextremelyvitalforgames. 

InChapter6,wezerodowno ntheprincipleo fequivoqueasanaptvehicleto
maintain decision uncertainty when designerswanttosteerplayerchoicein
particular directions. Here, we explain the workings andtypeso fequivoque
andexplainhowtheycanbenefitgamenarratives.Subsequently,inChapter7
we test o ur theories with 3 studies o n equivoque. The first isalabstudyin
partnershipwithmagicresearcherstoestablishthatequivoquecancreatean
illusion o f choice which feels real to people. The next two studies apply
equivoquetoanarrativegametotestifo therthancreatingafeelingo fchoice
andperceptiono fimpact,equivocationalsocreatesdecisionuncertainty.The
first o f these two studies is a porting o f equivoque to games and a testata
single decision point. The following study investigates if equivoque is
sustainable over multiple choices: we test if equivoque elicits decision
uncertainty if theillusionisrepeatedoverandover(inthiscasefourtimes)
orisinterleaved. 

Finally, in Chapter 8 we bring together the individual learningfromeacho f
these chapters and discuss the contributions, limitations and ideas that we
have for future work in the field. In this chapter, we use o ur findings to
position o ur work in the universe o f game research and development.
Additionally,weshedlighto nthecontributionwehavemadeintranslational
workingamesresearchandHCIatlarge;bothintranslatingknowledgefrom
theory to practice and translating knowledge from o ne creative field to
another. We also provide a reflection o n o ur methodology and process o f
answeringo urresearchquestionsintotality. 

Note:Weareenthusiasticaboutshowcasingourfindingsandinsights.Wehope
our work (through the spheres of uncertainty, curiosity and stage magic) is
interesting,inspiringandeducatingforthereaders.
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Chapter2 

WhyDoPlayersDoWhatTheyDo? 


Introduction 
In this chapter and the next, we aim to find relations between uncertainty
and existing player motivation work to find information that addresseso ur
first Research Question and find theories that o ur research can further
investigate. 

RQ1:Whatistheroleofuncertaintyinmoment-to-momentplayermotivation? 

Morespecifically,thesechaptersaimtoaddressthefirstResearchObjective 

RO1: To examine the current player motivation literatureinordertoposition
uncertaintyandrelatedepistemicemotions. 

Video games are popular and their popularity is o nly rising across
demographics (May, 2020). It is becoming increasingly prevalent to ask
questions about games and gamedesignfromtheplayer’sperspective.Why
do players engage in games and spend their time in game universes?What
motivates players to do what they do in a game world? We think that
continuing the exploration o f answers to questions like these can help
designers in crafting desired o r intended experiences. This is perhaps why
the field o f player motivation and player experience (both in the games
industry and academia) is constantly expanding (Desurvire et al., 2012;
Hodent,2017). 

Gamescanbeconceivedfrommultiplestartingpoints,wheretheinspiration
could come from a doodle (Angry Birds (Rovio Entertainment, 2009)) to
wanting to tellapersonalstory(Cibele(Freeman,2015)).Acommonwayto
design a game is to define and describe the game itself: its features,
mechanics, rules, tokens and so o n. A different, increasingly prevalent
approach is to start fromtheplayeranddefinewhatexperiencethegamein
question aims to evoke (Hagen, 2011). Jenova Chen, game designer o f the
acclaimed game Journey (Thatgamecompany, 2012), explains that the
inception o f the game came from wanting the players tohaveanemotional
experience. He says, "We wanted to make a game that makes you feel
somewhatlonelyandsmall,but[where]youhaveasenseo fawetowardthe
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mysterybehindthisgame”(Chen,2013).Thisisjustanexampleo fthewayin
which many game designers today approach design,wherethestartingand
even the most important factor is the player’s experience. We think an
important investigation is the relation between these experiences and the
design o f game elements. For example, not o nly what roledoesuncertainty
playinmotivationbuthowdowearrangegameelementstoelicitthefeelings
ofuncertainty.Fornow,wefocuso nthefirsthalfo ftheproblem. 

One,ifnotthemostimportantexperientialqualitygamedesignersaimforis
that players are motivated to play. Video games tap into motivational
processes as wellaso rinsomecasesbetterthantraditionalformso fmedia
entertainment(Ryanetal.,2006).Players’motivationsamongsto therthings
vary with theirphaseo rstageo fengagementwithagame:beforestartinga
game,duringthegame,attheendandafterthegame.Theyvaryfromgenre
to genre, platform to platform and to an extent from o ne player to another
(Tuunanen&Hamari,2012).Whilecraftingamotivatingplayerexperienceis
important, it is perhaps complex to design for, given experiences as they
emerge and shift as a player continues from o ne moment to another.
Researchers have identified the cruciality o f player motivation and done a
vastarrayo fworkinthisdomain(JuhoHamari&Tuunanen,2014).Sincethe
inception o f video games, scholars have approached player motivation
throughconstructslikechallengeandmastery(Denisovaetal.,2017;Malone,
1984; Tichon &Tornqvist,2016),increasinglylinkedtotheoriesaboutbasic
psychological needs like that o f perception o f competence (for e.g. through
game feedback), feeling autonomous and connected with the community
(Rigby&Ryan,2016,2007;Ryanetal.,2006). 

It becomes important to unpack and reflect o n what do we count as
motivation behind player’sactionsastheterm‘motivation’initselfisbroad,
multifaceted and contested (Buchenau & Suri, 2000; Cofer & Appley, 1964;
Deci & Ryan, 2010; Reeve, 2014, pp. 1–23; Weiner, 2013) and so is player
motivation. Instead o f illustrating all the aspects o f this term, we here will
look at their usage within the scope o f games. We inspect theintersections
where motivation touches upon player experiences that are described as
favourablebyplayers:likefun,engagement,flow,immersion,satisfactionetc.
(Denisova et al., 2016). As these areemergentqualitieswhichconflatewith
players’ personal trajectory, they simply cannot be mapped to individual
game components (Hagen, 2011), however we wish to find notable game 
patterns with respect to uncertainty and m2m motivation. Since player
motivation and player experience are themselves so multidimensional, the
literature in the field is expectedly more like a disjointed mosaic missing
pieces than a coherentexpandingpicturewhichmakesithardforustofind
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neat links o rgapsbetweenplayermotivationanduncertainty.Westartwith
takingabrieflookatpsychologicalconstructsrelatedtohumanmotivationto
be able to o rganise literature about player motivation with respect to o ur
research. 


ABriefLookatPsychologicalConstructsrelatedto 
Motivation 
The question ‘why do players do what they do?’ according to us, must be 
importantlylinkedwith‘whydopeopledowhattheydo?’Forthisreasonwe
take a brief look at motivation in the field o f psychology. This will help us
systematisewhatweknowaboutplayermotivationandwhatwestillneedto
test o r find o ut with respect to uncertainty. As said above, motivation is a
deeply contested concept and does not have a general grandtheory.Thisis
owingtothecomplexnatureo fhumanbeings(Baumeister,2005,2016)and
clashing assumptionsaboutthenatureanddynamicso fmotivationamongst
researchers (Reeve, 2016). To answer what constitutesmotivationandthus
playermotivationwerefertosomeexistingwork. 

Needs (biological, psychological o r implicit), cognitions (goals, plans,
expectancies, beliefs etc.), emotions, and external events (feedback) are
commonly identified as the major processes that constitute motivation and
mightbegivingbehavioritsenergyanddirection(Reeve,2014).Researchers
have evolved and added needs forbelongingness,esteem, self-actualization
(Yang, 2003, pp. 175–255), competenceandthriving(R.W.White,1959)o n
the two basic motivational needs o f survival and reproduction (Aunger &
Curtis, 2013). This has been taken up by the theory o f intrinsic motivation
formulatedbyDeciandRyanwhichhasseenitsapplicationingames(Deci&
Ryan, 1980; Ryan et al., 2006). On the o ther hand, emotion as a source o f
motivation is typically divided into basic emotions, self-conscious emotions
and cognitively complex emotions (M. B. Arnold, 1970). The feeling o f
uncertainty falls into the group o f epistemic emotions which are emotions
related to acquiring o r having knowledge i.e. emotions humans feel when
they learn, adapt, test, explore, discover and find new information(Brunet
al., 2008, Ozono et al., 2020). We will discuss these emotions in further
detailsinthenextchapterwithrespecttoplayermotivation.Thischapterand
the next will continue to inspect needs, cognitions, emotions and external
eventswithrespecttoplayermotivation. 

Baumeister (2016) essentially defines motivation as ‘wanting’, as a
suggestion to simplify motivation being classically defined as an internal
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process that energises, directs and sustains behaviour. Reeve et al. (Reeve,
2016) point o ut that ‘wanting’ requires a preceding knowledge. However,
WrightandReeveetal.(Reeve&Cheon,2014;J.S.Wright&Panksepp,2012)
add that there is an explorative side o f motivation that is forward looking.
Pankseppcallsthis‘seeking’(J.S.Wright&Panksepp,2012). 

Relevant to o ur research, the most direct situational factors that trigger
‘seeking’ with respect to the motivation (of curiosity) are uncertainty o r
unpredictability and incongruity (Berlyne, 1962; Boykin & Harackiewicz,
1981). Curiosity triggered by uncertainty is due to a gap in desired
knowledge and the need to resolve it (Kagan, 1972). It follows that people
‘seek’ (are curious) to resolve uncertaintyo r‘informationgaps’.Inpresence
of uncertainty (knowledge gaps), individuals are motivated to eliminate
uncertainty regarding information gaps when the benefit o f resolving it is
perceived to be greater than the cost; in o ther wordstheuncertaintyisnot
too high compared totheeffortbeingputtoresolveit.Thisdependso n:(1)
Howimportantandusefultheyperceivetheinformationtobe(Golmanetal.,
2015); for instance, information relevant to career aspirations o r social
relationships is highlyvalued(Swannetal.,1981;vanLieshoutetal.,2018).
(2)Howattainabletheinformationisforthem(i.e.,expectedavailability)(S.
I.Kim,2013).Overall,‘manageable’uncertaintymotivatespeopleto‘seek’its
resolution. Thislinkbetweenuncertaintyand‘seeking’hasbeenexploredin
games by To et. al (2016) (discussed in Chapter 3). The idea o f o ptimal
uncertainty as a motivating factor for players has been discussed by game
designersandresearchers (Abuhamdehetal.,2015;Costikyan,2013)which
weillustrateincomingsections. 

Reeve suggests that the study o f motivation revolves around two perennial
questions: (1) What causes behavior? (2) Why does behavior vary in its
intensity (Reeve, 2014, pp. 1–23, 2016)? Here, it’s importanttounderstand
phases o f motivated behaviour that transition: Where and why does a
behaviour start? Why is behavior sustained over time? Why is behavior
directed toward some goals as o pposed to o thers? Why does behavior
transition in direction and change overtime?Andwhydoesitstop?(Reeve,
2014, pp. 1–23). This throws light o n a fundamental problem in the
motivational analysis o fbehaviori.e.tounderstandwhyaperson’sbehavior
varies in its intensity from o ne moment to the next. This maps with o ur
interest in players' varyingmotivationingameplayfromo nemomenttothe
next.Noto nlyareweinterestedinwhatcausesaplayer'sactions/behaviour
buthowandwhyitchangesfromo nemomenttoanother.Subsequently,what
roledoesuncertaintyplayinthem2mmotivationchangeso ftheplayer.
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Aso pposedtotransitioningmotivationi.e. theneedtoshowcaseaparticular
behaviour o n a specific o ccasion i.e.moretodowiththe‘hereandnow’are
theperpetualtendencieso fwantingfood,safetyo rsex(Maslow,1943).This
bringsustothestatevs.traitdebateinmotivationalstudies.Traitmotivation
ismoreo faconstantpropertyo fapersonwhereasmotivationalstatescanbe
seen as an interaction between the current situation and a person (Bolles,
1980).Forexample,someonemaybeveryhungrynowbecausetheyhaven't
eatenforaday(statemotivation),o rsomeonemayhaveastrongappetitein
general (trait). Reeve (2016) insists that “motivation is always a state,”
arguing against motivation as an enduring constant. He proposes that it is
more useful to analyse conditions that can create internal conditions
triggeringmotivationalstates,thisiswhatwearealsointerestedin.Whenwe
look at games, this is an extremely important argument, as a game’s
environmental state changes all the time, arguably impacting the player’s
motivational states. However,themajorityo fthecurrentliteratureinplayer
motivation focuseso nbehaviouraltypologiesderivedfromtraits(Tuunanen
& Hamari, 2012). Also, literature o n motivation further emphasizes the
transformational nature o f motivational potentials over time and across
situations (Hidi & Renninger, 2006; Jenkins, 1987). Again, from the
perspective o f games, this aspect o f motivation is extremely important as
games trigger the transformation o f motivation by being interactive and
responsive. 

This section provides a broad and somewhat crude and partialoverviewo f
human motivation. However, it shows that the psychological literature in
motivationdealswithstateandnottraitbasedmodelsandrecognisesneeds,
cognitions, emotions, and external events alike as motivations. It places
emotions(likeepistemicemotions)asasourceo fmotivationandalsorelates
motivation with‘seeking’o rforwardlooking.Thisstartstoshowusthatthe
‘emotions’ o f uncertainty (an epistemic emotion) could be motivating for
people to‘seek’resolutionandtriggerthe‘need’tofillinformationgaps.We
willuse‘needs’and‘emotions’assomeo ftheparameterstoanalyseexisting
playermotivationliterature. 

We suspect that the answer to ‘why do players do what they do’ must be 
multifaceted. A number o f motivations, needs, emotions and experiences
must interlink and impact players’ reasoning to pick, play o r discontinue a
game.Wehopetofindwhicho ftheexistingworkaddressesm2mmotivation
and links with uncertainty and related emotions (e.g. emotions o f curiosity
andinterest)aroundknowledgegapsandtheneedtofulfillknowledgegaps.
Weacknowledgethatplayermotivationsarediversesowecastabroadnetto

30 

find links between different player types (basedo nexistingtypologies)and
theirmotivations. 

Inthenextsectionswewilldiscussexistingplayerbehavioralmodelsandthe
motivational reasoning linked with that. We suspect these player typology
models that interlinkwithplayermotivationaltypeswillgiveusinsightinto
‘whyplayersdowhattheydo’o nanm2mbasisbutalsoshowhowmuchthe
role o f uncertainty has been analysed as areasonforplayers’motivationto
play. Existing work in player motivation spans different game genres and
playing styles.Herewepresento nlythecurrentmajorpieceso ftheexisting
literaturethataddinformationtoo urresearcho bjectives. 

PlayerTypologiesandExperienceModels 
We look at some select player typologies to see how researchers have
explained and categorised behaviour. Researchers and designers have
constructedplayertypologiestocategoriseplayerbehaviour,butindoingso
they also explain the reasoning behind player behaviour. This reasoning
behind behaviour, seen from what Reeve suggests, must be the player’s
motivationthatgivestheirbehaviouritsenergyanddirection(Reeve,2014).
From a motivational study perspective, we are interested in that reasoning
morethanthetypologyitself.Wediscussthemostprominenttypologiesthat
contributeuniquemethodologyo fcategorisationandresults. 


Caillios’PatternsofPlay 
One o f the o ldest typologies for play was o ffered by Roger Caillois (2001,
2006), who described four different forms o f playful behaviour which also
serveasplaystylepatterns.AgonistheGreekwordforcontestandwasused
to describe games o f challenge,meaninggamesthatinvolveadirectconflict
orcompetition.AleaistheLatinwordfordiceanddescribesgameso fchance
and randomness. Mimicry, similar to thebiologicalterm,isusedtodescribe
play as someone o r something else, whichincludesrole-playing,playacting
and dress-up. Ilinx is the Greek word for whirlpool o r vertigo (i.e., sudden
shock). This is used to describe games with a visceral impact. Caillois also
classified games along an activity dimension ranging from structured ludus
(i.e., a rule-based activity) to unstructuredpaida(i.e.,spontaneousactivity).
Cailliosmadeitclearthatthiswasnotanexhaustivecategorisationsystemo f
play but an exploration. Our analysis o f this categorisation speculates that
players ‘seek’ o r are motivated towards: (1) challenge (agon) to test their
competence; (2) the o utcome o f chance (alea) to resolve their uncertainty
around random o utcomes, for example, a player rolls a die and then is
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uncertain about the o utcome but excited to see where the die lands
(resolution o f uncertainty).ThiscategorybyCailloisando uranalysiso fitis
muchinlinewithSutton-Smith’s‘playasfate’rhetorico fplaywhereherefers
to uncertainty around games o f chance and gambling(Sutton-Smith,2009);
(3) entering the role o f someone else (mimic); (4) being taken by surprise
and encounter the unexpected (ilinx). With identifying alea and emotions
related to unexpectedness and surprise, Caillois was o ne o f the first tolink
uncertaintyando therepistemicemotionsingameswithenjoyment. 
The main shortcoming o f Caillois’ system and systems built o n top o f it
(Bateman 2009, p.64; Bateman and Nacke, 2010) is that they do not say
which o f these behaviours and related motivations are most prevalent in
players and why. It does not compare o r link these four factors with each
other(dotheyoverlap?)o rexplainitsvarieddegreeso feffectso ntheplayer.
That is, it does not say much about the moment to moment nature o f
motivation and its relations with game states o r arrangement o f game
elements. As Caillois himself points o ut, these four dimensions are not
complete in themselves. It is limited in perspective as is drawn o ut o fpure
personal o bservation and speculation and we do not know how these
behaviours impact o ther player experiences. The model describes the
player's activities with some motivational insights but doesn't say how we
should design for such behaviour o r motivationwhichiso neo fthegoalso f
our research work. It also does not tell us if the player’s states beyond the
game i.e. the context in which they are playing impacts their behaviour o r
motivation. Lastly, it doesn't explicitly discuss player emotions while they
demonstratetheseplaypatterns. 
This system gives us o ur firstinsightsintotheroleo funcertaintyrelatedto
chance (alea) and the motivation to seek results o f the chance. It also
highlightstheroleo fchallenge(agon)andrelatedfeelingo fcompetence(an
epistemic emotion) which lines with factors o f intrinsic motivation to
continueanactivity(Deci&Ryan,2010).Finally,ittellsusthatplayersenjoy
the unexpected ‘shock’ (ilinx) which we think feeds into the feeling o f
anticipationandsurprisethatisanotherepistemicemotionthatmotivatesin
terms o f knowledge seeking. These are important insights for us to further
investigate. 

Hearts,Clubs,Diamonds,Spades 
Richard Bartle’s (2004, 1996) typology explains player behaviour by
categorising Multi-User Dungeon (MUD) players into four groups: Killers,
Achievers, Socializers and Explorers based o n data collected from MUD
players. 
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Killersareplayerswholiketoattackandtroubleo therplayersbyplayingthe
‘evil’ player role. Achievers are players who want to gain the most points,
climb all leaderboards, finish all levels etc. for prestige. Explorers like to
investigate and find everything about the gamelikehiddenpaths,character
backgrounds etc.Socialisersplaythegameforitssocialaspectandthegame
serves as a platform to meet o thers in-game o r o utside. With these types
Bartle explains player behaviour and he acknowledges that the ability to
continue acting in these directions motivates these players to play, for
instance, Killers are motivated to engage with the game to avail the
opportunity to behave like Killers. This falls in line with trait based
motivationalideao fmotivationbeingaperpetualtendencyi.e.Killershavea
perpetual tendency to attack and trouble o ther players. In terms o f
uncertainty, we already see that the Explorer tendencies link with ‘seeking’
behaviour o f filling information gaps and Achiever tendencies link with
achieving results including resolving information gaps. Exploration linesup
withtheepistemicemotionso facquiringknowledgebyresolvingknowledge
gaps about the world. In o ur analysis this ties with the idea o f wanting to
resolve ‘manageable’ uncertainty (see above section) and the curiosity to
resolveit. 
With thisearlymodel,Bartledidnotacknowledgethatthesetendenciescan
overlap (i.e. an Explorer can be an Achiever) o r there can be morenuanced
subtypes toeachcategorybasedo nthereasoningo rmotivationbehindthat
behaviour. Moreover, it didn’t consider variation in behaviour and that
motivationscanchangeovertime.Toaddressthis,helateraddedanewaxis
Implicit/Explicit to his first model (Bartle, 2005). Implicit acknowledges
players acting without actively thinking about their actions, while Explicit
recognizesplayers’intentiontoactinacertainwayinthegame.Theexplicit
side o f the axis acknowledges that the player acts basedo nsometriggerin
the environment whereas the implicit axis suggests the idea that players
themselves don't know what their motivations are. Although this doesn’t
exactlysay‘whyplayersdowhattheydo’butitstartstoacknowledgetherole
of states based motivation in behaviour i.e. motivation change based o n
triggers in the game environment. Furthermore, his later model described
how players take different sequences in transitioning from o ne type to
another. However, these stipulated shifts in motivations are tailor made
assumingthatplayershaveacertainpre-designedpatho fbehaviour.Adding
this extra dimension adds four more player types, giving each parent
category a sub-type. This addition has notbeendeeplytestedo nitsowno r
with respect to o ther player experiences making it less robust beyond a
theory. 
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As acknowledged by Bartle, these player types don't lend themselves to all
kinds o f games (Kyatric, 2013) o r platforms (e.g. VR). This theoryhasbeen
applied by designers. However, for over a decade it was not quantitatively
tested o r contested throwing little light o n the rigor o r limitations o f the
model. While designers have adapted it to their benefit, the literatureitself
doesn't provide tips to design for these behaviours and underlying
motivations and test them with respect to o ther player experiences. It also
doesnotaccountfortheplayer'sstatebeforeo rafterpickingthegame.That
said, Bartle’s model starts from a trait based system to acknowledging the
statebasedmotivationthatdirectsbehaviour.Thisiso neo fthefirststepsin
looking at moment to moment motivation changeinplayersbasedo ngame
states.HisExplorertypesuggeststhatplayersdowanttoresolveuncertainty
or ‘information gaps’ in the environment by exploring to seek resolutions
even though emotions o f uncertainty o r o ther emotions are not directly
discussed. 

MotivationTypesbyNickYee 
Nick Yee (2019a, 2016) developed a typology based o n motivations. He
developed a model o f motivational types made up o f various strongly
expressedcomponentsinsteado funitaryplayertypes,basedo nalargescale
survey bymassivelymultiplayero nlinerole-playing(MMORPG)players.The
questions he used were drawn from existingworkinplayermotivationand
motivation psychology (Bartle, 2004; Hunicke et al.,2004;Lazzaro,2004;S.
Rigby & Ryan, 2007; Sherry et al., 2006). Yee has continued toworko nthe
typologyandFig.1.showsthecurrentiterationo fhismotivationmatrixo f12
components from his work at Quantic Foundry (Yee, 2019b), using data
gatheredfromover400,000gamers. 


Fig.1.C
 omponentsbasedPlayerMotivationalTypesbyNickYee(2019b) 
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The model digs into the motivation behind player behaviour and both
expands and contradicts Bartle’s player types. For instance, behavioural
characteristics o f Bartle’s Killer type are split between the motivations o f
Destruction, Competition and Challenge subcomponents. Yee moves away
from strict player types and explains that motivational components can
overlapinanindividual:thesameplayercanhavedifferentmotivations.That
said,thismodeldoesnotaddresschangeo fmotivationsbasedo nstatesi.e.it
throwsnolighto nbehaviourtriggeredbychangesinthegameenvironment.
Yeereportsthemotivationo fDiscoveryasanurgetoexploreandexperiment.
WesuspectthistobesimilartoBartle’sExplorertypewhereplayers‘seek’to
find more information about the game to resolve knowledge gaps
(uncertainty). His Excitement component points at the player seeking
surpriseandismotivatedtoperformfastpacedactions.Laterinthethesiswe
see how this motivation links with the player's m2m interaction with the
game and its connected uncertainty (Chapter 4). Once again we see
Competition, Challenge as motivational components related with players'
epistemic feelings o f perceived competence that informs their intrinsic
motivation(Deci&Ryan,2010)toplay. 

Categories like the o nes in Yee’s and Bartle’s models reflect types o fplayer
actions and the mechanics and systems o f the game rather than explaining
what led players’ actions themselves. They classify motivation from
behaviour in a predefined game space. These models are not talking about
underlying needs o r emotions as states, but personality traits. They are
therefore prone to the issues we discussed earlier o f traits as perpetual
tendencies o f behaving in a certain way, not paying attention to complex
situational state-based transitions and differences. While they can help in
suggesting to players o ther titles they may like, from a design perspective,
theythrowlittlelighto nquestionslike:‘Howcanwegetplayersintothese12
motivational constructs? Do these motivations transition from o ne moment
tothenextwithinthegameandifsohow?’ 

Even when they describe personality traits as stable player preferences to
behave in a certain way, what remains unexplained is ‘why’ players arethe
‘type’theyareo rhavecertainmotivationtypes.Whyandwhendotheyactin
acertainway?Whattriggersachangeintype?Anysuchstrictcategorization
might always have gaps as neither can it address all kinds o f gamesnorall
kinds o fmotivationtriggersthatleadtoplayer’sin-gamebehaviouralstates.
While Yee draws motivational types which are starting to describe the
reasoningo fthebehaviourandshowsmotivationtypeslikethato fDiscovery
hedoesnotexplicitlylinkitwithemotionslikecuriosityando therepistemic
emotions that we suspect inform Discovery. Similarly, the model discusses
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Challenge seeking as motivation but does not link it with the motivational
construct o f perceived competence that is a component which makes
challenges motivating (Ryan & Deci, 2017). A motivational model like this
could have touched o n player needs and emotions but it mostly deals with
traitm
 otivation. 


GamerMentalities 
Anempiricallyderivedmodelo fplayersforalldigitalgameplay,groundedin
surveys and interviews, is thato fninedifferentgamermentalities(Kallioet
al., 2011), classifying mentalities based o n the length, regularity and social
context o f the game play. The model is divided into three groups o f
mentalities,eachhavingtheirowntypeso fplay. 

Social Mentalities: Gaming with Kids, Gaming with Mates, Gaming for
Company 
CasualMentalities:KillingTime,FillingGaps,Relaxing 
CommittedMentalities:HavingFun,Entertainment,Immersion 

Itiso neo fthefirstmodelstostudysocialandculturalcontextsthatmotivate
people to play games and looks at a broad spectrum ranging from ‘casual
relaxing’to‘committedentertainment’.Theydrawattentiontoplayer‘needs’
in creating these categories. Amongst o ther needs, they say thatpeopleare
motivated to play because o f social needs, need for relaxation and broader
needforentertainment.Whileweseeexplorationo fneeds,westilldonotsee
muchdiscussionregardingplayeremotions. 

Given the broad range o f variables it looks at: culture, age, style o f play
addressedwithalimitedstructure,andtheydonotthrowlighto ntheroleo f
emotions in motivation. The typology focuses o n perpetual needs, however
they do acknowledge the possibility o f these needs overlapping with o ne
another.Themotivationissomewhatsituationbasedo utsideo fthegame,for
example,motivationtokilltime.Thisiso neo fthefewmodelsthatlookatthe
windowo utsideo fthegametoderiveplayermotivations.However,wedonot
find much information o n m2m gameplay motivations and motivational
changesbasedo ngamestates. 

EnginesandDomainsofPlay 
This model focuses o n typologizing play experiences as o pposed to
typologizing players, their motivations and their behaviours. Some
individuals and collaborations from the games industry look at player
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motivation from this perspective. Inthissectionwediscusso neo fthemore
popularmodels. 

In his GDC talk Five Domains of Play, Jason VandenBerghe (2012) uses the
“Big 5” personality dimensionsfrompersonalitypsychology(L.R.Goldberg,
1992; McCrae & John, 1992) to map personality types o nto player
preferences.Heshowcases(viaqualitativedata)thatplayerslikegamesthat
match their personality types. As a model example, Alice o f Alice in
Wonderland (L. Carroll, 1992)wouldlikeMinecraft(Mojang,2011)assheis
open to new experiences. This theory o pposes the idea o f games being a
source for escapism. He explains that perhaps players choose games that
fulfill unfulfilled needs their personality is naturally drawn towards.Thisis
an importantandnewangletoplayermotivationasitfocuseso nneedsthat
match player personality types (traits o f their personality) but remain
unfulfilledandsaysthatplayersusegamestofulfillthoseneeds.Insummary,
playersaremotivatedbytheirpersonalitytraitsandgapsinneedfulfillment.
The model does not address transitions in needs o r motivation based o n
gamestatechangewithintheplayer’sgameplayexperience.Thismoreo rless
describes why players pick particular games to play but not why do they
continueplayingagame. 
In 2016, Vandenberghe expanded his theory (VandenBerghe, 2016) and
proposed that after players pick games based o n their traits, Player Need
Satisfaction Theory (PENS) (Rigby &Ryan,2007)explainswhatkeepsthem
engagedinlaterphases.Thatistheirbasicneedso fautonomy,perceptiono f
competence and relatedness (described later in the chapter) drive them in
the game with the game states. He doesn’t provide much proof for this
transitionandcompletelyrelieso nPENS(seebelow)forhisextendedmodel.
Vandenberghe’s findings overlap considerably with Yee’s, concluding that
playersactinaccordancewiththeirpersonalityratherthanescapingtobea
completely different person. This model like Gamer Mentalities (seeabove)
focuses o n needs for motivation but also addresses that motivations are
intrinsicandchangebasedo nthechangeo fneeds,perhapstriggeredbythe
game environment. These models by Vandenberghe do not explore
motivation from the perspective o f emotions but give us some ground for
investigationinmomenttomomentplayermotivation. 

ReflectiononPlayerBehaviourandMotivationModels 
Our research question is related to m2m player motivation and the role
uncertaintyplaysinit.Weworkthroughsomepopularlyusedmodelstosee
thestatuso fplayermotivationwithrespecttostatebaseddialogueandwork
aroundneedsandemotions.Wealsohopetofindsomelinkswithfeelingso f
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uncertaintyo ro therrelatedepistemicemotionsaroundknowledgegathering
to start forming an understanding around the role o f uncertainty in player
motivation. 

The above modelsshowaspano fplayermotivationworkdoneinacademia
andindustry.Wehaveo mittedmodelswhichoverlaptoalargeextentanddo
not look at motivation from emotions, needs o r m2m perspective, for
instance: BrainHex (Nacke et al., 2014), Eight Kinds o f Fun (Hunicke et al.,
2004) exploring what makes a game fun, Whang’s model (2004),
Segmentation o f o nline gamers by motivation (Tseng,2011),Zachariasson’s
types (2010), Jacob’s player model (Ip & Jacobs, 2005), Canossa’s player
typology (Drachen et al., 2009). For further reading, player types literature
has been collated by Hamari as a meta-synthesis (Tuunanen & Hamari,
2012). 

These models give us first insights into tentative links between player’s
epistemic emotions like that o f uncertaintyandtheirmotivationtoplay.We
also see some exploration o f player ‘needs’ both at a macro level (Gamer
Mentalities) and we start to see some indication o f involving psychological
models to address that players might be motivated to fulfill moment to
moment needs (Engines and Domains o f Play). While the above breadth o f
workshowshowimportantthisfieldistoacademicsandpractitioners,italso
presents an o pportunity to analyse contributions and gaps in the current
literature with respect to o ur research quests. The discussed models are
representative o f a few shortcomings. They are by large standalone
approachestowardsplayermotivationratherthanbuildingo neacho ther.We
see reformed typologies by Bartle and Vandenberghe start exploring state
based motivations. Bartle’s typology with the Implicit/Explicit axisdoesnot
point to a specific motivation (needo remotion)butVandenberghpointsus
towards Self Determination Theory (discussed below). In some models we
see recognition o f players’ ‘needs’ as motivationswedonotseeanyexplicit
linkages with ‘emotions’. We draw tentative relations between Bartle’s
ExplorertypeandYee’sDiscoverytypewithepistemicemotiono fknowledge
gatheringi.e.curiosityandtherelatedfeelingso funcertaintyandmotivation
to resolve it. This gives us reason to look closely into relations between
epistemic emotions and motivations in the player (discussed in the next
chapter). We also o bservetherepeatingroleo f‘challenge’reportedinthese
models.Wetentativelylinkthatwithplayers’needsandepistemicemotiono f
feelings o f competence (asalsolinkedbyVandenberghe)thatmayinfluence
theirmotivationtoplay.Ourhopeino urfuturestudiesregardingm2mplayer
motivation would be tosubstantiatetheselinkswithevidenceandillustrate
the role o f uncertainty and linked epistemic emotions in thesemotivations.

38 

Additionally, the above theories do not discuss the link between design o f
game elements and player interaction to explain motivation. They do not
illustratehowdesignersshouldarrangegameelementstoelicitthereported
behaviour and underlying motivations. Amongst o thers, here are two
fundamental gaps that compel us to complement these shortcomings with
insightsfromo therfields. 

(1) Concentration on Traits: The majority o f the existing player motivation
literature focuses o n the traits rather than states. We see some movement
towards state based dialogue which may inform m2m motivation in the
future but o nly as an addendum with little rigor o r detailed explanation.
Moreover, traits are largely describing player’s behavior and actions rather
than why players acted in that manner even if they are divided into
motivational types. There is little insight into situational states; preference
based models don't explain why o r howthatpatterncameaboutandhowit
influences subsequent behaviour but look at motivation as a perpetual
tendencynotimpactedbytheplayer’sinteractionwiththegame. 

(2) Limited transfer of knowledge from psychology: ‘W
 hy do peopledowhat
they do’ (Deci & Flaste, 1995) is a much discussed question in human
psychology. In games, some researchers (Ryan et al., 2006; VandenBerghe,
2016; Yee, 2016) have explored existing motivational theories and
personality types. However, they have barely started exploring emotions,
cognition and state based human motivational theories with player
motivation. In the next section we layo utwhathasbeenexploredingames
fromthisperspectiveandwhatcanbefurtherinvestigated.Basedo ntherole
ofemotionandneedsinhumanmotivation(seefirstsectiono fthechapter): 
we suspect that investigations inthesedirectionswillbefruitfulintermso f
findingaroleo funcertaintyinm2mgameplay;wesuspectplayerswouldbe
driven by the ‘emotion’ o f feeling uncertainty and the ‘need’ to resolve
uncertainty. 

Lastly, o ther creative fields have applied psychological theories in their
practise (Pailhè s & Kuhn, 2019). Based o n the models we studied and
reported o n, current work in player motivation has also notbenefitedfrom
exploring o ther creative fields for inspiration regarding motivational
principlesandtechniquestheyhaveappliedandtested. 

RelevantMotivationalTheories 
In the following section, we will look atpsychologicalmotivationaltheories
and principles appliedtoplayersandnotplay(er)typologiesthathavebeen
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importedfrompsychology.Here,wediscusso nlythosemodelswherewefind
more insights o n m2m player motivation and needs, epistemic emotions
relatedtouncertainty.

Self-DeterminationTheory 
Self-Determination Theory (Deci & Ryan, 1980, 2010) deals with innate
motivations and pertains to people’spsychologicalneeds.Likephysiological
needs (hunger, thirst), psychological needs are something an o rganism
regularly requires to survive and thrive. In aself-determinedstate,rewards
are spontaneous experiences propagated by the self. People experience a
motivation thatisintrinsictotheactivity,whentheactivityisperformedfor
itsownsake;notbecausewearemotivatedbyano utcomethatweperceiveas
separablefromtheactivity(fore.g.status,rewards,approvaletc.).Anactivity
is intrinsically motivating when and because it generates experiences that
satisfy o ur basic psychological needs for autonomy, competence, and
relatedness. SDT uses these threeassumedbasicpsychologicalneeds(Basic
PsychologicalNeedsTheory,BPNT)(Gunnelletal.,2013;Vansteenkisteetal.,
2020)toexplainhowcertainactivitiesareintrinsicallymotivating. 

Autonomy 

People feel autonomousorself-determinedwhentheyact
with volition, willingness, and in congruence with one’s
self. Autonomy is comparable to what other theoriescall
agencyandcanbeaffordedbye.g.offeringchoice. 

Competence 

The more competent apersonperceivesthemselvestobe
at something, the more motivated they are towards that
activity. Conditions for this to foster need an optimally
challenging activity, success and balanced positive
feedbackonsuccess. 

Relatedness 

The feeling of connecting and being connected to others,
caring for and beingcaredforbyothers.Italsoaddresses
the feeling of relatedness with the world and self,
irrespectiveofothers. 
Table1.T
 hreebasicneedsaccordingtoSDT 


By focusing o n need satisfaction based o n states, SDT acknowledges that
motivation depends o n needs generated by experiences while doing an
activity. This model thus acknowledges how the activity o r environment
states can change motivations. The SDT model maps with the role o f
‘challenge’ described in player typologies (Yee, 2019a; Caillois 2001) in
motivation via the feelings o f competence. In doing that SDT explains o ne
reasonastowhychallengeismotivatingforplayers.Italsomapswithsocial
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needs o f relatedness and brings focus to the need to feel autonomous in
performing an activity. This links withepistemicemotionssurroundingthe
sense o f agency in performing activities and progressing knowledge about
the activity. We will discuss sense o fagencylaterinthischapterandhowit
couldlinkwitho therepistemicemotionsrelatedtouncertainty. 


PlayerExperienceofNeedSatisfaction(PENS) 
PENS applies SDT to games (Rigby & Ryan, 2007). Autonomy, Competence
and Relatedness are mapped to players' needsandsatisfaction.PENSstates
thatthemotivesthatdriveplayerstoplayarethesamethatdrivethemtoact
outside o f games: good gameplay satisfies basic psychological needs, that's
whyit'sso(intrinsically)motivating. 
PENSisnotjustamodel,butalsoafivefactorscalethatadds‘immersion’and
‘intuitive controls’ to game-specific scales for the three basic psychological
needs. It measures motivation which has been extensively used for
quantitativestudies(Pengetal.,2012;Przybylskietal.,2012). 

SDT and its derivative, PENS suggest underlying psychological needs o f
gameplayandthusgobeyondplayertypeso rbehaviour.WhilePENStackles
parts o f SDT, it lacks discussion o f its sub-theories and nuances that are
unique to SDT for example conflict between extrinsic and intrinsic
motivation. SDT mini theories are largely overlooked in games research
(Tyack&Mekler,2020).Furthermore,thereislittleinsightintohowtomake
games o r design game elements that make players self determined o r how
the state o f self determination impacts o ther player experiences and
emotions.  

Flow 
“Thebestmomentsino urlivesarenotthepassive,receptive,relaxingtimes.
..Thebestmomentsusuallyo ccurifaperson’sbodyo rmindisstretchedto
its limits in a voluntary effort to accomplish something difficult and
worthwhile”(Csikszentmihalyi,1990). 

Thetheoryo fflow,createdbyMihalyCsikszentmihalyi(1990,2013),aimsat
identifyingsharedcharacteristicso f“optimalexperience”,timeswhenpeople
report to feel best, which they describe as an experience o f complete
absorptioninthepresentmomentthatis“autotelic”,doneandenjoyedforits
own sake. Csikszentmihalyi (2014, p. 49) describes eight characteristics o f
flow: a task that challenges o ur skills yet remains achievable; having clear
goals and immediate feedback; being fully and effortlessly concentrated o n
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the task; losing track o f worries and events o utside the task; having clear
goals and immediate feedback; feeling a transformation o f time (passing
faster o r slower than normal); losing the sense o f reflective
self-consciousness; feeling control over the task. Asweseeitreiteratesthat
agency, competence and feedback amongst o ther characteristics are
importantforamotivatedstateo fflow. 

“Inducing flow isaboutthebalancebetweenthelevelo fskillandthesizeo f
thechallengeathand”(Nakamura&Csikszentmihalyi,2009).Inboredomo r
apathy,lowlevelso fchallengerelativetoaperson’sskillsenableattentionto
drift. Under conditions o f excessive challenge, attention starts to shift to
shortcomings o f o neself that noticeably o bstruct any engagement with the
challenges posed(Csikszentmihalyietal.,2014,p.243).Althoughsupported
by some o ther theories, flow o nly explains particular conditions in which
motivation has chances to flourish. Flow has beenwidelyadoptedingames
research (Chen, 2007; Cowley et al., 2008). Flow insists that there is a
channel o f flow that keeps you motivated when skill and challenge are
optimally balanced. If skill is high and challenge is low, people get bored,
while if the challenge is too demanding for the skill people tend to get
anxious o r even panic when the disparity is higher. Considerable game
development works o n balancing difficulty (rational level design, dynamic
difficulty adjustment) and even Koster's Theory of Fun all directly draw o n
andpointtoflowtheory(Koster,2013). 

More recent work by Csikszentmihalyi and o thers show thatskill-challenge
balancecouldmatternotbecauseo fcompetence,butbecauseitcreateshigh
suspenseduetotherightamounto funcertainty(Abuhamdehetal.,2015).It
throwslighto ntheo ptimalinformationgapneededtostaymotivatedwhich
touches upon o ptimal levels o f decision and o utcome uncertainty. This is a
valuable insight for o ur research o n the role o f uncertainty in motivation.
This is o ne o f the first suggestions that uncertainty around o ne’s own
competenceismotivatingforplayers.Inearliermodelswehaveseentherole
of challenge and competence in motivation and here we start to find links
between uncertainty and competence. Current player experience research
largely assumes that play strength has a U-shaped relation to enjoyment
mediated by competence: if competitors are significantly stronger than the
player, the player will mostly lose, thwarting their sense o f competence,
which would be unenjoyable. If competitors are significantly weaker, the
player will win without exerting much effort,thusfeelinglittlecompetence,
whichmaybesimilarlyunenjoyable.Recentworksuggeststhatsuspense(see
Chapter 3) not competence may mediate the relation between
difficulty/competitorplaystrengthandenjoyment(Abuhamdehetal.,2015).

42 

This tells us that players might be motivated by resolving the uncertainty
aroundtheresultso fthegameo rtheo pponentalongwithbeingmotivatedto
resolve uncertainty about their own performance. The insight about the
importance o f performance uncertainty lines with Costikyan’s analysis o f
uncertainty(Costikyan,2013). 

Overall flow contributes new information regarding challenge, uncertainty
and suspense in player experience but misses o ut o n the nuances (like
emotions,needs)relatedtotheseconstructswithrespecttovideogames.For
ourresearchitgivesusastartingpointo fthepotentialroleo funcertaintyin
motivation and its relation with the motivation and epistemic emotion o f
feelingo fcompetence. 

Plans,Goals 
In terms o f the role o f cognitioninmotivation,Miller,GalanterandPribram
(1960)introducedthestudyo fgoalsandplansasanaspecto fmotivationand
behaviour into psychology.Theypositedthatpeoplehaveanidealstatethat
theywanttoreachandcontinuallycomparewiththecurrentstate.Ifthereis
anyincongruity,thentheyformulateaplan.Thishappensinaloopuntiltheir
currentstatematchestheidealstatetheyarestrivingfor.Therehasbeenrich
basic empirical supporto nthistheory,butthetheoryovertimehasevolved
that neither the plan nor the ideal state have tobestatic.Whenweanalyse
this from the perspective o f games, we can say a player is constantly
comparing their current state with their o bjectives and are motivated to
continue. In case o f knowledge gaps (uncertainty) they formulate plans to
overcome the gaps and accomplish goals.Basedo nthiswespeculateo neo f
thefirstlinkso funcertaintyingamesandgoalachievement.Achievemento r
results(feedback)initselfhavebeenseenasmotivatingintheabovesections
and we have already drawn some tentative links between results and
uncertainty earlier in this chapter. However, goal theory adds light to the
m2mcontinuousnatureo fpeoplestrivingforgoalsandthusmakingevolving
plans. 

Goals, performance,achievementsandfeedbackcyclehasbeendiscussedby
anumbero fresearchersinlighto fmotivationandplayermotivation(Bortnik
et al., 2011; Kiesel et al., 2015; Staewen et al., 2014; Deci, 2000).Highgoal
difficulty (Locke & Latham, 1990, 2002) increases effort and persistence,
leading to enhanced performance. People seek even more difficult goals if
feedbackshowsperformanceatgoallevelo rhigher.However,ifthefeedback
is o therwise, people tend to be dissatisfied and likely to decrease effort o r
energy. Goal direction follows a similar path. For specific direction, people
showincreasedattentiono rstrategicplanningleadingtoincreaseddirection,
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furthering better performance in overcoming challenges. This kind o f
problem solving feeds into analytical complexity and solver’s uncertainty
listed in sources o f uncertainty byCostikyan(2013).Overall,goodfeedback
leads to seeking more difficult goals and negative feedback o therwise, also
discussed in game design literature (Schreiber, 2009). With respect to o ur
researchinm2mplayermotivationwespeculatethat(1)playersplanasthey
go to strive for their goals (2) players aim to resolve incongruity o r
uncertainty in o rder to reach their goals (3) uncertain feedback o n
performance might interact with their m2m motivation to overcome such
uncertaintysurroundingtheirperformanceandgoalachievements. 

ReflectiononPsychologyBasedModels 
The literature above looks deeper into motivationandshedslighto nplayer
motivation using the lenses o f psychology. It does more justice to player
motivationbyalsolookingmorecloselyatmotivationalneeds.ApplyingSDT
to games, we understand that players can be engaged if they perceive
autonomy, competence and relatedness.Abalanceo fchallengeandskillcan
put them in the motivated state o f flow, given the goals are clear and the
feedback is propelling. Furthermore, the suspense o r uncertainty around
one's own competence is animportantparto fthebeinginthestateo fflow.
Senseo fagencyliteratureillustratestherelationbetweenplayeraction,game
outcome and the ability o f the player to predict the o utcome and feel that
theycontrolledit.Goal-settingandplanninghelpsplayersdirecteffort.Allo f
thesemodelsaddsomeinsightstostatebasedmotivationinplayersandtheir
motivations behindm2mgameplay.Overall,basedo ntheabovemodels,few
needs thatmustplayaroleinm2mmotivationturno uttobe:perceptiono f
competence(SDT,goalsandflow),perceptiono fautonomy(SDTandsenseo f
agency),relatedness(SDT,flowandsenseo fagency:comparisonandimpact
of o ther players’ gameplay), feelings o f uncertainty (flow) and feelings o f
suspense (flow), perception o f agency (S.D.T. and sense o f agency),
achievement (goals). We alsodrawtentativelinkso fthesemotivatingneeds
with uncertainty that strengthens o ur notion o f the links between
uncertainty and motivation, for example: the motivation to resolve
uncertainty regarding o utcomeo ftheplayer’sactions.Wewillexplorethese
linksmorerigorouslyinfuturechapters. 

Despite these varied inspections in player motivation, the literature still
showssomecrucialgaps: 

(1) Limited work on designing for motivation: Although we have gathered
informationaboutplayermotivation,thereisbarelyanydiscussiono nhowto
elicit these motivating experiences. We see some o f this dialogue when it
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comestosenseo fagencybuto therwiseitismostlytheoreticalanddoeslittle
workthatwouldhelptranslatetheseinsightsintopracticalapplications.The
question o f how to design game elements for continuous player motivation
remainsunanswered. 

(2) Limited work on m2m player motivation with respect to specific
experiences: While these theories give insights o n m2m motivation, the
inferences we make from it o n m2m player motivation are speculative,
especially with respect to o ther player experiences like uncertainty. For
example, even though PENS is derived from SDT it measures overall
autonomy, competence, relatedness etc. rather than with respect to
motivationalstatechangesbasedo nplayer-gameinteraction.Insimilarlines,
most o f the models described above report andstudyplayerexperiencefor
anentiregameo rgamingingeneralratherthangameplaymoments. 

DiscussionandConclusion 
Thischaptershowsthebusypatchworko fliteratureo nplayermotivation.It
provides us with varied perspectives that themselves don’t readily o ffer
solutionstowardstheroleo funcertaintyinm2mplayermotivation.Wehave
beenabletosketchtentativelinksbetween(1)uncertainty,playerbehaviour
types and the motivation behind them (2) uncertainty and need based
motivation models. We have also found some workshowcasingthevalueo f
m2mmotivationtransitionbasedo nchanginggamestatesandsubsequently
playerneeds.Otherthanprovidinguswithinsightsitalsodemonstratesgaps
in the field: Firstly, sizable literature on playermotivationisconcentratedon
traits rather than motivational states which feeds into limited worklooking
into m2m transitional states o f the game o r their relationship with specific
player experiences. This gap is o f special relevance to o ur focus,thato fthe
scrutiny o f a player's moment-to-moment journey. As a field, we have some
theoriesaroundtheimportanceo fstatebasedmotivationbutwehavenotyet
exploredwhatkeepsplayerscontinuingtoplayagamefromo nemomentto
another.Fromamethodologicalpointo fview,itcan’tbeemphasisedenough
that there is almost no work o bserving gameplay at m2m level. Wediscuss
the term m2m gameplay in more detail and how we address this gap in
coming chapters. Secondly, there is limited workondesigningformotivation,
so we do not know how to design a game for motivating experiences i.e.
investigating the link between design o f game elements and player
motivation.. 

The above models discuss needs (e.g. perception o f competence), cognition
(e.g. goals, plans) and external events (e.g. game world feedback) changes
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that propel the players. However they do not provide much insight into
player emotions. We make some tentative links with epistemic emotions in
our analysis but that is not elaborately o ffered by the literature. That said,
otherresearchershavediscussedemotionsingamesandinthenextchapter
wewillstudytheirlinkswithmotivationandfeelingso funcertainty.Thelack
of emphasis o n emotions in main player motivation literature leaves us
wondering how players react to specific feelings, for example, that o f
curiosity, uncertainty, fear etc. Which o f these feelings encourage o r
discourage the player from playingthegame?Dothesefeelingsinformeach
other?Wearespecificallyinterestedinunderstandingwhichemotionsrelate
with the emotions o f uncertainty and how do they individually and
collectivelyaffectuncertainty.Asdiscussed,uncertaintyfallsunderepistemic
emotions surrounding knowledge acquisitionbutwedonotfullyknowhow
these epistemic emotions impact player motivation. Are therewaystoelicit
theseemotionsingamesandifsocantheybedoneinawaythattheplayeris
motivated to continue their gameplay? We will explore these questions by
working the literature o n emotions in games and finding their links with
playermotivation.Ourgoalwiththisinvestigationtofindhowtheepistemic
emotion o f uncertainty is discussed with respect to player motivation.
Furthermore, we would like to find relations that we can furtherstudyand
test. 

We acknowledge that game designers have looked into motivation (e.g.
cognition (Koster, 2013)) and we have not fully covered all o f design
literature but picked exemplary o nes that mapped most with o ur
investigation. We focused o n models that shed light into the role o f
uncertainty in player motivation, m2m motivation and the o nes we found
relatedtoepistemicemotions. 

In the next chapter we continue this investigation by looking closer into
emotions as motivation in games as we anticipate tofindmoreinformation
ontheepistemicemotionsrelatingtouncertaintyandtheirroleinmotivation 
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Chapter3

EpistemicEmotionsandGames 
This chapter continues to answer RO1 and explores the roleo femotionsin
player motivation. It investigates emotions beyond pleasure (like
uncertainty) and focuses o n answering the question o f the role o f
uncertainty in m2m player motivation. It follows RO1 o f navigating
motivation literature, in this case exploring emotions as motivation, to
positionuncertainty.  

Emotions in games have received increasing attention from developers,
players and researchers in the past fewyears(Boppetal.,2018;Endresset
al., 2016; Mekler et al., 2016). As discussed in psychology (Bradley &Lang,
2007), emotions are tightly linked with motivation, however, so far the
examinedemotionswithrespecttomotivationarevastlyfocusedo npleasure
(Lazzaro,2004). 

Lazzaro (2004) presented an early and influential model o f how emotions
impactplay.Sheholdsthatemotionsareessentialforaplayer'sfocusandaid
in their decision-makingprocess,performance,learningandenjoyment.She
describesfouremotionsthatarekeytofun,basedo nqualitativedata.These
are: (1) Hard Fun o r ‘Fiero’ which comes from ‘in the moment’ personal
triumph overchallengesthrowninthegame.Playersliketheo pportunityto
strategize and problem solve. (2) Easy Fun relates to curiosity o f knowing
moreaboutthegameworld.Theyfeelemotionso fawe,wonderandmystery.
She also underlines that wonder comes from improbability. Players are
amazedbyunusualitemsandtheirimprobabilitywithoutthembreakingo ut
of the realm o f possibilities. (3) Serious Fun is where players are feeling
internal sensations o f relaxation, relief from their thoughts and excitement.
(4) People Fun is enjoyment o f emotions like amusement, schadenfreude,
pride coming from social experiences o f competition o r cooperation in
games. 
While Lazzaro’s model peeks into the why behind what people find fun, it
doesn’ttestthesetheories,sowedonotknowaboutthelimitationso fthese
observations and if the said connections actually do apply when tested in
specificscenarios.Shedoesn’ttellushowthesefourtypesinteractwitheach
other and keeps the primary focus o n what o ne would call ‘positive’
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emotional experience. Inherstudy,shefindso therkindso fplayeremotions
like disgust and fear that she doesn’t deem as important. She is o ne o f the
early researchers who connect the role o f epistemic emotions with player
motivation to experience fun: Easy Fun is equated to curiosity but doesn’t
delve into o ther epistemic emotions like uncertainty, arousal, surprise,
anticipationetc. 

Emotions in games, o riginally covered in an attempt to dissect fun, have
recently been explored beyond pleasure and positive experiences. Until
recently, examining uncomfortable o r emotionally challenging gameplay
emotions has conflicted with the field’s focus o n positive engagement and
fun. This dominant focus o n fun and enjoyment has restricted a deeper
approach to game design, hence restricting variety in games (Marsh &
Costello, 2012). This is especially important as ‘negative’ emotions can be
meaningfulandprovidetheirownkindo fgratifications(Bartsch,2012;Birk
et al., 2015; Oliver & Bartsch, 2011). For instance, while players report
experiencing extreme negative emotions o f disgust and desperation during
live action role-playing, they eventually report feeling satisfied from the
meaning the game provides as they confront these experiences (Montola,
2010). Cole et al. (Cole et al., 2015) illustrate that players like overcoming
emotional challenges and feel these emotions in the safe environment o f a
game that they wouldn’t want to in reallife(Jansz,2005).Forinstance,o ne
wouldn’t want to experience the emotion o f uncertainty in real life whenit
comes to important events like plane landing (whether the plane will land
safely o r not), while in a game world these emotions aremoremanageable
giventhattheyarenotimpactingo ne’simmediatedangertolife. 

Researchers in games and interaction have demonstrated the need to
consider a wider range o f emotional experiences, including these ‘negative’
emotions (Cole et al., 2015; Endress et al., 2016; Mekler et al., 2016). They
found that players appreciate games that evoke different kinds o femotions
likefear,sadnesso rlossandcalledtheseexperiencesgratifying(Boppetal.,
2015;Endressetal.,2016).Thishasledscholarstodistinguishtwokindso f
emotionswithregardtomedia:(1)Hedonicemotionsrelatedtosensationso f
fun o r pleasurewhichhasbeenstudiedinvideogames,and,(2)eudaimonic
emotions dealing with thepursuito fmeaning-making,learningandidentity
development. Researchers like Mary Beth Oliver, Leonard Reinecke and
others model ‘meaning’ and ‘growth’ as motivational needs (Oliver et al.,
2016; Reinecke & Oliver, 2016). Theseneedsexplainwhypeopleappreciate
emotions that may not be derived from ‘positive’ player experiences. Often
positive and negative emotions interplay (Fokkinga & Desmet, 2012) to
create an intense emotional experience. A rhythm between positive and
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negative emotional experiences can be crucial for impactful game design
(Marsh & Costello, 2012, 2013), for example, whenapositivefeelingcomes
fromovercominganegativeemotion(Mekleretal.,2016).Thefollowingtwo
examples show how games elicit non-traditional ‘fun’ o r ‘positive’
entertainmentbydefyingtheruleso fpositiveplayerexperiencebyapplying
two diametrically o pposite approaches: (1) The game Max Payne (R.
Entertainment, 2001) puts the player into the shoes o f a policeman whose
family wasgrimlymurdered.Theplayergoesthroughinternalstrugglesand
psyche change o f Max as you take revenge. This fosters, attachment,
reflection, contemplation (meaning) and poses emotional challenge for the
player. (2) On the o ther hand,QWOP(Foddy,2008),wheretheplayerhasto
control the limbs o f the runner o ffer barely anyemotionalcomplexityinits
theme but is famous for theemotionso ffrustrationitcausesinplayersand
yetthegameiswellreceivedandpopularamongstplayers. 

Inthischapterweareexploringuncertaintyasafeelingwhichfallsunderthe
category o f epistemic emotions (defined in coming sections). We will
investigate its links with player motivation and hope to find information
about the role o f uncertainty in motivation that we can further study. As a
first step we will describe epistemic emotions with some more depth to
establish definitions. This is to get informed about how these emotions
interact with each o ther and thus people’s motivation. We do this to find
insights into potential links within games. Our aim is to find and illustrate
links between motivation and uncertainty that we can use to inform o ur
research goals. We believethatunderstandingepistemicemotionsandtheir
roleingameswouldhelpusunderstandmotivationsbehindimportantfacets
ofgaming likelearning(informationseeking),discovery,exploration,chance,
mastery whicharemoreo rlessdisconnectedideasdispersedinthepresent
literature(seepreviouschapter).Epistemicemotionslikecuriosity,surprise,
uncertainty, feelings o f knowing, tip-of-the-tongue feelings, and so forth
(Carruthers, 2017; Metcalfe et al., 2017) have fundamental importance for
learning (Pekrun & Linnenbrink-Garcia, 2014) and can strongly impact
performance (D’Mello et al., 2014; Kang et al., 2009), yet there is currently
notmuchsystematicinquiryintothemingames. 

EpistemicEmotions 
Emotions play an important role in o ur attempts to acquire knowledge
(Morton, 2010), do complex learning and cognitive performance (Pekrun &
Linnenbrink-Garcia, 2014). In this, a group o f emotions called epistemic
emotions attempt to address emotions that count as acquiring o r having
knowledge (Brun et al., 2008, Ozono et al., 2020). The following list o f
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emotions are regularly grouped under this term i.e. emotions o f: curiosity,
interest,surprise,feelingo fcertainty/uncertainty,feelingo fknowing,feeling
of familiarity, feeling o f forgetting, tip o f the tongue feeling, feeling o f
doubt/confidence, feeling o f error, feeling o f competence, sense o f agency
overthoughtsandfeelingo fanticipation(Carruthers,2017;Hookway,2002;
Meylan,2014;MichaelianandArango-Muñ oz,2014;Morton,2010;Pekrun&
Linnenbrink-Garcia,2014). 

Amongst these, curiosity has been most extensively discussed. It is seen as
one o f the main driversinknowledgeacquisitionandperformancewiththe
potentialtomotivateenquiries(Morton,2010).ThisisinlinewithBerlyne’s
strong claim that “human curiosity is a dispositional drive enough to be
second desire o nly to like appetite o r sex” (Berlyne, 1954). Someepistemic
emotions, not always labelled as such, are discussed in games research,
especially in the context o f exploration (as seen in Chapter 2 e.g. (Bartle,
1996;Yee,2006).Curiosity,akeyepistemicemotionandimportantdrivero f
knowledge acquisition and performance doesn't figure strongly in existing
player motivation discussion. Amongst o ther discussions, it features
indirectly in Lazarro's Easy Fun (discussed earlier in this chapter), and as
components like discovery in Yee’s and Leblanc’s models. Wetakealookat
epistemic emotions in psychology to get a better understanding o f the
conceptconsideringthereislittlegameresearchinthisfield.Sincethelisto f
epistemic emotions is extensive, we focus o n the emotions o f curiosity and
surprise as the key emotions that relate to uncertainty along with the
emotion o f uncertainty itself. Based upon research in epistemology and
closely looking at existing definitions (Hookway, 2002; Meylan, 2014;
Michaelian & Arango-Muñ oz, 2014; Morton, 2010; Pekrun &
Linnenbrink-Garcia,2014),weclubafewepistemicemotionslikefamiliarity,
doubt/confidence, certainty/uncertainty and feeling o f error under
uncertainty as this is how they are described ingameliterature(Costikyan,
2013). 

In the following sections we elaborate o n the emotion o f curiosity as a key
human motivation and see how it is linkedtouncertainty.Thisiswherewe
suspect to find important information o n the role o f uncertainty in the
fundamental human motivation o f curiosity. Further to that, we unpackthe
emotions related to uncertainty and surprise from the lens o f player
motivation o f curiosity asitisseenasthebasiso fo therepistemicemotions
(Berlyne, 1978; Schmitt & Lahroodi, 2008). We discuss their definitions,
linkageandutilityinplayermotivation.Wehighlightsomefindingsregarding
epistemicemotionsingamesresearchwherepossible. 
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Curiosity:KeyMotivatingEmotion 
“Imagine what life would be like without the experience o f curiosity. There
would be no exploration o f the self and world, introspection, search for
meaninginlife,aestheticappreciation,scientificpursuits,innovation,and,to
some degree, personal growth” (Kashdan & Silvia, 2009). As mentioned in
Chapter 1, psychologists have extensively studied the fundamental role o f
curiosity in motivation, seen as o ne o f the main drivers second o nly to
appetite o r sex (Greenberger et al., 1967). Curiosity is a complex emotion
capturedbyseveralpsychologists,philosophers,creativesandexperts.Ithas
been studied for over a century, which is possibly why weseesuchdiverse
definitions and models that try to fully explain and capture it (Kashdan &
Roberts, 2004; Silvia, 2006). Amongst the contradictions between many
existing and emerging models o f curiosity, they all acknowledge the
importance o f curiosity inmanyaspectso fhumanlifelikesurvival,learning
and enjoyment. We believe this role o f curiosity must transfer to games as
pointed o ut by researchers and designers (Costikyan, 2013; Sutton-Smith,
2009). That said, existing work fails to empirically establish the role o f
curiosityinstateo rtraitbasedplayermotivationmodels.Thisleavesuswith
speculations that are not tested in terms o f establishing the link between
curiosityandplayer’smotivationtoengagewiththegame.Currentliterature
alsodoesnotfullyexplainhowtodesigngameelementstoelicitthefeelingo f
curiositybackedbytestedapplications. 

Traditionally and popularly, curiosity is seen as an innate desire and
approach-oriented motivational state (F. Arnold, 1910; Dewey, 1913)
associated with exploration (Kashdan & Silvia, 2009)andlearning(Malone,
1981). Curiosity makes people inquire (Inan, 2013), interact with
complex/interesting o bjects and images (Reeve & Nix, 1997; Silvia, 2005),
read deeply (Schiefele, 1999), and persist o n challenging tasks (Sansone &
Smith, 2000). It drives learning, exploration and immersion in interesting,
challenging and uncertain situations leading to the building o f knowledge
andcompetence(Kashdan&Silvia,2009).Curiosityisseenasanintentional
phenomenondirectedato bjects(Meylan,2014).Forinstance,anindividualis
not unspecifically curious (like they can be happy unspecifically, but are
curious to know specific informationlikewhethertheirmotherappreciated
her night at the cinema o r not).Toacquireinformationsuccessfullypeople
need to be curious at the right moments and to the right extent (Morton,
2010). Finding novel, intricate, and unexpected things activates a positive
reward system(Berlyne,1971)whichmotivatesfurthernoveltyseekingand
exploration (Kashdan & Silvia, 2009). Evolutionary pressure hasmadesuch



searching for new information intrinsically rewarding (Gottlieb etal.,2013;
Marvin&Shohamy,2016).KashdanandSilviadescribetheroleo fcuriosityin
knowledge/skill expansion as something that makes people focus o n the
novelty and challenge that each moment has to o ffer. It is rather profound
that they say, “When curious, we are fully aware and receptive towhatever
existsandmighthappeninthepresentmoment”(Kashdan&Silvia,2009).As
discussed in the lastchapterwithreferencetomotivationalmodelsmanyo f
these elements: discovery, exploration, challenge could be connected with
uncertaintyandpeople’smotivationtosolveit. Themotivationtosolvethat
uncertainty based o n the above literature might then be the motivation o f
curiosity. 

Even though curiosity is fundamental it has barely appeared in player
experience and player motivation models. Player motivation models that
include discovery, exploration, information seeking, o penness, novelty and
aspects o f challenge (see Chapter 2) should logically intersect with the
construct o f curiosity, yet very little is explicitly stated anditisuswhoare
tentatively making these links. Only a few models o f player motivation
recognise curiosity: Lazzaro classifies it as 'Easy Fun' (Lazzaro, 2004), and
Klimmt showcases curiosity as a part o f a conceptual model for player
enjoyment (Klimmt, 2006, 2003). Other researchers hint that the use o f
foreshadowing and back-story can be employed to create curiosity in
narrative games (Bae & Young, 2008; Dickey, 2005; Park et al., 2010).
Costikyan’s work regarding the role o f uncertainty in games talks about
involvement o f curiosity without much detailed exploration (Costikyan,
2013). In all o f this work what we miss is: empiricalsupporttoclaimsthat
substantiate the theory through systemised testing, exploration o f curiosity
from the perspective o f application in games and utilisation o f diverse
curiositymodelsfoundinpsychologyliterature. 

Psychologicalmodelso fcuriosityareinagreementthatepistemiccuriosityis
the desire for new knowledge; usually associating states o f curiosity with
enjoyment(Silvia,2006).However,anotherschoolo fthoughtposescuriosity
as aversive(Loewenstein,1994).Unifyingthesetwotheories,JordanLitman
developsatwo-typemodelo fcuriosity(Litman,2008,2005): 
(1) Curiosity aimed at stimulating pleasurable feelings where people seek
information o ut o f interest (I-type). It is related to discovery, exploration,
enjoyment and o penness to novelty (Y. B. Kim & Lee, 2017; Litman &
Jimerson,2004;Mussel,2010). 
(2) Curiosity aimed at relieving the feeling o f knowledge deprivation
(D-type), where people seek information o ut o f frustration o f not knowing
(Litman, 2005) o r for resolving uncertainty (Y. B. Kim & Lee, 2017) and
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eliminating undesirable states o f ignorance (Litman & Jimerson, 2004).
Fowler (1965) calls it an aversive experience that motivates its own
reduction. D-type curiosity is related to problem solving, uncertainty
aversion,tension,angertowardsinformationgaps(Y.B.Kim&Lee,2017;J.A.
Litman & Jimerson, 2004; Loewenstein, 1994). An example would be the
anxietyo fscientistsdrivenbypursuito ftheirresearchquestions(Kashdan&
Steger,2007).Thistypeo fcuriosityiso neo fthelinkswehavebeenhunting
forbetweenhumanmotivationanduncertainty. 

While I-type deals with the exploration o f new knowledge, D-type fosters
explorationo fexistingknowledge(Litmanetal.,2005;Schoenau-Fog,2011).
Research shows that people who have high I-type curiosity also have high
D-type curiosity and the two dimensions are correlated with respect to
explorationo fnewknowledgeleadingtoexploitationo fcompetency(Litman,
2008; Litman et al., 2010;Litman & Mussel, 2013). In creative problem
solving, D-type allows information seeking and I-type helps generate new
ideas (Hardy et al., 2017). This strengthens the analysis we made in the
previous chapter: that players ‘seek’ new information through exploration
but then they are motivated by resolving the uncertainty gaps to get tothe
information. 

Within games, To and colleagues (2016) suggest that curiosity could be a
precursor o f flow, steering people to actively create an information gap
experienced at the o ptimal level o f challenge and uncertainty (Garris et al.,
2002; To et al., 2016). The uncertainty and anticipation around a game
outcome is a fundamental part o f what defines a game. This positions the
player’s curiosity regarding what would happen next at the heart o f play
(Juul,2010b).Toetal.(2016)mapCostikyan’sworko nuncertaintyingames
(Costikyan, 2013) with curiosity and suggest game designers can create
curiositybystagingmomentso funcertainty. 

Games cannot change a player’s trait curiosity, butcancreatesituationsvia
mechanicsando thergameelementsthataffecttheirstatecuriosity(Toetal.,
2016). Suggestions include (1) using visuals and sounds to create gaps in
perceptual information about sensory experiences such as touch, sight,and
sound (Berlyne, 1954) like in any game where audio is used to guide
attention, o r (2) creating curiosity with an o bject that can be explored by
manipulating it. For example, in games like The Room (Fireproof Games,
2012),Where’sMyWater(Feep,2011)ando therpuzzlegames,manipulating
the o bjects gives more information about the game space. All o f this is
essentially creating an information gap o r uncertainty that players are
curioustoresolve. 
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This section tells usthatthehumanmotivationo fcuriosityandemotionso f 
uncertainty are indeed linked as people channel curiosity to resolve
uncertainty. While To et. al. o ffer some ideas o f how to elicit curiosity in
games,theydon’tshowthattheideastheyo fferhavebeentriedandproved.
Neitherdoesittellusifthatkindo fcuriosityisdriventhroughuncertaintyo r
need to resolve uncertainty o r not. Our aim is to strengthen these links
through further research. In the following section, therefore, we study this
linko funcertaintyasasalientstateforthemotivationo fcuriosity. 

Uncertainty:AntecedenttoCuriosity 
In the following passages, uncertaintyisdiscussedasamajorantecedentto
curiosity. We also discuss thefeatureso funcertaintythatparticularlyevoke
curiosityandtheresearchdoneingamesthatexploresthislinkage.Themost
direct situational factors that trigger curiosity are uncertainty o r
unpredictability and incongruity (Berlyne, 1962; Boykin & Harackiewicz,
1981). Curiosity triggered by uncertainty is due to a gap in desired
knowledge and the need to resolve it (Kagan, 1972).Curiosityregardingan
unknown o utcome coincides with a desire to know whether the guess is
correct. Exposure to an unexpected o utcome (incongruity) leads to
uncertaintymotivationtofindanexplanation(Shin&Kim,2019).Wesuspect
that within games, incongruity and uncertainty can be seen to go hand in
hand: players feel uncertain about novel elements which they explore,they
guesstheo utcomebutifthatisunexpectedtheygobacktoexploration.From
the above, we theorise that uncertainty triggers curiosity for o utcome in
gamescenarios. 

Shin and Kim (2019, pp. 853–874) argue that “humans have evolved to be
deeply curious to adapttoaworldo funcertainty.”Wilsonet.al.explainthis
byposinguncertaintyasananxiousstatethatthehumanmindwouldliketo
eradicate (Wilson et al., 2005). Curiosity functions primarily as a coping
mechanism for such uncertainty (Shin & Kim, 2019). For example, o ur
ancestors wouldresolveuncertaintybyinteractingwithandexploringnovel
stimuli (like strange animals) (James & BF, 1918; Russell, 1973) to lower
potential danger and increase their chances o f survival (Shin&Kim,2019).
That probably o ffers a o ne to o ne mapping to player behaviour in survival
games. Individuals are motivated to eliminate uncertainty regarding
information gaps when the benefit o f resolving it is perceivedtobegreater
than the cost (Golman et al., 2015, S. I. Kim, 2013). Loewenstein compares
curiosity with cognitive appetite(Loewenstein,1994)whereitisadesireto
reduce the psychological discomfort o f uncertainty (Shin & Kim, 2019).
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Thereforewesuspect,withinagameifuncertaintyisbalancedwiththecost
of effort and reward at the end o f it, players will be curious (motivated)to
resolvethisuncertainty. 

Toet.al.(2016)arguethatgamedesignerscoulduseuncertaintytomotivate,
manipulate, and accommodate players’ curiosity levels. They use
Loewenstein’s model o f curiosity, which describes curiosity as a person’s
preference for resolving uncertainty and filling “information gaps” between
the known and unknown. They describe curiosity as a ‘preference for
uncertainty’, where uncertainty is the result o f this information gap. The
ability to tolerate information gaps predicts whether a person responds to
such situations withcuriosityratherthanhelplessness,frustration,o ranger
(Loewenstein, 1994); (for empirical support, see (Jirout & Klahr, 2011;
Litman&Jimerson,2004)).Thisisinlinewithgamesresearchsayingthattoo
muchuncertaintycausesfrustrationwhiletoolittledoesn’traisecuriosityto
solveit(Costikyan,2013).Playerspresumablyhavedifferingtolerancelevels
for uncertainty. Situational factors can affect that tolerance and a players’
confidence intheirabilitytocloseaknowledgegap(Toetal.,2016)relating
to the needs o f feeling competent. To et. al. provide a theory about
uncertainty in gamesandcuriositybasedo npsychologyliterature,however,
theydonotexhibitanyo ftheselinksthroughapplicationingameso rstudies.
Studies show curiosity increases with determinants o f uncertainty and
degree o f conflict such as number o f alternative responses (Berlyne,1962).
Thisthrowslighto ntheroleo fchoices(ingamesando therwise)increating
uncertaintyandthuscuriosity.Thatis,whenpeopleneedtochoosebetween
options, the conflict increases creating uncertainty and curiosity. This is an
importantlinktodiscussuncertaintyduringdecisionmakingandtheroleo f
thatinmakingplayerscurioustowardstheo utcome. 

Finally,Peopleinvesteffortinattaininguncertaininformationinresponseto
predictionerrorandtheviolationo fexpectations(Baranesetal.,2015;D.E.
Berlyne, 1954; Loewenstein, 1994; van Lieshout et al., 2018) as they are
curious about theo ccurrence.Theviolationo fexpectationsleadstofeelings
of surprise (Lorini & Castelfranchi, 2007; Reisenzein, 2000). Following this
wecansaythatplayerscouldbemotivatedtoresolveuncertaintywhenthey
face surprise: ‘what just happened?’, ‘how didthathappen?’.Thisrelationis
furtherdiscussedinthenextsection. 

Overall, the linkage between uncertainty and motivation (curiosity) is
theoreticallyexploredbyToet.al.(2016)ingamesbutnottestedbeyondthe
mapping from psychology. Other than that, we do not find much linkage
betweenuncertaintyandthemotivationo fcuriosityingamesliterature.This
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section thus explores this angle in psychological literature and finds that
people are motivated (curious) to resolve uncertainty especially when the
costo fresolutionisnottoohighcomparedtotheanticipatedreward.People
arecurioustofindtheresults.Wealsodrawinsightsthatpeoplethusplayers
might tackle uncertainty by further interacting with and exploring novel
environmentalcontent.Theselinkagesarefurthersubstantiatedwithrespect
togamesinChapter4. 

Surprise:AReasontoResolveUncertainty 
Surprise isanemotionthatcanbeevokedbycuriositybuiltupo ro uto fthe
blue as a reaction to unexpected events.However,inthefollowingpassages
we o nly discuss surprise that is motivating and is linkedwithcuriosityand
uncertainty.Furthertothat,wediscussthefeaturesthatevokesurprise. 

Curiosity regarding the o utcome coincides with a desire to know whether
one’s guess is correct o r not (Shin & Kim, 2019) i.e. wanting to resolve
uncertainty related to the o utcome. Exposure to an unexpected o utcome
subsequently leads people to wonder about the accuracy o f the ensuing
causal inferences. Curiosity resulting from such incongruity is marked by
acute feelings o f surprise which may be followed by confusion (Brod et al.,
2018;D’Melloetal.,2014;Kamin,1967).Surprisebasicallyheightensinterest
infindingo utmoreaboutsomethingthatdefiespriorlearning,whichmakes
it a useful tool in game design. When players encounter an unexpected
outcome (uncertainty towards o utcome met with more resolvable 
uncertainty), chances are they want to solve this incongruity and stay
engagedinthegame. 

Overall, the experience o f surprise is a reaction to realising a mismatch
betweeno urexpectationsando urunderstandingo ftheworkingo ftheworld
(Lorini & Castelfranchi, 2007; Reisenzein, 2000). The surprise can be
pleasant, unpleasant, o r neutral depending o n the expectations themselves
(Ortony & Turner, 1990, Meylan, 2014). Rex-Stout, an American detective
fictionwriteraptlydescribestherangeo fsurprisesandtheroleo findividual
perspective: “[A] pessimist gets nothing but pleasant surprises, an o ptimist
nothing but unpleasant (R. Stout, 2010).” He brings o ur attention to the
unpleasantendo fthespectrum,forexample,thesuddeno nseto fapandemic
which still propels peopletofindsolutionsandtacklethesurprise.Surprise
is central to sensory processing, adaptation, learning, and attention (Itti &
Baldi, 2006): o ur ability to rapidly attend to, identify, and learn from such
surprising events, make immediatedecisionsandplanforthefutureplaysa
key role in survival (Ranganath & Rainer, 2003, Vidler & Levine, 1981).
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Mismatch with expectations makes people engage in making and testing
alternative predictions, investing effort in searching for causal relations
(Berlyne&Frommer,1966;Maheswaran&Chaiken,1991)andadaptingtheir
knowledgetothechangesfound(Brodetal.,2018;Greenbergeretal.,1967;
Itti & Baldi,2006).Followingthislogic,wesuspectthatwithingames,when
players' uncertainty regarding o utcome is met with surprise, they are
motivated to engage with the content to make and test alternative
predictions. 

Surprise all by itself is not thoroughly studied in games research. Given its
roleinlearning,wesuggestthatdeepeningtheunderstandingo fsurprisewill
informtheuseo fcausalrelationsingames.Infact,aswewillseeinthenext
chapter, stage magic deliberately works with establishing and breaking
audience expectations aboutcausalrelationstostokeengagingsurpriseand
curiosity. That said, it is important to see that game design can usethefull
spectrum o f surprise, not limited to fun and pleasant sensation. Even an
unpleasant o r neutral formaccelerateslearninganddecisionmaking,which
arebuildingblockso fgamesandplayerexperience. 

FactorsthatEvokeEpistemicEmotions 
Lastly, we point o ut some recurring features that induce the epistemic
emotions stated above. We do so as o ur research is not o nly about
understanding the roleo funcertaintyinplayermotivationbutalsohowcan
such uncertainty be designed for in games. By illustrating the features that
induce the stated epistemicemotionsingeneralwehopetodrawideasthat
wecanapplytoo urresearchquestionspecifictogames.Amongsto thersthe
onesdiscussedthemostinpsychologyandgamesare:novelty,challengeand
suspense. 

Theimportanceo fnoveltyinepistemicemotionsisdiscussedabovein:I-type
curiosityandsurprise.Peopleseeko utnovelideas,engaginginactionso uto f
intrinsic interest and thrive o n novelty and challenge (Kashdan & Silvia,
2009). Lomas et al. (2017) argue that novelty plays an important role in
player motivation. Furthermore, whenpeopleareconfrontedwithchallenge
in addition to novelty, the primary responses tendtoberelatedtocuriosity
and anxiety (Kashdan & Silvia, 2009).Theorieso fintrinsicmotivationplace
novelty among primary factors that arouse interest, motivate exploratory
behavior,anddrivelearning(Bartoetal.,2013). 

Game researchers have found games to be most enjoyable when they are
‘close games’ (not won o r lost by a huge margin). They attribute the
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enjoymenttodramaticsuspense(uncertaintyo fo utcome)(Abuhamdehetal.,
2015; Abuhamdeh & Csikszentmihalyi, 2012; Ely et al., 2015). Lomas et al.
draw the relation between suspense and player motivation to be o ptimal
whensuspenseismoderate(Lomasetal.,2017).Suspenseneednotbeabout
the entire game’s o utcome; it can be at a tasklevel(Khajahetal.,2016);o r
perhaps about their own narrative arc as they play the game: ‘narrative
anticipation’sourceo funcertaintybyCostikyan(2013). 

In various forms o f storytelling (text, plays, magic, games etc.), suspense is
evoked by delaying thestory's(knowno ro penforprediction)o utcome(for
e.g. (Suits, 1978)) creating an uncertainty about when the o utcome will be
presented. Curiosityisevokedbypresentingtheo utcomebutnottheevents
that led to it,andsurpriseisevokedbyanunexpectedevent(Hoeken&van
Vliet,2000).AlfredHitchcockposessuspenseandtheemotiono fsurpriseas
the main tools for storytelling. However, he celebrates suspense more:
“Suspense, which is the most powerful means o f holding to the viewer’s
attention” (Truffaut et al., 1984, p. 50). He famously distinguishes it from
feelings o f just surprise in his example where he says that surprise o ccurs
when a bomb blasts from nowhere whereassuspenseiswhentheaudience
knows that a bomb is ticking and participates in thedramao fitsexplosion
(Truffautetal.,1984,p.73).Theroleo ffeelingso funcertaintyandfeelingso f
anticipationevokedbysuspenseisthekeymotivatoro fengagementtowards
outcome.Suspensecanbeinvokedevenwhenthereaders/playersknowhow
the game’snarrativeo rtheirplayerjourneywouldend(Hoeken&vanVliet,
2000). Even if the o utcome is certain, suspense can ariseaspeopleexpress
uncertaintyastheyprogresstowardstheo utcome(Gerrig,1989). 

We continue to discuss uncertainty, suspense, surprise and curiosity in the
contexto fplayermotivationinthecomingchapters. 

DiscussionandConclusion 
This chapter emphasises the role o f emotions beyond ‘fun’ in player
motivation. It attempts to provide a broader understanding o f epistemic
emotionsbeyondtheliteraturediscussedingames.Wedosotofindwhatwe
know about the emotion o f uncertainty and itsrelationwiththemotivating
emotiono fcuriosity.Thelinksestablishedinthischaptermotivateustolook
deeper into this relation and strengthen it through empirical studies
(illustrated in coming chapters) that support the connections made in the
context o f games. Oneo fthekeylearningsistheessentialpositioncuriosity
holds in human life and its fundamental role in both state and trait based
motivation models. We learn that curiosity can be pleasurable and elicited
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out o f interest but o n the o ther hand it can be aversive, evoked o ut o f
information deprivation o r uncertainty. While such nuances are widely
studied and debated upon in human motivation, they are very superficially
explored by few game researchers (e.g. To et. al. (2016)) when it comes to
games. 

Wefindthatcuriosityisconnectedtochance(uncertaintytowardso utcome),
challenge, competence, discovery, exploration, performance, and
information-seeking, whichareconstructso therwisescatteredacrossplayer
motivation literature. We also evidence the close link o f uncertainty and
curiosityandhowuncertaintyisarguablyakeyprecursor:curiosityisevoked
bytheneedtoresolve(resolvable)uncertainty.Additionally,weshowthelink
between curiosity towards o utcome and the emotion o f surprise: the
violation o f expectations enables the need to resolveuncertaintyfurthering
theneedforlearningandfurthercuriosity(informationseeking).Inaddition,
we show how these emotions o ften flow into each o ther in the process o f
information gathering. We do so to establish that uncertainty and related
epistemic emotions can indeed be motivating and more specifically the
primarymotivationthatplayersmightfeelwhentheyencounteruncertainty
iscuriosity.Thisleadsustohypothesizethattheroleo funcertaintyinplayer
motivationistocreatethemotivationo fcuriosity-eitherdirectlyo rthrough
theemotiono fsurprise. 

We find that game research lacks attention towards the role o f epistemic
emotions, especially, when it comes to eliciting them in games. In games
research, we chiefly o bserve non-empirical theorising about possible links
between epistemic emotions (for e.g. (Suits, 1978; Sutton-Smith, 2009))
which does not say if particular methods o f eliciting epistemic emotions
actually work and if so with respect towhatkindo fplayermotivation.This
theory generation is most systematically done by Alexandra To and
colleagues (To et al., 2016). The most developed empirical work questions
whether game difficulty is motivating because it supports competence.
Instead,itproposesthatitismotivatingbecausebalanceddifficultyincreases
novel challenges and close (uncertain) o utcomes, both o f which evoke
curiosityandsuspense(Abuhamdehetal.,2015;Lomasetal.,2017). 

General psychology has sliced and diced uncertainty and when it becomes
motivating in various ways, which at certain junctions intersects with
Costikyan’s theories, but nobody has looked at that potential mapping
systematically o r tested it empirically, thus we do not fully know the
limitationsandapplicationo fhiso bservations.Weattempttofillthisgapby
investigatinguncertaintyandhowitcanbemanipulatedbydesigners.
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Chapter4 

TheRoleofUncertaintyin‘Moment
toMoment’PlayerMotivation2 

Uncertainty has long been recognized as a key ingredient o f engaging
gameplay(Caillois,2001;Costikyan,2013;Johnson,2018;Poweretal.,2019).
In his early typology o f play, Caillois(2001)famouslydescribestherelation
between alea, chance-based play,andagon,skill-basedstrife,o bservingthat
either would lose its appeal if it lacked the fitting kind and degree o f
uncertainty,suchasaninstanceo fagonwheretheo utcomeisdeterminedby
lucko riscertainfromtheo utset. 

A great number o f game designers and scholars have since reiterated the
importanceo funcertaintyforagoodplayerexperience,anddiverselytriedto
identify different kinds o r sources thereof (DeKoven, 2002; Golman et al.,
2015; Juul, 2011; LeBlanc, 2006; T. W. Malone, 1982; Salen et al., 2004).
Terminologies and theories vary. Thomas Malaby(2007)forinstancedraws
on sociological and anthropological thought o n contingency to argue that
gamesareengagingbecausetheir‘contrivedcontingency’allowsustoengage
with the basic indeterminacy o f human existence. Mark Johnson (Johnson,
2018) meanwhile deploys Deleuze to tease apart different kinds o f
unpredictabilityingameso fchance.Bothauthorsconcurthatsomeperceived
lack o f certain knowledge about what is the case, what to do, o r what will
happen at a future moment is core to the motivational pull o f gameplay.
Drawing o n many o f these sources and his own practical experience, game
designerCostikyandevelopedaninfluentialcategorizationo felevensources
of Uncertainty in Games (Costikyan, 2013). He includes e.g. stochastic
randomnessasinaRoulettegame,hiddeninformation(likethehiddencards
of an o pponent in Poker o r Hearthstone(BlizzardEntertainment,2014)),o r
player unpredictability - for instance, in Mario Kart (Nintendo EAD, 2014)
players are uncertain if they will be able to push the acceleration with
optimum timing to get the best start. Building o n this descriptive
categorizationo funcertaintyasagamefeature,Powerandcolleagues(2019)
Thestudydescribedinthischapterisalsoapublishedwork(Kumari,Deterding,&Freeman,
2019).
2
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have attempted to measure and differentiate uncertainty as a player
experience.TheirPlayerUncertaintyinGamesScale(PUGS)distinguishesfive
factors: uncertainty in decision-making, uncertainty in taking action,
uncertaintyinproblem-solving,explorationbehaviourtoreduceuncertainty,
andexternaluncertainty,capturingrandom(ized)o utcomes. 

Valuable as the typologies o f Costikyan o r Power (and the work informing
them) are, they leave the basic question unanswered when and why
uncertainty is engaging: What psychological mechanisms explain when and
how different kinds o f uncertainty motivate? Costikyan variously alludes to
psychological constructs in footnotes, but as a designer, he chiefly teases
apart structural game features, taking their motivational pull as a given.
Power et al. similarlyaremoreinterestedinreconstructinguncertaintyasa
definitional "foundational experience" characteristic for play than in
understanding how it may motivate play (Power et al., 2019). Startingwith
ThomasMalone(1982),researchershavesuggestedandtestedlinksbetween
uncertainty and curiosity and suspense in games (Abuhamdeh et al., 2015;
Howard-Jones & Demetriou, 2008; Lomas et al., 2017; To et al., 2016), but
suchworkhasremainedsparseanddisconnected. 

What's more, current constructs in game uncertainty research are not
groundedinnaturalistico bservation(playerso bservedastheyareplayingin
their natural setting). No matter if Caillois, Johnson, Costikyan, Power, o r
others: all develop theoretical models drawing o n personal experience as
gamedesignersandpriorscholarship.Factoranalysis(asusedbyPowerand
colleagues) may reveal whether there is a structure among such
theory-derived items that reflects a structure in people's self-reported
experience, but not whether these items capture all, o r even all important
aspects o f the phenomenon in question. One likely blind spot o f existing
research in this respect is that it chiefly relies o n ‘summative post-hoc’
memories o f a gameplay session rather than probinginstanceso fgameplay
via video recalls, taking o bservational notes during talk-aloud gameplay
sessions o r asking players to do diary entries right after each o f their play
sessions. This brings with it the well-known issues o f memory biases and
post-hoc rationalization - the "memory experience gap" (Miron-Shatz et al.,
2009): remembered experience is not lived experience, and yet it is lived
experiencethatdetermineswhetheraplayercontinuestoplayagameatany
givenmoment(orstops),andformsthememoriesthatinformtheirdecision
to pick it up again. In contrast to summative gameplay stands what game
designers call moment-to-moment (m2m) gameplay (Sivak, 2012; Swink,
2007b, 2009). M2mgameplaydescribestheplayer'sexperienceo fthegame
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from o ne moment to the next. Uncertainty has yet not been investigated at
thisnuancedlevelo fgranularity. 

As seen above, uncertainty in games is still a relatively new topic where
player reports and existing literature suggest that it plays a key role in
makingthegamingexperiencericher.Evenifso,thereislittletonoempirical
investigation how uncertainty makes player experience richer, o r motivates
players to progress in a game, o r what additional impacts it may have o n
other player experience constructs (for example: player immersion). In the
following study we attempt to understand when exactly do players
experience uncertainty and furthermore why is it important to their
gameplayexperienceaddressingthemultifacetednatureo funcertainty. 

As discussed above, existing work provides descriptive typologies o f
structuralgamesourceso funcertaintyanddimensionso fexperiencedplayer
uncertainty, but neither are these typologies grounded in (or validated
against) naturalistic o bservation, especially o f lived m2m gameplay
experience, nor do they provide explanatory models when and how
uncertainty engages. We conductaqualitativestudycombiningbiographical
interviews, diary entries, o bservations with video-aided recall o f gameplay
combiningpost-hocmemorieswithwaystocapturein-the-momentreactions
and revisiting the gameplay through the video and probing them to
remember particular momentso fgameplay.Thereactionso ftheplayersare
more than summative o r generalised about their experience o f a particular
gameoveranextendedperiodo ftimebutalsocapturedetailsduringthelive
gameplay experience o r revisit the lived gameplay experience through
video-recalls. It constructs a grounded theory o f how uncertainty engages
players in m2m gameplay and establishes links with existing motivational
constructs. 


MomenttoMoment(m2m)Gameplay 
AsdiscussedinChapter2,m2mgameplayiso neo fthegapsinexistingplayer
motivation literature and thus barely defined. We takeamomenttounpack
thistermbeforefurtherdelvingintouncertaintyfromthisperspective.Itisa
commonlyusedtermbygamedesignersandplayers(EuropeOG,2015;Sivak,
2012;Swink,2007a,2009)toexplaintheinteractionatconcurrentsnapshots
intime.M2mgameplaydescribesexperienceo nthelevelo fsecond-to-second
input-outputpairingsaroundthegame'scoreloop(Sicart,2015),aso pposed
to the longer arcs and loops o f game goals and player strategies (Parijat,
2017;Saunders&Novak,2012;Suckley,2017;Sundell&Profile,2016).This
distinction echoes game scholars like Salen and Zimmerman (2004), who

62 

distinguish between a "micro" and "macro" level o f player uncertainty, o r
Klimmt's (2006, 2008) distinction o f three analytic levels o f entertainment
experiences in gameplay, with "input-output loop" as the lowest level.
Importantlyforo urcontext,gamedesignersholdthatsmooth,engagingm2m
gameplay makes o r breaks player engagement and retention (Chmielarz,
2012;Romero,2011). 

The term is interchangeably used with second-to-second interaction,
gameplay o r experience (Parijat, 2017; Saunders & Novak, 2012; Suckley,
2017;Sundell&Profile,2016).Thereisnoclearconsensuso nwhattheterms
exactly mean however, there is a very clear importance placed o n m2m
design o f the game (Chmielarz, 2012; Parijat, 2017; Romero, 2011). It
concentrates o n the core mechanic that the game revolves around and the
actions the player has to do repeatedly in the tightest loop o f the game
(Baumgart, 2011; Romero, 2011). Research so far has littletonoinsighto n
what happens during m2m gameplay with respect to mechanics o r game
elements to motivate a player into continuation o r demotivate a player to
disengagement. We choose this lensconsideringgamedesignerscan’treally
control the state players enter the game in. However, they can possibly
arrangethegameelements(goals/objectives,reward/feedbacketc.)inaway
that motivates players to continue playing o n a m2m basis. Games being
complexsystems,wesuspectanumbero fsuchgameelementstobeatplayin
fosteringm2mmotivation. 

These arguments make it relevant to capture and understand gameplay
experienceandunderlyingaffordancesatthem2mlevel.Forthepurposeso f
thisthesis,wewillusemoment-to-moment(m2m)gameplaytorefertogame
interactions and player experiences that take place o n the time scale o f
seconds in line with the game’s action-reaction loop; and m2m motivation
describing players' motives for continuing gameplay interaction from o ne
action to the next. More precisely, m2m is defined with respect to the core
repeating action-reaction loop o f the gamepropelledbythecommunication
between the game andtheplayer:thegamepresentsano pportunityforthe
player to act, the player performs an action in the game, the game
immediately responds with the next statetowhichtheplayerrespondsand
the m2m loop continues. For example, in a game like Super Hexagon
(Cavanagh, 2012) a m2m gameplay would be the game presenting a new
pattern and the player immediately responding with a movement action to
avoid collision and this loop continues unless the game ends. Any state
changeinthegame(includingplayerattributes)propelledbythegameo rthe
playero rbothwouldcontributetothem2mgameplay.Wesuggestthatm2m
gameplay adds up to the overall gameplay experience and is not separate
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from it. We define m2m motivation as the motivation player feels in every
such loop to act inthegame.M2muncertaintyisdefinedastheuncertainty
playerfeelsduringthisaction-reactionloopandimpactstheirm2mgameplay
andm2mmotivation.M2mandoverarchinguncertaintyarenotindependent
ofeacho ther,forexampleanon-m2mleveluncertaintywouldbeuncertainty
that players feel about overarching features o f the game thatdonotimpact
theirm2mgameplayo rm2mmotivationwhereasam2muncertaintyimpacts
the immediate m2m gameplay o f the player. From a methodological
perspectiveo bservingandrecordingm2mgameplayasthegameplayo ccurs
wouldbeo newaytorecordm2mlevelplayerexperiencesandmotivations.  


Study: Exploring M2m Motivating Uncertainty
usingGroundedTheoryInvestigation 
ThisstudyaddressesthesecondResearchObjective. 

RO2: ‘To explore when and why uncertainty becomes motivating in m2m 
gameplay.‘ 

Uncertainty is widely acknowledged as anengagingcharacteristico fgames.
Practice and research have proposed various types and factors o f game
uncertainty, yet there is little workexplainingwhenandwhydifferentkinds
of uncertainty motivate, especially with respect to 'micro-level', m2m
gameplay.Wethereforeconductedaqualitativestudycombiningbiographical
interviews with video-aided recall o f gameplay to construct a grounded
theoryo fhowuncertaintyengagesplayersinmoment-to-momentgameplay. 

Method 
The work presented here is part o f a larger exploratory grounded theory
study o f m2m motivation in so-called ‘pick-n-play games’. Based o n prior
literature,weo perationalized‘pick-n-play’(oursamplefocus)as"gameso ne
canlearnandconcludeasatisfyingplaysessionin10minutes"(Cheng,2011;
Juul, 2010a; Kultima & Karvinen, 2016; Rohrl et al., 2008; Trefry,2010).To
avoidprimingo fe.g.distractingstereotypesaroundterms,wewerecarefulto
never use labels like “pick-n-play” o r "casual" with participants. We o nly
spokeo f"gameswhichareeasytolearnandaccess".Wespeciallyfocusedo n
these games for two reasons: (1) to counterbalance player motivation
research,whichpreferentiallystudiesconsole/PCAAAgames(JuhoHamari&
Tuunanen, 2014; VandenBerghe, 2016); (2) methodologically, we sought
contained games i.e. games with limited scope o f player interactions and a
simple game architecture revolving around o ne main player interaction as
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that would allowustoeasilyo bserverepeatm2mplayerexperiencearound
thegame'scoreloop. 

Since o ur study wasfocusedo nm2mplayermotivation,o urdatarevealeda
range o f game features like rewards, feedback etc. and connected emotions
and motives like the feeling o f progression, need for routine, feeling o f
accomplishment. However, uncertainty quickly emerged as a central and
highly differentiated category, warranting separate treatment. After
developing a general grounded theory o f m2m motivation in ‘pick-n-play’
games,wethereforeconductedafocusedanalysiso falldatapassagescoded
foruncertainty,whichwereportinthiswrite-up. 


ParticipantsandMaterial 
Due to thefocuso fthelargerstudy,werecruitedactiveplayerso fgameso n
mobile devices. Werecruitedandscreenedprospectiveparticipantsthrough
a questionnaire distributed via social media, in which they indicated their
age, gender, and the games they regularly play. We purposely sampled
participants from this pool who reported currently playing games what
qualified as pick-n-play by o urdefinitionando fferedarangeo fgender,age,
andgamesplayed(seeTable2).Intotal,wecollecteddatafrom13players,7
women and 6 men, aged 18 to 54. All participants spoke English and had
prior familiarity with games. We stopped data collection at 13 participants
when we reached theoretical saturation, which aligns with prior work
indicatingthatsaturationo ccursaround12participants(Guestetal.,2006).
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ID

P01

Gender

M

Age

DataType 

Game

Genre 

Interview, 
DiaryEntry,
GolfClash(Playdemic,2017) 
Sports
Video-aided Recall
35-44 Interview 
ClashRoyale(Supercell,2016)  Strategy 
Cooking Fever (Nordcurrent,
2014) 
Simulation

P02

F

18-24 Interview 

TempleRun(I.Studios,2011) 

Platformer/
Runner 

FruitNinja(H.Studios,2010) 

Puzzle

P03

M

Video-aided Recall Jetpack Joyride (H. Studios, Platformer/
25-34 Interview 
2011) 
Runner 

P04

M

Video-aided Recall
25-34 Interview 
PinOut(Mediocre,2016) 

P05

M

Video-aided Recall MonumentValley(UstwoGames,
18-24 Interview 
2014) 
Puzzle

P06

F

25-34 Interview 

Arcade
Simulation

TwoDots(Playdots,2014) 

Puzzle

Exploding
2015) 

CardGame 

Kittens

(Kittens,

P07

M

Video-aided Recall Blaze Hopper (S. H. Studio, Platformer/
25-34 Interview 
2018) 
Runner 

P08

F

Video-aided Recall
18-24 Interview 
Taptaptap(Bonte,2015) 

Puzzle

P09

M

Video-aided Recall
25-34 Interview 
TapTycoon(Corp.,2015) 

Simulation

P10

F

Video-aided Recall
25-34 Interview 
MergePlane(M.Games,2018)  Simulation

P11

F

Video-aided Recall Super Hexagon
25-34 Interview 
2012) 

(Cavanagh,
Puzzle

Picross(Company,2017) 
P12

P13

F

F

18-24 Interview 

Interview, 
45-54 DiaryEntry

LogicPuzzles(Boyle,2019) 

Puzzle

CandyCrush(King,2012) 

Puzzle

CandyCrushSoda(King,2014)  Puzzle
FarmHeroes(King,2013) 

Puzzle

Table2.P
 articipantdemographicsandthegamestheyreporton 

DataCollectionandAnalysis 
We did not enter the study with any hypothesis but to understand m2m
motivationandgenerateatheory.Toremaino pentoconstructsandrelations
not already captured in prior theory, we intentionally chose an o pen,
theory-generating approach that allowed researcher’s subjectivity o f
gathering sense in the data and allowed for iteration in the methodology.
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Specifically, we followed Constructivist Grounded Theory as developed by
Charmaz (2014). We looped data collection, transcription, coding/analysis,
and memoing/theorizing to initially reconstruct players' own in-vivo labels
and emic categorizations, to then develop o ur own higher-level constructs
following Charmaz' (Charmaz, 2014) sequence o f initial, focused, axial, and
theoretical coding. We started collecting data as combined episodic
interviews and week-long play diaries. Players were asked to continue
playing their reported game (the game they reported that were playing
duringscreening)intheirnaturalenvironment(e.g.whilecommuting,during
workbreaksetc.)astheywouldforaweek.Duringtheweek,weaskedthem
to record their session experience in a diary after play. After the week, we
interviewed them o n theirexperienceo fthegameanduseddiaryentriesto
probe into their player experiences. We quickly discovered that diary data
remained relatively'thin'i.e.itechoedsimilarinsightsastheinterviewsand
did not make the data much richer. The episodic interviews revealed a
diversity o f uncertainty experiences, but we wanted additional granular
capture o f linkages between gameplay experience and game features. We
thereforeenrichedtheinterviewwithvideo-aidedrecalli.e.weaskedplayers
toplaythegameinfronto ftheresearcherwhilethinkingaloud(choosingthe
most natural habitat possible: o nline o r in-person), screen-record the play
sessions and then participate in the interview, which proved additionally
insightful.Intotal,wecollected 
5 semi-structured episodic interviews, each about 45 minutes in
length;threeinperson,twoovervideo-call. 
2 diaries o f play experiences over o ne week, using some o f the
episodicinterviewquestionsasadailyprompt; 
9 video-aided recall semi-structured episodic interviews, again o f
about45minutesinlength;sixinperson,threeovervideo-call. 

Beyond video-aided recall providing more and more detailed player
reconstructions o f m2m motivations and motivation-game feature links, we
sawnomajoreffect. 

Our semi-structured episodic interviews (Flick, 2000) focused four broad
dimensions: (1) players' m2m experiences motivating them to continue o r
discontinue a play session; (2) game factors players connected to these
experiences;(3)personalfactors(likedispositionso rbiographicalsituations)
playersconnectedtotheirgameplay;and(4)contextualfactors(likesituation
andsurroundingswhenplaying).Weaskedparticipantstofirstdescribeinas
much detail as possible theirlatestrecalledexperienceplayingtheirchosen
game, including situational and biographical circumstances. We then
instructed participants to identify and describe particular in-game events
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that made gameplay engaging (or disengaging) and worth continuing (or
discontinuing)(seeappendixA). 

In video-aided recall interviews (Pitkä nen, 2015), we asked participants to
playthegametheycurrentlyactivelyplayedforabout5-10minutes;thinking
aloud in the process so that we could take o bservational notes. We
video-record screen activity and player reactions and then conducted a
follow-on interview where we replayed gameplay footage and stopped the
videoatkeymomentstoprobedeeperwhatparticipantsexperiencedatthat
momentandwhatparto fthegametheyascribedthisexperienceto,usingthe
same guiding questions for m2m experience and game factors. We made
observational notes about the interview situation to capture contextual
factors. 

We collected diary entries (Bolger et al., 2003) initially to unearthpatterns
and deviations in player experience across game sessions, capture how
fluctuations in contextual and personal factors, and player state changes
before and after play sessions. We discontinued diaries as they required
additional effort from participants yetduplicatedthefindingsfromepisodic
interviews. 

We took extra care to avoid ambiguities and over-interpretation around
player-reported experiences by asking players to restate the reported
experience in different terms, o r to provide an alternative example o r
explanation.Interviewswererecordedandtranscribedadverbumalongwith
data collected from o nline text exchanges where preferred. Following
groundedtheoryprincipleso fconstantcomparisonandtheoreticalsampling
(Charmaz, 2014), all data was coded and memoed as it was transcribed,
comparingnewinformationagainstexistingcodesandconcepts,addingand
revisingconceptsandrelationsasrequiredbythedataandre-codingexisting
data accordingly, and evolving the interview script and choosing new
participantsbasedo nemergingquestionsandhypotheses. 

Followingo urlearningsfromthepreviouschapter,weunderstandfeelingso f
uncertainty as the feeling surrounding knowledge gaps (see Chapter 3). In
our data analysis, we record something as uncertainty when the players
express feelings o f uncertainty irrespective o f the source it is coming from.
The player needn’t use the exact term: 'uncertainty’, but express it through
feelings around expectations, doubt, predictability etc. From o ur
understandingo fepistemicemotion(seeChapter3)werealisethatepistemic
emotions are closely related and we acknowledge that each player would
express their feelings uniquely through their own chosen words. Amongst
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other emotions, these feelings o f knowledge gaps could be expressed as
doubt, unpredictability, excitement to find novel (unknown) information,
feelings o f anticipation around a resolved state and feelings related to
discovery o f missing information. Werecordafeelingasuncertaintyo nlyif
the players touch upon feelings o f missing information in their gameplay
experienceandexpressitso. 

Additionally,weconsideruncertaintyasmotivatingo nlywhenplayerswould
show willingness to find more (acquire knowledge) to resolve theirgapsin
knowledge and show motivation to adapt to the uncertainty. This is in line
with Shin and Kim’s (2019, pp. 853–874) argument that “humans have
evolvedtobedeeplycurioustoadapttoaworldo funcertainty.”Similarly,we
record demotivation when the players arenotmotivatedtofillaknowledge
gap. 


Results 
As stated, o ur presentanalysisreviewedandreportednotanyandallforms
ofreporteduncertainty,buto nlythoseinstanceswheretheplayersreported
thatuncertaintymotivatedthemtocontinue(ordisengagefrom)playing.The
followingsectionswillevidenceanddiscusso urfindings. 

In summary, we found that the feeling o f uncertainty in players evokes the
fundamentalmotivationo fcuriositytoresolvesuchuncertaintyandprogress
in the game (to find more about the resolved state). We will evidence and
discuss in the following passages that the player motivation is particularly
strong when uncertainty is balanced such that its resolution process lines
with the players’ need for competence satisfaction, need for achievements,
need for creativity, need to socialise, need for skill development amongst
other needs. Overall, we found resolution o funcertaintyasakeyreasonfor
playerstoengageinthegame’sm2mloop. 

As will be made explicit in the following sections, o ur data showed strong
links with epistemic emotions like surprise, curiosity, interest and salient
features that evoke such emotions like novelty and challenge(linkbetween
theseemotionsareexplainedinChapter3).Inall,o urdatasupportscuriosity
as a common motivator across all uncertainty sources, stoked by some
perceivedinformationgap,provokinguncertainty-resolvingaction.Themain
structure that emerged were seven player-perceived sourceso funcertainty,
whichcouldbegroupedintothreecategorieso rstages: 

(1)Gameuncertainty,whereuncertaintyisproducedbythegame'scontent; 
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(2) Player uncertainty relating to the player's process o f making decisions,
interactingandlearningtoadapt; 
(3) Outcome uncertainty arising from how the game responds to player
action. 

These three form the m2m experiential sequence o f how a player moves
through the interaction with a game's core loop (Sicart, 2015): the game
presentsanewgamestate(1),promptingdecisionsandactionsbytheplayer
(2), which results in an o utcome (3) that manifests o r leadstoanewgame
state(1)(Fig.8). 

In this section, we will present and illustrate each uncertainty source,
sequencedbycategory,andexplainwhenandhowitmotivates,linkingplayer
statementstomatchingknownmotivationalconstructs(summarizedinTable
3). 

GameUncertainty 
Game uncertaintyisuncertaintyaffordedindependentlybythegamesystem
presenting new o r reconfigured content to the player. This kind o f
uncertainty is linked with novelty that invokes epistemic emotions o f
surprise and excitement over unexpected (or hopefully anticipated) game
content o r content configurations, as well as curiosity over what the game
willpresentnext. 

ContentUncertainty 
Content uncertainty is related to the knowledge gap surrounding novel
information in the game and thus the epistemic emotions like curiosity,
interest,feelingso fexcitementandanticipationthataccompanynovelty.This
uncertainty is sourced from(1)newcontentand(2)newgoals.Theplayers
are motivated (curios) to find more about the new informationandresolve
theknowledgegap. 

(1)Playerscontinueplayingm2mastheyareuncertainandthereforecurious
about what they will encounter: "Although I have not reached too far inthe
new scene I am curious toseewhatcomesnext",as[p03,g06]putsit.Inthis
case the player just entered a new scene and in every m2m loop (at any
moment) is expecting to encounter new game elements. As the player
continues to engage with the m2m action-reaction loop, a constant hunger
and anticipation to find what is next propels the player to progress. They
expect that new information would be made available after their actionsin
every m2m loop. Similarly, the imagined possibility o f encountering
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as-yet-unseen content any moment generates excitement: "what if you find
the wardrobe and you go through it and youfindanotherworldontheother
side, you know that's always been like the most exciting thing for me" [p09,
general]. To sustain both, the game needs to continuously serve novel
content;[p08,g12]says:"Ithinkitmanagestokeepmycuriositybecausethere
arelevelsafterlevelsandthepuzzledoesn'trepeat".Thenovelcontentineach
levelo ffersinformationgapsthattheywishtoresolveastheyengageinm2m
gameplay. From prior experience with the game o r general gaming, players
build up some-yet-uncertain expectations about possible new content, like
newmechanics,andassessnoveltyasdeviationagainstthat.Playersforecast
uncertainty that will accompany novel content and make their m2m
gameplay engaging, this is where overarching and m2m level uncertainty
connecti.e.thegeneraluncertaintyo fwhatthenewlevelso rmechanicswill
be translated to anticipation and excitement in the m2m gameplayloop.As
[p06, g09] puts it, "[I] prefer Two Dots (Playdots, 2014) over those [other
games] because they became really dull after a while, whereas Two Dots at
least there are things that keep changing, whereas those... they don't really
change,themechanicsisbasicallythesame."Playersreportedtostopplaying
when they formed the belief that there would be no more novel content to
encounter:"OverallitwasafunhalfanhourbutIwouldn'treturnasitdidn't
promise anything different" [p10, g14] This uncertainty-from-novelty goes
handinhandwithm2muncertaintyaboutthetimingo fnovelo revenknown
content: "the one that you really want to get is that, is the advert (laughs),
that's so clever, Iamsittinghereeverytime,pleasebeanadvert,pleasebean
advert." [p09, g13] Behaviourally, players reported that new content
uncertainty motivated them to explore the game: "the kind of exploration
element at the beginning of the games, I love when you start and it's all fog
around you and you gotta kind of like figure it out and maybe there is
somethingdangerousoutthereuhm,maybethereisn'tbutthere'sreallykindof
sort of quite always thrilling" [p09, general]. Apart fromplayersmentioning
curiosity verbatim as their motivation to continue play and explore, the
structural (novelty) and behavioural (exploration) features they call o ut all
suggestcuriosityastheunderlyingmotive(Silvia,2012). 

Thisgeneralmotivationalconstruct,usuallyconceivedasanemotiono rneed,
links to player trait/preference constructs like Discovery (Hunicke et al.,
2004;Yee,2016),S eeker(Nackeetal.,2014),o rE
 xplorer( Bartle,1996). 

(2) New content (like a new level o r o pponent) is o ftenaccompaniedbyo r
constitutes new goals, which players again found engaging. In the moment
when a player is moving between levels in their m2m gameplay loop, they
exclaim: "Excitedtobegoingtothenextlevel.Anewlevelpromisestobringa
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new level of difficulty and new goals" [p03, g06]. Such new goals can be
explicit(asinanewquest)o rself-generatedbyplayers:"maybeastheyadded
new islands I would want to conquer the new one". [p07, Pirate Kings (J. B.
Games,2018)].Playersclearlyidentifiedastreamo fnewandchanginggoals
(and the prospective expectation thereof) as a motivation to continue
playing,inlinewithmotivationalresearcho ngoal-setting:well-formedgoals
motivate people to work towards them (Locke & Latham, 1990), which is
mirrored in player preference constructs like Yee's Completion (Yee, 2016).
This ties into uncertainty directly - new goals are uncertain novel content
themselves - and indirectly, in that new goals are needed to challenge the
player,formingaprerequisitetop
 layeruncertainty(seebelow). 

Overall, we recorded Content Uncertainty relating to the emotion o f
uncertainty that players felt and wanted to resolve when they saw o r
anticipated new content. This happens in the m2m gameplay when players
havejustencountered,arejustabouttoencounternewelementso rarevery
close to unlocking new content.Insomecases,anoverarchingfeaturelikea
new islandisexcitingtoplayersandimpactstheirm2mgameplayandm2m
motivation. This is o bserved as m2m as players while taking an action ask
questions like ‘what if I find/discover’, ‘what will the next challenge (goal,
elements)be[Ishouldprepareforitn
 ow]’ 

ConfigurationUncertainty 
Beyond entirely new content, players are uncertain about novel
configurations o f already-known game elements. Here, curiosity-inducing
uncertainty as the difference between experience-based predictions and
actual content becomes even more pronounced. As [p11, g15] explains, "it
adds quite a lot tomyexperience...one-identifythepattern;two-executethat
pattern, and then do that while you recognise the next pattern after that.
There'salotofbeingableto,uhm,predict,withadegreeofaccuracy,whatthe
nextthingthegameisgonnaneedyoutodo...nowthat'swherethenextgapis',
so it's a veryseesawprocessof,like-'Where'sthegap?','Whatarethesegaps
telling me about the sequence that is coming up?'" In fact, players report
implicitly testing their own ability to predict new game content as part o f
theirgameplayskill,derivingengagingsatisfactionfromaccuratepredictions,
which matches competence need satisfaction as a motive described in
self-determination theory (Ryan & Deci, 2000). "You have the rhythm of the
levelandthatkindofgivesyouanidea,thelocationsofthefruit-youcan'tsay,
guessingthatmakesitmorefun,acompletelypredictablegamewillnotbefun
forlong"[p03,g05].Again,thisuncertaintyo ftenrevolvesaroundo rprompts
new goals and challenges: "I am focused on the game and the upcoming
obstacles and the unpredictability definitely keeps mefocusedonthegameat
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the very moment" [p03, g06]. The deviation o f content from built-up
expectations (and connected solution strategies) makes it an interesting
challenge to the player's ability, prompting the next form o f uncertainty,
player uncertainty: "That was uncommon pattern, the moment I saw that
pattern I had a split second of hesitation that I didn't recognise it. ... Had I
beatenthisIwouldbefeelingprettysmug"[p11,g15]. 

We recorded Configuration Uncertainty when players reported they felt
uncertainty when presented with new patterns o r they anticipated new
patterns.Thishappenedintheirm2mgameplaywhentheyjustencountered
a new pattern o r are about to. They try to predict and the manageable
unpredictability keeps them engaged. The players during their m2m
gameplayremarko nthelineso f‘Whatwillthenextpatternbe’,‘canIpredict
thecomingpattern’,excitedlyexclaiming‘thispatternisunexpected’showing
m2mmotivation. 

PlayerUncertainty 
This category captures the player's experienced uncertainty sourced from
theirowndecisions(whattodoandhow),interactions(howwelltheycando
it), and ability to adapt (whether they are able to grow and learn in the
process). It refers to the feelings players have right before the actions and
during the actions they take inanm2maction-reactiongameplayloop.This
kindo funcertaintyisstronglylinkedwiththeepistemicemotionso f:feeling
of doubt/confidence, feeling o f competence, feeling o f error, feelings o f
agency,tipo fthetonguefeeling,feelingo fexcitementtoexecuteaskill. 

DecisionUncertainty 
Players reported being uncertain about what actions to take in what o rder
when the game o ffered multiple alternatives. This could be choosing from
options in a branching story, deciding between ducking o r jumping o n
countering an o bstacle, o r simplywhentohitabutton:"Howhardtohitthe
ball, which directionitshouldgoin...youhavetorecognisethem[thecoming
patterns]...intherighttime,andthencounteritwithsimilardecision-making"
[p01,g01].Inthisquote,aplayerexplainstheirdecisionmakingprocessand
questionsastheywereabouttotakeagolfshotwhiletimewasticking.Inthe
moment, the player must make some decisions o r decide to act randomly
before they lose their chance. This decision uncertainty is enabled by new
goals and challenges posed by new content and configurations (seeabove),
but also ties directly to the resulting uncertain o utcome. In the moment,
making decisions and predicting o utcomes is experienced as directly
connected: "It would be, how much you want to hit, where you want to aim,
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how much you think it will bounce and where you think it will go plus the
timing.It'severythingincluded".[p01,g01] 

As most pick-n-play games are rather linear and lack complex interactions
between mechanics and decisions, they don't o ffer as broad and deep a
networko finteractingdecisionstomakease.g.strategygames.Still,players
reported beingmotivatedtotesttheirdecision-makingskills,strategies,and
progresstowardsagoal,curioustoseehowtheirdecisionsturno ut.Players
frequently used the word "meaningful" and the emphasis is o n being in
control (autonomous) to capture particular instances o f resolving decision
uncertainty that were motivating: "They [the decisions] are extremely
meaningful because it's, like-allI'vebeengivenisasetofobstacles;it'stotally
up to me how I want to actually engage with them." [p11, g15] As this
statementindicates,forthedecisionmakingprocessandthusaccompanying
decision uncertainty to be meaningful, players need to experienceasenseof
agency (Haggard, 2017): they are in control o f the decision and feel freeto
make it. In addition, that decision needs to have an expected impact o n an
outcome in the game "[you] couldn't really have a more meaningful choice
thansomethingsthat'slike'AmIgoingtodosomethingwithacertainamount
of risk that might kill me?" [p11, g15], notably an o utcome the playercares
about:"sothechoicesyoumakeareessentially,affecttheoutcomeofthegame,
so it does make you engaged because you are concerned withtheoutcomeof
the game" [p01, g01]. Another way o f parsing the motivational pull o fsuch
decisions is autonomy need satisfaction as construed in self-determination
theory(Ryan&Deci,2000):beingabletomakechoicesthatmattertothem,
players feel that they act from a perceived internal locus o f causality, with
volitionandwillingness.Inaddition,decisionsaremotivatingbythethrillo f
testing o ne's competence: "there was a decision: to just seeifIcanmakeit...
that's quite thrilling, because it's like 'Oh, I did make it!'" [p11, g15]. This
illustrates the crucial tie between decision making and anticipation o f
outcome. In short, decision uncertainty is "meaningful"asinengagingwhen
players perceive that (1) they have a choice they are in control o f and this
choicewillimpactthegamestateinawaythatmatterstotheplayer(senseo f
agencyand/orautonomy),whichisenhancedwhenthedecisionpromisesto
(2) test the player's competence. A lack o f perceived choice o r feeling o f
helplessnessledtodisengagement,asstatedby[p06,g09]aboutnotwanting
to play a level: "I've had levels basically where the entire screen was almost
coveredinflameandtherewasabsolutelynooption." 

Compounding immediate 'low-level' decisions, players reported decision
uncertainty in arranging multipleactions("liningitupsothat,thenIcantry
togetaperfectshotandifIgetaperfectshotthenallthiswouldalignandthen
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the ball will go wherever I want it to go" [p01, g01]) o r juggling between
different longer-term strategies in the moment: "I wonder if I can out that
[collected resource] towards making some big leap or it might be ready to
prestigenow,youknowormaybeinanhourorwhenIgotosleep"[p09,g13].
Beyondagency,autonomy,andcompetence,thisengagingqualityo fstrategic
decision-makingfitstheStrategysub-componento fYee'smotivationalmodel
(Yee,2016). 

We recorded Decision Uncertainty as the feeling o f uncertainty players
expressed they had just before taking actions which would be resolved by
taking the action. This the decision making motivated players to continue
playing to see how their decisions panned o ut. Overall it strongly connects
with the feeling to validate competence and feelings o f agency in making
decisions. The players expressed o r recalled their emotions during m2m
gameplaywithremarkso nthelineso f:‘whatchoiceshouldImake’,‘Iamfree
to choose so what should I decide’, ‘what strategyshouldIo ptfor’showing
engagement in the moment o f play andthusmotivationtowardscontinuing
toseethegame’sreaction. 

InteractionUncertainty 
Interaction uncertaintyregardsplayers'practicalabilitytoperformachosen
action.Thislinkstotheexcitementarounduncertaintyo fperformanceinthe
face o f challenge. Players are uncertain if they can execute anactiontimely
and accurately to influence the o utcome in their favor. The required timing
and accuracy tests and thus stokes uncertainty about the player's skills:
"There's a pretty highchancethatactuallyI'mprobablynotgonnamakeitin
time unless I was actually quick enough to pick up on it ... I've totally
internalised that, so it's more like 'Get, get to the gap' and, sometimes, I
overshoot or undershoot - isn't that just another skill-level thing"[p11, g15].
This player is sharing their experience with the game Super Hexagon
(Cavanagh,2012)whichtheyplayedinfronto ftheresearcherandalsodida
videorecallinterview.Heretheyareexplainingtheunpredictabilitytheyfeel
withrespecttotheirinteractionsastheyareexecutingtheactiono faligning
thegamepointerwithagap. Theyareawareo ftheskillneededforthegame
and are continuously trying to act accurately to not lose the game. The
uncertaintytheyfeelinthemomentexpressedbysaying,‘probablynotgoing
to make it’ shows that they feel a knowledge gap in their own interaction
abilities. This is echoed by o ther players during their m2m gameplay (see
below). Since the challenge in this case was wellbalancedwiththeplayer’s
skillstheyweremotivatedtofacethisuncertaintyandresolveit.Otherskills
tested included multitasking and attention-switching between e.g. present
andupcomingchallenges("IfIwereuberawesomeIshouldprobablycheckthe
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top, so I can better react to the coming challenge" [p09, g13]), and learning
controls:"Thecontrolisonlyclicks,whichIdowithmyleftthumb.Ihavetried
switchingfingerstoseewhatworksbest,andlandedonthis.Thiswasthrough
the evaluation of the scores I made and the general stability ofmycharacter
during that level" [p03, g06]. Players reportedbeingimmediatelymotivated
bycuriosityintheextento ftheirownabilitiesandhowtocontrolthegame. 

In addition, if game feedback tells players that they succeed, they
consequently experience what can be construed as competence need
satisfaction(Ryan&Deci,2000)o rMastery(Yee,2016):"...thepointswhereI
tapinquicksuccession,feelingliketheexpert"[p07,g11].Thisisthelinkthat
shows that such an uncertainty is linked to motivation o f the players
(motivationslinkedwithperceptiono fcompetence)toprogressinthegame. 

Especially in real-time game, the sheer risk o f losing at averting o ne's
attention briefly motivated m2m continuation: "... the fact that you get the
taskstocompletereallyfastoneaftertheotheroneissomethingthatkeepsyou
stay and playing"[p08, g12]; "...but, the chance, like-I often feel, like, the
moment I can and take my foot of the pedal to go like 'Oh, yeah!', like, I've
probably justdied"[p11,g15].Theunresolvedo ngoingtensiono flosingrisk
coincided with higher levels o f arousal,fittingYee'sExcitementmotivational
sub-component(Yee,2016).

WerecordedInteractionUncertaintyastheemotionsplayersexhibitedwhile
taking an action in them2mgameplayloopandbeinguncertainabouttheir
own performance abilities, however, being excited to also know how they
performed.Thiskindo funcertaintyiscloselyrelatedtoexcitemento ftaking
actionsando bservingo ne’sskills.Theplayers'remarksechoedthefollowing
underlying sentiments: ‘will I be able to act accurately and timely?’,
exclamationslike‘thatissofast!’andconfidenceo f‘Icandothis’.Thefeelings
of confidence, perceived competence and excitement o f action when posed
with Interaction Uncertainty motivates the players to engage in m2m
gameplay. 

AdaptationUncertainty 
We o bserved that closely relatedtoInteractionUncertaintyisuncertaintyo f
adaptation o r performance growth beyond each individual interaction.
Playersareuncertainhowwelltheycanadapttothegame'schallenges.They
are uncertain if theywillbeabletotackleachallenge,asaplayerdescribes,
"Trying to see if I can catch thatextrafruitthistime,nowthatIknowthatis
coming. Will my reaction be as fast as the game throws fruits at me. ... Mine
[their motivation] is this.Toscorebettereachtime"[p03,g05];"I'mtryingto
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get to the situations which I feel I could do better at in comparison to my
previous runs and then see if I do" [p05, g08]: in the m2m gameplay o f a
puzzle, this player is constantly trying to improve upon their performance
and judge their mastery and growth. To fuel such motivations to display
achievement (Brunstein & Maier, 2005) o r experience competence (Ryan &
Deci,2000),tasksneededtobeperceivedaschallenging,thatis,theirdesired
outcome given the player's self-perceived skills was seen as uncertain: " I
want to see if I can keep the character steady enoughtonotgetkilled"[p03,
g06]. 

Players also explicitly framed this as curiosity in their abilities: "I had a
streak,andIwasgood,and,like,nowI'vesatisfiedmycuriosityaboutwhether
ornotIcoulddoitfurther"[p11,g15],o rasanotherplayerputsit"[I]wantto
see how far can I reach? Can I reach the next level. Every level has an
instruction and goal at the beginning and I wanted to see if I canreachthat
goal" [p03, g06]. The player in this quote is sharing their experience while
playing a fast paced platformer, they are resolving Interaction Uncertainty
while also testing their mastery andaccessing‘howfarcantheyreach’-this
questiono fhowwellhaveIadaptedtothegameworldmotivatesthisplayer
toresolvethisquestionineverym2mloopo fgameplaybycontinuingtoplay. 

Playersaremotivatedtocontinueastheyarenotfullycertainifthereismore
they can learn, as o ne player remarks in line with Koster's Theory of Fun
(Koster, 2013): "assoonasyoulearneverythinginagame,thereisnoreason
to play" [p05, g08]. Independent o fcuriosityabouttheircurrentability,this
also showscuriosityinwhatthereistolearnasparto fagivengame(Silvia,
2012). 

WerecordedAdaptationUncertaintyasthefeelingso funcertaintypertaining
toaccessingo neselfando ne’sgrowthintheabilitytoplayagame.Thiskind
of uncertainty is closely linked to the feelings o f mastery, feelings o f
improvement and feeling o f achievement along with the feelings o f
competence. While explaining this emotion in their m2m gameplay players
remarked o n the lines o f: ‘am I getting better?’, ‘How much better am I
reactingtoachallenge?’ 

OutcomeUncertainty 
This category captures uncertainty over notknowingthegame'so ranother
player's reaction after the player has performed their action: (1)
game-related result uncertainty and (2) o ther-related opponent uncertainty.
Players are curious about what is going to happen, whether they predicted
the o utcome correctly, and whether they accomplished affecting a desired
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outcome. Thus, outcome uncertainty is tightly connected with player and
game uncertainty. This kind o f uncertainty relates to the importance o f
feedbackingames(Marczewski,2013)andplayers’emotionso fanticipation
andemotionso fcuriosityandinterestinthegame’sreaction. 


ResultUncertainty 
Players describe game results o f their actions to be motivating if they are
neithertoopredictablenortoounpredictable,forexampleo nceaplayerhas
taken a shotinagolfsimulationgame,theysay:"Ishouldbeatleastableto,
sayifIplayed20times,Iatleastsay50%ofthetimeIshouldbeabletogeta
perfect shot..." [p01, g01]. A completely predictable o utcome is reported as
disengaging: "A completely predictable game will not be fun for long" [p03,
g05]. On the o ther hand, players feel no control if the o utcome is fully
unpredictable:Itis"definitelynotfun"that"intheshootout,youcan'tpredict
at all" [p01, g01], o r as another player reports: "I just couldn'treallygeton
withitinthesensethat,yeah,therewasnoneofthissensethatIwasincontrol,
and I couldn't predict what was gonna happen next.. I would considermyself
quite an experienced gamer-andevenwiththat...Istillcouldn'tworkitout."
This could make the game o utcome appear: " I'm thinking if I'm losing in a
gameis'Oh,thegame'sdecidedwearegoingtolosenow'"[p12,general]. 

Players generally prefer that the o utcome relies o n their skill rather than
something they can't control: "... if it were skill then it would have been
(rewarding) but I don't know whatyouneedtodotomakeitaperfectshot.I
thinkit'stiming,ifthearrowgoesandyouhavetotimeit,butthereisnoreal
way to gauge" [p01, g01]. While luck was reported asapositiveexperience
("The thrill thatIgotlucky,whenevertherightcardcamealong"[p07,g10]),
playersaredisengagedifagame'so utcomesare'too'randomforthem:"Igot
bored of it. It's a very, very simple game, and it's a bit too much based on
randomness"[p04,g07]. 

In such instances with not 'too much' luck, resolving outcome uncertainty
would also resolve player uncertainty about and curiosity in theirownskill
overall:"IwouldclearlyknowifIamplayingbetterornot,becauseIamdoing
something wrong and then I can fix that. Either by playing a lot or by
something" [p01, g01]. Relatedly, it satisfies the player's curiosity in their
ability to predict their performance. A healthy amount o f performance
predictability keeps players in the 'right' zone suitable to each player. As a
playerdescribes,"I veryrarelygetfrustratedwithlogicpuzzlescauseIknowI
candothem...causelogicpuzzlesallgenerallyfollowthesamesortofpattern....
So, I know, eventually, I will get through it" [p12, g17]. However, this basic
expectation o f competencyshouldnottipoverintocertaintyo fsuccess:"ifI
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knewIcoulddoitIwoulddoitandthenmoveontosomethingIcan'tdo"[p05,
g08]. 

Connected, resolving outcome uncertainty would resolve uncertainty about
self-set o r game-set goals and expectations: "The expectation was within 60
seconds. I took 38 seconds" [p03, g06]. Thus, where player uncertainty taps
competence (Ryan & Deci, 2000), mastery (Yee, 2016), and achievement
(Brunstein & Maier, 2005) in the form o f expecting o r wanting, outcome
uncertainty provides satisfaction o n beating and the o pposite o n failing
expectations: "I get disappointed when I go less than I thought" [p10, g14].
Beatingexpectationsalsoaffordedpositivesurprise:"Thefirsttimeitdidthat
I freaked out ...when Itapinsteadofgettinglike10dollarsorwhateveritis,I
am getting starting with 2AD meaning that like on myfirst"[p09,g13].This
cycle o f acting, expecting and o utcome reveal keeps players engaged from
m2m:"frommomenttomomentIwanttoseeifIcankeepthecharactersteady
enoughtonotgetkilled"[p03,g06].Intheaboveexamplequotesplayersare
uncertainabouttheresultso ftheirinteractionsandtheylookforwardtothe
resolution o f that knowledge gap i.e. the results o f their actions and then
relateittotheirexpectations. 

Outcome uncertainty connects to and resolves decision uncertainty in the
sameway,asitsatisfiesplayer'scuriosityhowtheirdecisionspano ut:"sothe
choices you make are essentially, affect the outcome of the game, so it does
make you engaged because youareconcernedwiththeoutcomeofthegame"
[p01, g01]. This entails resolving uncertainty about the relative size o f the
decision's impact: "how much youthinkitwillbounceandwhereyouthinkit
willgoplusthetiming"[p01,g01]. 

Finally,resolvingoutcomeuncertaintyfeedsforwardintogameuncertaintyin
theformo fanticipatednewcontentandgoals:"Igettohaveothernewtasksif
I get to a higher score" [p08, g12]. Players are eager to see the o utcome to
plan further: "if we get one more thing up to eleven hundred, then Igetplus
two hundred percent on everything, that's pretty significant... I'd like to get
either the theme park or the bank to (upgrade)" [p09, g13]. Some players
would seek o ut all possible o utcomes as they were curious in the different
content they provided: "And I played it through a classeach,sothedifferent
character classes, and I played it through to try to get the different endings"
[p06,Vampire:TheMasquerade(WhiteWolf,1991)]. 

A player summarizes the importance o f the o utcome itself and the related
uncertainty-"[Iwantthegameto]showareasIwouldnotimmediatelyexpect
from the core mechanics ... if the game manages togivememomentswhereI
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care about what happens, it's worth to keep playing if thatfeelingdiesdown
overtimeornevercomesup,Idon'tbother"[p05,g08]. 

WerecordedResultsUncertaintyastheuncertaintythattheplayerfeelsabout
the upcoming o utcome right after performing their actions. This is tightly
linked with the motivation and emotions o f achievement and perception o f
competence. While engaging in m2m gameplay, the players emoted in the
lineso f‘didIwin?’andcomparativeemotionslike ‘AmIbetterthanbefore?’ 

OpponentUncertainty 
This category captures uncertainty over an o pponent's o r collaborator’s
reactions in a multiplayer game.Playersplanbasedo ntheirexpectationso f
theo pponentsplansandabilities:"Youcanseetheotherguysamassingtroops
atyourborders,youdon'tknowwhenthey'regoingtoattack,soyou'reshoring
up defenses" [p07, Risk (S. M. G. Studio, 2017), the player explains their
actions as they read the o pponent’s reactions. This also stokes decision
uncertaintyabouttheplayers'ownstrategies-whicho netochooseandhow
it will resolve: "you probably haveastrategyastohowyou'regoingtobreak
intotheotherguyscampandtakeoverallhisterritoryandthesearestrategies
overafewmoves,soyou'redefinitelyinvestedinafewturns"[p07,Risk(S.M.
G. Studio, 2017). Players are also uncertain o f their o pponent's skill, which
keeps them guessing the o utcome o f the game: "... depending on the other
player'sskillyoumaybeabletowin"[p01,g02].Moreover,theyareuncertain
about the moves the o ther will perform each turn: "Obviously there are
chancestheotherplayerwillalsomakeamistake"[p01,g02],overhereafter
taking their turn, the player’s immediate thought is how well will the
opponentperform-thismotivatesthemtoseethereactiono ftheo pponentto
theiractions.Playersstopplayingiftheyfeelmatchedwithanotherinsucha
way that they can already predict the o utcome: "I sometimes blame the
matchmaking algorithm for teaming us against someone who's really good"
[p12,general]. 

Along with the o ther motivations attached to outcome uncertainty already
mentioned, interacting with o thers can create social motivations like
relatedness need satisfaction (Ryan & Deci,2000)o rachievement(Brunstein
& Maier, 2005), connected to player preferences captured in Yee's Social
competent(Yee,2016). 

WerecordedOpponentUncertaintyastheuncertaintyplayer’sfeltregarding
the reaction o f another player. They wanted to resolve this uncertainty by
accessing the o pponent’s move. This kind o f uncertainty also deals with
feelings o f comparison in a social setup and the feelings o f exhibition. The
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players’remarksechothequestionsaround:‘howwilltheo therperform’,‘am
Ibetterthanthem?’ 

Discussion 
We recorded the above types o f uncertainty as m2m because players
reported that they triggered their motivation to engage with the m2m
gameplay. Even if some uncertainties are more related to overall game
experience looking forward to new levels, we report them o nly when such
uncertaintyinformedtheplayer’sm2mgameplayino uro bservation. 

Zooming o ut, we see three contributions o ur data makes to the current
discoursearoundgameuncertainty:(1)itpresentsanuncertaintytaxonomy
that is grounded in naturalistic o bservation, corroborating and challenging
existing theory-led taxonomies; (2) it explicates conditions when certain
uncertainty types become motivating as well as the underlying motivations
explaining why these types o f uncertainty propel players m2m; (3) it
identifies novel uncertainty types, especiallygameandoutcomeuncertainty,
whichwereinsufficientlycapturedinpreviousmodels. 

SourcesofUncertainty 


Fig.2.Relationshipbetweenthesourcesofuncertainty 

Our data providedataxonomyo fgameuncertaintysourcesgroundedinthe
m2m phenomenal experience o f 'going through' a game's core loop in the
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course o f seconds (Fig. 2) as o pposed to solely ‘summative post hoc’
recording o f experience as done in PUGS (Power et al., 2019). The data is
drawnatanm2mlevelo bservationsandvideorecallsthatplayersexplained
about their m2m motivations to engage with the gameplay. (1) Players
experience game uncertainty over what novel content and content
configurationsthegamewillpresenttothem,whichentailimplicito rexplicit
new goals. (2) Players then experience player uncertainty over their own
reactiontothegame'snewmaterial:whatactionstotake,howtheywilland
should execute o n their choices, and whether they bringthecompetenceto
dobothwell.(3)Astheplayersponderandperformactions,theyexperience
outcomeuncertaintyaboutwhattheo utcomeo ftheiractionswouldbe.They
want to see how their decisions, actions pan o ut, how good they actually
provetobe,andwhatnewcontentmaybeunlockedasaresult.Overall,these
three sources o f uncertainty work in a tight loop o f game prompt, player
action, and game reaction. This is supported e.g. gambling research (G. H.
Weiss, 1979) finding a link between decision and outcome uncertainty, and
Johnson (2018) o bserving that game uncertainty informs player actions.
Costikyan(2013)hasaconcurrentrunningcommentarythroughouthisbook
thatinformationgapsinthegameleadtoplayer'suncertainty. 


CausesandConditionsofMotivatingUncertainty 
As illustrated in the section above (summarised in Table 3), amongst o ther
motivational constructs, curiosity which is a well identified motivational
construct within games (Garris et al., 2002; Lazzaro, 2004) and o utside,
(Berlyne,1960;PaulJ.Silvia,2012)comeso utasacommonmotivatoracross
all uncertainty sourceswhichfallsinlinewitho urcurrentunderstandingo f
curiosity being evoked by uncertainty and the need to solve it (Litman &
Jimerson,2004;Loewenstein,1994;Toetal.,2016).  
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Table3.Linksillustratingconditionsw
 henuncertaintytypesaremotivatingandw
 hy 
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GameUncertainty 
Weo bservethatContentuncertaintyfuelscuriositywhenaplayer'sprevious
experience o r experience o f the current game loop creates anticipation for
new contentincomparisontotheirexpectations.Playersaremotivatedbya
sense o f discovery if the game provides o pportunity to explore for content.
New content creates motivation to set self-goals o r achieve game-goals.
Configuration uncertainty stokes curiosity when players expect the game to
produce new patterns. It also motivates playerstocontinueastheywantto
seeiftheircompetenceo fpredictinggamepatternsandtheexcitementwhen
they find something unexpected. This makes players expect more surprises
astheycontinuetoplay. 

PlayerUncertainty 
Whenitcomestodecisionmaking,weo bservedthatplayersfeelmotivatedif
they are presented with an impactful choice - it makes them curious about
the choice they would make,iftheyperceivethischoiceasfreetheyfurther
feelautonomyandasenseo fagencythattheyareinfluencingthechangesin
game state. If players react with this sense o f agency they feel their skill is
valued, helping them to feel competent. They are curious to see if they are
abletointeractskillfully,andareexcitedtofollowthegame'sactionreaction
cycle. Adaptation uncertainty keeps players curious about their ability to
performataskastheyplaythegame,thisadditionallyinvokesthemotivation
toachieve,toseekmastery,andthusevaluatetheircompetence. 

OutcomeUncertainty 
Uncertainty regarding the o utcome creates player curiosity. An o utcome
whose uncertainty is not too dependent o n randomness (so it can
test/expressskill),andthatisnotneithertoocertainnortoouncertainkeeps
players engaged and motivated to see the results. This feedback into their
perceivedcompetence,senseo fachievementandmastery,motivatingplayers
to engage further in the game's loop withanewcontentcycle.Playingwith
other players adds human unpredictability in the reaction creating a social
motivationtoengageinadditiontotheo thers. 


ComparisonwithExistingTypologies 
In this section we illustrate how o ur results match with and deviate from
priorworkclassifyinggameuncertainty(Table4).Thismappingisbasedo n
ourownreadingo ftheliteraturetothebesto fo urability. 
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Table4.M
 appingofouruncertaintymodelagainstpriorwork
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PlayerUncertainty 
While Caillois' and Johnson's models do not discuss player uncertainty
explicitly, it overlaps significantly with categories proposed by Costikyan
(2013) and PUGS (Power et al., 2019). Our interaction uncertainty maps
neatly o nto Costykian's performative uncertainty, performing accurate
physical interaction, as does decision uncertainty with both analytic
complexity (strategic decision making with regard to several possible
alternative plans)andsolver'suncertainty,findingo necorrectsolution,asin
a puzzle. Interestingly, Costykian misses o ut the most basic decision
uncertainty o f how to act next (e.g., ‘should I run o r jump?’ in Super Mario
Bros. (Department, 1985). Moreover, in o ur data, players didn't voice
experienced distinctions between analytic complexity and solver's
uncertainty. 

Movingo ntoPUGS,playeruncertaintylooselymapswiththreefactorso fthe
PUGSscale(Poweretal.,2018):UncertaintyinTakingAction(UTA)mapso ur
interaction uncertainty and adaptation uncertainty. By its name, o ne would
expect Uncertainty in Decision-Making (UDM) to fit o urdecisionuncertainty,
whichrevolvesaroundidentifying'optimal'actions,decisions,andstrategies.
Only o ne o f theitemsinPUGSUDMfactorcapturesthisquality:"Icouldnot
choose which actions were better". The rest o f the items revolve around
playersbeinguncertainiftheiractionsareimpactfulo rinanywayconnected
to the o utcome. Our data suggests that players o nly experience decision
uncertaintytobemotivatingwhentheirdecisionsareperceivedtobeclearly
'meaningful' asinhavingaclearimpacto ntheo utcome.Thus,agamecould
score high o n the PUGS UDM factor and be demotivating, as the factor
conflates (engaging) uncertainty about which o ption to choose with
(disengaging)uncertaintyaboutwhethersaidchoicewillhaveanimpact. 

The third PUGS factor connected to player uncertainty is Uncertainty in
Problem-Solving (UPS), capturing whether playersunderstandthegameand
how it is to be played. We did not find instances o f this in o ur data,
presumably for three reasons: (1) it will likely show with inexperienced
players new to a game,whileo urparticipantsreportedo ngamestheywere
already familiar with; (2) it focuses a macro level as o pposed to o ur
investigation o f the m2m level; (3) it again captures a likely undesirable,
dis-engagingformo funcertainty,wherewefocusedmotivatinguncertainties.
In summary, existing models do not capture the interaction nuances o f
decision uncertainty and do not report adaptation uncertainty as a stand
alonecategorythusnotdiscussingitinmuchdetail. 
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GameUncertainty 
In o ur model, game uncertainty encapsulates content uncertainty and
configuration uncertainty. The closest match to content uncertainty is
Costikyan'shiddeninformation,theuncertaintyo fnotfullyknowingthegame
state, like not knowingwhatcardsano pponentholds,althoughnotablythis
does not extend to uncertainty about entirely new content, which featured
strongly in o ur data. Costikyan's uncertainty of perception captures
uncertainty around the player's current grasp o f the game state, which
somewhat maps with configuration uncertainty (in terms o f knowing the
game state) and adaptation uncertainty (in terms o f the player's ability to
grasp the game state). But again Costykian is more focused o n how this
uncertainty tests a player skill and overlooks the curiosity value o f novel
game states. Johnson's randomness captures unpredictability in the starting
conditionso fagame.Thispartiallymapswithcontentuncertainty,buto nlyat
the stage where players talk about initial game content, not the o ngoing
stream o ur players reported o n. In PUGS, the 2-item Exploration (EXP)
subscale maps with the exploration behaviours players reportedo ncontent
uncertainty;howevertheitemsdonotspeaktouncertaintyo fnewcontento r
configurationsthatthegamepresentsunprompted.Inshort,existingmodels
capture game uncertainty very partially, missing o ut o n configuration
uncertainty and content uncertainty around new content generated by the
gameunprompted. 

OutcomeUncertainty 
Outcome uncertainty o f o ur model is uncertainty in how the game (result
uncertainty) o r o ther player(s) (opponent uncertainty) reactstotheplayer's
actions.Costikyan'splayerunpredictabilitymatchesthelatter:theinabilityto
predictwhato therplayerswilldoinamultiplayergame.Resultuncertaintyin
our proposed model goes notably beyond Costikyan's randomness, which
referstouncertaintywheretheo utcomedependso naprobabilisticprocess.
Players in o ur study report being curious about how the gamewillreactto
whatever action they perform, no matter if said reaction is partly o r fully
randomised o r not.Anitemo nPUGSUDMcapturestheoutcomeuncertainty
of players not knowing if the game has multiple o utcomes, players did not
report this in o ur study even when they talked about games with multiple
endings. EXU explores the role o f chance in the game and effect o f random
elements o n players, similar to an aspect o f outcome uncertainty o f players
notbeingabletopredictwhattheo utcomeo ftheiractionswouldbeandhow
that would feed back into their own performance. However, EXU does not
addresstheuncertaintyandcuriosityaroundwhatthegame'sreactionwould
bewhentheplayershaveusedskill. 
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While Caillois does not propose a detailed uncertainty typology his play
category o f alea o r chance aligns with result uncertainty in o ur model. He
says, "for nothing in life is clear, since everything is confusedfromthevery
beginning, luck and merit too" (Caillois, 2001), carefully addressing that
challenge and chance although the o pposite must also be complementary.
This maps directly with o ur findings that whether the game is more skill
based o r more luck based, the o utcome o f agameeventmustbesomewhat
uncertain, for the gameplay to be engaging. Johnson's chance is
unpredictability that o ccurs during the play o f a game, such as an
unpredictable move made by a non-player character. Any unpredictability
sourced by the game during gameplay is grouped under chance including
uncertainty around the result o f a game event, for instance the
unpredictability o f the o utcome o f a die roll in the board game, Snakesand
Ladders. Thus all kinds o f game uncertainty and outcomeuncertaintyo fo ur
modelisbasicallychanceintheirmodel.Luckisunpredictabilityattheendo f
a game, where luck is the extent to which player action can influence the
outcomeo fthegame.Outcomeuncertaintyattheendphaseo fthegamemaps
withluck. 


SummaryComparison 
Overall, Costikyan's(2013)elevensourceso funcertaintymapmoststrongly
witho urmodel.Oneimportantdivergence(amongthesmallero neso utlined
above) is Costikyan's broad category o f narrative anticipation: the desireto
find o ut how the story o r play arc o f a game unfolds. It cuts across game,
player, and outcome uncertainty in terms o f players wanting to see new
contentandhowthegameando thersrespondtotheiractions.Thiswasnot
reportedasacollectiveanticipationbyplayersinsteadasanticipationaround
eachcategoryo funcertaintydescribedinthemodel. 

PUGS developed by Power et al. (2019) aims to measure uncertainty as a
"foundational experience" o f gameplay, which they are then interested in
manipulating by e.g. increasing o r decreasing "fog o f war" (Kumari et al.,
2017). Their categories show little overlap with o urs because (a) they
descriptively focus any kind o f uncertainty, where o ur model captures
engaging uncertainty, (b) they are interested in summative dimensions o f
overallgameplay,whereaso urmodeldisentanglesaphenomenalsequenceo f
causes and experiences in m2m gameplay, and (c) their model is limitedto
assessing structures within items proposed by prior theoretical models,
whereo urmodelisgroundedino pennaturalistico bservation. 



88 

Johnson's (2018) nomenclature proposes an analytic distinction o f
unpredictability according to phases inagame;thisagainleadsthemtonot
capturinganyplayeruncertainty. 

Overall, while o ur empirically grounded model supports several prior
theoretical categories in existing models, it goes beyond their scope
identifying novel uncertainty types like content, adaptation and outcome
uncertainty. And focusing o n the m2m loop o f uncertainty in games, their
conditions, and the motivations explaining why different sources o f
uncertaintyleadtobetterplayerexperience,itarguablyadvanceso urability
toguidegamedesignersinaffordingengaginguncertaintyingames. 

OverallDiscussionandConclusion 
We conclude that if researchers are interested in macro aspects o f
uncertainty like the overarching feeling o f disorientation, exploration,
prospect and randomness, they canindeedmanipulateitatagameleveland
measure it using the zoomed o ut lens o f PUG (Power et al., 2019). We
suspected that there is more to uncertainty than how it affects overall
gameplay, that it participates in players' repeated play loop at a m2m level
whereitinteractswithmanyknownaspectso fplayermotivationandpropels
theplayer’swilltocontinueplaying. 

In this study, we presented a grounded theory o f how game uncertainty
affects players' m2mmotivationingames,basedo nqualitativeepisodicand
video-aided recall interviews. We found that uncertainty plays akeyrolein
motivating players to continue playing from o ne moment to another being 
engaged in the m2m action-reaction gameplay loop. We developed an
empirically grounded taxonomy o f seven sources o f uncertainty across the
input-output loop spanning the game, theplayer,andtheirinteractioninan
outcome. With this we contribute to when and why uncertainty motivates
showing that uncertainty types are not isolated but inform each o ther in a
continuousloopkeepingtheplayersengaged.Forinstance,gameuncertainty
about new elements and patterns motivates players to resolve this
uncertaintybyinteractingwiththeseelementsandpatterns;interactingwith
them raises uncertainty around decision, interaction and adaptation and to
resolve that uncertainty player’s are motivated to perform the interaction;
theyaretheninterestinginresolvingtheuncertaintyo ftheo utcomeo ftheir
actions; this o utcome would lead to new game state looping back to game
uncertainty. The when being the three main stages within the m2m loop-
game, player, game’s reaction and the why broadly being the motivationto
resolve the knowledge gap feeling a number o f varied epistemic emotions
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connected with each stage. This taxonomy partially maps o nto existing
taxonomies,especiallythato fgamedesignerCostikyan,providingconverging
evidence fortheirvalidity,aswellashighlightingcertainaspectsoverlooked
by existing taxonomies. This has helped us look at the existing work o n
uncertainty in a new light and resulted in extending and clarifying well
known prior taxonomies. We were also able to tentatively link different
uncertainty sources to corresponding existingmotivationalconstructs,chief
among them curiosity, but also sense of agency, competence, achievement,
mastery, and goal-setting. This is o ne o fthemostinterestingfindingswhich
lends support to prior claims linking game uncertainty to curiosity, while
differentiating such blanket claims with more detailed suggested
mechanismsarounddifferentkindso funcertaintysources. 

The results position player uncertainty at thecentero ftheuncertaintyloop
between game uncertainty and outcome uncertainty. This is given that the
player'sfirstexposuretoagamewouldbethegame’scontentitselfandthus
game uncertainty and the final communication would be an o utcome and
thus outcome uncertainty. This feeds into player’s uncertainty regarding
interaction,decisionmakingandadaptationfeedingintotheiruncertaintyo f
outcome.Sincethemostcentralroleoverhereiso ftheplayer,theactionthe
player takes, keeps the system running. In that action, we deduce that the
choices the player makes is o f utmost importance. In agreement with the
established role o f choices and decisions in games, we consider decision
uncertaintyattheverycentero fthem2mmovemento fgameplay. 

LimitationsandFutureWork 
The present study has been intentionally limited to pick-n-play games,
suggesting expansion and replicationforo thergametypes.Ourparticipants
were reasonably diverse, thiscanalwaysbeimprovedupon.Asaqualitative
study following grounded theory, we can claim qualitative validity and
reliability in that we made o ur data collection and analysis processes
transparent and followed principles o f constant comparisonandtheoretical
sampling. But the presented findings are o bviously not statisticallyreliable,
suggesting follow-on quantitative work. We have presented motivational
links (esp. withcuriosity,mastery,achievementandcompetence)atalevelo f
granular analysis that calls for future work exploring o ther player
experiences like challenge(Adams,2014;Schell,2014)andhowuncertainty
breakdownsandbreakthroughs(Iacovidesetal.,2015,2011)areinterwoven
atamicrolevelgameplay.Thatsaid,webelievethatthepresentedtaxonomy
of game uncertaintyenricheso urcurrentunderstandingespeciallyfromthe
perspective o f m2m engagement, and puts it o n a more reliable footing o f

90 

systematicnaturalistico bservation.

Since, we have discovered that thesesevenuncertaintytypescanplayakey
role in making a motivating play loop for the players, we are thoroughly
interested in investigating what are the different methods in which
uncertainty(eachtype)canbeinducedingameplay.Webelievethiswouldbe
ausefuldirectiono finvestigationforgameresearchers,gamedevelopersand
theplayers. 

This study addresses the questions around the role o f uncertainty in m2m
player motivation. Ourrelatedresearchquestionisnowthatweunderstand
uncertaintyatagranularlevelabitmore,howcanweelicitsuchuncertainty
in players so that they feel motivated to continue. We take o n this task o f
findingnewtechniquestocreatedecisionuncertaintywhereplayersfeelfree
tomakeachoiceandfeeltheirchoiceshaveimpacto ntheo utcomeforthem
to feel motivated to make the decision. Eliciting such uncertainty has the
special challenge o f creating an illusion o f depth in choices when the game
world is in-fact scripted. For this reason we look at thefieldo fstagemagic
where magicians use a number o f principles and tools to create illusory
choices while the magic actispre-scripted.Wetakealookatthisfieldfrom
the widerlenso fepistemicemotionso facquiringknowledgeandfeelingso f
dealingwithknowledgegapstonotmissinformationo nhowmagiciansmust
createuncertaintyanddecisionuncertaintyevenbeyondillusorychoices.
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Chapter5

Stage Magic as Design Inspiration
forEvokingUncertainty3  
LookingBeyondGamesforDesignInspiration 
Game developers can fall into the trap o f focusing their efforts solely o n
analysing video games to foster their game design skills (Schell, 2014).
Thankfully, there is a lot o f talk around breaking this habit ino rdertostop
the market being crammed with ‘clones’ (Schell, 2014). Game designers
interested in breaking the status quo make no secret o f the fact that they
regularly'learn'(M.Stout,2015)(orrather,'plunder'(W.Wright,2001))from
other media to informthe'totalartwork'o fgames.JesseSchellinhisbook,
TheArtofGameDesignpersuadesgamedesignerstodrawinspirationsfrom
‘everywhere’(Schell,2014).Hearguesthatdesignisubiquitousandthehard
work o f studying it has already been done in o ther fields for a far longer
period. He supports his argument by listing examples from music,
architecture,film,painting,literatureandavarietyo fo therfieldsthroughout
the book making their connections with games o bvious. In Steal Like an
Artist, Kleon echoes this sentiment for any form o f art, where he says, ”Be
curiousabouttheworldinwhichyoulive.Lookthingsup.Chasedownevery
reference (Kleon,2012).Godeeperthananybodyelse-that'showyou'llget
ahead.” Monument Valley (Ustwo Games, 2014), is a beautiful video game
example o f drawing inspirations from o ther fields. In this game the player
manipulates mazes o f o ptical illusions inspired by the drawings o f M. C.
Escher(Schattschneider,1990)asreportedbythedevelopers(Games,2014)
to reach various platforms. The game space is further inspired by Japanese
gardensandarchitecturesfromNorthAfrica,India,andIslamicstructures. 


3

Thesurveydescribedinthischapterisalsoapublishedwork(Kumarietal.,2018) 
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Fig.3.(a)M
 ultipleviewpointsandimpossiblestairs:Relativity,1953(Escher,2000).( b)Alevel
fromMonumentValley 


This much needed dialogue through text, talks and games has pushed the
boundaries o f where game developers look for inspiration. The 'non-game
design book' Understanding Comics (McCloud, 1993) has come upaso neo f
themostrecommendedbooksamongstgamedesignersandstudentso fgame
development. However, we still have a lot o f ground to cover in terms o f
testing these inspirations independently with respect to specific player
experiencesandemotions.Thecomplexityo fgamedesignandtheexpanseo f
fields we must forage for insightisaptlycapturedbyRobinHunicke,“Game
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mechanics are religion. They are physics. They are biology” (Kickstarter,
2015).Ourresearchattemptstoisolatespecificdesigninspirationsfromthe
field o f stage magic and testtheirimpacto nepistemicemotionsspecifically
thato fdecisionmakinguncertaintythatplayersaremotivatedtoresolve. 


Understandably, we can not go into all o f the fields, but in o urresearchwe
have found a remarkable amount o f overlap with stage magic in terms o f
elicitingepistemicemotionsthroughchoreographyo fastagemagictrick 
to create illusory choices. As said above,thesetechniquesarenotuniqueto
magic and we have to position this research as an entry point to utilising
creative information from o ne o f the many art fields (stage magic) togame
design.Thischapterisasurveyo fthefieldo fstagemagic.Inthenextsections
wediscusshowthelenso fstagemagiccangiveusefulinsightsapplicableto
game design. It exposes relevant bits for game designers, especially with
emphasis o n eliciting epistemic emotions. From the literature we know
epistemic emotions fuel each o ther. Forthisfirstsurveywedecompressthe
field focusing o nhowmagiciansdesigntoelicitepistemicemotionstoscour
techniquesthatcouldkindlemotivatinguncertainty. 

We illustrate parallels to demonstrate why exactly is stagemagicarelevant
fieldtotakeinspirationfrom.Welayo utthetheoryo fhowmagicianscreate
drama by balancing emotions o f curiosity, uncertainty and anticipation. We
exemplify how magicians create the epistemic emotion o f surprise and
accompanying o utcome uncertainty by violating expectations in their
choreography. Lastly, we bring the focus o n the principle o f forcing. We
discuss design techniques forcing o ffers that magicians usetocreatechoice
facades that make their audience make decisions when the o utcomes are
actually pre-determined. Transferring forcing technique to games, we
suggest,wouldhelpelicitmotivatingdecisionuncertainty(asdescribedinthe
previouschapter)ingames. 

WhyGameDesignersshouldStudyStageMagic 
For millennia, magicians have designed illusions that are perceived as real
regardless o f their impossibility, inducing a sense o f wonder in their
audience.Wearguethatvideogamedesignersfacethesamedesignchallenge
- crafting believable and engaging illusions - and that the practice o f stage
magic provides an untapped wealth o f design principles andtechniquesfor
game designers. Science fiction author Arthur C. Clarke famously o bserved
that any sufficiently advanced technology is indistinguishable from magic
(Clarke, 1973). This quote capturesakeycommonalityo fgamesandmagic:
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both aimtoprovideentertainmentsuchthattheaudiencedon'tseethrough
the'userillusion'intothe'gears'underneath(Murthy,2002). 

Through its history,magicianshavehonedthearto fcreatingandsustaining
engaging illusions, tested and refined techniques that allow people to
"experiencetheimpossible"(Rensink&Kuhn,2015).Magicianshavenoto nly
probed some o f the most fundamental psychological questions, like
consciousness o r agency, but also readilyadoptedpsychologicalinsightinto
their practice (Kuhn & Land, 2006; Kuhn & Teszka, 2018; Rensink & Kuhn,
2015; Thomas et al., 2018). Game developmentandresearchiso nasimilar
journeyo flearningfrompsychologyandapplyingtopractise(Koster,2013). 

According to Eugene Subbotsky, o ne o f the preeminent scholars o f‘magical
thinking’(Zusne&Jones,2014),anyperceivedbreacho fthelawso fphysical
reality constitutes magic (Subbotsky, 2010a). In this respect, games are
repeat o ffenders:cardstalk(Hearthstone(B.Entertainment,2014)),ruleso f
physical space don't always apply (Monument Valley (UstwoGames,2014)),
wormsbattleandbad-moutheacho ther(Worms(Team17,1995)),andplants
defend their territory against waves o f invading zombies(PlantsvsZombies
(PopCap Games, 2009)). Not o nly are games o ften set in fantastical worlds
fullo fsuchmagic,gamedesignerslikemagiciansstrivetocreateanengaging
experience for their audience - adapting, testing and refining insights from
fields like psychology (VandenBerghe, 2016) to find better ways to foster
engagement(Przybylskietal.,2010),createsurprise(Schell,2014)},afforda
senseo fautonomyandagency(Ryanetal.,2006),etc. 

Morethantwodecadesago,BruceTognazzini(Tognazzini,1993)madeacase
forapplyingstagemagicprinciplestohuman-computerinteraction(HCI).He
observed an "eeriecorrespondence"betweenthetwofieldsandencouraged
a broad array o f researchers and designers to probe and use ideas and
techniquesfrommagicininteractiondesign(Bolletal.,2008;Marshalletal.,
2010; Rasmussen, 2013; Reeves et al., 2005). Arguably, if principles from
magic can be used to improve interaction design and HCI research, game
designandresearchshouldstandtobenefitevenmore.BothgamesandHCI
try to provideseamlessandmeaningfuluserinteractions(Jorgensen,2004),
andgamedesignbysomeaccountsisthe'true'embodimento fexperienceo r
entertainment-centric interaction design (Blythe et al., 2006; J. M.Carroll&
Thomas,1988;Hassenzahl,2010).Theunderlyingconceptsarenotexclusive
tomagic,however,magicsharesuncannysimilaritieswithgames-theyboth
revolve around the same core experiential qualities, like engagement
(Przybylski et al., 2010), immersion(Cairnsetal.,2014),o rescapistfantasy
(Yee,2006),makingmagicauniquelenstostudytheunderlyingprinciples. 
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Magic has been proposed as a game design source (Games Now,2016)and
game designers like Will Wright frequently cite magic as their inspiration
(Donlan, 2015; Mullich, 2016; M. Stout, 2015; W. Wright, 2001). In a GDC
session, Good Game Design is like a Magic Trick, Jennifer Scheurle reveals
‘hidden’ techniques that game developers have used for decades to create
compelling gameplay (Scheurle, 2018). She presents data coalesced from a
number o f game developers o f a variety o f games. Her talk lists examples
where the designers have tricked the players by not giving them complete
information. For instance, she discusses ‘coyote time’ which is an invisible
feature implemented in most fastpacedsideviewplatformers:theplayeris
givenasmallwindowinwhichtheycanmakeajumpeveniftheyareslightly
off the ledge (see Fig.4).Scheurleexplainshowtheseillusorytricksarenot
cheats but an integral part o f game design toolkit for crafting seamless
experiences.Tellersharesthesamesentimentformagic,“Magicisanartform
whereyoulieandtellpeopleyouarelying”(Teller,n.d.,2019)butthisdoesn’t
necessarily spoil the felt experience o f the magic audience o r the player.
Fiction writer, ChristopherPriestwhopennedThePrestige,eloquentlysums
it, “The magician takes the o rdinary something and makes it do something
extraordinary. Now you're looking for the secret… but you won't find it,
because o f course you're not really looking. You don't really want to know.
You want to be fooled (Priest, 2006).” Scheurlediscussessuchtradesecrets
or trickery o f game design and the willingness o f the player to be fooled.
Whileshediscussesglimpseso fmagicingames,shedoesn’tdelvedeeplyinto
magicprincipleso rprovidesconcreteinformationaboutwhatcanbebrought
togamesfromthefieldo fmagic. 



Fig.4.C
 oyoteTime:thepl ayerisabletotakeoffinajumpevenifthereisnoplatformbelow.
Rayman( Ubisoft,1995). 


Although game designers are interested in magic for inspiration, very little
hasbeenworkedo utmorerigorouslyaboutthestructuralparallelsbetween
stagemagicandgamedesign,andhowstagemagicmightinformgamedesign
practice. With o ur work we take a starting step towards filling this gap,
especially with regards to what stage magic can teach us about motivating
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uncertainty i.e. uncertainty that players are motivated to resolve with
gameplay. We make no claim o f providing a systematic let alone
comprehensive survey o f the intersections between gamesandstagemagic.
Rather,wewanttomakethecaseforapplyingstagemagictogamedesignby
demonstrating how fundamental concerns o f stage magic mirror those o f
game design and how related techniques could be transferred today,
especiallytoelicitmotivatinguncertaintyandrelatedepistemicemotions. 

Stage Magic as an Effective Lens for Studying
EpistemicEmotions 
Ghosts, witchcraft, astrology, magicetc.havebeenconnectedwithepistemic
emotions (Jahoda, 1969; Zusne & Jones, 2014).Theseemotionso fcuriosity,
interest, uncertainty and surprise (Pekrun & Linnenbrink-Garcia, 2014)are
knowntobelinkedtoeacho therandarereportedtoplayanessentialrolein
thefieldo fmagic(Vidler&Levine,1981). 

One o f the major takeaways o f o ur investigation into uncertainty in games
reports o n when and why uncertainty becomes motivating connecting it to
many known motives, especially curiosity (see Chapter 4). The connection
betweenmagicandcuriosityiswellestablishedinliterature(Vidler&Levine,
1981). Curiosity towards the unknown is o ne o f the key motivators for the
magicaudienceastheyareinquisitiveabouttheprogresso famagictrickand
the secret behind it (Ortiz, 1995). Subbotsky claims that novelandunusual
events elicit stronger curiosity and exploratory behaviour if its suggested
explanation involves an element o f magic (Subbotsky, 2010b). Moreover,
Ozono et. al. suggest magic tricks as an o bviousmediumtostudyepistemic
emotions (Ozono et al., 2020). They say that magic tricks have a unique
aspect, that is they induceastrongsenseo fviolationo fexpectationmaking
spectators naturally motivated to solve their curiosity, thus likely to induce
relativelystrongfeelingso fepistemicemotionsincludinguncertainty(Danek
etal.,2015;Ozonoetal.,2020;Pekrunetal.,2017;vanLieshoutetal.,2018). 

The magic audienceexperienceswonderbecausetheyerroneouslyattribute
amagicalcause,ratherthanthetruecause(thesecretmethod),towhatthey
have just seen (Kuhn,2019).Surpriseiscausedbythediscrepancybetween
expectedandactualo utcomes,andthisdiscrepancytriggersthemtoprogress
and make future decisions (Dole & Sinatra, 1998; Rescorla, 1972). Magic
depends o n the stimulation o f interest through thecreationo fsurpriseand
conceptual conflict (Vidler & Levine, 1981). The constructs o f uncertainty,
surprise, anticipation, tension, curiosity, interest, suspense,wonderseemto
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bethoroughlyconnectedandalmostinterchangeablyusedinpopulartextin
thefieldo fmagic.Thereisanestablishedlinkbetweentheseconstructsand
the illusions and impossibility afforded by magic (Ortiz, 1995; Ozono et al.,
2020;Vidler&Levine,1981).FromChapter3and4,itisclearthatimportant
m2mplayerexperienceconstructslikeuncertainty,curiosityandsurpriseare
also tightly linked. They continuously inform o ne another for a rich and
propelling playerexperience.Thefieldo fmagico ffersanaptlensfordesign
insights to elicit these experiences and motivations in players as these are
exactlythekindo fexperiencesthatmagicianshaveknowntobesuccessfully
eliciting in their audience. From o ur study o f the text in the field o f stage
magic, it is apparent that to get insight about uncertainty we must look
broadlyintotherelationo fstagemagicwithalltheserelatedconstructs. 


DramaticsofSuspenseandSurprise 
In his popular book, Strong Magic, Darwin Ortiz analyzes and deconstructs
magic acts from across a variety o f magician’s works. He clubs epistemic
emotions as essential part o f the audience’s experience. He singles o ut
surpriseandsuspenseasthetwomostpowerfuldramatictoolsthatmagicians
use.Botho fthesetoolsplaywithaudienceexpectationsthatcreatecontinued
interest and engagement in the magic performance (Ortiz, 1995, pp.
182–217). 

Violations o f causality and expectations are at the heart o f magic
performances (Kuhn et al., 2008; Kuhn & Land, 2006). To induce surprise
Ortiz recommends establishing a pattern and then breaking it in a twist
ending o r unexpectedly adding a second/kicker ending (Ortiz, 1995, pp.
182–217)afterthefirstanticipatedending.Theaudiencetriestounderstand
therealcausalsequenceo fevents(Kelly,1980)andacausalityviolationisa
surprisingevent(Parrisetal.,2009). 
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Fig.5.O
 rtiz’s3stepsforbuildingeffectivesuspenseinamagictrick 


Oritz o utlines 3 steps to unravel a trick up for engaging suspense. Mystery
(magical set up) evokes curiosity, then conflict (whether the performer will
succeed o r not) creates uncertainty and finally tension (wait for the
conclusion) creates anticipation. He explains that curiosity is resolved by
explanation o r progressing in the trick; uncertainty is resolvedbydecision;
and anticipation is resolved by fulfillment (see Fig. 5). This loop is not too
different from the game loop we discussed in the previous chapter - the
game’s mystery (set up) makes players curious about new game content
(game uncertainty) which is resolved by progressing andencounteringnew
items. They are then locked into the conflict creating uncertainty regarding
their performance (player uncertainty) resolved by their decisions and
actions. Finally followed by tension and anticipationo fwhattheo utcomeo f
their actions would be (outcome uncertainty) resolved by knowing the
results. 



Oritz clearly states that an effective way to create mystery-curiosity is by
adding newprops(mappingwithnewgameitemso fgameuncertainty)that
pique the audience's curiosity. He suggests magicians hide features and
release them slowly to upkeep the curiosity: resolving a mystery by
introducingabiggermystery.Abreakinthepatternsestablishedincascading
this mystery creates desirable surprise. He proposes that an unanswered
question keeps the audience engaged till the end. A lot o f his suggestions
convergearoundhavingnewunexpectedcontento rcreatingcausalrelations
thatcanbeviolatedwithoutbreakingthelogico fthetrick.Thisdirectlymaps
withgameuncertainty(seeChapter4):thenoveltyo fnewcontentmapswith
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content uncertainty pillar o f game uncertainty and the creation o f new
unexpectedpatternsmapswithc onfigurationuncertainty. 

Conflict-uncertainty,thesecondstepaftermakingtheaudiencecuriousabout
the setup, is basically risen from any task that is risky. The performer can
potentially fail either because o f skill o r chance. The uncertainty o fsuccess
keeps the audience hooked to the performance. This maps with player
uncertainty regarding their own performance in agame(seeChapter4).He
callsthistheFailureEffectwherethemaincuriosity/uncertaintyarisesfrom
whether the performer will be able to ‘overcome the problem’. Ortiz
emphasises that all that matters is the audience perception o f this
uncertainty to keep them engaged. He uses the example o f card forces and
predictions to illustrate this point where the audience participates and
understandsthechoicesandthustheo ddso freachingthedesiredconclusion
or prediction. Overcoming this uncertainty is key to keeping the audience
motivatedtofollowthemagictrick,hopingforafulfillingconclusion. 

Lastly, tension-anticipation isthethirdimportantstepwheretheaudienceis
expectingasatisfyingconclusion.Justlikeoutcomeuncertaintyingames,this
is where the conflict (“can the performer solve the problem?”) is hopefully
answered.Thetensionthatcreatesanticipationintheaudienceisresolvedby
the o utcome itself. Ortiz warns magicians that there is a sweetspoto fhow
muchtomaketheaudiencewaitfortheconclusion,toomucho fitcanmake
themfeelmanipulated.Thisneatlymapswitho urfindingaboutcalibrationo f
resultuncertainty(seeChapter4).

Toevokesuitablecuriosity,uncertaintyandanticipationOritzpointso utthat
the audience must feel a sense o f progression. They should feel that every
loop is more interesting and the most fundamental way o f doing it is by
increasing the difficulty. He explains that interesting progression can be
created by holding back features and releasing them after building
uncertainty. Other methodsarebyincreasingthestakes,makingtheconflict
of failure effect rise o r by increasing the speed o rtempo.Thesemethodso f
building progression reminds us o f mastery in games which is another
motivationlinkedwithmotivatingp
 layeruncertainty( seeChapter4).

Theaboveliteratureprovidesuswithplentyo fmotivationtolookintomagic
tofindtechniquestoevokemotivatinguncertaintyingames.Ascanbeseen,
uncertainty for curiosity is core to magic and games, and magicians have
analysed its workings in detail. It gives us unique insight into how game
designers can invoke uncertainty, curiosity and surprise in players. To
support this further, we take a deep look into magic from the design
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perspective o f how an act is set uptocreatesurpriseandillusiono fchoice.
We focus o n these twoaspectsaswebelievethatthesearecloselylinkedto
the creation o f motivating uncertainty (see Chapter 4). We explore twokey
principles o f stage magic: violating perceived causal relations and forcing
perceived-free choice. We present techniques to create and exploit these
effects and discuss their parallels and applications in game design,
encouraging game designers and researchers to further explore the field o f
magic for testable theories and applicable techniques. For each, we explain
theprincipleandthenworkthroughanumbero ftechniquesgamedesigners
couldimport. 

ConvincingCausalSetUpForTheDramaticLoop 
Immersionandpresencearewidelyvaluedandstudiedexperientialqualities
of gameplay (Cairns et al., 2014; Schuemie et al., 2001). Both require the
maintenance o f a fundamental illusion present researchers have called
"non-mediation"(Schuemieetal.,2001).Asanyo therworko ffiction,games
present a diegetic world that is entirely unreal: every interaction via the
graphicinterfaceo fagameisanillusion.Playersendorsethebeliefthatthey
are directly manipulating o bjects o n screen through some external control
unit while in reality they are interacting with the game code which in turn
interacts with the computer's processor to carry o ut the action. Unless by
intention,thisisnottheexperiencegamedesignerswanttheplayerstohave.
They devalue moments when this illusion o f non-mediation is disrupted
through glitches, lag, o runresponsivecontrolsetc.andinsteadwantplayers
tostayinthemagicalrealityo fthegameworld(Nitsche,2008). 

One o f the main aims o f a magician's deception, is just that: to make the
spectator'sillusionmoreandmore'real'.Gamesmustdothistomakeplayers
understand the world and start creating expectations. “If I do this, I expect
this to follow.” Such expectationsetsupthestageforfuturemanipulationo f
the world to elicit surprise. It also makesthemagicaudiencecuriousabout
what the act isandwhatthepropsmustbefor.Ingames,itwouldallowfor
theplayertotinkerwithintherulesandkickstartthemotivatinguncertainty
loop,“Whatarethesegameitems?WhathappenswhenIinteractwiththem?
Iexpectittoreactinsuchaway,doesit?” 

Tostrengthentherealityo famake-beliefworld,themagicianDerrenBrown
recentlydesignedaGhostTrain(Manthorpe,2017)ino neo ftheUK'sleading
amusementparkswhichtriestoscarepeoplewithunrealo bjectsandevents,
bothrepresentedviavirtualreality(VR)andholograms.InmanyVRgaming
experiences, players remain aware o ftheVRheadset,diminishingthesense
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ofpresence.GhostTrainovercomesthisissuebyaskingplayerstowearagas
mask(adisguisedVRheadset)toprotectthemfrompoisongasreleasedinto
the train. This narrativeframeaccountsfortheexistenceo ftheheadsetand
makes the representational device a logical part o f the presented illusion.
Suchnarrativeframingisacommonprincipleusedinstagemagicando ffers
anicedemonstrationo fhowstagemagictechniquescanbeimplementedina
gameenvironmenttohelpenhancetheuser'sillusion. 

More principally, a successful magicillusiongeneratestheexperienceinthe
audience that an impossible cause was behind an o bserved effect. This
generates the mystery discussed earlier o n.Forinstance,ino neo fhismore
famous illusions, the magician Robert-Houdin seemingly grew o rangeso na
barren tree by raising his hand (Robert-Houdin, 1859). Houdin tried to
convince the audience that he possessed gestures o f magical power that
caused the o ranges to appear within seconds. The underlying psychological
principleleadingtheaudienceto'buyinto'theillusorycausetoano bserved
effect is called perceptual causality (Scholl & Tremoulet, 2000): for certain
kinds o f sensory experience, we have the tendency to directly and
automatically perceive o r experience a causal relation. Experimental data
supports that people during magic tricks experience the perceived
cause-effect relation as real although they are aware that it defies their
knowledge o f the world (Parris et al., 2009). Sceptics like Hume (Hume,
2003) caution against assuming a causal relation between B and A simply
because we o bserve a pattern o f B followingA.Coursesinlogico rresearch
methodsrepeatthemantrathatcorrelationdoesnotimplycausation.Yet,the
humanmindo rganisestheworldintermso fcauseandeffect,derivingitfrom
the sequence o f o ccurring events: if B closely follows A, we perceive A to
causeB(Michotte,2017;Schlottmann&Shanks,1992).Ineverydaylife,this
is why,peopleo ftenperceiveandendorseillusorycausalrelationships-and
magicexploitsthisfundamentalperceptualtendency. 

Evidence suggeststhat,themoreperceivedcausalityiscoherent,themoreit
contributestotheexperienceo fpresenceinvirtualenvironments(Cavazzaet
al.,2007).Ino therwords,toupholdacoherentillusion,allo ftheelementso f
thegameworldmustmakesensewithrelationtoeacho ther.Inagame,this
coherence is determined by the behaviourso fgameo bjects:howtheyreact
on interaction with o ne another and the player's input. For example, inthe
game Katamari Damacy (Namco, 2004), the player plays as the Prince o f
Cosmos who is sent to Earth with o rders to roll its contents into several
oddly-shaped balls. Players roll a katamari ball around, and o bjectssmaller
than the ballgetstucktoit,increasingitssize,whileo bjectsbiggerthanthe
ballpresentaso bstacles.Thewholeconceito fthegameiso utlandish,andyet
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thegamequicklymakessensetotheplayer.Itachievesthisbyaudio-visually
presenting coherent causal relations between game o bjects: o n‘collision'o f
theo n-screenkatamariballwithano n-screenitem,theitemis'stuck'tothe
ballifitiso fappropriatesize.Amagicalphysicalrealityiscreated:theplayer
is repeatedly exposed to a correlation between collision, ball and itemsize,
and sticking/non-sticking, learning to see and accept the causal interaction
betweenthemasthemagicalrealityo fthegameworld. 

As can be seen, the mechanism o f perceived causality is already at workin
any interactive interface and can be used as a lenstoevaluateandimprove
how the game world is presented to the player. At themostbasiclevel,any
perceived causal incoherence is likely to confuse the player.Furthermore,if
there are several potential causes precedingo neeffect,thismakesitharder
for theplayertoperceiveandlearntheactualintendedcausalrelation.Take
Badland (Frogmind Games, 2013), an action adventure game where the
player flies around as a littlecreaturenavigatinganumbero ftraps,puzzles
ando bstaclesinthewoods.Theplayerhastoavoidenvironmentalo bstacles
to survive. Now, if the player's avatar simultaneously collides with a gear
(obstacle) and a spike (obstacle) and dies, the player doesn't know which
item caused the death and is to be avoided: the spike, the gear, o r both. It
would therefore be advisable to introduce these causal relationships
separately as part o f the o n-boarding process to facilitate the player's
learning. Themorethegame'scausallawsdeviatefromo urlivedreality,the
more important it becomes to explicitly introduce them. The interaction o f
objectsinthegameworlditselfcan'teach'theminsteado fartificialtutorials.
Where game designers talk about tutorials, o n-boarding, o r learning the
game, they o ften exclusively focus o n learning how to master the controls,
how to win, o r how to play strategically well (M. M. White, 2014), when
indeedplayersinmostgameshavetolearnamorefundamentaldimensiono f
the game as well: the causal laws o f its magical reality. Evidence from
psychologists studying magic suggests that causal relationships that are in
line with o ur prior beliefs are endorsed more readily than o thers. In o ne
study, participants were asked to place their driving license into a box and
suggested that a magic spell will be cast that removes the stamp o n the
license.Veryfewparticipantsentertainedthepossibilitythatthestampcould
beremovedbymagic.However,whenthesuggestedcausewaschangedfrom
magic to a physical device, many more participants accepted its possibility
(Subbotsky, 2011). This suggests that even within illusory causal relations,
one must understand the boundaries o f what the audience is ready to
endorse. 
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ViolatingEstablishedCausalitytoCreateSuspenseandSurprise 
Magiciansusetheprincipleo fperceptualcausalitynotjusttocreateillusory
causation, but also to surprise the audience by violating existing causal
expectations o r establishing then breaking new o nes. Take for instance a
standardroutinewhereamagicianvisiblyputsacoininhisrighthand,then
waves hislefthandoverhisrighthand,followedbyslowlyo peninghisright
hand to reveal that the coin hasdisappeared.Thischaino feventsproduces
surprise,asitviolatesseveralcausalrelationshipstheaudiencehavelearned
throughpastexperience(Parrisetal.,2009).Thisconstantlysuspensefuland
surprisingplaywithsettingupandviolating(causal)expectationssitsatthe
hearto fmagicperformancesandtheirappeal(Kuhnetal.,2008).Surpriseis
also elementary to game enjoyment-asJesseSchellputsit,"funispleasure
with surprises" (Schell, 2014). More systematically, Greg Costikyan argues
that games hold players' interest through various forms o f uncertaintythat
generate suspense (how will they be resolved in the future?) and surprise
uponunexpectedresolutions(Costikyan,2013). 

So how do magicians design their performances to createtimelysurprises?
The basic technique is to first establish and reinforce a cause and effect
patternthroughdemonstrationandthenbreakit.Forinstance,ino neroutine
bythemagicianduoPennandTeller(PennJillette,2015),Tellerhandsafish
bowltoaninvitedvolunteero nstage.OnTeller'sleft-handsidestandsafish
tankfilledwithwater.Onhisrightside,thevolunteerisseatedwithanempty
fishbowl in their hands.Tellerwasheshishandsinthewater-filledfishtank
on the left. Rubbing his hands in the water, he seemingly produces a coin
from nowhere in his hands, throwingitintotheemptyfishbowlheldbythe
volunteer. Tellercontinuestoproducecoinsfromhishands,establishingthe
pattern that hishandsareproducingcoins.Tellerdoesn'tstoptherethough.
Oncepeoplestartbecomingfamiliarwiththispattern,hetwiststhevariables
byshakingtheparticipant'snecklaceandglassesandhisowntietoproduce
morecoinsfromeach.Doingso,heextendsthedomainspaceo fwhato bjects
canproducecoins,bothbuildinguponandgentlyviolatingthepreviouslyset
expectation. He ends the show by collecting all coins and blowingo nthem,
thereby converting themintofishesinthefishtank.Oncetheaudiencehave
come to expect the magical reality o f coin production, this expectation is
againbuiltuponandbroken-coinscannowbothbeproducedo uto fnothing
and transformed into o ther o bjects. The overall experiential sequence is
captivatingandsurprisingateveryturn. 
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If we take a step back, we can here see a more general pattern o f gradual
reveal o f the causal laws o f an illusion that is at o nce educational,
suspenseful, and surprising: establish, then break andextend.Wecanagain
see immediate parallels with how games introduce mechanics. Take
Bejeweled (PopCap Games, 2001), a tile matchinggamewhereplayersswap
one gem with another adjacent gem to form a horizontal o r vertical line o f
threeo rmorematchinggemso fthesamecolor.Theplayerisfirsttaughtthat
creating matches makes the gems disappear.Oncetheplayerhaslearnedto
expectthatrelation,theyarepresentedwithmatchesthatchangetheboard,
creating a subtle surprise while expanding the player's knowledge o f the
game'srules.Next,theplayerfindsthattheboardcanalsoaffectthegemsby
lockingthem,etc.Asthisexampleshows,itisnotasifthiskindo fscaffolding
is absent in games. But within frameworks like rational level design, game
designers discuss and design it chiefly in terms o f difficulty balancing o r
challenge (McEntee, 2012; M. M. White, 2014), butnotwithaviewo fusing
the causality o f the game world for introducing it o r creating enjoyable
surprises in its discovery. 'Open world' o r 'sandbox games o ffer ano bvious
case in point where this delight in exploring and discovering weird, new,
unexpected, surprising possibilities o f a magical reality is front and center
(Yee, 2016). Here and in o ther game genres, stage magic can give us a
template for o rchestrating o r sequencing the reveal o f the game world to
interleave suspenseful uncertainty and delightful surprise, much like Teller
doesinhisact. 

SettingUpPuzzlesForAudiencetoSeekResolution 
For a certain part o f their audience, stage magic tricks don't just unfold a
magicalandsurprisingreality,theyalsopresentpuzzlestosolve:Howdidthe
magician managetocreatethisillusion?Asthemagicianisperformingtheir
routine, some audience members are mentally trying o ut 'solutions' that
would provide a possible causal explanation for the seemingly impossible
causeo feventstheywitness.Ingames,thistiesintotheplayeruncertaintyo f
performance that comes with problem solving leading to uncertainty
regardingtheo utcome.Costikyan’sterminologyforthisissolver’suncertainty
(Costikyan,2013). 

To maintain the illusion (and keep puzzle-solving audience members
intrigued), magicians need to constantly think o ne step ahead o f the
audience. They have to anticipate what possible explanations the audience
will come up with, to then either break the resulting expectations o r work
with them as a way to misdirect the audience's attention. The misdirection
applied would lead the audience to mentally track a plausible but false
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'solution' that will result in even greater surprise if followedbyeventsthat
cannot any longer be explained by it. For example, if the audience is
convinced that the magician has justhiddenacarduptheirsleeve(because
the magician went through motions hinting that), the audience is likely to
continue to think so and try to 'read' the remainder o f the performedtrick
fromthatlight,allowingthemagiciantodotheactualrelevantpartso ftheir
trick relatively unattended, e.g., keepingthecardhiddenintheiro therhand
all the time, generating all the more surprise when the card 'suddenly'
appears in that hand while the audience assumed it hidden in the o ther
hand'ssleeve. 

Solving the puzzle o f how a card disappears and reappears o r how Teller
manages to produce coinsfromnowhereisfundamentallysimilartofinding
the combination o f inputs that o pens a lock in the puzzle game The Room
(Fireproof Games, 2012). The same choreographic pattern that serves to
introduceaworldo rallowsuspenseandsurprise(establishing,thenbuilding
on and stepping beyond causal expectations) alsoprovidesagoodheuristic
for designing enjoyable problem sequences, be it magic tricks o r level
sequences for puzzle games(Menzel,2016).Puzzledesignersneedtogauge
what solution strategies the player currently knows and is likely to use to
createanewproblemthatiso nestepaheadbutnottoofar,dependingo nthe
designer'sintent.Again,theprincipleistointroduceapatternandthenbreak
and extend it the very instant the player both begins to expect the pattern
and can 'see' and digest a deviation. Popular puzzle games like Monument
Valley(UstwoGames,2014),AngryBirds(RovioEntertainment,2009),Portal
(Valve Corporation, 2007), The Room (Fireproof Games, 2012), o r Limbo
(Playdead,2010)demonstratethisindifferentways.Inthepuzzleplatformer
Limbo(Playdead,2010),forinstance,theplayercontrolsaboywhocanmove,
jump, climb, and push o r pull o bjects to pass through eachlevel.Levelsare
designed so that the player would see a situation that makesthemthinko f
one learned solution - say,jumpingoverano peningtrapdoor.However,the
game also 'thinks o ne step ahead' and sets up a puzzle whose solution
requires the player to realise how to deviate from and extend the prior
solution, for instance, a timed jump over the trap door that would lure a
chasing creature to be trapped by it. Solving the puzzle by breaking and
extending a learned pattern o r solution generates enjoyable surprise and a
sense o f increased mastery o r competence (Menzel, 2016). Unlike magic,
where actually knowing the solution o f how a magic routine is done may
make it less enjoyable, games do want the player to find the solution with
varying degrees o f ease as per the game's requirements. Thus, o nly the
principlesbehindanticipatingtheaudience'splausiblethoughtstolayo utthe
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problem is something designers can learn from magicians, however,
balancinginawaythattheproblemisnotimpossibletosolve. 

If game designers want to predict and steer players' thinking the way a
magician sets up 'solutions' in their audience's heads, the question arises
how to ensure a player o r audience member is thinking o f o ne particular
'starting' solution rather than any o ther. If players start from a 'wrong'
solution (e.g. mistaking a jump-and-timepuzzleforarun-and-jumppuzzle),
they will simply fail repeatedly without getting closer to the new,extended
solution. This is something designers may find in playtesting to resolve. To
ensure the audience thinks o f and expects the 'right' causal pattern at the
righttime,magiciansrelyo nseveralprincipleso fmisdirectiontomanipulate
what people perceive and remember providing valuable insights into how
best to guide the player's thinkingprocessestowardsthegoal.Forinstance,
when a magician throws a ball in the air several times and then the ball
'vanishes', the majority o f the audience perceive and remember the ball to
leave the magician's hand, move upwards, and disappear, even though the
ball did not leave the magician's hand (Kuhn & Land, 2006). The magician
firstestablishesafamiliarcausalpattern(throwingthingshighintheair)and
then provides visual cues (a rapid upward hand movement)thatrecallthat
pattern, making the audience think o f and assume ittobetheactualcausal
pattern(Kuhn&Rensink,2016). 

Magicians also rely o n the Einstellung effect (from the German word
"Einstellung", literally "setting" o r "installation") (Luchins, 1942). This
describes the well-validatedeffectthatwhenpeoplehavelearnedasolution
toagivenproblem,theyarelikelytothinko fandsticktothissolutionwhen
presented with a new situation that shares familiar features o f the first
problem, even if the solution doesn't work o r better solutions exist. For
example, studies by Thomas and colleagues (2018) have shown that when
participants were primed with afalsesolutiontoamagictrick(e.g.thatthe
magicianpalmedacardinhishand),thisfalsesolutionpreventedthemfrom
discovering the true solution to the trick even though they knew that this
solutionwasimpossible.Thiseffectisjustasrelevanttodesignerso fpuzzles
ando thergames,asitcangetplayersstucko rbeusedto'signpost'solution
routes.IntheguessinggameCodenames(VlaadaChvá til,2015),forinstance,
twocompetingteamsneedtoguesstherightseto f25'code'wordslaido utin
front o f them. Each team has a "Spymaster" who gives o ne-word clues
pointing to multiple words at o nce. Once a guesser is convinced o f o ne
interpretation o f the Spymaster's hint, it is hard for them to think o f o ther
interpretations. This plays o ut delightfully in the game's social setup as
vibrant discussions among guessing team members. However, if Codenames
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were a single player game, the guesser could easily get stuck o n their idea
and thus be frustrated by repeatedly making wrong guesses. Similarly, if a
puzzlegamelikeLimbo(Playdead,2010)wantstoavoidplayersgettingstuck
onwrongsolutionpaths,itwoulddowelltotimeitanduseaudio-visualcues
that recall theearliersituationinwhichthefirstparto fthecorrectsolution
pathwasestablishedandlearned. 

CreatingtheIllusionofChoice 
In the previous chapter we see that players feel decision uncertainty when
theyfeeltheyhaveafreechoiceandthattheirchoicewillhaveanimpacto n
the o utcome. Choice is fundamental to gameplay and gameplay enjoyment.
Sid Meier famously says that, "Games are a series o f interesting decisions"
(Meier, 2012). According to self-determination theory (SDT), autonomy, the
experience o f acting self-determinedly, with volition, willingness, and in
congruencewitho ne'sowngoals,values,andidentity,isabasicpsychological
need whose satisfaction makes an activity intrinsically motivating and
enjoyable (Ryan & Deci, 2017). And while 'having choice' as such does not
equate autonomy, an o pen environment o r situation that affords many
different o ptions contributes to the experience o f autonomy (Ryan & Deci,
2017). In the last decade, numerous researchers have tested
self-determination theory to explain gameplay enjoyment, e.g. through the
measurement o f Player Experience o f Need Satisfaction (PENS)(Pengetal.,
2012; Reinecke et al., 2012; R. M. Ryan et al., 2006). Numerous empirical
studiessupportthatSDTingeneralandautonomyexperiencesinspecificcan
explain significant portions o f gamingmotivationandenjoyment(see(Ryan
& Deci, 2017) for a general review and (Deterding, 2016) for a review
regarding autonomy). Games support autonomy by giving players a high
degree o fchoiceinwhotheywanttoembody,howtheywanttoappear,and
what goals, strategies, and activities they want to pursue (Rigby & Ryan,
2011). A good example is Minecraft (Mojang, 2011), where the player can
freelychoosewhattodoo rbuildinano penworld(VandenBerghe,2016). 

SenseofAgency 
Senseo fagencyinplayersisacloselyrelatedtopicwheretheterm‘senseo f
agency’ refers to the feeling o f being in control o f o ne’s actions and
consequentlytheconnectingexternalevents(Chambonetal.,2014;Vilazaet
al., 2014). It is the subjective feeling that o ne is the author o f their own
actions and the o utcome o f those actions (Dewey & Knoblich, 2014;
Gallagher,2000;Haggard&Chambon,2012;Haggard&Tsakiris,2009).This
alsoreferstothesenseo fhavingcontroloverthechangeso ne'sactionsmake
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intheenvironment(Barlas,2016).Inlinewithresearchinpsychology(Karsh
& Eitam, 2015; Penton et al., 2018) which suggests that actions associated
with a high sense o fagencyareintrinsicallyrewardingandthusmotivating,
Schott (Schott,2006)andMurray(Murray,2017)placeagencyaso neo fthe
key contributors to engagement in games. While immersion and
transformation exist in non-interactive fields, interactivity (via choices in
games) enables the audience’s sense o f having agency within the story
(Mateas, 2001), making them a key component in the decision o f how the
story would playo ut.Foranychoicetofeelimpactful,theplayermustfeela
senseo fagencytoholdthemselvesresponsiblefortheo utcome(Vilazaetal.,
2014). While autonomy is key to feel self determined, a sense o f agency
makes the players feel responsible for their choices and o utcomes.
Interestingly, in role-playing game narratives we start seeing imaginary
agencyi.e.playerstendtoattributeagencytocharactersappearingtobenot
under their control, and this is core to the imaginative process that brings
such games to life (Parsler, 2010). The question is do players have to feel
agencyo ntheirowncharacterforsuchanattribution.Thatis,cantheillusion
ofagencybecreatedinthegameworldwithoutanytrueagencyatall? 

Sense o f agency in players has been investigated with respect to actions,
choices and decision making, for example, Janet Murray describesitas“the
satisfying power to take meaningful action and see the results o f o ur
decisionsandchoices”(Murray,2017).Callejalooksatagencyatbothmacro
and micro levels with respecttoplayer’sneedtocontroltheimmediateand
long term o utcome o f their actions (Calleja, 2011, pp. 55–64). Similarly,
Wardrip-Fruin et al. propose that ‘intention’ to act o r make decisions is
valuable immediatelyandinlongerterm,theirexamplebeing,“fromaquick
plan to cross a river to a multi-step plan to solve a huge mystery”
(Wardrip-Fruinetal.,2009).Theybothsupportthatsenseo fagencypropels
people to engage with actions and related decision making ingameswhere
theymustfaceanimmediatechallengeo rresolvealongerproblem. 

Studies support that people are motivated to act over and over if they are
convinced that they control (feel a sense o f agency towards) the o utcome
(Penton et al., 2018). In line with o ur study results, research o n sense o f
agency shows that peoplearemoremotivatedtocontinueactingiftheyfeel
they can impact the o utcome and feel that they did impact the previous
outcomes (Penton et al., 2018). Within games and interactive design, there
has been substantial amount o f work especially with respect to narrative
design discussing the relation between player action and narrative
progressionwiththecommongoalo fenablingplayerstofeeltheycontrolthe
outcome (Cardona-Rivera et al., 2014; Harrell & Zhu, 2009; Mallon, 2008;
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Weyhrauch&Bates,1997).However,unlikepsychology,gametheorystudies
donotg iveusmethodsforactuallymeasuringsenseo fagency. 

In games, Thue et. al. (Thue et al., 2011, 2010) build upon the notion
proposed by Thompson et.al. (Thompson et al., 1998) that the amount o f
agencyo nefeelsdependso nhowmuchtheydesiretheo utcomesthatresult
fromtheirdecision.Westartseeingthelinkso fplayerchoices,decisionsand
theirimpacto ntheo utcometobeessentialinmakingplayersfeelincontrol.
Subsequently, from the perspective o f o ur research we can saythatthegap
betweendecisionando utcomewouldbewhereaplayerwouldbeuncertain
if they are in control o r not. If the o utcome follows their decision, the
uncertainty would be resolved with confirmatory feedback and if not then
dependingo nthedegreeo funcertaintycouldleadtolosso fsenseo fagency
andthusdemotivation.Ourresultsshowthatacertainlevelo funcertaintyis
motivating for the players. Somewhat in contrast, Church (Church, 1999)
emphasises o n the role o f simple and consistentcontrolsforplayeractions,
combinedwithpredictableo utcomeswhichmakeiteasyforthemtoplayand
continue playing: “The key is that players know what to expect from the
world and thus are made to feel in control o f the situation.” The role o f
certainty/ uncertainty becomes forefront in this analysis as he says that if
players are uncertain about their action they may not intend to continue
playingwhereaso urresearchshowsthisuncertaintyitselfcanbemotivating
in terms o f players wanting to resolve it and thus intending to continue
playing. While sense o f agency is being proposed as the high probabilityo f
players being able to predict the o utcome,wefoundthatthereisarangeo f
unpredictability/uncertainty that still makes players curious and motivated
without taking awaytheirsenseo fagency.AsCallejapointso utandwefind
ino urstudy,unlikereallife,playersingamesarenotworkingtofullyreduce
uncertainty but there is a certain degree o f uncertainty within which the
playersfeelasatisfactorylevelo fagencyforthegametoremainengagingand
theuncertaintytobein-factmotivating(Calleja,2011,pp.55–64). 

Theaboveworko nsenseo fagencyshowsthatplayersneedtofeelincontrol
of their decisions when posed with a choice and the o utcome should be
withinarangeo funcertaintyforthemtocontinuefeelingthattheywerethe
agentso ftheirownactions. 

Providingplayers'total'freedomo fchoiceispracticallyimpossibleindigital
games. Increasing player choice quickly explodes production costs, as any
possible choice needs to be met with rendered game content, from the
earliest text adventures to today's o pen world games. Inaddition,themore
control over the flow o f events is handed to the player, the less ability the
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designer has to prepare and ensure a desired experience. Thus, game
designers are usually faced with a trade-off between fidelity, polish,
productionvaluesandauthorialcontrolo ntheo nehandandplayerchoiceo n
the o ther: the more well-crafted the content, thelesschoicedeveloperscan
affordtoo ffer. 

Atthesametime,mostdesignerswanttogivetheirplayerstheimpressiono f
choice. Essentially, they want players to believe that the game world is
expansiveandwillsupporttheirfreechoiceswithinthelimitationo fitslaws,
such that players experience limits as a 'natural' o utcome o f the world's
internal logic rather than an 'artificial' limitation o f technology and
production budgets. For example, while playing a platform game, a player
should experience that if o nly they could jump higher, there would be an
effectivelyinfiniteskyabovethem,andnotthinko rexperiencethattheywill
literallybumpintoan'invisiblewall'wherethestagedsceneends. 

Thequestioniscanwecreateillusoryo rimaginarychoiceswheretheplayer
can still feel a sense o f agency. There has been some work in influencing
player choices to persuade players to an o utcome such that they don’t lose
theirsenseo fagency(Figueiredo&Paiva,2010).AccordingtoBarlasetal.it
isrelativelyeasytoprovokeanillusorysenseo fcontrolovertheo utcomeo f
anaction(Barlas,2016;Barlas&Obhi,2013;Lynnetal.,2010;Tobias-Webb
et al., 2017). Magicians make people experience what we call ‘an apparent
actioncausation’,providingtheillusionthattheirchoicescausedano utcome.
This apparentcausationiswhatgivestheaudiencetheillusionthattheyare
controlling the result o f a choice.Magicianshavedevelopedawiderangeo f
forces providing powerful and reliable ways to create the illusory sense o f
agency over the o utcome (Pailhè s & Kuhn, 2019). For perceived autonomy
andasenseo fagencyplayersneedtofeelthattheyarefreetomakeachoice,
andtheyarethedrivero ftheo utcome. 

We look at forcing to solve this fundamental problem designers face. The
challenge o f o ffering choice to players while maintaining authorial control
overstory,andkeepingproductioncostsincheck.Wesuspectthattechniques
likeforcingcanprovidetheillusiono fchoicewhilenudgingtheplayerinthe
desireddirectiontocontrolthegame’sunfolding. 

ThePrincipleofForcing 
Magicians have been faced with essentially the same dilemma: how to give
their audience the impression o f free choice when in fact they stay neatly
within the planned course o f action e.g., steering an audience member to
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'freely' draw just the QueenofHeartsthemagicianpredictedtheywilldraw.
For this, magicians have developed powerful cognitive tricks to misdirect
their audience’s conscious experience o f the world and themselves (Kuhn,
2019; Pailhè s & Kuhn, 2019). Forcing is a principle central to stage magic
whichallowsmagicianstocovertlyinfluenceaspectator’schoiceo ro utcome
(Kuhn et al., 2008). It refers to the set o f techniques magicians use to
influenceaperson'schoicewithoutthembeingawareo fit,anditiso neo fthe
most powerful and versatile magical tools (Annemann, 2011; Shalom et al.,
2013). In recent years there has been much interest in examining these
deceptive techniques (Kuhn et al., 2008; Macknik et al., 2008; Rensink &
Kuhn, 2015; Thomas et al., 2015), helping us expand o ur knowledge about
forcing.Insomeinstances,themagicianhasfullcontrolovertheparticipant’s
decision, while in o thers they simply increase the probability o f the
participantschoosingaparticularitem(Pailhè s&Kuhn,2019).Thelatterare
conjuring techniques that mostly relyo nthefactthato ptionsarepresented
in a way that makes o ne o f them easier to choose (physically o r
mentally)(Pailhè s&Kuhn,2019).Forcingiscategoricallydifferentfromo ther
forms o f social persuasion, such as a salesperson overtly persuading the
clienttobuytheirproduct.Inthemagician’sforce,choicesaresystematically
biased ando nemustfeelthattheirselectionwasentirelyfree(Kuhn,2019).
Studies suggest that people fail to introspect about these types o f biases
(Johanssonetal.,2006;Nisbett&Wilson,1977)andjustifytheirchoicesasif
they were made by their own free will. Scientific studies o n forcing have
revealed that people experience these forced choices as genuinely free
(Pailhè s&Kuhn,2020a,2020b). 


Just like perceptual causality can help understand and improve how games
introducetheirmagicalreality,surpriseplayers,o rprovidesatisfyingpuzzles,
we suggest that forcing provides inspiration for how game designers can
afford a sense o f autonomy, agency and choice in games without needing
unlimitedcontent.Wethinkthisispossibleaspreviousresearchinmagichas
shown that it is possible to mislead people into thinking and feeling they
controlled something when we did not (Aarts, Custers, & Wegner, 2005;
Pronin, Wegner, McCarthy, & Rodriguez, 2006; Wegner, Sparrow, &
Winerman, 2004). In addition, forcing provides a useful lens to assess
whetheragameunintentionallyinfluencesplayerchoiceinawaythatharms
theplayerexperience.Pailhè s&Kuhn(2019)havecategorisedthevastrange
of forcing techniquesintotwomajorcategories.(1)Techniquesthatdirectly
influencethespectator’schoice–likerestrictingtheirchoiceo rleadingthem
tomakeacertainchoicewhichisthetypicaldefinition.(2)Techniqueswhich
provide the spectators a genuinely free choice, butinwhichtheo utcomeo f
thedecisionismanipulated(Annemann,1940;Banachek,2002;Jones,1994).
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Inthissection,wediscussboththecategoriesthroughfourparticularforcing
techniques: identical choice, stereotypical choice patterns, saliency, and
equivocation. We analysethesefourchosentechniquesasweconsiderthem
particularlyvaluableinthecontexto fvideogames. 


IdenticalChoice 
Many forcing techniques rely o n restricting your choice by making it
physically impossible to chooseanotheritem(Kuhn,2019).Oneo fthemost
basicformso fforcingrelieso nthis:restrictingchoicebymakingitphysically
impossibletochooseanotheritem.Forexample,choosingacardfromapack
ofcardsthathaso nlyidenticalcards(Annemann,2011).Wecanseeaready
equivalent in interactive fictions that present players with a perceived
branchingtreeo fchoicesthatwouldstillimmediatelyconvergeo nthesame
main story beat. This straightforward technique is however also easily
uncoveredthemomenttheaudiencememberwoulddrawasecondcardfrom
the same deck o r the player replays the game and choosesadifferentpath.
Still, for a single time play experience, this technique can be effective. A
slightly modified version would maintain the same fundamental gameplay
function while o ffering low-cost 'cosmetic' differences o n top. Wherever
game tutorials forinstanceuseaveryforcedlinearpathtoteachthegame's
mechanics,whichleadsaportiono fplayerstoabandonthegame,theycould
useIdenticalChoice:iftheplayercouldearlyo nchoosebetweenanumbero f
incidentswithslightlydifferentthemingthatwouldstilleachteachthesame
mechanic, this would likely increase player autonomy, enjoyment, and thus
retentionwithlittleextraproductioneffort.Averyinterestingyetaccidental
implementation o f Identical Choice force can be seen in thegameHiOctane
(BullfrogProductions,1995)whereplayersaregiventhechoicebetweensix
different looking vehicles shown to havesixdifferentsetso fstats.However,
despite showingdifferentlooksandstats,underthehood,allo fthevehicles
were identical. The developers did not plan this deception, butshippedthe
game like this because o f time constraints. It is reported thatplayersnever
doubted the system andengagedwiththeideathatallvehicleswereindeed
unique. One could argue that showing the stats as unique could be seenas
outrightlying. 
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Fig.6.V
 ehicleselectionscreeninH
 iOctane( BullfrogProductions,1995)showcasingIdentical
Choice


Therecouldarguablybemorenuancedwayso fimplementingthisforce.For
instance,inlinewiththegamemechanicstheplayercouldbeaskedtochoose
between twoboxes,howeverbeforeaskingthemfortheirchoice,theycould
be shown an animation o ftwodifferentitemsenteringeachbox.Thissetup
wouldgivethemtheperceptionthattheitemineachboxisunique,sameas
howpeopleperceivethatadecko fcardsbydefaulthas52differentcards. 

RestrictedChoice 
A craftier version o f this kind o f restrictive force depends o n timing. For
instance, in the classic force, the magician spreads the cards inaparticular
way and times their spreading action sothattheparticipant’shandreaches
for the intended card precisely at the right moment. Although they feel as
thoughtheyhadtheo pportunitytopickanycard,theyendupwiththecard
thatthemagicianpushedbetweentheirfingers(Pailhè s&Kuhn,2019).This
can be applied to a number o f dynamic decisions in a game - a simple
examplebeingawheelo ffortune.Inamorecomplexsituation,anNPCcould
be guiding a player about path choices as they walk and talk but the NPC
stopsexactlywherethegamewantsthecharactertotakeaparticularpath. 



114 

StereotypicalChoicePatterns 
Forcing techniques are known to exploit people's stereotypical choice
patterns. For example, if the performer places four cards o n the table and
asks an audience member to touch o ne card. The right-handed audience is
unlikely to touch the cards o n the o utside,andmostlikelytogofortheo ne
justrighto fcenter(Olsonetal.,2015).Similarly,simplymovingfoodtoaless
convenient location reduces the chance o f it being chosen and consumed
(Rozin et al., 2011). Placement force takes advantage o f people preferring
convenientlyplaceditemsinahandylocationandaskingpeopletophysically
selectanitembytouchingit,o rpushingittowardstheperformer(Banachek,
2009; Banachek et al., 2002), especially when the o bject’s valence is not
considered much (Christenfeld, 1995; Dayan etal.,2011;Shawetal.,2000).
For example, when people are asked to select arbitrary symbols, o r toilet
paperrollsfromastall,thereisageneralbiastowardschoosingitemslocated
in the middle position rather than those located at the edges (Bar-Hillel,
2015; Chae & Hoegg, 2013). It is suggestedthatthisisbecausetheitemsin
themiddlearemostlyeasiertophysicallyo rmentallyreach(Bar-Hillel,2015;
Bar-Hillel et al.,2014).Rodwayet.al.(Rodwayetal.,2016)suggestthatthis
centre-stage effect may be independent o f physical reachability. This is
especially interesting for video games where reachability is not physical.In
theory, peoplearemorelikelytoselecto bjectsthatareeasytopick,andare
unaware o f this behavioural bias which conjurors o ften exploit to covertly
manipulatethespectator’schoice.AlfredBinetsuggestedthat“thereisasort
oflazinessthatisexploitedwithoutthepersonbeingawareo fit(Binet,1894;
Triplett, 1900)”. This is an important insight into the human psyche which
becomes apparentandcreatesdesigninspirationwhenwelookatexamples
of how o ther creatives have used it, for designing game spaces and user
interfacelayouts. 

Anotherexampleisthatwhenyouasksomeonetochooseanumberbetween
one and ten, the most common answer is seven (Pailhè s & Kuhn, 2019). A
recent psychological experiment o n the probability o f people naming
different playing cards found thatsomecards,suchastheAceofHeartsand
Queen of Hearts, are named with a significantly higher frequency than all
others (Olson et al., 2012). Some o f these and o ther choice patterns
well-known in mental magic couldbedirectlytestedingames.Aso fyet,we
know little empirically about players' in-game choice patterns and what
featuresaffectthem,e.g.ifplayerschoosingquestso ravatarsmakedecisions
based o n sequence o r o ther inclinationsbeyondtheircapabilitiesandvalue
inthegameworld.Stereotypicalbehaviourhastheo bviouslimitationthatit
is probabilistic and cannot guaranteethataparticularo ptionwillalwaysbe
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chosen. Thus, stereotypical choice patterns alone cannot be relied o n to
decrease production load. Nonetheless, it can inform designers how player
choicemaybebiasedindifferentways. 


VisualSaliency 
Opening scene o f the movie, Now You See Me (Leterrier, 2013) shows the
protagonist asking the audience (onscreenando ffscreen)topickacardas
herufflesthroughadeck.Seveno fdiamondsisbroadcastedo naskyscraper
asarevealo fhismindreading.Theaudiencemembersareshownbaffledby
howhecouldhaveknownwhattheypickedandtakenbythegrandeuro fthe
reveal.Thetrickappliedinthissceneiscalledvisualsaliency. 

Visual saliency is a well-validated principle, in which a particular o ption is
made more perceptuallyprominent(Olsonetal.,2015;Shalometal.,2013).
It is a popular trickwhereamagicianasksavolunteertomentallychoosea
cardwhilethemagicianflipsthroughthedeck.Asthemagicianflipsthrough,
each card can o nly be seen for a split second - except for the card the
magicianwantstheparticipanttochoose,whichisshownjustalittlelonger.
A recent study found that this technique effectively directed people's card
choice 98% o f the time, and most participants failed to notice that their
choicehadbeenforced(Olsonetal.,2015). 

In many instances in games, designers want to direct players' choice and
attention for a smooth experience without compromising o n displaying the
fullextento fthecontent.Leveldesignerswantplayerstopicktherightpath
through a jungle while feeling they made a competent, non-trivialchoicein
the course. In navigating game inventories and menus, interface designers
wantplayerstoquicklydirectattentiontotheo ptionthatisrelevanttotheir
current task. In scanning a game world map in an o pen world game, game
designers want players to quickly notice relevant new points o f interest
without feeling 'railroaded' into choosing them. While in HCI and interface
design, visual saliency is already understood to guide visual attention
(Masciocchi & Still, 2013), what stagemagicaddshereasaconsiderationis
the impact o f unconscious visual saliency o n perceived free choice. Be it
choosingpaths,pointso finterests,interfaceo ptions,o ro therchoices,visual
saliencycanbeusedtohighlightcertainchoicesbysubtlescalingo rlighting
in the game scenes withoutimpedingtheplayer’sperceivedfreechoiceand
competence. 
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Priming 
InhispopularTVshowMindControl(D.Brown,2007),thementalistDerren
Browno nceinvitedavolunteertofreelybrowseatoystoreandintheirmind
choose o ne o f nearly quarter o f a million toys without telling him. It was
seeminglyimpossibleforBrowntoknowwhattoytheywouldpick-andyet,
he correctly predicted their choice o f a giraffe (D. Brown, 2014). In the
program, Brown states that he used a range o f subconscious priming
techniques to subtly direct their mind towards the giraffe toy,e.g.makinga
giraffe symbol with hishandswhilegivingdirections.Yet,thevolunteerhad
no clue that they have been primed and considered their decision a free
choice.ItisimportanttonotethatBrown'sclaimo fbeingabletomanipulate
choiceusingscientificprinciplesisunsupported.Magicianso ftenframetheir
performances as a demonstration o f psychological mind control, when in
realityo therformso fdeceptionareusedtocreatepsychologicalmindcontrol
(Lan et al.,2018).However,thisshouldnotdistractfromthefactthatsubtle
psychologicalprinciplescanbeusedtoforceaperson'schoice. 

Pailhè sshowsthatnaturallyintegratingprimeswithinaperson’sspeechand 
gestures can influence people’s decision making (Pailhè s & Kuhn, 2020a,
2020b). Her work confirms that it works both o n video and in person. She
primed the audience to choosethreeo fdiamondsbymakingcorresponding
shapes as she presented the trick to the audience. The force resulted in a
nine-fold increased chance o f participants choosing the forced item,
reportedly feeling free choice and control over their actions. This workhas
beenrepeatedtoanswerthesubstantialskepticismaroundpriming. 

Results and practical usages like these raise the possibility o f games using
this type o f mind control to influence player’s decisions. Just like visual
saliency, priming o pens doors for nudging players into the right direction.
Signs in the game backgrounds, language and gestures made by NPCs can
possiblymimicprimingwithingameworlds. 


Equivocation 
Equivoque(Goldstein,1996)o r‘themagician’schoice’,iso neo fthestrongest
toolsmentalistscanusetoforceacardo ritem(Banachek,2009,p.22).Itis
aninterestingforcingprinciple,wheremagiciansgiveagenuinefreechoiceto
the audience but devise the next steps o f the trick in awaythatanychoice
leadstothesameresult.Forinstance,theymightplacetwocardso nthetable
andaskanaudiencemembertochooseo ne.Iftheychoosetheintendedcard,
the magician asks them to keep the card. If they choose the o thercard,the
magician asks them to discard it and keep the intended card. This ensures
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that the used card is always the o ne the magician intended while the
audience member had actual free choice because how this choice is then
interpreted and used is determinedo ntheflytoalignitwiththemagician's
intention. A simple example application for this in a game could be playful
choices between mystery boxes (or any choice based system where the
outcomes are fairly balanced). If due to content limitation o r story
continuation,thegamehaso nlyo neo utcometoo fferbetweenthetwoboxes.
The player's choice could be o penedo rdestroyed,makingtheintendedbox
theo utcome.HirokiOzonopresentedanexperimentamongstanaudienceat
amagicconferenceinwhichparticipantswatchedashortvideoclipinwhich
equivoque was used to force o ne o f four cards, after which the participants
were required to worko utthemethodbehindthetrick(Ozono,2017).The
results showed that even at a conference where people were discussing
magicprinciples,o nly12percento ftheparticipantsmanagedtoworko utthe
correct solution to this force. This demonstrates the strength o faforcelike
equivocation.Forceswheretheo utcomeismanipulatedarecloselyrelatedto
choice blindness (Hall & Johansson, 2008; Johansson et al., 2006), a
phenomenon in which people fail to notice the mismatch between their
choiceanditso utcome.Theyo ftenendupjustifyingtheirchoicebasedo nthe
outcomedisclosedtothem(Halletal.,2013;Hall&Johansson,2008;Rieznik
et al., 2017). There is somedebatearoundhowthisphenomenontranslates
whenparticipantsareexplicitlyencouragedtothinkabouttheirchoicerather
thanwhentheymakeselectionsimplicitly(Barlas,2016).Sincegamesafford
a variety o fchoices,somewhichareimplicitwhileo therswhereplayersare
urged to explicitly think, we should be able to test where equivoque works
andwhenthetrickbecomeso bvious. 

For an equivoque to land successfully, magicians have to carefully construct
thesetupo fthetrick.Asanexample,amagician(Elsdon,2014)couldsetupa
trick where theyaskparticipantstochooseachocolatebarforthemagician
fromaseto fthree. 


Fig.7.T
 heMagiciansetsthetrickwiththreechocolatebarsinarow 
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The magician would beforehand secretly predict an o utcome, for instance,
theywouldwriteinapieceo fpaperthat,“Outo falltheo ptions,Iwouldget
theSnickersbar.”Now,theywoulddisplaythechocolatebars(Snickers,Mars,
Twix)inarow(onaflatsurface)andasktheparticipanttopushtwotowards
themagician.Ifo neo fthechocolatebarsthattheparticipantpushedwasthe
Snickers,themagicianwouldeliminatethethirdo neandcontinuewiththese
two. They would physically rearrangetheSnickersandtheo therchosenbar
andasktheparticipanttopointato ne. 


Fig.8.T heM agicianrearrangestheplacementsi foneofthepushedbarswereSnickers. 


Iftheparticipantpointsattheo therbar(Twix),themagicianwouldeliminate
that and take the Snickers, however if the participant had pointed at the
Snickersbar,themagicianwouldsimplytakethatbar. 
Alternatively, hadtheparticipantpushedMarsandTwixinthefirststep,the
magicianwouldhaveeliminatedthem,leavingthemagicianwiththeSnickers.
Thepredictionwouldhavestoodtrueinallcases. 

The equivoque in the example works because o f two main things: 1) The
phrasing instruction to make the choice is ambiguous (push/point) which
does not promise any definite o utcome giving the magician the scope to
dynamicallymanipulatetheinterpretationo ftheparticipant’schoice.2)The
options are moreo rlessequalinvaluefortheparticipantsothattheydon’t
get overly attached to their choice, making it hard for the magiciantotrick
them. There are o ther reasons why an equivoque would succeed o r fail,
discussingthosewouldbebeyondthescopeo fo urinvestigation. 

Magic performances like these appear to involve lots o f spontaneous social
interactions when in reality they follow a fixed structure underneath. For
example, in classic cups and balls (Christopher, 1996) routines, where the
magician makes balls magically appear, disappear, transform and penetrate
solid cups, magicians appear to genuinely interact with and respond to the
audience in what they do with cups and balls, yet every move and word
followsacarefulscriptthankstoequivocation(ando thertechniques). 
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This situation maps neatly to e.g. the game design challenge o f making
non-player characters with pre-programmed and thus limited behaviours
appear to engage in rich, varied,responsiveinteractionwiththeplayer.One
immediate translation o f equivocation here would betoscriptsequenceso f
non-player characterresponsesinsuchawaythatthey'makesense'against
any prior player action. At a higher level, the episodic game series The
Walking Dead (Telltale Games, 2012) presents the players with a series o f
choices in trying to survive a zombie apocalypse that seem consequential
whilethemajoro utcomeso feachepisoderemainthesame.Forexample,no
matterwhethertheplayerchosetosparethecharacterBen'slifeinepisode4
ornot,thegame'sscriptfindsawaytohavebotho utcomesleadtoBen'sfinal
death at the midpoint o f episode 5. Still, players feel that their decisions
'count' as they are not aware o f later pre-scripted events at the time o f
choosing. More subtly, while player choices do not necessarily change the
outcome, theyseehowtheirdecisionsshapeandexpresstheirownin-game
character, Lee. More indirect translationswouldtouchtheactualunderlying
structure and game mechanics. For example, in the game Her Story (Sam
Barlow, 2015), the player views video clips intheo rdertheychoosefroma
set o f fictional police interviews to solve the case o f a missing man. The
player searches for a word and chooses o ne o f the videos in which it was
spoken to learn more about the case. 'Browsing an archive' is a game
mechanic that makes immediate sense o f content items appearing in a
disjointedo rder. 

Equivoque can be applied to games in a number o f ways beyond narrative
games. To present a snapshot o f possibilities let’s look at two potential
implementations.Agameresourcecouldbeambiguouslynamedlike‘karma’
or ‘chaos’. Depending o n the game these resources can be translated asthe
designerwantsthemtobeperceived.Forexample,ahigh‘karma’couldmean
being transformed intoasnakewhere‘snake’isimpliedtobeagoodavatar.
Similarly, a low karma could mean the exact same thing.Itshouldbenoted
hereequivoqueisnotusedtomakeachoicebuttodynamicallyinferaseries
of previous choices that the player must have made to collect ‘karma’.
Equivoque can also be used in level design where the player could have a
choice between a hole and a tunnel. If theplayerchoosesthehole,thehole
gets shutandthetunnelexpandsandiftheplayerchoosesthetunnel,ithas
the exact same o utcome. This can be implemented in a variety o f ways by
assigning meanings togameo bjectso ncethedecisiono fusingthato bjectis
madebytheplayer. 
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DiscussionandConclusion 
Thearto fstagemagichasdevelopedandfine-tunedcenturieswortho ftried
patterns, principles and techniques in affording and steering audience
experiences that are increasingly underwritten by contemporary cognitive
psychology. Like practitioners o f any o ther art, game designers have long
poachedo therfieldsfortechniquesandinspiration(W.Wright,2001).Some
game designers have pointed to magic as o ne such important source o f
inspiration (Donlan, 2015; Mullich, 2016; M. Stout, 2015; W. Wright, 2001;
(Howard,2014)),yettherehasbeenlittleifanysubstantialdemonstrationo f
what kinds o f techniques, principles and patterns could be used where. In
this chapter, we illustrate in some detail how stagemagiccano fferauseful
lenso ncraftingandsteeringplayerexperiencesingames.Wehaveexplained
the principle o f perceptual causality and how it can be used to better
introduce the laws o f a game world to players as part o f o n-boarding,craft
enjoyable trajectories o f suspense and surprise, and design surprising and
non-frustrating puzzle sequences. We use stage magic as a lens to discuss
these learning but principles o fperceptualcausalityareforegroundiso ther
artformsliketheatreando therkindso fstorytelling.Wehavealsointroduced
the concept o f forcing, steering a perceived-free choice, andillustratedhow
several forcing techniques from stagemagiccanbeusedtoenhanceplayers
perceived autonomy and sense o f agency despite limited content andguide
playerattentionwithoutimpingingo nautonomy. 

Notably, we do not claim that the discussed psychological mechanisms like
perceivedcausalityo rvisualsaliencyareinanywayuniquetostagemagico r
games:theyare,totheextentpsychologistshavestudiedthem,universal.We
do believe, however, that in highlighting their fit withcurrentconcernsand
practices in game design, we have contributed to the discovery o f basic
constructsandtheoriesforgameresearchtomodel,explain,andpredictthe
impacto fgamedesigno nplayerbehaviorandexperience-andpotentially,to
instances where games and game design could serve as experimental petri
dishes to further o ur understanding o f said basic constructs and theories
themselves. We also do not claim that theconnecteddesigntechniquesand
principles discussed here are o nly found in stage magic.Thechoreographic
patterno fsettingupthenbreakingandbuildingo nexpectationsisalsofound
in music (Scoates, 2013), for instance and o ther forms o f art.However,any
creative dialogue needs to start somewhere; stage magic's striking overlap
withgamesintermso fwhat'spresentedino urworkando therparallelslike
showmanship, consistency, visual deception make it acompellingcandidate
with which we hope to have highlighted some valuable starting points for
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practitioners and comparative researchers. Furthermore, we wish to
emphasise that any o f the discussed parallels and suggested potential
applications in games are at present untested hypotheses. Each o f them
require empirical work to probe their generalisability and boundaries o f
application from stage magic to games. Finally, we have not presented all
potential cross-fertilisations betweenstagemagicandgamedesign.Weo nly
hope to have made the principled case that they exist and are worthy o f
further exploration by designers and researchers alike. We will consider
ourselves successful if this work serves as a directed itch if not a fulfilling
appetizerforitsreaders. 

Wewouldliketopointo utthatalthoughwepresentthesimilaritieso fstage
magic and games in this chapter, we do think there are also some
considerable differences. The pacingo fastagemagictrickismuchdifferent
than thato fagameasthecontroliscompletelyinthehando fthemagician.
In games o ften this control is shared between the player and the game.
Anotherfeatureo fgamesthatisdifferenttohowastagemagictrickplayso ut
is repeatability; not just o f theentiregamebutgamesequences(failingand
restarting o r simply restarting) is. We suggest keeping these and similarly
otherdifferencesinmindwhentransferringtechniquesbetweenstagemagic
andgames. 

Lastly,asdiscussedabove,thereisnosystematicanalysiso fhowstagemagic
canbeappliedingames.Ourworksofarunpacksstagemagicrecognisingits
potential o f eliciting epistemic emotions. It piles a multitudeo fhypotheses,
needing a stricter scope and investigation using established research
methodstobacko urclaims.Asdemonstrated,forcing,especiallyequivoqueis
a powerful tool to create an illusion o f choice for players as it promises a
genuine free choice. This quality o f equivoqueallowsdynamicmanipulation
of free choices o ffering a widescopeo fimplementationasshownabove.Its
reliance o n semantic ambiguity (i.e. ambiguity in phrasing the setup o f the
choice which allows multiple interpretations)lendsitselfdirectlytochoices
in story narratives. Making equivoque a more o bvious starting point for
investigationintermso fcreatingperceptiono fchoicesandthusuncertainty
anddilemmasthataccompaniessuchanillusion.
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Chapter6 

Zeroing in on Equivoque for Game
Narrative4 
As discussed, equivoque drives people to a predetermined o utcome by
exploiting semantic ambiguities (i.e. ambiguity in phrasing the setup o f the
choice which allows multiple interpretations) and their failure to notice
inconsistencies. Double entendre phrasing o f choices actively involves the
spectator in decision making even if they have no impact o n the o utcome
(Pailhè setal.,2020).Practitionersclaimthatthedeceptioninanequivoqueis
fairly strong and repeatable without becoming apparent (Maven, 1992,
2011). 

Based o n o ur research (Chapter 5, section Equivocation) we suggest that
equivoque can be an effective tool for building choices, especially in game
narratives due to its usage o f wordplay. Since we hope to apply principles
honed by stage magicians to elicit decision uncertainty that ismotivatingto
playersthroughillusorychoices,welooktowardsforcing.Amongsttheforces
discussed in the last chapter, equivoque is the o ne o f the forces where the
participantshaveagenuinelyfreechoicebuttheo utcomeo ftheirdecisionis
manipulated. If players see these choices as free and believe that these
choices have an impact o n the o utcome, they have a high likelihood o f
experiencingmotivatingd
 ecisionuncertainty(seeChapter4). 

FundamentalsBehindtheWorkingofEquivoque 
Wethinkwecontroleventsmorethanweactuallydo(Langer,1975;Presson
& Benassi, 1996) and assign causality between unrelated events (Blanco et
al., 2011; Matute et al., 2011, 2015). This is described as “the mind’s best
trick”(Wegner,2003)o fexperiencing“consciouswill”.Ifano utcomefollows
our action, in hindsight, weattributeo uractionastheleadingcausebehind
theunrelatedo utcome,providinganillusiono fautonomy.Choiceblindnessis
a cognitive failure which glaringly illustrates how we fail to detect the
mismatch between o ur choice and its o utcome.Givenachoicebetweentwo
items,studiesshowthatpeopleconsciouslychoosingaparticularitemfailto
Some parts of the literature in this chapter is published work (Pailhèsetal.,2020).Shringi
Kumariisthesecondauthoronthatpaper. 
4
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notice the change when they end up with another item after the
experimenterswitchesthechosenitemwiththerejectedo ne.Theyjustifythe
outcome as their o riginal choice which suggests that we havepoorinsights
into the cognitive mechanisms that drive o ur choices (Hall & Johansson,
2008; Johansson et al., 2005). In o ther words, we accept the switched
outcome as o ur own constructing a false sense o f control based o n the
outcome o f o ur choice (see also (Nisbett & Wilson, 1977). Unlike choice
blindness, equivoque principles do not rely o n deceptively switching
outcomes but exploit linguistic ambiguities, and o ur tendency to ignore
inconsistencies. 

Tofunctiono ptimallyino urdailylives,wearehighlyadaptiveandtoleranto f
distortions to facilitate comprehension(Erickson&Mattson,1981;Shafto&
MacKay, 2000). For instance, Moses Illusion illustrates: when asked “How
many animals o f each kind did Mosestakeo ntheArk”,mostpeopleanswer
“two”, even thoughtheyknowthatitwasNoahwhotooktheanimalso nthe
Ark (Davis & Abrams, 2016; Erickson & Mattson, 1981; Song & Schwarz,
2008). This shows how we fail to notice anomalies despite knowing the
correct answer due to not having a chance to fully process the question
(Bottoms et al., 2010). Like Moses Illusion, it is possible that equivoque
procedure is successful because people o mit the possible inconsistencies
happeningtotheirchoice(Pailhè setal.,2020). 

PotentialUsageinGameNarratives 
Equivoqueallowsanumbero fwaysinwhichartificialchoicescanconvergeto
the same o utcome. However, in the most classic equivoque, twisting o f the
outcome is immediate. For instance, when amagicianwouldsay“toucho ne
card”, the card touchedwouldthenimmediatelybediscardedo rkeptforthe
force to play o ut as planned. This is not the same as The Walking Dead
(TelltaleGames,2012)examplegivenabovewhichfollowsthesameprinciple
but thestorydoesnotconvergeimmediately,insteadtheplayersgothrough
otherstorypointsbeforetheylandatthesamemainstorybeat. 


There are different ways o f structuring stories in games (Ashwell, 2015;
Lindley, 2005; Short, 2016, 2019). It is not necessary for us to go into the
details o f narrative design however it is important to understand that
developers have been trying to find ways to o ptimise story structures for
desiredeffectwithlimitedcontent(Short,2016,2019).Onebasicquestisto
reduce production cost without compromising o n engagement (Koster,
2018).Inaddition tothatitisalsoimportantfordesignerstosteertheplayer
inthedirectiono fmosto ptimalexperience.Designersuseavarietyo fterms
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to explain narrative structures, for o ur purpose we use the following
definitions: (1) Nodes are verticesatwhichthestoryprogresses.Startnode
being the beginning o f the story and end nodes being all last nodes at the
final level o f the story, where the story ends. (2) Links are connections
between two nodes; two nodes can have multiple links between them. (3)
Lasto fall,branchesarealltheuniquepaths(collectiono flinks)thatconnect
the start node to any o f theendnodes.Developerswritemorebranchesfor
multiplereasons:variety,replayability,depth.However,atthesametimethey
strive to limit the number o f branches for production reasons, hoping to
provideplayerswithenoughinterestingdecisionpoints(Short,2019). 


Fig.9.N
 arratives tructuresof(a)ClassicEquivoque(b)T imeCave(Ashwell,2015) 


As seen in Fig. 9, the equivoque structure hasthreenodesfromstarttoend
and o ne branch while a Time Cave (Ashwell, 2015) o ften used in CYOA
(choose your own adventure) structure has sevennodesandfourbranches.
There are multiple o ther story structures but we use the Time Cave for
comparisonasitisthemostextensivewithatleasto neuniquelinkbetween
twonodes.IfwelookatTheWalkingDead(TelltaleGames,2012)structure,it
isaBranchandBottleneck(Ashwell,2015;Short,2019)(seeFig.10)whichis
basically acompilationo fminitimecavesthatconvergeatcertainnodesvia
fakechoiceo rwithoutanychoiceinbetweennodes. 



Fig.10.AnelaborateBranchandBottlenecksectionillustratedbySamKaboAshwell(Ashwell,
2015). 
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Theproductioncosto fanystoryisdirectlyrelatedtothenumbero fbranches
it has, however, inthefirstplaytheplayerwouldencounterjusto nebranch
between the start and end node. With o uranalysiso fequivoque,webelieve
that it can play an important role in drastically reducing the work doneo n
narrative branches for the player to reach the same o utcomewithasimilar
player experience, at least for the first playthrough. One o f the reasons to
havearichbranchingnarrativeisforitsreplayabilityvalue,i.e.everytimethe
player engages with the game, they get to explore alternatives. It is worth
testinghowequivocationf airso nthisaspecto fgamedevelopment. 

TypesandStructuresofEquivoque 
Equivoque is a broadtechniquethatmagiciansuseintheircustomisedways
to o perationalise theforcearoundtheirpre-scriptedo utcome(Pailhè setal.,
2020). We have synthesised information o ntypeso fequivoquebyanalysing
tricks and following the available literature. Below, we discuss a few
applications o f equivoquewithstagemagictogetadeeperunderstandingo f
itsstructuresthancanbeapplicabletogamenarratives. 

ClassicEquivoqueVariations 
This the basic equivoque we have discussed in the previous sections where
the o utcome is manipulated based o nthemagician’sscript.Forasuccessful
equivoque, themagicianlaysdownverbalgroundworkforpotentialmultiple
interpretations(Elsdon,2014).Thestressiso nmakingthesetupambiguous
ando pentoo utcomes. 

Variations in a classic equivoque comes from the variety in phrasing
according to the decision framing the magiciandesires.Thephraseschange
the interaction between thetrickandtheparticipant.Forinstance,‘push’o r
‘touch’ involve physical interaction with the o bjects while ‘point’ is more
detached.Withingames,designerswillhavetotakeparticularcareaboutthis
phrasing to set up the following narrative o r GUI (graphic user interface)
interaction. For instance, using a phrase like pick o ne’ to make a choice
betweentwoitemsmightbetoodirecttoo fferinterpretationshoweverifthe
narrativetoneo fthegameisabstract,aphraselike‘picko ne’couldstilllead
to an equivoque. Similarly, if the instructing game character is a shaman o r
hasahabito freactinginunexpectedpatterns,theymayhavetheleverageto
interpretchoicesmorefreelyrationalisedbytheirpersonalityo rabilities.In
most cases the important bit ishowthechoiceissetup,forinstance,ifitis
said ‘touch an item’ o n a selection screen without any context at all, the
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designercaninterpretthechoiceastheylike.Itcouldbeinterpretedas‘touch
to select’ o r ‘touch to discard’. On the o ther hand, within the context o fthe
game, actions like ‘touch’ o r ‘push’ might already have some assigned
meanings, for example, pushing an item towards an NPC may leave little
space for the designer to ‘discard’ the item if previously pushing meant
‘selecting’. 

Another variation in the classic force is how tightly the set up phrase is
coupled with the o utcome. It could have immediate impact, fore.g.,toucha
card and thenimmediateinterpretationo fthattouchaskeepingthecardo r
discardingit.Incontrast,theo utcomecouldbedecoupledwiththesetup,for
e.g. setting up a deck divided into two and then asking “which set o f cards
would you pick” and genuinely going forward with the chosen deck to
eventually reach the same o utcome (both decks being identical). Here the
magicianhasusedtwokindso fforcestosetupandexecutetheequivoque. 

Hidden/OpenEquivoque 
The classic equivoque can be presented witho ptionsthatlookidenticaland
have no apparent value for the audience, for example, face down playing
cards o r boxes. Here, the values o f the cards o r items inside the boxes are
hidden and pose no o r little value based bias that players can have while
making the selection. On the o ther hand, the participantscouldbeaskedto
makeachoicebetweenitemstheycano penlyseethevalueso f,forexample,
differentfoodo rhouseholditems.Here,theparticipantsclearlyseethevalue
ofeachitemandthenmakeachoice.Thereisevidencethatequivoqueworks
well in both cases, however the values have to be equally balanced if the
equivoqueisano peno ne(Pailhè setal.,2020). 

Gamescanhaveuniqueapplicationsforbothhiddenando penequivoques.As
discussedabove,applyingequivocationswithboxes,doorso ridenticalpaths
would be hidden, whereas, the o nes like narrative o ptions o r items that
players can see (for instance, a weapon inventory) would be o pen
equivocations.Itisyettobetestedifo netypeismoreeffectiveingamesthan
theo ther. 

EquivoqueTree 
Theclassicequivoqueisstackedinalargerstorywherethemagicianframesa
differentsetupquestionforeachdecision.Forexample,amagiciansetsupa
trick (see Fig. 11) with multiple decision points leading to the participant
choosingaSnickersb
 arforthemagician. 
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Fig.11.E
 xampleofane quivoquetreeusingopene quivoque. 
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This isnotasimplerepetitiono fthesameinteractiontoreducethenumber
ofo ptionswhichcanbeachievedbyrepeatingaclassicequivocation.Instead,
itisareconfigurationo fthesetupateachdecisionpoint.Themagicianfirst
asksiftheaudiencememberhasano ddo reventemperament,thenchanges
the arrangement o f the chocolate bars and asks a different question
altogether and so o n. Such change o f phrasing and set up escalates the
deception and makes it harder for the audience to follow the trickery. This
kind o f funneling could be very uniquely applicable to situations in games
whereanon-player-characterwantstoleadanothercharactertoaparticular
outcome,makingthemfeelthattheyhadplentyo fchoice.Itisquitecomplex
to retrace the steps o f an equivoquetreebytheplayertounderstandwhere
the deception took place. We believe this embedded deception o f a tree
structure could allow replayability o f a fake choice without the trick
becoming easily apparent. For example, in an adventure game, the player
couldbeservedanumbero frewardo ptionsandtoldthatbasedo nhowthey
respond they shall be rewarded, the narrator NPC could ask same set o f
questions as the magician: ‘oddtemperedo reventempered’,‘leftleaningo r
right leaning’ and so o n and while interpreting each choice as ‘select’ o r
‘discard’, they also keep changing the layout o f the rewards until o nly o ne
item(pre-scriptedbythegame)isleft.Itshouldbetested,butwebelievethat
the layered structure (from many to o ne) would make the deception less
likelytobetracedandmorereplayable. 

PerspectiveTwist 
Just like classic equivoque, the magician sets the stage so that the audience
hasafreechoice.However,insteado fmanipulatingthemeaningo ftheaction
immediately they have o ne possibleo utcomethatcanmeandifferentthings
based o n the perspective o f the reader (Elsdon, 2014). For example, the
magician would have two items: pen and keys. The magician would have
written a prediction note saying “you will have the pen and I will have the
keys”. Now the magician would ask the spectator to pick an o bject. If the
spectatorpicksthepen,themagicianpicksthepredictionandreadsito ut.On
the o ther hand, if the spectator picks the keys, the magician would ask the
spectatortoreadthetext,makingtheo utcomeaccurateineithercase.Thisis
even more effective with multiple items using classic equivoque in the first
stage.Whenitcomestogames,thisisanothermethodasingleo utcomecould
be made to look asifitwerecustomforeachchoice.Thiscouldbedonevia
an NPCo rthroughtheenvironment,howeversincegamesarenotrealtime,
theillusionmaynotlandaswell.Thistrickcomeshandyinmindreadingset
ups, however in games, mind reading is not believableasthecomputercan
adapt to new data and the user might not believe that an o utcome was
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predicted in advance. That said, this could be applied in synchronous
multiplayergameswhereallthegameneedstodoisdirectwhoreadso utthe
outcome. 

DiscussionandConclusion 
Aspointedo utearlier,thereisnosystematicanalysiso fhowstagemagiccan
beappliedingamesasyet.Thusfarwehavemadeo urcasebyextractingand
studyingconceptsfromstagemagicliterature,stagemagicperformancesand
mappingthemtogames.Tosubstantiateo urclaims,weneedtogofurtherby
defining a strict scope and conducting investigation using established
researchmethodsinhopetobacko urclaimsmadesofar. 

Equivoque forces the spectators to choose a certain o bject while the
spectatorsbelievethattheymadethechoiceo uto ftheirfreewill.Thismakes
them curious o ftheo utcome(Olsonetal.,2013;Ozono,2017)makingforce
useful for invoking motivating uncertainty. We think forcing, especially
equivoque is a powerful tool to create an illusion choice for players as it
promises a genuine free choice and builds o n the psychology o f people’s
inherent choice blindness.Whilegamesalreadydothisusingstructureslike
‘branch andbottleneck’toconvergeatacommonnode,anequivoqueshould
provideo newaytocreateanabsolutelylinearstructurewithnobranchesat
all feel like it has branches. Moreover, we are suggesting to test these
structuresintheireffectivenesstospecificallycreatetheplayerexperienceo f
motivatingd
 ecisionuncertaintywhichhasnotyetbeentestedwiththatfocus. 

Forsuccessfuldecisionuncertaintythatmakesplayerswanttofurtherengage
in the game, they needtobeabletomakechoices.Intheirperceptionthese
choicesneedto(1)feelfreetobeginwithand(2)theyshouldfeelthattheir
choice has an impact o n the o utcome (see Chapter 4). From the literature
above,wecansaythatequivoquedoeso fferfreechoice,howeverwedon’tyet
knowifthesedecisionsfeelimpactfultotheplayers.Weneedtoinvestigateif
equivoque can create fake choices that give playersthedecisionuncertainty
that makes them motivated to resolve it and outcomeuncertaintyaboutthe
resolved state. For equivoque to be useful for games in terms o f eliciting
uncertaintythatismotivatingforplayers,weplantoinspectifchoiceillusion
created withequivoquecancreate(1)feelingo ffreedomofchoice(2)feeling
ofimpact,thuscreating(3)decisionandoutcomeuncertainty. 

Asdiscussedinsection‘TypesandStructureso fEquivoque’,equivoquecanbe
applied in multiple ways. We propose to start o urinvestigationwithclassic
equivoque withinnarrativegamesastheyo fferthemostcleanapplicationo f
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the technique. Thatis,wecanreplicatethephrasingdonewithwordstoset
the choice and manipulation o f the o utcome just like a magician would do.
Furthermore, narrative games could clearly benefit o n production time by
adding choices to the game without having to produce content for each
decision wherever possible. Being able to control the narrative while still
giving the player’s illusion o f autonomy allows designers to keep their
authorialcontrol.BysystematicallycomparingequivocationswithTimeCave
structure to see if equivocations create the same amount o f motivating
uncertainty(bymakingtheplayersfeeltheytrulyhaveafreechoiceandtheir
choicesareimpactful)wecanconcludeifo urinvestigationinthisdirectionis
useful. We hope this serves as a starting and exemplary demonstration for
lookingintostagemagicforinspirationsbeyondforcingandnarrativegames.
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Chapter7

Using Equivoque to Afford
MotivatingUncertaintyinGames5 
Introduction 
On investigating uncertainty, we concluded that decision uncertainty and
outcome uncertainty are important player motivators. We call uncertainty
‘motivating uncertainty’ when players are motivated to resolve such
uncertainty when they face it: by taking actions o r by waiting to see the
game’s o r o ther players’ reaction. On reviewing stage magic principles, we
havefoundforcingasafamilyo ftechniquescapableo fo fferinganillusiono f
choice. We have singled o ut equivoque as a starting point because o f the
genuine free choice it o ffers and exploitation o f ambiguous linguistics that
mayfitgamenarratives. 

We have identified that for an equivoque to work, the design requires two
main things: (1) The phrasing instruction o fthechoicemustbeambiguous.
The setup must not promise any definite o utcome giving the magician the
scope to dynamically manipulate the interpretation o f the participant’s
choice. (2) The o ptions presented should more o r lessbeequalinvaluefor
theparticipantsothattheydon’tgetoverlyattachedtotheirchoice,makingit
hard for the magician to trick them. There are o ther reasons why an
equivoquewouldsucceedo rfail,testingwhichwouldbebeyondthescopeo f
ourinvestigation. 


Our analysis o f equivoque and previous studies o n forcing show that
audiencesbuytheillusiono fchoiceinanequivoqueo nlyiftheyfeelasenseo f
agency(Chambonetal.,2014;Pailhè setal.,2020)overthechoice(Pailhè s&
Kuhn, 2020a), i.e.: (1) They feel they have a truly free choice to make. (2)
Theyfeelthattheirdecisionhadanimpacto ntheo utcomeo ftheirchoice.As
our grounded theory data shows, thesearealsokeyingredientsfordecision
uncertainty (see Chapter 4). If the player does not think that the choice is
impactful,theyhavenoreasontobeinanydilemmaaboutthedecisionthey
needtomake.Similarly,iftheplayersdonotfeeltheyhavefullfreedom,that
is, they are being forced to make a particular choice, they would lose the
Thefirststudydescribedinthischapterisalsopublishedwork(Pailhèsetal.,2020).Shringi
Kumariisthesecondauthoronthatpaper. 
5
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autonomy o n the resolution o f the decision diminishing their decision
uncertainty.Thisuncertaintyaboutthedecisionshouldimpacttheircuriosity
regarding the o utcome leading to outcome uncertainty. From o ur study o f
m2m motivation, we know that solving uncertainty is a valuable motivator
for players (see Chapters 3, 4 and 5). While there are seven kinds o f
uncertainty that can be motivating, we focus o n decision uncertainty and
outcomeuncertaintywithwhichtheconcepto fequivoque(creatingillusiono f
choice)showstohavethemostdirectmapping. 

The main question that remains unanswered is whether equivoque can
actually create an illusory choice that stokes decision uncertainty in games.
Answering these questions is the subject o fthestudiespresentedhere.The
twomainquestionsthatweproposetoanswerthemainquestionare:(1)Do
players feel motivating uncertainty andrequiredsenseo fagencywhenthey
interactwithanequivoquechoiceinagame?Inamagictrick,magicianso ften
onlyuseequivoqueo nce.Ingames,playerstypicallyengageinlongsequences
of choices. This may limit the applicability o f equivoque to games if the
repetitionwouldmakeitmorelikelyforplayerstoseethroughthetechnique.
Hence we ask a second question: (2) Is equivoque viable even when the
techniqueisrepeatedovermultiplechoiceswithino negame? 

Sinceequivoquehasnotbeenformallystudiedbymagicresearchers,thefirst
of the three studies is conducted to learn more about the technique within
the field o f stage magic before applying it to games. Thiswouldspecifically
test if equivoque o ffers impactful decision making to participants. By the
popularity o f equivoque, o ne can derive that it is effective but we do not
specificallyknowifitiseffectiveintermso fcreatingasenseo fagencyinthe
participants. Totransferandtesttheprincipleingames,weapplyequivoque
to a simple narrative adventure game, Osaka. In the second study, we
compareaversionwithequivoqueagainstaversionwithnochoicestotestif
equivoquecreatesahigherillusiono fchoice.Equivoqueislinearasinitisno
choice at all (behind the curtains) asnomatterwhattheplayerchooseswe
lead them tothepre-scriptedo utcome.Thisstudytestsifsuchafakechoice
succeeds in creating any sense o f motivating decision uncertainty in
comparison to a transparentlylinearstructure.Inthethirdstudy,werepeat
theequivoqueoverfourchoicesandtestitagainstaversionwithrealchoices
and versions with interleaved choices (real and equivoque altered). To
validate that equivoque has worked for games, we measure salient features
that as we have studied creates motivation in players when posed with a
decision: (1) freedom of choice and (2) perception o f impact along withthe
mainmeasureo f(3)decisionuncertaintyand(4)(onlyforthesecondstudy)
outcomeuncertainty.Inthefollowingsections,tomakethecontrastbetween

133 

real and equivoque choices apparent, we will refer to equivoque choices as
fakechoices. 

Study1:ValidatingEquivoqueinaCardTrick 
ThisstudywasconductedincollaborationwiththeMagicLabatGoldsmiths.
Themainaimforus(gamesresearchers)wastogetabetterunderstandingo f
the concept o f equivoque before applying it to games. The workload was
equally divided: wedesignedthestudytogether,collecteddatatogetherand
didindependentstatisticalanalysesanddiscussedtheinferences.Duringthe
data collection phase, themagicresearcherexecutedtheequivoquewhereas
the primary researcher o f this thesis noted down the card sequences
participants chose and noted down o ther o bservations. We took turns in
debriefing. 

Participantsweretochooseacardamongstfourcardsbymakingtwochoices.
Theywerefacedwithfourcardso natableandtheresearcheraskedthemto
tap two cards. These cards were‘discarded’o rkept’basedo nwhetherthey
would lead to the forced card o r not. This sequencewasrepeatedwithtwo
cards remaining o n the table and the participant asked to tap o ne card,
leading the participanttotheforcedcard.Weaimedtoinvestigatetheeffect
ofmanipulatingtheinterpretationo fparticipant’sactions(touchingaplaying
card) and deceptively leading them to the forced card o n their sense o f
agency. We hypothesisethatirrespectiveo ftheroutetheytaketotheforced
card they would feel similar levels o f sense o f agency. Sense o f agency is
measured as: (1) the impact they perceive their choice hado ntheo utcome
and (2) freedom of choice participants feel while makingthechoice,usinga
questionnaire (see Procedure section below). This is done to get an
understanding o f how‘incontrol’o ftheo utcomedopeoplefeelevenifthey
makefakechoicesthatinactualityhavenoimpacto ntheresult.Wemeasure
these salient features o f motivating uncertaintybutnotuncertaintyitselfas
thefirstexperimentisnotdoneinagameenvironment. 

Thisstudyshouldtelluswhetheritispossibletoinduceanillusorysenseo f
agency over the o utcome o f the choice, which is predetermined and
objectively forced by the experimenter. As discussed, research o n Moses
Illusion suggests that people ignore semantic inconsistencieswhentheyare
presented within the context o f a question, even when participants are
encouragedtomonitorforinconsistencies(Erickson&Mattson,1981).Based
on this we expected participants to disregard the inconsistencies in the
experimenter’sactionsinresponsetotheirchoices.Weaimtoinvestigatethe
efficiency o f the equivoque procedure withrespecttofeltsenseo fagencyin
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participants regardless o f the consistency o f their actionswithitsinference
andthustheo utcome.Thatis,wehypothesisethat(1)whetherthefirsttime
the participants tap was inferred as ‘keep’ the cards and the secondtimeit
wasinconsistentlyinferredas‘discard’thecardandviceversao r(2)whether
bothtimestheactionswereinferredconsistentlyas‘keep’o r‘discard’should
not impact their sense o f agency. While magicians use equivoque and that
shows its effectiveness, a study like this tests the phenomenon specifically
with context to sense o f agency with respect toinferencemanipulationand
tells us if there is difference in experience between the different routes
participantscantake.Ifweseethatequivoqueiseffectiveincreatingasense
of agency irrespective o f the consistency o r inconsistency o f how
participant’s choicesareinterpreted,itgivesusasolidgroundtotestthisin
branching narrative with respect tosenseofagencyanddecisionuncertainty
in games where we can use equivoque to manipulate the interpretation o f
player’schoiceateachnode. 

Hypothesis 
We predict that participants would feel high levels o f freedomofchoiceand
perception o f impact over the o utcome card even though they were
manipulated. 

H1: Our hypothesis states that the (a) impact and (b) freedom of choice
participantsfeelwillnotchangeregardlesso fthepaththeytraversed,evenif
theexperimenter’sinterpretationo ftheiractionisinconsistentoverthetwo
choices. 

Method 
Participants 
We conducted a lab study applying equivoque using playing cards. We
recruited97participants:56femaleand41maleinpersonattheGoldsmiths
University. The average age o f the participants was 27 (sd=10.1),withthe
youngest player being 18andtheo ldestbeing67.Werananaprioripower
analysisforat-testwithapowero f0.80,α=0.05,andamoderateeffectsizeo f
0.5. The o utput was a sample size o f 101 participants. We excluded 4
participants from the analysis as the experimentermadesomeslighterrors
in the procedure, by using discrepant gestures while giving instructions to
theparticipants. 

Participants were informed that they will be participating in a decision
making exercise using playing cards. None o f the participants knew the
concepto fforcing,o rweremuchfamiliarwithstagemagic.Asequivoquehas
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notbeenscientificallytestedpreviously,webasedo urestimationo ftheeffect
size o n the confidence o f magicians in the power o f the principle based o n
magicliterature. 

Procedure 
The card trick picked for the experimentisastandardequivoquetechnique.
Wepickedacardtricktomakesurethatthiskindo fforcingisrepresentedin
its true form (Jones, 2004). Participants were given an information sheet
about the study and asked fortheirinformedconsent.Theyweretomakea
serieso ftwodecisionso nfourcardstoendupo nacardo ftheirchoice.Four
face down playing cardswerelaido utinfronto ftheparticipantswherethe
card third from their left was always the forced card (see Fig. 12). The
experiment was conducted in awaythattheparticipantswouldlando nthe
forcedcardnomatterwhatchoicestheymade.Theresearcherdidnotknow
any o f the cards o ther than the forced card (three o f diamonds) and its
position(thirdfromparticipant’sleft).Aftertheparticipantshadtheirchosen
card, the researcher would tell them what card they were holding (in the
styleo fareveal). 


Fig.12.A
 graphicrepresentationoftheexperimentlayout 
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Fig.13.I nteractionflowofthecardforcestudy 


Experiment flow is illustrated in Fig. 13. Participants were asked to gently
touch (the touch movement was demonstrated by miming a tap) o n two o f
thefourcards.Ifo neo fthetwotouchedcardswastheforcedcard,thecards
were kept and the remaining cards were discarded, o therwise, the touched
cards were discarded. Cards were kept by leaving them in the line up and
discarded by pulling them away from the line up towards the researcher.
After this step, two cards were left o n the table and the participants were
askedtotoucho neo fthecards.Again,ifthetouchedcardwastheforcedcard
itwaskeptandtheo thercardwasdiscarded.Ifthetouchedcardwasnotthe
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forced card, it was discarded. This left the forced card as the participant’s
choiceinallthescenarios.Aftertheparticipantswereleftwitho necardtheir
senseo fimpactandfreedomofchoicewasrecordedusingtwoquestionsand
bynotingimpromptuverbalreactions. 


Conditions 
Two experimental conditions based o n whether the paths participants
traversedwereconsistento rinconsistent: 
(1) Condition Consistent: The cards participants touched as their choices
were consistently kept o r consistently discarded both the times. Two paths
wereconsideredforthiscondition: 
(a)PathKeep-Keep-wherebothtimes,thechoicestheytouchedwerekeptin
thelineup 
(b) Path Discard-Discard - wherebothtimes,thechoicestheytouchedwere
discardedfromthelineup. 

(2) Condition Inconsistent: The cards participants touched as their choices
werekepto nceanddiscardedtheo thertime.Twopathswereconsideredfor
thiscondition: 
(a) Path Keep-Discard - where the first time their choice was kept and the
secondtimeitwasdiscardedfromthelineup. 
(b) Path Discard-Keep - where thefirsttimetheirchoicewasdiscardedand
thesecondtimeitwaskeptinthelineup. 


Measures 
Participantswereaskedtoanswertwoquestionsaftertheirsecondchoice: 
1)
On a scale from 0 (no impact at all) to 100 (extreme impact), how
muchimpactdidyoufeelyourchoiceshado nthefinalcard? 

2)
Onascalefrom0(notfreeatall)to100(extremelyfree),howfreedid
youfeeltochoosethecard(s)youputyourhandso n? 

We used these measures because they incorporate key components o f a
successfulforcingtechnique(Kuhn,Amlani,&Rensink,2008;Pailhè s&Kuhn,
2019,2020a).Theyarealsopre-requisiteconditionsforpeopletocareabout
thechoicesandthusfeeldilemmao rd
 ecisionuncertaintyrelatedtoit. 

We chose a 0-100 scale based o n previous research in forcing (Pailhè s &
Kuhn, 2020b). The questions were shuffled in sequence to avoid bias.After
theparticipantsansweredthequestiontheresearcherpredictedthecardand
asked them to pick and see the card. They were asked a few informal
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questions to justify their answers. They were then debriefed about the
experimentandexplainedthetheoryo fforcing. 

Results 
Overall,participantsfeltastrongfreedomofchoiceintouchingthecardsthey
wanted (M=80.3,SD=26.4),andamoderateperceptiono fimpactoverthe
cardtheyendedup(M=53.1,SD=35.2).Participantsjustifiedtheiranswers
byreportingthattheydidnotfeelaverystrongsenseo fimpactbecauseo nly
4 o f 52 playing cards were laid o ut to begin with. They reported that this
restrictedtheirscopegiven48cardsweretotallyo uto ftheircontrol.Thisis
in line withapreviousstudyconductedtostudyanotherkindo fforceusing
playingcards(Pailhè s&Kuhn,2020b).However,itwasapparentintheverbal
interview that they did not realise they were being manipulated and the
absence o f a sense o f strong impact was purely driven by the natureo fthe
subjectmatterbeingfourplayingcardso uto fadecko fcards. 

We examined whether path consistency influenced participants ratings. 52
participants experienced consistent routes and 45 experiencedinconsistent
routes. 

Impact 
As expected in H1(a), the impact participants felt their choices had o n the
outcome does not significantly change (see Fig. 14) between the two
conditions. A Mann-Whitney analysis showed that the consistency o f the
routes did notaffectparticipants’feelingso fimpactoverthefinalcard(W=
1078,p=0.503,rrb=
 -0.08). 


Fig.14.P
 articipants’perceptionofi mpactovertheoutcome(forced)cardwithrespectto
consistencyofthee quivoqueroutes. 
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FreedomofChoice 
The results contradicted o ur expectations as stated in H1(b). Participants
reported significantlyhigherfeelingso ffreedomoverwhichcardtheychose
(see Fig. 15) for the inconsistent than consistent routes (W = 1493, p =
0.015*,rrb=
 0.276). 



Fig.15.P
 articipants’perceptionoff reedomofchoiceintouchingacardwithrespectto
consistencyofthee quivoqueroutes. 





Consistent
Mean Std.Dev.

Impact  55.44


Inconsistent

W 

p 

rrb 

Mean Std.Dev.

35.47  50.28

Freedomof 74.32  29.15  87.24
Choice 

35.13  107
8 

0.50  -0.08

20.94  149 0.015*
3 

0.27

Table5.S ummarydescriptivestatisticsofi mpactandfreedomofchoicepeoplefeltin
ConsistentandInconsistentconditions 

Due to the unexpected results, we investigated the four different decision
paths more closely. We separated each path described in the Conditions
section (see above) by separating them intofourconditions:twoconsistent
(Keep-Keep and Discard-Discard) and two inconsistent (Keep-Discard and
Discard-Keep). Both measures were individually compared across the four
conditions. 31 participantsexperiencedtheKeep-Keeppath,21participants
experienced the Discard-Discard path, 23 participants experienced the
Keep-Discardpathand22participantsexperiencedtheDiscard-Discardpath. 
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Impact:IndividualPaths 
The impact participants felt their choices had o n the o utcome does not
significantly change (see Fig. 16) with the path they traversed. This was
demonstrated usingaKruskal-Wallistestwhichshowednosignificanteffect
ofthedifferentrouteso nparticipants’senseo fimpactovertheo utcomecard
(X2(3,97)=0.98,p=0.806,η2 =0.010).Speculation:althoughnotsignificant,
we also see that impact people felt in the path Keep-Keep isslightlyhigher
thano therpaths.Thereasoncouldhavetodowiththegestureo fkeepingthe
cardthattheplayerstouchedisthemost‘natural’o r‘expectedgesture’. 



Fig.16.Participants’perceptionofi mpactovertheoutcome(forced)cardwithrespecttothe
pathorsequenceofeventstheyexperienced. 



FreedomofChoice:IndividualPaths 
Surprisingly, the freedom of choice participants felt while making their
decisions doesshowasignificantchangewiththepaththeytraversed(X2(3,
97)=8.68,p=0.034*,η2 =0.079)(seeFig.17).Morespecifically,adeviation
contrast analysis showed that o ne specific inconsistentpath(Keep-Discard)
led participants to feel significantly freer for their choice (t(93) = 2.52, p =
0.013*). 

Tostudyhowthispathcomparedtotheresto fthethreepaths,weconducted
aposthocTukeyanalysis.Wedidnotfindanysignificantdifferencebetween
any two groups. The Keep-Discard path shows a closeness to a significant
difference compared to the Keep-Keep path (t(95) = 2.58, p = 0.054, d =
-0.84)supportingthedeviationtendency. 
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Fig.17.Participants’perceptionoff reedomofchoiceovertheoutcome(forced)cardwith
respecttothepathorsequenceofeventstheyexperienced.





Keep-Keep 
Mean Std.Dev.



Discard-Discard  Keep-Discard 


Discard-Keep 

Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.

X2 
(3,97) 

p 

η 2 

Impact  58.06

36.62  51.57

34.21  51.08

39.27  49.45

31.11 

0.98  0.80

0.01

Freedom 74.12
ofChoice


25.48  74.61

34.53  92.39

15.06  81.86

24.94 

8.68  0.03
* 

0.07

Table6.S ummarydescriptivestatisticsofi mpactandfreedomofchoicepeoplefeltacrossall
fourpaths 

None o f the participants expressed that they understood the trick o r
understoodthattheywereforcedtowardsaspecificcard.Theusualreaction
after the experimenter made a predictive ‘guess’ was that o f uttersurprise.
Some participants suspected thatallcardsmightbethesame(theywereall
different)andlookedatalltheo thercardstocheckiftheirhuncho fallcards
beingthesamewascorrect. 

Discussion 
Thesefirstresultssuggestthattheequivoqueisaneffectiveforcingtechnique
where the sense o f agency in participants is not diminished irrespective o f
themanipulativeandinconsistentinferenceso ftheiractions.Weconsidered
paths Keep-Keep and Discard-Discard as consistent and the o ther two as
inconsistent. The inconsistent paths change the interpretation o f the
participants’identicalactiono ftouchingoverthetwochoices.Lookingatthe
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aboveresults,wecansayequivoquewassuccessfulinprovidingparticipants
theillusionthattheyimpactedtheo utcomebyselectingo neitemo uto ffour.
They felt they had a role in deciding the o utcome despite thefactthatthey
were completely manipulated and forced to end up with a predetermined
card. 

At this stage we are unable to find any testable reason explaining why
participants felt significantlyfreerinthedecisionpathKeep-Discard.Thisis
somethingwesuggestneedsfurtherprobing.Wesuspectithadsomethingto
do with the gestures and the setup. We do not expect to see this when we
transfer the trick to games. Given the strong first indications we design a
narrativegametotestthephenomenoningames. 


Study2:UsingEquivoquetoInvokeUncertaintyin
Games 
This study was designed to answer the research question:Doplayersfeela
sense o f agency and subsequently motivating uncertainty when they
encounter an equivoque choice in a narrative game? In o ther words, does
equivoqueworkfornarrativechoicesinagamecontext? 

From the grounded theory study o n uncertainty (Chapter 4) we focused
decision uncertainty and outcome uncertainty as they are both related to
choice. We also know that for these uncertainties to be motivatingtowards
their resolution, players should feel they have made an impactful decision
and that the choice was free in nature. Following the lab study, impact and
freedom of choice continued to be dependent variables to see ifplayersfeel
that sense o f agency prerequisite for motivating decision uncertainty and
outcome uncertainty (see Chapter 5). We also explicitly measure decision
uncertaintyandoutcomeuncertaintytotestiftheyareactuallybeingelicited
evenwhenthepresentedchoiceisfake. 

Hypothesis 
Wehypothesisedthat: 
H1: People will feel higher (a) impact, (b) freedom of choice, (c) decision
uncertainty, (d) outcome uncertainty when presented with an equivoque
choice (fake choice) in comparison to when they are presented with no
choiceatall. 

Furthermore,withinthefakechoiceconditionwehypothesisedthat: 
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H2: People will feel similar (a) impact, (b) freedom of choice, (c) decision
uncertainty, (d) outcome uncertainty no matter whether their choices are
consistento rinconsistentwiththeo utcomes. 

Method 
Participants 
We ran an a priori power analysis (as the previous study) with a power o f
0.80,α=0.05,andamoderateeffectsizeo f0.5.Theo utputwasasamplesize
of 200 participants. Knowing the possible issues with o nline recruitment
fromplatformslikeProlific(2020),intotalwerecruited235participants.27
participantsfailedattentionchecks(listedinMaterialssection)andtherefore
their data wasdiscarded.208participants-103femaleand100maleand5
who preferred not to say – participated in total. The average age o f the
participantswas26.04(sd=8.74),withtheyoungestplayerbeingintheage
groupo f18to25andtheo ldestfromtheagebracketo f45o ro lder. 

Participants were recruited from an ethnically diverse participant pool as
long as they were fluent in English. Being a gamer was not part o f the
requirementespeciallybecausetheplaytestsweredoneo nbothgamersand
non-gamers without seeing much o f an effect. Participantswereconsidered
onlyiftheycouldusealaptopo rdesktoptoavoidtheexperiencechangeo n
mobilewherethetextneedsmorescrollingandcanseemlonger. 

Participantswererecruitedo nlinewithattentionchecksinplace.Thereason
for recruiting o nline was to have more ecological validity and make sure
participantsdonotanswerquestionnairesunderanypressure. 

Material 
TheGame 
Followingthelabstudy,wecreatedanarrativegameOsaka,wheretheplayer
plays as a tourist who goes through an unforeseeable adventure. The
interactive fiction game was made using the game engine Twine (Klimas,
2009). The game was designed to be played o n any browsero nalaptopo r
desktop. In Osaka, the player plays as a young tourist whoisvisitingOsaka
and knowsverylittleaboutthecity,itscultureo rthelanguage.Sheentersa
tricky position when her friend Caron who was going to be her host
abandons her. The game poses a question when the protagonist meets her
friend for dinner and things start to get risky. The game poses a single
question which makes the player make a choice. This decision point is
equivoqued, which means no matter what the player chooses, the o utcome
remainsthesame. 
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Osakawascreatedthiswaybecauseitissimpleandhasasinglequestionso
that it remains as clean o f biasaspossible.Thestoryisgivenenoughdepth
that people start to care and the choices o ffered are similar instead o f o ne
optionwithano bvioushighervaluefortheplayers.Itwasalsodesignedtobe
easy to pick and play, the o nly restriction being that players couldreadthe
Englishtext.Wecheckedthesecriteriaviaplaytests.Thegamehadnomusic
orsoundeffects.Thegamecouldbeplayedin3to5minutes,theplaysession
was kept between 2 to 10 minutestomimicaverageplaysessionso fgames
weusedtostudym2muncertainty(Chapter4). 

It could be argued that a single narratively embedded choice is too
bare-bones to constitute a 'full-fledged' game. Arguably, for generalisability
Osakacanbeviewedasastorysnippeto rstorylet(Short,2019)thatcanboth
stand alone o r be embedded across the spectrum o f game narrative
structures (Ashwell, 2015; Short, 2016). It is important to note that such a
storyletcanservethegamuto fnarrativesgamesincluding:adventuregames
with embedded puzzle o r action mechanics like Life is Strange (Dontnod
Entertainment, 2015) o r Heavy Rain (Quantic Dream, 2010); o r simple
interactivefictionlikeQueersinloveattheEndoftheWorld(Anthropy,2013),
apopularhypertextgamecreatedwithTwine. 

GameDesign 
The game design was restricted to o ne decision point for the study. In
addition to this we wanted to create a story which was engrossing for the
playerssuchthattheycareaboutthechoicespresentedtothem.Wecreated
thestorybyiteratingandplaytestingboththestoryandtheo ptions.Wewent
through an iterative process as it is known to help games find the right
equation with the audience (Keith, 2010; Luton, 2009; Macklin & Sharp,
2016). We performed regularplayteststoensurethattheintendedusability
and experience o f the game areinlinewithhowplayersactuallyperceiveit
(ExtraCredits,2012;Fullertonetal.,2004).Thegamewentthroughmultiple
iterations play-tested by five players.Theseplayersmatchedtheparticipant
recruitment criteria (see section Participants). They were recruited o nline
throughapoolo fsocialnetworks. 

Iteration1 
The first design iteration wasmimickingaclassicnarrativedesignarounda
single choice with limited context. In this story setting the player andtheir
friend are venturing o n what the player perceives as a semi-dangerous
adventure. The friend advises theplayertopickatooltodefendthemselves
in case o f danger. Two weapons in sightareanaxeandapistol.Thephrase
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“pick o ne for me” tosettheequivoquewastakenfromamagicperformance
byMarkElsdonwhereheasksanaudiencemembertopickachocolatebrand
fromtwoo ptions(Elsdon,2014). 


Youandyourfriendareplanningavisittoafarm.Shewarnsyou
thatthefarmisinfestedandhassomehorrorstoriesattachedto
it. You ask, “like what?” She tells you about the giant rodent
infestationmyth.Youdon’tthinkmucho fitbutsheinsists,“Come
onJoe,Ithinkwemust.Picko neforme” 

-

Axe 
Pistol 


Inthefirstiterationwefocusedo nasimplestorywithanalmostimpactless
choice. On testing the above version with two players we realised that the
story is not enough forthemtocareabouttheircharactero rtheirchoicein
thegame. 

For the second iteration, we wrote and tested an expanded story to see
whetherthishelpedpeopletocareabouttheircharactero rnot. 

Iteration2 
You are new to the city o f Osaka. Enamored, but mostly just
nervous. 

You have always wanted tovisitJapan,butyoudidnotthinkyou
would feel so stranded. It could be simply because your hotel is
toofarintotheinsideso fthecity.Itcouldbebecauseyouhavenot
travelledaloneinawhile... 

Or,becauseyourfriendCaronwhowastoshowyouaroundJapan,
who told you not tostartinTokyo(likeeveryo therlameculture
enthusiast), who was going to show you the most fabulous o f
izakayas - changed her mind -justlikethat.Whatarat!Anyhow,
shehaskindlyo fferedtocomevisityouinyourtinyhotelroomto
giveyoutraveltips.Sure.Atleastforthenightyouhaveaplan. 

Next 
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Shecomes.It'ssurprisinglynicetoseeher,especiallytohearher
voice.Youfeelathome,andstarttofeelconfidentaboutyourtrip.
It is getting late - you wanthertostay,butyoudon'tsayit-she
abandonedyouafterall. 

Youareabouttosayyourgoodbyes,whenyouhearloudvoicesin
languagesyoudon'tunderstand,blastthroughthewindow.Sheis
as alarmed as you are. There are more penetrating voices, now
comingfromthecorridoraswell.What?! 

She looksconfused,"Whyaretheydoingthis?Weshouldgeto ut
ofhere."-shesaysinahushedtone. 
Youarepartscared,partclueless,"Whyaretheydoingwhat?"No
reply.Youcanseesheknowsmorethanyou,butwouldn'tsay.You
lookaround,"Well,wecan'tpossiblygeto uto fhere.Thereisthis
tinywindowandIamguessingthefrontcorridorisn'tclear." 
She says, "Who knows. Maybe it is, maybe it is nothing". Crazy
noisescontinue. 
Youstareblankly."Idon'tunderstand" 
"Gosh,weshouldhurry"shecutsyouo ff,"picko neforme." 

FrontDoor 
Window


Weplay-testedwithfiveplayersandallo fthemwereengrossedinthegame
as they related to thecharacterandwantedtocontinue.Theyalsoenquired
aboutwhathappensnext. 

“IlikethestorybecauseithadalotofelementsthatImayfindmyselfin
between......foreign land…solo travel...cheap hotel....a localguideshaped
traitorwhogetsmekilled”[p1] 

“Yeah...myimmediatethoughtwas...I’mabiggirlwithzeroupperbody
strength and I don’t fit into windows... so.... the front door seemed the
onlyplausibleoptionforme.”[p2] 

“[I] Would like to knowmoreaboutthestory.Ilovegameswithstories
youknow.”[p3] 
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Playtester comments indicated that o ur version posed a choice which
invokeddeliberationanddecisionuncertainty:


“I did not know with surety that my choice (window) was the correct
one.Seemedreasonablebutinaforeignlandmyreasoningmaybequite
unreasonableforthelocals.”[p1] 

Giventhat,wethenfocusediterationo ntheexactphrasingo ftheequivoque. 

In Elsdon’s tutorial, he explainshowthephrase“picko neforme”canmean
both:(1)“Picko ne,forme”thatispickano ptionforthemselvesforthesake
ofthetricko rforthesakeo fElsdon.Inthiscasethechosenchocolatewould
be taken by the audience member and Eldson would get the discarded
chocolate bar. (2) “Pick o ne for me” wouldliterallymeanpickingo neo fthe
chocolates for Eldson, leaving the o ther for the audience memberthemself.
This is why the second iteration o f thegamekeptthesamephrasingwitha
newer storyline. On playtesting that version, we realised that the phrasing
doesnottransfertothisgamescenarioaswell. 

“And even if I chose that, it seems like the other character is the one
takingthedecisionformesoIfeltIhadnotmuchimpactonthestory.”
[p3] 

We did quick iterations with thephrasingtryingtoincorporatephraseslike
”Passthat”,“Takethat”insteado fusingtheword“Pick”.Wehadtochangethe
storylineandchoicesabittoaccommodatethesephrases. 

ExampleIterations 


"Stay put, I will check", she cuts you o ff and goes into the
corridor.Youdon’tknowwhattodo.Withinminutessheisback,
slams the door behind her, looks around asshepantsandsays,
"Takethat.“ 

●
Scissors 
●
Knife 
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"Stayput,Iwillcheck",shecutsyouo ffandgoesintothecorridor.
Youdon’tknowwhattodo.Withinminutessheisback,slamsthe
doorbehindher,looksaroundasshepantsandsays,"Passthat.“ 

●
Scissors 
●
Knife 


Basedo nplaytestresultswerealisedweweren'tabletostrikethebalanceo f
interesting story andchoiceswiththeneededambiguousphrasingtosetup
the equivoque. This motivated us togobacktotheo riginaldesign(Iteration
2)andworktheequivoquewiththatnarrative.Weadded“whichway”instead
of “pick o ne for me” keeping in mind that for an equivoque to feel real, it
needstohaveanambiguoussetupandachoicethathasidenticalo utcome. 

“The choice I made has more impact than I thought earlier. Both
characters are going out the same way” (this player had played
previous versions so knows theo utcome),“butthechoiceImadethis
timewasaccepted”[p1] 

FinalVersion 

(SetuptextsameasIteration2) 

You are part scared, part clueless, "Why are they doing what?"
Noreply.Youcanseesheknowsmorethanyou,butwouldn'tsay.
Youlookaround,"Well,wecan'tpossiblygeto uto fhere.Thereis
thistinywindowandIamguessingthefrontcorridorisn'tclear." 
She says, "Who knows. Maybe it is, maybe it is nothing". Crazy
noisescontinue. 
Youstareblankly."Idon'tunderstand" 
"Gosh,weshouldhurry"shecutsyouo ff,"whichway?" 

FrontDoor 
Window

[Window] 
"Alright.Youclimbdownthewindow,thatwayyoudon'thaveto
interact withanyone.Iwillwalkdownthecorridorandtalkmy
way through, if they don't kill me first." She chuckles. "Don't
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worry, run when you get downstairs and I will seeyouaround
thesecondblock. 

Itwillbeo kay,trynottopanic." 

[FrontDoor] 
"Alright. I can walk down the corridor and just talk my way
through, if they don't kill me first." She chuckles. "You climb
down the window, that way you don't have to interact with
anyone.Don'tworry,runwhenyougetdownstairsandIwillsee
youaroundthesecondblock. 

Itwillbeo kay,trynottopanic." 

GameConditions 
Thestudywasconductedacrosstwomainconditions. 

ConditionNoChoice:Theplayersweregiventhestoryinwhichthecharacter
guiding the player poses a decision.However,shethinkstheyneedtohurry
and have no time to ponder so the player gets just o ne o ption. Each
participantwasrandomlygiveneither‘FrontDoor’o r‘Window’astheirsole
optiontoensurethetexto fthedifferento ptionsdidnotaffecttheresults. 

Example,RandomOption‘FrontDoor’ 
You are partscared,partclueless,"Whyaretheydoingwhat?"
No reply. You can see she knows more thanyou,butwouldn't
say. You look around, "Well, we can't possibly get o ut o f here.
ThereisthistinywindowandIamguessingthefrontcorridor
isn'tclear." 
She says, "Whoknows.Maybeitis,maybeitisnothing".Crazy
noisescontinue. 
Youstareblankly."Idon'tunderstand" 
"Gosh,weshouldhurry"shecutsyouo ff,"whichway?" 

FrontDoor 

[FrontDoor] 
"Alright.Beingatourist,youshouldbeabletowalkthroughthe
corridor without really interacting. Just pretend you don't
understand anything - wait ... you don't need to pretend."She
chuckles. "I will climb down the window. Run when you get
downstairsandIwillseeyouaroundthesecondblock. 
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Itwillbeo kay,trynottopanic." 


ConditionFakeChoice:Theplayersweregiventhestorythenaskedtomakea
decision between two o ptions Front Door and Window. However, nomatter
which o ption they picked the o utcome would remain the same (see Final
Version in Game Design section). The o ptions were visually shuffled in
display o rder to avoid bias o f any sort. All the randomisations were done
programmaticallytoavoidanyresearcherbias. 

AttentionandComprehensionChecks 
Since the game wastobeplayedo nlinewithoutaresearchertomonitor,we
added attention and comprehension checks to make sure players actually
read thetextandwerenotdistractedduringthetask.Additionally,sincethe
study was conducted via Prolific, we wanted to crosscheckthattheplayers
werefluentinEnglish(thelanguageinwhichthestorywastold). 

1)
The game had multiple story screens. We recorded how much time
players spent o n each screen. We checked if they spent at least 40seconds
per screen. Through playtests we estimated that to betheminimumtimeit
tookparticipantstoreadthetext.Iftheyspentlessthan40secondso nanyo f
thestoryscreenswediscardedtheirdata. 

2)
Players were askedtoanswerastoryrelatedquestion(seebelow)in
their own words. This would mainly verify that they are fluent in the
language. Additionally, to also tell us if they understood the context o f the
story.Peoplewholeftthisboxemptyo ransweredunreadablegibberishwere
notconsideredforthedata. 

3)
Only the players who finished the task within 8 minutes were
considered to make sure that they were not distracted o r left the browser
screen for too long, if at all. Data o f the players who spent more than 8
minuteso rlessthan3minuteswasdiscarded 

Procedure 
The studywasa‘betweenparticipant’design,wheretwodifferentgroupso f
participants played the two different conditions so thatthestoryisfreshto
eachparticipant.Participantsweregivenaninformationsheetandaskedfor
their consent and demographic details (age, gender). Participants were
informed about their rights to withdraw. Participants would then play the
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game. At the end o f the game session they were asked to answer a few
questions.Participantswerenotallowedtoplayagain. 



Measures 
We re-used freedom of choice andimpactmeasuresfromthepreviousstudy
for comparability and closely maintained the phrasing for those two
questions. We removed the context o f playing cards from the questions.
Unfortunately therearenoexistingquestionnaireso ro therprovenmethods
for recording player’s decision uncertainty along with their sense of agency
related to that decision. The closest to an existing validated scale is PUGS
(Power et al., 2017),whichcapturesthewholegamingexperience,breaking
down experiential facets that don't particularly fit m2mmotivatingdecision
uncertainty. This is why we created o ur own items for decision uncertainty
andoutcomeuncertainty. 

We iterated o n the phrasing with playtesters until we saw evidence that
participants understood them as intended. For decision uncertainty, with
initialiterationso fthequestionsweranintotheissuethatplayersmightfeel
decisionuncertaintyevenbeforeachoiceisposedduetothenarrativeo fthe
game. For example, even when there was no choice when asked, “Did you
consideryouro ptionsbeforemakingadecision?”Aplayerreported: 

“Yes, I thought of the alternatives and made a decision based on their
consequences.”[p5] 

On probing further, we realisedthattheconsiderationwashappeningmuch
beforetheplayersreadtheo ption.Thus,ano penquestionwasaddedduring
playtesting o fvariousgameandquestionversionstomakesurethatplayers
understood exactly what we intended to ask. After multiple iterations we
finalised the phrasing that best representedwhatwewantedtolearnabout
decision uncertainty (see below). We kept the o pen question for the final
studyalsoasacomprehensioncheck. 

Wefinalisedfourquestionstobeansweredusingaslidingscaleando neo pen
questiontobeansweredintheplayer'sownwords.Weusedaslidingscale(0
- 100) following the lab study format we used earlier. We took into
consideration that categorical scales do not show significantly different
results(Rosteretal.,2015). 

Participantsratedthefollowingquestiono nascaleo f1-100: 
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1)
Freedomofchoice-Howfreedidyoufeeltopickyouro ption?Notfree
(0)toVeryfree(100) 
2)
Impact - How much impact did you feel your choice had o n the
outcome?Noimpact(0)toVeryhighimpact(100) 
3)
Decision uncertainty - Didyouweighalternativestomakeadecision?
Noatall(0)toAlot(100) 
4)
Openquestion-Pleaseexplainyourratingo ntheabovequestion(Did
youweighalternativestomakeadecision?)inafewwords 
5)
Outcome uncertainty - How clearly could you tell what the
consequences o f your choice would be? Not clearly atall(0)toVeryclearly
(100) 

Ordering o f the questions was randomised to avoid any bias due to
sequencing. 

Results 
Theresultsshowthatpeoplefeelahighersenseo fimpact,freedomofchoice,
decisionuncertaintywhenthereisafakechoiceaso pposedtonochoiceatall.
The results also show that they feel similar outcome uncertainty. 100
participants played the Condition No Choice and 108 participants played
ConditionFakeChoice. 

Impact 
The results supported the hypothesis H1(a).Playersfeltsignificantlyhigher
impactinConditionFakeChoicecomparedtowhentheyplayedConditionNo
Choice(seeFig.18).ThiswasdemonstratedbyaMann-Whitneyanalysis(W
=3321,p<0.001*,rrb=
 -0.38). 


Fig.18.P
 layers’perceptionofi mpactovertheoutcomewhentheyweregivennochoiceversus
whentheyweregivenafakechoice. 
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FreedomofChoice 
The results supported the hypothesisH1(b).Playersfeltsignificantlyhigher
freedom of choice in Condition Fake Choice compared to when they played
Condition No Choice (see Fig. 19). This was demonstrated by a
Mann-Whitneyanalysis(W=1908.5,p<0.001*,rrb
 =
 -0.64). 



Fig.19.P
 layers’perceptionoff reedomofchoiceinchoosinganoptionwhentheyweregivenno
choiceversuswhentheyweregivenafakechoice. 



DecisionUncertainty 
The results supported the hypothesis H1(c). Playersfeltsignificantlyhigher
decisionuncertaintyinConditionFakeChoicecomparedtowhentheyplayed
Condition No Choice (see Fig. 20). This was demonstrated by a
Mann-Whitneyanalysis(W=1234.5,p<0.001*,rrb
 =
 -0.77). 

Theo pentextcomprehensioncheckwasalsousedtogainqualitativeinsight.
Qualitative data supported o ur findings. For the No Choice versionaplayer
rated‘0’andwrote: 

“Ididnot(weighalternatives)asiwasalreadygivenachoice” 

Ontheo therhand,fortheFakeChoiceversionaplayerwrote: 

“Yes,Ihadtoweighthealternativespresented(frontdoorvswindow)to
makeadecisionofhowtoexittheroom.Ihadtoconsiderthepotential
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consequences of using either exit. It was not a random choice.” and
another player wrote, “I guess I weighed the level of confrontation I
would face to make the decision. I felt that I would face less
confrontationorconflictgoingoutthe0.” 



Fig.20.D
 ecisionuncertaintyplayersfeltwhentheyweregivennochoiceversuswhenthey
weregivenafakechoice. 

OutcomeUncertainty 
The results contradicted o ur hypothesis H1(d). Players felt similar outcome
uncertainty in Condition No Choice as in Condition Fake Choice. This was
demonstratedbyaMann-Whitneyanalysis(W=5090,p=0.475,rrb=
 -0.057). 

Thiscouldbeaccountedforbythenatureo fthenarrativewheretheplayers
were curious about the o utcome even if they didnotpartakeinmakingthe
choice. The high means in both conditions (64.14,61.16)showthatplayers
werecuriouso fhowthestoryprogressed. 
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Fig.21.O
 utcomeuncertaintyplayersfeltwhentheyweregivennochoiceversuswhenthey
weregivenafakechoice. 


NoChoice 

FakeChoice 

W 

p 

Mean Std.Dev. Mean Std.Dev.

rrb 

Impact 

39.09

28.80  58.12

24.80 

3321  <0.001*

-0.38 

Freedomof
Choice 

30.8

30.04  68.89

26.94  1908.5 <0.001*

-0.64 

Decision 23.36
Uncertainty

25.11  66.56

22.69  1234.5 <0.001*

-0.77 

Outcome 35.86
Uncertainty

27.73  38.84

27.26 

5090 

0.47 

-0.057

Table7.Summarydescriptivestatisticsofimpact,freedomofchoice,decisionuncertaintyand
outcomeuncertaintyplayersfeltwhentheyhadNoChoiceandwhentheyhadaFakeChoice. 


WewantedtofurtherexploreanydiscrepancywithinConditionFakeChoice.
Within that condition, irrespective o f the swaps, o ne o ption was always
consistent with the player’s choice. For instance, choosing the o ption Front
Door would indeed lead the player o ut o f the front door and the friend
through the window. The inconsistent path would be choosing the Window
buttheplayergoingo uto fthefrontdoorandthefriendo uto fthewindow.As
shown in the game text above (Final Version in section Game Design), the
choice Window is consistent with the o utcome whereas Front Door is
inconsistent.Wewantedtoseeifthisconsistencymadeplayersfeelahigher
sense o f impact, freedom of choice, Decision Uncertainty and Outcome
Uncertainty. Our hypothesis H2 statesthatweexpecttoseenodifferencein
measuresbetweenthetwopaths,showcasingthattheequivoqueworks. 
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Wefurtheranalyzedthedependentvariablesbasedo ntheo ptionchosen.We
divided the data o f Condition Fake choice into Consistent and Inconsistent
paths. The path was considered Consistent if the o utcome o f the lead
characterwasthemleavingtheroomviatheo ptiontheychose(Frontdoor/
Window).Theo therroutewasconsideredInconsistent.57participantstook
theConsistentpathwhereas51participantstooktheInconsistentpath. 

Impact(Consistentvs.Inconsistent) 
The results supported the hypothesis H2(a). Impact people felt in the
condition with the consistent o utcome was not significantly different from
the inconsistent o utcome (see Fig. 22). This was demonstrated by a
Mann-Whitneyanalysis(W=1245.5,p=0.201,rrb
 =
 -0.143). 



Fig.22.Impactplayersfeltwhentheirdecisionswereconsistentwiththeoutcomeversus
whentheywereinconsistent 

FreedomofChoice(Consistentvs.Inconsistent) 
TheresultssupportedthehypothesisH2(b).Freedomofchoicepeoplefeltin
the condition with the consistent o utcome was not significantly different
from the inconsistent o utcome (see Fig. 23). This was demonstrated by a
Mann-Whitneyanalysis(W=1368.5,p=0.6,rrb
 =
 -0.058). 
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Fig.23.F
 reedomofchoiceplayersfeltwhentheirdecisionswereconsistentwiththeoutcome
versuswhentheywereinconsistent 

DecisionUncertainty(Consistentvs.Inconsistent) 
The results supportedthehypothesisH2(c).DecisionUncertaintypeoplefelt
in the condition with the consistent o utcome was notsignificantlydifferent
from the inconsistent o utcome (see Fig. 24). This was demonstrated by a
Mann-Whitneyanalysis(W=1378,p=0.64,rrb
 =
 -0.052). 



Fig.24.D
 ecisionUncertaintyplayersfeltwhentheirdecisionswereconsistentwiththe
outcomeversuswhentheywereinconsistent 
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OutcomeUncertainty(Consistentvs.Inconsistent)
TheresultssupportedthehypothesisH2(d).Outcomeuncertaintypeoplefelt
in the condition with the consistent o utcome was notsignificantlydifferent
from the inconsistent o utcome (see Fig. 25). This was demonstrated by a
Mann-Whitneyanalysis(W=1608.5,p=0.34,rrb
 =
 0.10). 


Fig.25.O
 utcomeuncertaintyp
 layersfeltwhentheirdecisionswereconsistentwiththe
outcomeversuswhentheywereinconsistent 



Inconsistent
Mean Std.Dev.


Consistent

W 

p 

rrb 

Mean  Std.Dev.

Impact 

55.03

24.26  60.89 

25.15  1245.5 0.20 -0.14

Freedomof
Choice 

67.39

26.51 

70.22

27.49  1368.5 0.60 -0.05

Decision
66.27
Uncertainty 

21.76

66.80 

23.68 

Outcome
41.67
Uncertainty 

27.67  36.31 

1378  0.64 -0.05

26.90  1608.5 0.34

0.10

Table8.S ummarydescriptivestatisticsofi mpact,freedomofchoice,decisionuncertaintya nd
outcomeuncertaintypeoplefeltinwhentheirchoiceswereConsistentandInconsistentwith
theoutcome 

Discussion 
Thestudyisanimportantfirstinvestigationingamesprovingthatequivoque
is a viable technique to create illusory choices. It proves that players feel
motivating uncertainty when they encounter an equivoquechoiceinagame
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which is actually no choice at all (behind the curtains) but an illusion o f
choice. It shows that a fake choiceisbetterthannochoiceatallintermso f
thedependentvariablesweconsidered. 

Furthermore, the study proves that players felt similarly whether the
outcome was consistent to the choice o r not. If thesewererealchoices,the
outcomes in line o r consistent with the o ption they picked is more o r less
how a real choice would work. In contrast, the inconsistent paths twistthe
outcome.Thatsaid,thisstudyislimitedtosimplytestingifequivoquecreates
amotivatingd
 ecisionuncertaintyincomparisontonochoiceatall. 

Theresultssupporto urhypothesisandincreaseo urconfidenceinequivoque.
However, itisimportanttonotethatevenwhenplayershadnochoicethere
was a reasonable variance in ratings for impact and freedom of choice
measures.Thatis,theratingsforimpact,freedomofchoicearen'tcompletely
nilo rclosetonil.Thismayhavetodowithatleasttwothings:(1)thenature
of engrossing narrativeswherepeoplefeeltheyhaveasenseo fagencyeven
when they are just clicking the “Next” button for story progression. (2) As
also seen in the lab study, the phrasing and scale o f 0-100 o f themeasures
usedmightberesponsiblefortherange. 

From the results we also see that outcome uncertainty did not change
between the twoconditions.Wesuspectthisisbecauseplayersareengaged
inthestorylineandarecuriousabouttheo utcomeeveniftheydidn'tpartake
inthedecisionmakingprocess. 

While equivoque works for narrativechoicesinagamecontext,thisstudyis
not yet generalisable beyond a small interactive fiction game o r storylet.
Moreover, this study o nly looks at a single instanceo fequivoquebecauseo f
whichplayersmightnothavenoticedthetrick.Agamewouldgenerallyhave
multiple choices and the usage o f equivoque in narrative games would be
furthervalidatedifwecanseetheprincipleworksoverandover. 

Study3:DoesEquivoqueWorkifRepeated? 
Thisstudywasdesignedtoanswertheresearchquestion:Isequivoqueviable
even when the technique is repeated o r can the players see through the
trickery? In o ther words, do players catch o n if equivoque is repeated in
consecutive narrative choices in a game context? Each equivoque is not
identical in the story but follows the sameprincipletechniqueo fsettingup
anambiguouschoiceandmanipulatingtheinference. 
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The main thing we want to test is that even if the whole structure with
multiplechoicesislineari.e.eachchoiceconvergestoasinglenode,doesthe
player perceive it differently (in terms o f decision uncertainty and sense of
agency)overall than if the choices led to different branches? Do players see
throughthetrickeryandlosethemotivationtomakedecisionsbythefourth
choiceifallchoicesarefakeincomparisontowhenallo fthechoicesarereal?
Is that any differentifrealandfakechoicesareinterwoven?Totestthis:we
compare(a)agamewithallfakechoiceswith(b)agamewithallrealchoices.
Wealsocomparethemwithconditionswherethechoicesareinterleavedi.e.
alternated between fake and real in different o rders, (c) fake-real-fake-real
and (d) real-fake-real-fake. Following the previous study, we measure the
success o f equivoque by recording impact, freedom of choice and decision
uncertainty.Wedroppedthedependentvariableo foutcomeuncertainty.This
is because so far we have not seen any significant change in it even if the
player had no choice. We suspect that players arenarrativelycuriousabout
the story progression regardless o f choices. Since we continue the same
storyline for this study we did not expect the experiment set up to tell us
anythingnew. 

Hypotheses 
Inthisstudywecollectoverallexperiencedataanddatawithrespecttoeach
choice.Lookingattherobustnesso fequivoqueincardmagicwehypothesised
that: 

H1: On the whole, at the endo fthegamepeoplewillfeelsimilaroverall(a)
impact, (b) freedom of choice, and (c) decision uncertainty in all four
conditions. 

The last o f four choices would be the most likely o ne where people would
catch o r by when they would have caught the equivoque, especially in the
conditionwithallfourfakechoices.Thisiswhywecomparethefourthchoice
acrossallconditions.However,wedonotexpecttheequivoquetofail: 

H2: People will feel similar (a) impact, (b) freedom of choice, (c) decision
uncertaintyo nencounteringthefourthchoiceinallconditions. 

We also compute the difference between how people felt about their first
choice and their fourth choice within each condition. We don’t expect
equivoque to become apparent over the four choices, thus we hypothesised
that: 


161 

H3:Thedifferenceinplayer’sratingso f(a)impact,(b)freedomofchoice,and
(c) decision uncertainty for the first choice and the fourth choice is not
significantlydifferentacrossthefourconditions. 

Method 
Participants 
We ran an a priori power analysis with a power o f 0.80, α=0.05, and a
moderate effect size o f 0.5 (based o n the previous study) using GPOWER
(Erdfelderetal.,1996).Theo utputwasasamplesizeo f200participants.We
recruited212participantso fwhich12participantsdidnotpasstheattention
checks (listed in the Materials section). Data o f those participants was
discarded. 200 people participated in the end. The average age o f the
participants was 27 (sd = 7.7), with the youngest player being in the age
groupo f18to25andtheo ldestfromtheagebracketo f45o ro lder. 

Participants were recruited from an ethnically diverse participant pool as
long as they were fluent in English. Being a gamer was not part o f the
requirementespeciallybecausetheplaytestsweredoneo nbothgamersand
non-gamers without seeing much o f an effect. Participantswereconsidered
onlyiftheycouldusealaptopo rdesktoptoavoidtheexperiencechangeo n
mobilewherethetextneedsmorescrollingandcanseemlonger. 

Participantswererecruitedo nlinewithattentionchecksinplace.Thereason
forrecruitingo nlinewastohavemoreecologicalvalidity(playerscouldplay
intheirownnaturalenvironmentusingtheirequipmenthowtheywouldplay
any o ther browser game except for their knowledge that this is a research
work and them having to answer the questions at the end) and make sure
participantsdonotanswerquestionnairesunderanypressure. 

Material 
TheGame 
For the study, we expanded the same adventure narrative game Osaka. The
game could still be played o n any browser o n a laptop o r desktop. The
narrative startedo ffwiththesamesetupwheretheplayerplaysasayoung
touristwhoisvisitingOsakaandknowsverylittleaboutthecity.Sheentersa
tricky position when her friend Caron who was going to be her host
abandons her. The game poses a question when the protagonist meets her
friend for dinner and things start getting risky. Upuntilthefirstchoice,the
gameisidenticaltotheo neusedinStudy2,thereafter,thesituationescalates
and the player has to make decisions in sensitive situations. All four
conditions o f the game pose four choices for the players. Thestoryisgiven
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enough depth that people start to care about the choice andallthechoices
are designed and playtested to be equally balanced to minimise any
(unforeseeable)narrativebias.Thegamecouldbeplayedin6to10minutes.
The play session was kept between 2 to 10 minutes to mimic average play
sessionso fgamesstudiedinChapter5. 

GameDesign 
Wecreatedthestorybyiteratingandplaytestingalltheconditions.Themain
thing to be tested were: (1) all o ptionsareequallybalanced(2)thestoryis
engrossinguntiltheendanddoesn’tgettiringtoread.Thegamehadseveral
iterationsplay-testedby7playersrecruitedviasocialnetworks. 

Allfourconditionsfollowedthesamestorybuthaddifferentbranchesbased
on the nature o f the choices (fake o r real). We tested each condition with
playersandaskedtwomainquestions: 
(1)
Do you feel all the choices were equallybalanced?Thereasontoask
thisquestionwastocheckforanynarrativebias. 

(2)
Doyourememberthechoicesyoumadeandwhy?Sinceplayerswere
going to be asked questions after they had played the game, we wanted to
make sure that they could actually remember their decisions to answer as
accuratelyastheycould. 

We iterated o n all fourgameconditionsuntilo urplayersreportedthatthey
felt all the o ptions were fairly balanced and that they remember their
decisionsandthereasoningbehindthosedecisions. 

“Do you think all the options were equally hard/easy to answer”
[Interviewer] 
“Yes… When evaluating asituationtherewereprosandconsandthere
wasnocleargoodchoice,soImadewhatIthoughtwasgoodifIwerein
thatsituation”[p5] 

“When you were asked to rate each decision, did you remember what
youwerebeingasked?”[Interviewer] 
“Yeah.Ihadreadthetextwell”[p7] 
“Itwasnottoolongtoforget”[p8] 

Werephrasedthequestionifneeded: 

“So there were 4 choices, do you think they were equally demanding”
[Interviewer] 
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“Yes. All of them seemed to be a matterofchoosinga"safe"optionfor
ensuringsurvival”[p6] 

GameConditions 
Theexperimentwassetupasabetweenparticipantstudybetween4groups
to test if equivoque can work when repeated. In the first condition, players
were given four consecutive choices, all o f which were fake (or were
equivoques). In the second condition, players were given four consecutive
choices,allo fwhichwerereal.Inthethirdcondition,playersweregivenfour
consecutive choices, in the o rder o f fake, real, fake and real. In the fourth
condition, players were given four consecutive choices, in the o rder o freal,
fake, real and fake. As designed in Study 2, all choices hadtwoo ptionsand
the fake choice had the same o utcome no matter which o ption was picked.
The two o ptions in the fake choices were: o ne o ption took them to the
outcome consistent with their choice and the o ther had an inconsistent
outcome. 

The reason we chose these four conditions is because we wanted to test if
repeating fake choices with o ne starting node and o neendingnodehasthe
same effect (in terms o f o ur dependent variables) as repeating realchoices
with many more branches. Additionally, we wanted to check if alternating
fake with real choices, ending in a real choice o r ending in a fake choice
makesthetrickmore(orless)apparent. 

ConditionAllFake: 


Fig.26.C
 onditionAllFakeflow.Greenboxesarethechoices,redboxesaretheoutcomes. 
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As in Study 2, the player is given a choice to go through the windowo rthe
doorbutismadetogothroughthewindowanyhow. 

SampleStorySnippet-Choice#1 
"Gosh,weshouldhurry"shecutsyouo ff,"whichway?" 

FrontDoor 
Window


As decided in the story, Caron and the protagonist meet atthecornershop
whereCaronismostlybusyo nherphoneandthentellstheplayerabouther
friend Luya and how going to herplacecouldbesafer.Theplayerisgivena
choicetoeithergotoL
 uya’splaceo
 rgobacktothehotel. 

SampleStorySnippet-Choice#2 
"Thehotelseemscalmer...butIdon'tthinkyourstuffissafe
there.MyfriendLuyamaybeabletorentyouaroomforthe
night.Youcouldalsoprobablygetyourthings." 

ToLuya’sPlace 
ToHotel 

No matter what the player chooses,theyaretakentoLuya’splace.AtLuya’s
the player finds Luya injured and unconscious and Caron hiding behind a
door.Theplayerjoinsherwheresheaskstheplayertokeepshushandpoints
atasewingtablewhichposesachoiceo fanIrono rScissors. 

SampleStorySnippet--Choice#3 
Shelooksatyouandpointsatthetable.Thereisapairo fscissors
andanironthere.Shepointsatitmoreintently,youassumeshe
isasking. 

Scissors 
Iron 


Nomatterwhattheplayerpicks,theygettheScissors.Theplanwastoattack
or pose an attack using these tools, however Luya shouts for them in pain,
Caron and the protagonist see that they havenowaytophonecallforhelp.
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ThisiswhenCaronaskstheplayertomakeadecisiontostayandassistLuya
ortogoandgetthedoctor. 

SampleStorySnippet--Choice#4 
"Wegottosplitandtakecareo fLuya,thereisadoctornearby." 

WalkdowntotheDoctor's 
StayandassistLuya 

Irrespective o f the decision made by the player, the player stays with Luya
andCarongoestogetthedoctor.
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ConditionAllReal: 


Fig.27.C
 onditionAllRealflow.Greenboxesarethechoices,lightorangeboxesaretheunique
outcomes. 


Condition All Real starts with the same story where the player is given a
choicetogothroughthewindowo rthefrontdoorbutsincethechoiceisreal
they actually exit through the route o f their choice. The protagonist meets
Caron at the corner shop where she is mostly busy o n her phone and then
tells the player about her friend Luya and how going to her place could be
safer.TheplayerisgivenachoicetoeithergotoLuya’splaceo rgobacktothe
hotel.IftheplayerchoosestogotoLuya’s,theygotheretofindLuyainjured
andunconsciousandCaronhidingbehindadoor.Theplayerjoinsherwhere
sheaskstheplayertokeepshushandpointsatasewingtablewhichposesa
choice to hand Caron an Iron o r Scissors. If the player chooses Iron, Caron
explainstheplano fdistractingtheattackerbyposing. 

SampleStorySnippet 

"Whentheybargein.Oneo fuscoulddistractthembyposingand
theo thercouldhit" 

Pose 
Attack 
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If theplayerchoosestoPose,theyarehappythattheyarenottheo nedoing
the attacking and if they had chosen toAttack,theyarehappytoknowthat
they are the o ne in control. [Game ends with a unique resolution for each
choice] 

Had theplayerchosentohandoverScissorstoCaroninthethirdchoice,the
plan to attack o r pose an attack using these tools would be mid way when
Luya would shout for them in pain.Caronandtheprotagonistseethatthey
have no way to phone call for help. This is when Caron asks the player to
make a decision to stay and assist Luya o r to go and get the doctor. [Game
endswithauniqueresolutionforeachchoice] 

However, had the player chosen to go to the hotel when she met Caron
aroundthecorner(inthesecondbranch)theywouldfeelasenseo freliefbut
would see a frantic Luya at the hotel reception looking for Caron. The
protagonistwouldtellherthattheyjustleftheratthecornerbutshewould
insist that Caron said she was in the protagonist’s roombeforeshebecame
unreachable o n the phone. TheprotagonistisabitannoyedbutLuyaseems
sweet and she begs for their help and says that they both should look for
Caron.Theplayerisgiventhechoicetolookintotheirr oomo rgotot heshop. 

SampleStorySnippet 
LuyainsiststhatCaroncouldbeinyourroom,"Oneo fusshould
checktheroomo rgolookattheshopyoumention" 

Room 
Shop 

If the player chooses to go to the Room,theymeetCarontherewhotriesto
pull the protagonist in. The protagonist gets angry and asserts themselves.
They are given two choices, to call the hotel security o r enter the room and
confrontCaron.[Gameendswithauniqueresolutionforeachchoice]. 

SampleStorySnippet 
"HowdidyougetinCaron?!!",youareangry. 
"Ohcomeo n-comeinfirst" 

Callhotelreceptionforsecurity 
Entertheroom 
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HadtheplayerchosenShop,theywouldhavefoundCaroninjuredandbarely
conscious. Luya would join them and they woulddecidetosplit.Theplayer
would begivenachoicetostayandassistCarono rtogogetadoctor.[Game
endswithauniqueresolutionforeachchoice]. 

ConditionFakeRealFakeReal: 


Fig.28.C
 onditionFakeRealFakeRealflow.Greenboxesarethechoices,redboxesarethe
outcomes 


Condition Fake RealFakeRealfollowsamixo fthestorylineinConditionAll
Fake and Condition All Real where the player alternates between a fake
choice and a real choice starting with a fake choice and ending with a real
choice. The first choice is fake, no matter what the player chooses theyare
madetoexitthehotelroomusingthewindow.Thesecondchoice,o fgoingto
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Luya’splaceo rthehotelisreal,branchinginthesamewayasinConditionAll
Real.IftheplayerchoosestogotoLuya’s,theyareconfrontedwiththesame
choice o f Iron o r Scissors, this is a fake choice where irrespective o f the
player’s choice, they are given the scissors after whichLuyashoutsforhelp
and the player is posed witharealchoicetostayandassistLuyao rtogoto
thedoc.[Gameendswithauniqueresolutionforeachchoice].However,had
the player chosen to go to thehotelwhenshemetCaronaroundthecorner
(in the second branch), itwouldfollowthesamestoryasConditionAllReal
and the player would face a fake choice o f going to the shop o r their room,
wheretheirdecisionwouldbeforcedastheshop.Attheshop,theywouldsee
Caroninjuredandwillbeposedwitharealchoiceo fassistinghero rgoingto
getthedoctor.[Gameendswithauniqueresolutionforeachchoice] 

ConditionRealFakeRealFake: 


Fig.29.C
 onditionRealFakeRealFakeflow.Greenboxesarethechoices,redboxesarethe
outcomes 
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The storyline is a subset o f previous conditions. The player alternates
betweenafakechoiceandarealchoicestartingwitharealchoiceandending
with a fake choice. In the beginning, the player gets a real choice between
front door and window, and Caron and the protagonist meet at the corner
shop.There,thechoicetogotoLuya’splaceo rthehotelisafakeo ne,where
no matter what the playerchooses,theygotoLuya’s,whereCaronishiding
behindthedoorandgivesalegitchoicetotheprotagonistbypointingatthe
sewing table, to hand her the iron o rthescissors.Iftheplayerchoosesiron,
they are given a fake o ption to attack o r to pose each leading to the same
conclusiono fposing.Ontheo therhand,hadtheplaychosenscissors,theyare
called by Luya in a dire state and are facedwiththefakechoicetostayand
assisthero rtogotothedoctor,eachchoiceleadingtothesameconclusiono f
theprotagonisthavingtostaywithLuya. 

AttentionandComprehensionChecks 
SameasStudy2,weaddedattentionandcomprehensioncheckstomakesure
players actually read the text and were not distracted during the task.
Additionally, since the study was conducted via Prolific, wewantedtocross
checkthattheplayerswerefluentinEnglish(thelanguageinwhichthestory
wastold): 

1)
The game had multiple story screens, we recorded how much time
players spent o n each screen to check if they spent at least 40secondsper
screen. Their data was discarded if they spent lesstimethanthato nanyo f
thestoryscreens. 

2)
Players were askedtoanswerastoryrelatedquestion(seebelow)in
their own words. This would tell us if they understood the context o f the
storyandalsoverifythattheyarefluentinthelanguage.Peoplewholeftthis
box empty o r answered unreadable gibberish were not considered for the
data. 

3)
Only the players who finished the task within the range o f 5 to 17
minutes were considered to make sure that theywerenotdistractedo rleft
thebrowserfortoolong,ifatall.Theirdatawasdiscardediftheytookmore
timetofinishthetask. 

Procedure 
The study was a between participant design,wherefourdifferentgroupso f
participants played the four different conditions (see above). Participants
were given an information sheet and asked for their consent and
demographic details (age, gender). Participants were informed about their
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rightstowithdraw.Playerswouldthenplaythegame.Attheendo fthegame
sessiontheywereaskedtoanswerafewquestions.Playerswerenotallowed
toplayagain. 


Measures 
Weaskedsixteenquestionsinall.Ofthesixteen,threequestionscapturedthe
player’s overall experience o fthegamewhichtheyansweredusingasliding
scale (0 - 100). They also answered o ne o pen question to get a deeper
understandingo ftheirratingandasacomprehensioncheck. 

(1)Overallfreedomofchoice:Howfreedidyoufeeltopickyouro ptions?Not
free(0)toVeryfree(100) 
(2) Overall impact: How much impact did you feel your choices had o n the
outcome?Noimpact(0)toVeryhighimpact(100) 
(3) Overall Decision Uncertainty: Did you weigh alternatives to make
decisions?Noatall(0)toAlot(100) 
(4) Please explain your rating o n the above question (Did you weigh
alternativestomakedecisions?)inafewwords 

Below three questions were repeated for each o f the four choices to check
how players feltabouteacho ftheirdecisions.Playerswereaskedtorateall
three dependent variable with respect to their correspondingchoicesusing
thesameratingsystem: 

(1)
Howfreedidyoufeeltopickyouro ption[player’schoice]? 
(2)
Howmuchimpactdidyoufeelyourchoice[player’schoice]hado nthe
outcome? 
(3)
Didyouweighalternativestomakethedecision[player’schoice]? 

Results 
51 participants played the Condition All Fake, 50 participants played the
Condition All Real,51participantsplayedtheConditionFakeRealFakeReal
and48participantsplayedConditionRealFakeRealFake. 

OverallImpact 
AsexpectedinH1(a),theoverallimpactplayersfeeltheirchoiceshado nthe
outcome does not significantlychangebetweenthefourconditions(seeFig.
30).ThiswasdemonstratedusingaKruskal-Wallistest(X2(3,200)=0.92,p=

0.819,η2 =
0.004). 
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Fig.30.P
 layers’overallperceptionofi mpactacrossallfourconditions 



OverallFreedomofChoice 
AsexpectedH1(b),theoverallfreedomofchoiceplayersfeeltheirchoiceshad
on the o utcome does not significantly change between the four conditions
(seeFig.31).ThiswasdemonstratedusingaKruskal-Wallistest(X2(3,200)=

1.41,p=0.70,η2 =
0.007). 



Fig.31.P
 layers’overallperceptionoff reedomofchoiceacrossallfourconditions 

OverallDecisionUncertainty 
AKruskal-Wallistestacrossthefourconditionscontradictedo urhypothesis 
H1(c). It showed that the overall Decision Uncertainty players felt while
making their decisions changes significantly between the four conditions
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(X2(3,200) = 11.05, p = 0.011*, η2 = 0.047). A deviation contrast analysis
showed that Condition All Real made participants feel significantly less
uncertainfortheirchoice(t(196)=-2.30,p=0.022*).Thiswassurprisingto
us considering that the condition with all real choices illustrates genuine
decisions. 

We conducted a posthocTukeyanalysistocompareConditionAllRealwith
the rest o f the three conditions. None o f the conditions when compared
individually to each o ther show a significant difference. However, the
variationwasmorepronouncedwhenConditionAllRealwascomparedwith
Condition Real-Fake-Real-Fake and Condition Fake-Real-Fake-Real (see
appendixC).Themaincomparison(ConditionAllFakevs.ConditionAllReal)
that is most interesting to us isfarfromanysignificantdifference(t(198)=
0.67, p = 0.908, d = 0.12). This shows that people felt similar decision
uncertaintywhetherallchoiceswerefakeo rreal. 

ConditionAllRealcomparedtoConditionFakeRealFakeRealdoesnotshow
significant difference (t(198) = -2.519, p = 0.06, d = -0.56). Similarly,
ConditionAllRealcomparedtoConditionRealFakeRealFakedoesnotshow
significantdifference(t(198)=-2.45,p=0.07,d=-0.50).However,noticeably
they have a larger difference o f means between them and warrant a closer
lookinfuturestudies. 


Fig.32.O
 veralldecisionuncertaintyplayersfeltacrossallfourconditions
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AllFake 
Mean Std.Dev.


AllReal 


Fake-Real- 
Fake-Real 


Real-Fake- 
Real-Fake 

X2 
(3,200)

p 

η 2 

Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.

Overall
50.84
Impact 

28.58  50.66

25.80  49.5
8 

27.33 

53.9
7 

27.13 

0.92  0.82

0.00
4 

Overall
66.90
Freedomof
Choice 


27.71  68.34

26.89  63.9
4 

27.82 

62.3
4 

28.21 

1.41  0.70

0.00
7 

Overall
68.94
Decision 
Uncertaint
y 

20.62  66.64

16.82  75.2
9 

13.63 

75.2
0 

17.25  11.05

0.01
* 

0.04
7 

Table9.S ummarydescriptivestatisticsforo
 verallimpact,freedomofchoiceanddecision
uncertaintyplayersfeltacrossallfourconditions 

Impact:FourthDecision 
AsexpectedinH2(a),theimpactparticipantsfelttheirlastchoicehado nthe
outcome does not significantlychangebetweenthefourconditions(seeFig.
33).ThiswasdemonstratedusingaKruskal-Wallistest(X2(3,200)=2.10,p=

0.55,η2 =
0.013). 



Fig.33.I mpactplayersfelttheirfinalchoicehadontheoutcomeacrossallfourconditions 
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FreedomofChoice:FourthDecision 
As expected in H2(b), the freedom of choice participants felt they had in
making their last choice does not significantly change between the four
conditions. This was demonstrated using a Kruskal-Wallis test (X2(3,200) =

1.76,p=0.62,η2 =
0.008). 



Fig.34.F
 reedomofchoiceplayersfeltinmakingtheirfinalchoiceacrossallfourconditions
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DecisionUncertainty:FourthDecision 
AsexpectedinH2(c),theDecisionUncertaintyparticipantsfeltwhilemaking
their last choice does not significantly change between the four conditions
(seeFig.35).ThiswasdemonstratedusingaKruskal-Wallistest(X2(3,200)=
7.45, p = 0.059, η2 = 0.03). Since pvaluewasclosertosignificancewedida
post hoc analysis for adjacent comparison o f each condition with the o ther
anddidnotfindanysignificantresults(seeappendixC). 



Fig.35.Decisionuncertaintyplayersfeltinmakingtheirfinalchoiceacrossallfourconditions
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AllFake 
Mean Std.Dev.

Impact 


AllReal 


Fake-Real- 
Fake-Real 


Real-Fake- 
Real-Fake 

Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.

X2 
(3,200
) 

p 

η 2 

52.15

24.39  58.56

24.70  50.70

25.74  52.60

29.19 

2.10  0.55 0.013

Freedomof 64.92
Choice 

21.26  67.66

26.45 68.19

24.14  62.64

25.90 

1.76  0.62 0.008

Decision  61.45
Uncertainty

23.57  59.08

23.13  66.21

23.44  69.67

23.70 

7.45  0.06

0.03 

Table10.S ummarydescriptivestatisticsfori mpact,freedomofchoiceanddecision
uncertaintyplayersfeltfortheirfourthchoiceacrossallfourconditions 


Lastly, we see whether the consecutive fake choices make the dependent
variables drop from first to fourth choice more in Condition All Fake
comparedtoo therconditionsandalsotoseethevariationbetweentheo ther
conditions. 

ImpactDifferencebetweenFirstandFourthChoice 
As expected in H3(a), the difference in impact players felt their first choice
and fourth choice had o n the o utcome does not significantly change across
the four game conditions. This was demonstrated by a Kruskal-Wallis test

(X2(3,200)=4.43,p=0.22,η2 =
0.020). 


Fig.36.D
 ifferenceini mpactplayersfeltinmakingtheirfirstandfinalchoiceacrossallfour
conditions
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FreedomofChoiceDifferencebetweenFirstandFourthChoice 
As expected in H3(b), the difference in freedom of choice players felt in
making their first choice and fourth choice does not significantly change
across thefourgameconditions.ThiswasdemonstratedbyaKruskal-Wallis

test(X2(3,200)=0.94,p=0.815,η2=
0.007).



Fig.37.D
 ifferenceinf reedomofchoiceplayersfeltinmakingtheirfirstandfinalchoiceacross
allfourconditions 

DecisionUncertaintyDifferencebetweenFirstandFourthChoice 
As expected in H3(c), the difference in Decision Uncertainty players felt in
making the decision for their first choice and fourth choice does not
significantlychangeacrossthefourgameconditions.Thiswasdemonstrated

byaKruskal-Wallistest(X2(3,200)=0.27,p=0.965,η2 =
0.006). 
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Fig.38.D
 ifferenceindecisionuncertaintyplayersfeltinmakingtheirfirstandfinalchoice
acrossallfourconditions 



AllFake 
Mean Std.Dev.


AllReal 


Fake-Real- 
Fake-Real 


Real-Fake- 
Real-Fake 

Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.

X2 
(3,200
) 

p 

η 2 

Impact
-3.37
Difference 

25.79 

5.62  26.64  -3.15

26.92 

3.39

33.72 

4.43  0.22 0.02
0 

Freedomof -1.23
Choice 
Difference 

20.20 

4.28  31.98  2.09

29.05  -1.33

29.07 

0.94  0.81 0.00
7 

Decision  0.72
Uncertainty
Difference 

28.84  -3.44  24.49  -4.21

25.22  -2.95

19.83 

0.27  0.96 0.00
6 

Table11.S ummarydescriptivestatisticsfordifferenceini mpact,freedomofchoicea nd
decisionuncertaintyplayersfeltfortheirfirstandfinalchoiceacrossallfourconditions 

Discussion 
The study investigated if people perceive the illusion o f choice providedby
equivoque as real in terms o f decision uncertainty, impact and freedom of
choice even when it is repeated four times. It proves that equivoque is
effective evenwhenrepeated.Playersfeelasimilarsenseo fimpact,freedom
of choice, and decision uncertainty throughoutthefourchoicesregardlesso f
whether the choices are all real o r all fake. We also show that interleaving
fake choices with real choices does not diminish the perceived impact and
freedom of choice, irrespective o f the o rder o f the alternation. We do see
lower (non-significant) overall decision uncertainty in Condition All Real
comparedtothetwointerleavedconditions.Wesuspectthisisbecauseo fthe
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subjective nature o f the narrative. As such, minor deviations are to be
expected. We should look closely into the interleaved conditions to see if
illusorychoicesshouldbebetterintegratedwithrealo nes. 

For the fourth choice, when the equivoque has already been repeated four
times, players don’t show any significant difference in experience if they
faced four real choices, four fake choices o r interleaved. We also showcase
that there is no significant difference in thedifferenceinimpact,freedomof
choice,DecisionUncertaintyplayersfeltwhentheymadetheirfirstchoiceand
fourthchoice.Wedon’tseeequivoquetobecomeapparentoverthecourseo f
thenarrative. 

In hindsight maybe the study could have been designed o nly with two
conditions: Condition All Real and Condition All Fake to establish they
provide similar experiences. The reason for this insight is rethinking the
clarityo fthegoalo fthisstudytoprovideinitialprooftoshowequivoquecan
workingamenarrativesevenoverconsecutivelyrepeatedchoices. 

OverallDiscussionandConclusion 
Overall the studies prove that equivoque works,evenwhenusedrepeatedly.
We pave the path o f transferring the stage magic principle o f equivoque to
narrative games at a level o f short interactive fiction and we hope to apply
this further in future. We do this by first establishing equivoqueinitsstage
magic form with playing cards. The transferred technique is tested against
the same measures with additional uncertainty measures that we are
interestedin.Wefindthatusingplaytestinganditeratingo ngamedesignfor
astudyinaresearchsetuphelpsintransfero fdesignprinciples.Wecouldn't
simply lift phrases used by magicians (e.g. pick o ne for me), we needed to
findaninstantiationo ftheprinciplethatworksforaconcretegamesituation. 

Themaintakeawayfromthestudiesisthatplayersfeelasiftheyhaveareal
choiceeveniftheo utcomeispredetermined.Thismakesthemfeelincontrol
of the choice, free in making the choice and makes them ponder overtheir
decisions. In all, it can be concluded that an equivoque illusory choice can
elicitdecisionuncertaintyasarealchoicewouldingamenarrativesandfrom
the player’s perspective issimplya(real)choice.Wedidfindaconsiderable
amount o f o utliers in the studies and it could be because the o utlying
participant’s treated the 0-100 scales as binary and gravitated towards the
extremes. For future work, it might be worthwhile to consider creating a
measurementscaleform2mmotivatinguncertaintytoavoidtheseissues. 
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Lastly,weacknowledgethattheresultsarenotyetgeneralisablebutprovide
agoodfirstprooftocontinueworkinthisdirection.
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Chapter8

DiscussionandConclusion 
Ourprimaryresearchquestionbehindthisthesiswas: 

What is the role of uncertainty in moment-to-moment player
motivation?Howcanwedesignforsuchuncertainty? 

Whileuncertaintyhasbeenpointedo utasakeygameplayexperience,there
was little understanding o f why this experience is motivating for players,
especiallyatam2mgameplaylevel.Wearticulatedthisquestioninresponse
to underwhelmingresearchingameswithrespecttomotivatinguncertainty
and epistemic emotions. We especially noticed a lack o f work that o ffers
practical insights for design purposes. To answer the second part o f the
question–‘howcanwedesignforsuchuncertainty?’–wequicklyrealisedthe
needtolookforinspirationelsewhereanddevisedamorespecificfollow-up
question: 

Can the magic forcing principle of equivoque offerdesigninspiration
forevokingmotivatingdecisionuncertaintyinplayers? 

ResearchContributions 
Duetothemultifacetednatureo ftheresearchquestion,anumbero fresearch
objectivesweresketchedo uttoresolveit.Wepresenteacho bjectiveandthe
connectedcontributionsmade. 


ResearchQuestion1 

Whatistheroleofuncertaintyinmoment-to-momentplayer
motivation?Howcanwedesignforsuchuncertainty? 

To answer this question, we articulated the following three research
objectives. 

ResearchObjective1 
To examine the current player motivation tapestry in order to position
uncertaintyandrelatedepistemicemotions. 
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FindingsandDiscussion 
Our literature review found a surfeit o f play(er) categorisations that divide
them based o n features o r stable behavioral traits, not situational internal
states. None o f the fivemajortypologieswereviewedengageddirectlywith
curiosity o r the broader psychological literature o n epistemic emotions.
Notableo nes,likeCaillois’(2001),Bartle’s(1996),Yee’s(2016),andHunicke
etal’s(2004)classifyplayformsthatcanbeconnectedtoepistemicemotions
and uncertainty, but don’t make this link explicit: alea/games o f chance,
exploration, discovery. Lazzaro (2004) is a partial exception, mapping
curiosity o nto “Easy Fun,” as is recent work byCsikszentmihalyiando thers
linking challenge/skill balance to suspense (Abuhamdeh et al., 2015) , but
beyond that, wedonotseeepistemicemotionsstudiedinplayerexperience
or player typologies in much detail, especially as states o r from a design
perspective.Wecontributetotheliteraturebyillustratingthisimportantgap
anddoingtheinitialworko ffillingit. 


We unpack player motivation research expanded from early typologies by
importingconceptsfrompsychology,likeneeds(SDT),flow,habits,goalsand
plans, emotions, and more recently, eudaimonic experiences. Across this
literature, again, o ur main finding is that epistemic emotions that players
experience have not been looked empirically into with respect to player
motivation. Even where these are touched o n, for exampleinLazzro’swork
(2004),theyarenotexploredatthemicrolevelo fm2mmotivationo rdesign
features that evoke them. Thus, o ur first contributionisdemonstratingthat
curiosityandepistemicemotionshavenotbeensystematicallyinvestigatedin
player motivation studies, especially in terms o f motivating m2m gameplay
thatissoimportanttogamedesigners. 

Tocounterthisshortcoming,wethenreviewedthepsychologicalliteratureto
establishtheroleo fcuriosityinhumanmotivation.Wefindthatcuriositycan
be pleasurable and related to interest but also evoked as aversion to a
knowledgegap(J.A.Litman,2008).Whilesuchnuancedaspectso fcuriosity
are widely studied and debated upon in human motivation, they are very
superficially explored when it comes to games. Furthermore, we find that
uncertainty that presents a resolvable information gap is a major ‘collative
variable’ stoking curiosity. With this tight established link, we position
uncertaintyfirmlyasamotivationalconstruct,whichwaso therwisemoreo r
lessanisolatedconceptinplayerexperienceliterature. 

Our survey o n epistemic emotions finds strong interrelations between
curiosity, surprise, uncertainty and interest. Curiosity towards o utcomes is

184 

linked to the emotion o f surprise; the violation o f expectations enables
learning and further curiosity (information-seeking); interest and curiosity
overlap with a key difference being that interest can not be satiated;
furthermore,theliteratureshowsthatnovelty,challenge,andsuspenseareall
salientforelicitingepistemicemotions. 

Too urknowledge,o ursurveyisthefirsttolookatcuriosityacrosstheplayer
motivation literature – typologies, emotions, needs, uses and gratifications,
and eudaimonicexperiences.Epistemicemotionsarearecognisedclusterin
motivational psychology and are part o f o ther psychological and
philosophical theories: narrative theory (Bal & van Boheemen, 2009),
hermeneutics theory (Schmidt, 2016) etc., but not treated as such (a
recognisedclustero fplayeremotions)noradoptedandtestedindependently
in games research with respect to their relationship with o ther player
emotions and experiences. We also find that while uncertainty has been
pointedo utasakeyplayerexperienceand/orgamefeature(Bateman,2008;
Costikyan,2013;Johnson,2018;C.Poweretal.,2019),ithasnotbeenstudied
in its linkage to o ther motivations o r at a micro level. Itisnotspokeno fas
motivational but justasa“characteristic”experienceo fgameplay.Thatsaid,
therearetheoriesthatshinealighto n 

LimitationsandFutureWork 
The presented literature review is not a fully systematic o ne i.e. it did not
follow a specifically structuredquestiontoguidethereview,norcanwesay
thatitiscompletelyunbiased.Itdidn'tgoin-deptho nadjacentliteraturesin
game-basedlearning(Lodereretal.,2020)andgamification(Deterdingetal.,
2011; J. Hamari et al., 2014), o r play (Bogost, 2016) o r design (D. Norman,
2013) o rphilosophy(Barthes,2001)morerigorously.Wesuggestlookingat
theseadjacentfieldsasfuturework. 

For future work, it will be valuable to draw links between uncertainty and
curiosity, but also o ther epistemic emotions like suspense and surprise in
games. We would recommend analyses o f games and game design models
and methods developersalreadyinformallyusetoelicitepistemicemotions.
Wewouldthenrecommendtestingthesemethodsforgeneralisability. 

We see very little research that has been informed by practitioners in the
field o f games research, both for buildingtheoryandtestingusedpractices.
Wesuggeststudiesthatinvolvepractitionersandplayerstoinformthefield’s
literature.Sucho bservationslikeweseeinBartle’sandCostikyan’sworkcan
be a strong basis for conducting more rigorous studies.Forfutureworkwe
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also suggest a review o f established modelsthato thercreativefieldsuseto
elicitepistemicemotions. 

ResearchObjective2 
To explore when and why uncertainty becomes motivating in
moment-to-momentgameplay. 

FindingsandDiscussion 
We found seven motivating uncertainty types felt by players in games by
employing constructivegroundedtheory(Chapter4).Thesetypesarebased
on the source o f uncertainty and their positioning in the game’s core loop,
thus explaining when during m2m play uncertainty is motivating.
Additionally, we found links o f these uncertainty types with existing
motivational constructs, thus explaining why these uncertainty types are
motivatingfortheplayers. 

Theseventypeso funcertaintyaresourcedfrom:thegame,theplayerandthe
outcome. Players experience (1) Game uncertainty in being curious about
novelcontent(contentuncertainty)andcontentconfigurations(configuration
uncertainty) the game presents to them, which entails setting implicit o r
explicit new goals. (2) players thenexperienceplayeruncertaintyovertheir
own reaction to the game's new material: what decisions to make(decision
uncertainty), how exactly will/should they execute their chosen actions
(interactionuncertainty),andwhethertheyarecompetentenoughtoperform
well(adaptationuncertainty).(3)astheplayersponderandperformactions,
theyexperienceoutcomeuncertaintyaboutwhattheo utcomeo ftheiractions
would be. They look forward to seeing how theirdecisionsandactionspan
out(resultuncertainty),howgoodtheyactuallyprovetobe,howano pponent
would react to them (opponent uncertainty), and what new contentmaybe
unlockedasaresult. 

Overall, the three main sources o f uncertainty work in a tightloopo fgame
prompt,playeraction,andgamereaction.Thisechoese.g.gamblingresearch
(G. H. Weiss,1979)findingalinkbetweendecisionandoutcomeuncertainty,
and Johnson (2018), who o bserves that game uncertainty informs player
actions.Costikyan(2013)hasaconcurrentrunningcommentarythroughout
his book that informationgapsinthegame(whatwecallgameuncertainty)
leadtoplayer'suncertainty. 

Moving from uncertainty types to the underlying why, in mapping players'
rationales to existing motivational constructs, we find that curiosity comes

186 

out as a common motivator (the main why) across all uncertainty sources.
This falls in line with existing explanations o f the relation between
uncertainty and curiosity (Litman & Jimerson, 2004;Loewenstein,1994;To
et al., 2016). Our work lends support to these prior claims, while
differentiating them with more detailed suggested mechanisms around
different kinds o f uncertainty sources. This nuanced linkage between
uncertainty and curiosity is an important findingconsideringweknowthat
curiosity is a well established and crucial motivational construct (Berlyne,
1950;Silvia,2012)alsodiscussedwithingames(Garrisetal.,2002;Lazzaro,
2004). We also tentatively link different uncertainty sources to o ther
corresponding existing motivational constructs, like sense o f agency,
competence,achievement,mastery,andgoal-setting. 

Furthermore, o ur work provides a comparison o f existing taxonomies with
theo newepresent.Weshowthato urtaxonomypartiallymapso ntoexisting
taxonomies, especially Costikyan's (2013) eleven sources o f uncertainty,
providing converging evidence for their validity. Wecompareo urtaxonomy
withthreeimportantcontemporarytaxonomieso funcertaintyareCostikyan
(Costikyan, 2013), who classifies uncertainty as a game designer based o n
sources, Power and colleagues (2019), who develop a scale with different
facets o f player experience o f uncertainty in games (PUGS), and Johnson
(2018), who and proposes a theoretical framework categorizing
unpredictable game elements. We highlight certain aspects overlooked by
existing taxonomies; for instance Costikyan’s taxonomy mixes overall
uncertainty and m2m level uncertainty o ften making the categories
entangled. He bunches several forms o f uncertainty under narrative
anticipation that, based o n o ur empirical data, are actually separate in the
player'sexperience.Forexample,hisbroadcategoryo fnarrativeanticipation:
the desire to find o ut how the story o r play arc o f a game unfolds. It cuts
across game, player, andoutcomeuncertaintyintermso fplayerswantingto
see new content and how the game and o thers respond to their actions. In
ourwork,thiswasnotreportedasacollectiveanticipationbyplayersinstead
as anticipation around each category o funcertaintydescribedinthemodel.
PUGS (Power et al., 2019) shows little overlap with o urs because (a) they
descriptively focus any kind o f uncertainty, where o ur model captures
engaging uncertainty, (b) they are interested in summative dimensions o f
overallgameplay,whereaso urmodeldisentanglesaphenomenalsequenceo f
causes and experiences in m2m gameplay, and (c) their model is limitedto
assessing structures within items proposed by prior theoretical models,
where o ur model is grounded in o pen naturalistic o bservation. Johnson's
(2018) nomenclature proposes an analytic distinction o f unpredictability
accordingtophasesinagamewhichdoesnotcaptureanyp
 layeruncertainty. 
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Overall, while o ur empirically grounded model supports several prior
theoretical categories in existing models, it goes beyond their scope
identifying novel uncertainty types like content, adaptation and outcome
uncertainty. This arguably advances o ur ability to guide game designers in
affording engaging uncertainty in games. Our investigation (1) presents an
uncertainty taxonomy that is grounded in naturalistic o bservation,
corroborating andchallengingexistingtheory-ledtaxonomies;(2)explicates
conditions when certainuncertaintytypesbecomemotivatingaswellasthe
underlying motivations explaining why these types o f uncertainty propel
players m2m; (3) identifies novel uncertainty types, especially content,
configurationandoutcomeuncertainty,whichwereinsufficientlycapturedin
previousmodels.Basedo npriorliteratureando uro bservationwithinplayer
uncertainty,wesingleo utdecisionuncertaintyasthemostimportantcentral
point o f game interactions. We base this o n the central role o f player
uncertainty in the loop o f uncertainty placing the players’ actions as the
bridgebetweengameuncertaintytooutcomeuncertainty.Asgamedesigners
have pointed o ut decisions arekeytogameexperience.Decisionuncertainty
plays the main role in propelling player’s interaction decisions and thus
interactionandadaptationuncertainty. 

LimitationsandFutureWork 
It is worthwhile to note that o ur study is intentionally limited to smaller
games that can be played within approximately 10 minutes, suggesting
expansionandreplicationforo thergamecategories.Weparticularlysuggest
future work to look into story rich and multiplayer games which were not
part o f o ur data set. Our participants were reasonably diverse but there is
alwaysroomforimprovementwhenitcomestoinclusivity. 

Additionally, we focus o n m2m motivation, however we acknowledge that
there is value in examining the game experience as a whole and would
suggest that for future work. Suchparadigmanddatasetlimitationsshould
beexaminedandexpandedforallstudies.Forexample,o urfirstinvestigation
of manipulating macroleveluncertaintyo urworkislimitedtoshootersand
players that arealreadyfamiliarwithshooters.Theselimitationsalsothrow
lighto nalargergeneralizabilityproblemingameresearch. 

Our taxonomy suggests multipletheoreticallinkagesthatneedtobefurther
tested. The links we suggest between types o f uncertainty and motivations
are fertile ground for hypothesis testing. We also suggest looking into the
connectionsbetweenmicroandmacrolevelexperienceso funcertainty. 
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Lastly, there might be such uncertainty loops discussed o utside o f games
research, forexampleinstorytelling(thehermeneuticcode(G.Long,2007))
thatwedidnotmapo urtaxonomywithandsuggestasfuturework. 



ResearchQuestion2 

Canthemagicforcingprincipleofequivoqueofferdesign
inspirationforevokingmotivatingdecisionuncertaintyinplayers? 


ResearchObjective3 
To survey the field of stage magic for relevant game design inspiration,
especiallywithrelationtoelicitingepistemicemotions. 

FindingsandDiscussion 
The research provides the first literature survey o f the field o f stage magic
with respect toitsutilityforgames.Theliteraturesuggeststhatstagemagic
is uniquely positioned to inspire games design when it comes to evoking
epistemic emotionsbybeingacreativepracticewhichitselfgreatlydepends
on invoking epistemic emotions. Designing stage magic tricks regularly
involves eliciting motivating uncertainty. For example, magicians need their
audience to be uncertain o f the next step for a successful playout o f the
choreographyo fthetrick. 

Weexposethegapthateventhoughtherehasbeenacknowledgemento fthe
need to take game design inspiration from o ther fields (Schell, 2014; W.
Wright, 2001), specifically magic (Donlan, 2015; Mullich, 2016; M. Stout,
2015; W. Wright, 2001), there has beenlittleifanysubstantialcontribution
towardstransferabletechniques,principleso rpatterns.Giventherichhistory
of magic that has applied psychological principles to a creative format, we
discover transferable techniques and methods o f manipulating perceived
causal sequences which can elicit epistemic emotions in multiple ways, for
example,bypresentingillusorychoicesfortheaudience(‘forcing’). 


Weestablishthatstagemagictrickspayspecialattentiontoelicitingdramatic
suspenseandsurprise.Theyweavemystery,conflictandtensioninaloopto
elicit curiosity, uncertainty and anticipation (Ortiz, 1995). This maps o nto
how we found uncertainty to work through the m2m core game loop. We
explain the principle o f perceptual causality and how it can be used to
introduce the laws o f a game world and craft enjoyable trajectories o f
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suspense and surprise, and the design o f surprising and non-frustrating
puzzle sequences. We also introduce the concept o f forcing, steering a
perceived-free choice. We illustrate how forcing techniques like identical
force, stereotypical choice patterns, visual saliency, priming and equivoque
can be used to enhanceplayersperceivedautonomydespitelimitedcontent
andguideplayerattentionwithoutimpingingo ntheirsenseo fagency. 


We highlight stage magic's striking overlap with games in terms o f what's
presented in o ur work and o ther parallels like showmanship, consistency,
visual deception which make it a compelling candidate. Our main
contribution is to have showcased some valuable starting points for
practitionersandcomparativeresearchers. 

LimitationsandFutureWork 
We acknowledge that the discussed psychological mechanisms like
disruption o f causality o r visual saliency are not unique to stage magic o r
games. For future work we suggest finding inspiration and working design
techniques in o ther creative practices; for instance, o ther than stage magic,
narrative:suspenseanduncertaintyplayaroleintheatre,film,literatureetc.
We use stage magic to apply basic psychological constructs and theories to
games. If psychological mechanisms are at work in both these fields, this
suggests future work can use games as petri dishes to further o ur
understandingo fsaidbasicconstructsandtheoriesthemselves. 

We identify various stage magic principles that could be applied to games:
puzzle making, user interface design, choice design etc. forelicitingvarious
desirable playerexperiences.However,wedidnotcombthroughallo fstage
magic systematically but o nly reviewed it from the perspective o f eliciting
epistemic emotions. There must be more techniques and inspiration than
those we surface. Also, at this stage we provide no scientific evidence that
transferring these principles to games would work. In answering o ur next
objectivesweo nlytestandprovetheuseo fequivoqueinelicitinguncertainty.
We encourage researchers to empirically study and transfer unexplored
principles. 

We acknowledge that we o nly transfer uncertainty elicitation via choices
from stage magic. However in o ur survey we bring attention to o ther
methods(outlinedbyOrtiz)(Chapter5)thatwedon’tlookintoino urwork:
setting up mystery, causal interruptions, building tension etc. We suggest
lookingintotheseprinciplesandsystematicallytestingthembothforevoking
uncertaintybutalsoo therepistemicemotions. 
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ResearchObjective4 
Toexploreifequivoquecanbeappliedtoinvokedecisionuncertaintyingames. 

FindingsandDiscussion 
This research shows that the principle o f equivoque can invoke decision
uncertaintyandrelatedsalientexperiences(perceivedfreechoice,perceived
impact)ingamenarratives,eveninconsecutivelyrepeatedchoices. 

We conducted three experiments to probe (1) the impact o f classical
equivoque with cards o n how participants perceive their choice, (2)
transferring the sametechniquetonarrativechoicesinaninteractivefiction
game, and (3) how repeating equivoque choices consecutively impacts
perceivedchoiceandrelatedplayerexperience. Thefirstexperimentstudies
the functioning o f equivoque in playing cards. Our results show that
participants experienced an illusory sense o f agency, i.e. perception o f free
choiceandperceptiono fimpactovertheo utcomeeventhoughtheiractions
had noimpacto nit.Regardlesso fwhethertheexperimenterwasconsistent
or not with participants’ choices (i.e. whether chosen cards were always
kept/discarded o r not), participants felt that their decisions had the same
amount o fimpacto ntheo utcometheygot.Thesefindingssupportprevious
results showing a dissociation between o ur o bjectivecontrolandsubjective
sense o f it (Gauchou, Rensink, & Fels, 2012;Haggard,Martin,Taylor-Clarke,
Jeannerod,&Franck,2003;Olsonetal.,2015).Pastresearchshowsthatthis
worksbothways:attimeswemayfeelthatwearenotincontrolo fo urown
actionsevenwhenweareandtheo therwayround(Hon,Poh,&Soon,2013;
Olson, Landry, Appourchaux, & Raz, 2016; Terhune & Hedman, 2017). For
instance,ato thertimes,wethinkweareincontrolwhenwearecontrolledby
externalcircumstances(Aarts,Custers,&Wegner,2005;Sato&Yasuda,2005;
Tobias-Webb etal.,2017).Theequivoqueinthisstudywastestedo nplaying
cards withnoparticularlyinterestingo utcomeo rstorythattheparticipants
were following. This could be o ne reason why participants did not pay
attention to the discrepancies. In games, where the players are given a
context the attachment might be higher, potentially making players more
sensitivetoo utcomemanipulation. 

Hence, o ur next two studies tested the application o f equivoque to game
narrative design. They provide empirical evidence that the choice illusion
created with equivoque can elicit decision uncertainty and related salient
conditionso fperceivedfreechoiceandperceivedimpactingames.Common
narrativestructuresthataimtoaffordasenseo fplayerchoiceingames,like
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TimeCaveo rBranchandBottleneck(Short,2019),arecostheavyintermso f
production and writing. For instance, in a Time Cave structure,eacho ption
branchesintoatleasttwomoreo ptions,soonbecomingahugenarrativetree.
Ourstudiesdemonstratethatequivoquecanperhapsdrasticallycutthecosts
by introducing choice illusions without compromising o n the player’s
perception o f freedom ofchoice,impactanddecisionuncertainty.Thefirsto f
the two studies shows that equivoque (illusory choice/ fakechoicewhichis
actually behind the scenes no choice at all) can create higher decision
uncertainty, higher perception o ffreedomofchoiceandhigherperceptiono f
impactincomparisontoplayersbeingpresentedwithnochoiceatall.Justas
wesawinthestudydonewithplayingcards,itmakesnodifferencewhether
thepathsareconsistentwithplayerchoiceso rnot. 

The second o f the two studies compares equivocations with o thernarrative
structures. If finds that equivocationscreatethesameamounto fmotivating
uncertainty(bymakingtheplayersfeeltheytrulyhaveafreechoiceandtheir
choices are impactful) even when the equivoque technique is repeated four
times. Whether people make four real, four equivoque, o r two interleaved
equivoque choices in different o rders has no impact o n the dependent
variables o f decision uncertainty, perceived freedom of choice and perceived
impacto ntheo utcome. 

To conclude, we show that equivoque force provides people the illusion o f
choice and consequent decision uncertainty, when in reality their decision
had no impact o n the o utcome. Participants were unmindful o f the
inconsistencies in decision paths, even when the procedure was repeated
several consecutive times. Our work shows that equivoque is not limited to
playing cards o ften usedbymagicians,butcanbeappliedtonarrativegame
choices. These findings o pen up the possibility o f applying this principleto
other game areas like levels, resources, characters, user interface etc. Our
work demonstrates the ease by whichplayerscanexperienceresponsibility
and linked uncertainty over decision making and highlights a surprising
blindnessthatpeoplehaveoversemanticinconsistenciesineventsequences. 

LimitationsandFutureWork 
This research by showing that the use o f equivoque can create motivating
decision uncertainty in game narratives gives enough evidence for deriving
”design inspiration for evoking motivating uncertainty in games using the
stage magic principle o f equivoque”. It serves as a starting point and
exemplary demonstration for looking into stage magic for inspirations
beyondforcingandnarrativegames.However,itleaveso penareaswherethis
workcanbeexpandedupon.Tostartwith,equivoquecanbetestedinlonger
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narratives compared against o ther narrative structures like Branch and
Bottleneck etc. (Ashwell, 2011; Short, 2019) to measure effectiveness.
Beyondthiswesuggestequivoquetobetestedo nnon-narrativechoices,like
a choice between paths o n a platformer level o r between game resources
(Chapter 5, 6). Additionally, in o ur current research wefocuso nmotivating
uncertainty but do not check for overall enjoyment o r motivation explicitly
whichwouldbeanimportantnextstep.Inthefuture,itwillbealsoimportant
to define the limitations o f its workings. Forinstance,wetestequivoquefor
four repetitions o nly, with the prerequisite that all choices presented are
equally balanced o ptions; thus limiting the generalisability beyond four
repetitionso rimbalancedo ptions.Futureworkmustalsotestthelimitations
within the nature o f the semantics, for instance, how ambiguous is too
ambiguousandviceversa. 

As we stated in the beginning o f this thesis, games arehighlycomplex.The
definition o f what games are, how they affect players and the nuts-n-bolts
that build them are constantly evolving. So is there business and
consumption. In comparison, the research exhibited in this thesis explores
limited sets o r styles o f games to conduct its enquiry. Moreover, while we
havetriedtorecruitdiversely,theplayerprofileiseverwideningandweare
limitedinthepeoplewecouldrecruitgiventhePhD’sscope.Thisisashared
limitation with the majority o f games research work which is o nly able to
touchaspectso fthisintricatetapestry.Beingconsciouso fdiversityinplayer
baseanddiversityingameschosenforresearchiskeyinkeepingupwiththe
dynamics o f game development and ensuring that we are fostering growth
for all kinds o f game expressions and players. In a single research work o r
experimentalsetupwewillalwaysbelimitedinthegametypeo rplayerbase
we are looking at. However, we suggest that when choosing games and
players for future researchweshouldlookatgameresearchatlargeandfill
themissingwork.Inthisresearchwetakeafirststepbyfocusingo n‘pickand
play’ games for uncertainty taxonomy and narrative games for equivoque
studies— these are both underexploredareasingame’sresearch.Moreover,
we make it a point to find players that have different cultural, social
backgroundsalongwithavariedgamingpreferenceandplayerbehaviour.We
hopetosetthatasanexampleforfutureworkingamesandbeyond. 

Significant Contribution towards Translational
Work 
Games HCI, like o
 ther HCI fields, is a continuously e volving field that
embraces many o thers (Bødker, 2015, pp. 24–31). The majority o f it
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implicitlyaimstobepracticallyrelevantwith‘implicationsfordesign’.Yetas
has been o ften recognized inHCIresearch,thereisatheory-practicegap(Y.
Rogers, 2012). Studies have repeatedly confirmed that research insights
rarely get adopted in practice (Buie et al., 2010; Colusso et al., 2017;
Goodman et al., 2011; Remy et al.,2015)failingtofulfilltheexpectationso f
scientificknowledgetobeusefultoindustry,practitionersetc.(E.M.Rogers,
2010;Stolterman,2008).Thisproblemtricklesfromthebroaddomaino fHCI
intoitsbrancheslikegames. 

To counter this, researchers in HCI and o ther fields have begun developing
translational research (Colusso et al., 2019) – work that makes adeliberate
efforttotranslatebasicresearchintoformsrelevanttopractitioners.Despite
that wewitnesslittleexplicitengagemento fthisworkingames.Moregame
companiesareincorporatingresearchmethodsintotheirgamedevelopment
process to bridge thisgap(S.Long,2012;Mirza-Babaeietal.,2011).Wesee
our research as a significant contribution totranslationalresearch(Colusso
etal.,2019)noto nlyforgames,butalsoforHCIo nthewholebyexemplifying
thetranslationusingthecombinationo fqualitativeresearch,playtestingand
empiricalstudies. 

At o ne end o f the spectrum are theoretical findings like the taxonomy o f
uncertainty we developed through o ur grounded theory investigation. The
other end is focused o n the design practice o f effective, user-facing,
interactive computingsystems(Dixetal.,2003)–forinstance,theapproach
we demonstrate in applyingequivoqueingamenarratives.Thegapbetween
the two ends is the ‘research-practice gap’: an unsought space between
researchandpractice(Beck&Ekbia,2018;Goodmanetal.,2011).This‘gap’
problemappliestomultiplefieldsincludinggamesandstagemagic. 

There have been several attempts to understand this gap andconsequently
overcomeit(Colussoetal.,2017;Kolko,2010;Norman,2010;Shneiderman,
2016). Such translational research is becoming recognised as important in
HCI. However, it is still (1) primarily concerned with translating from
research into practice, not between creative fields, and (2) lacks explicit
engagement with what it means to successfully translate in games (design)
research. Zimmerman et al.’s research based design o ffers a model o f
interactiondesignresearch(Zimmermanetal.,2007)thatfocuseso ndesign
andexplorationo ftheoryviasolvingincrementaldesignproblems.Colussoet
al. propose a continuum model for Translational Science in HCI that
addresses the gaps in translations to facilitate the adoption and
implementation o f theoretical findings into design practice (Colusso et al.,
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2019; Rogers, 2010). These research-practice aspects o f translation are
barelydealtwithingames(design)research. 

Inrelationtothisdiscourse,o urworkcontributestotwokindso ftranslation:
(1)Translationfromcreativepracticetocreativepractice:Ittrialsaprocesso f
knowledge transfer from another creative field (stage magic) to games. It
showcaseshowo nemayfindmeaningfulinspirationinanothercreativefield
(stage magic) and systematically apply and test it in games. (2)Translation
from theory to practice: Itservesasanexampleinhowtogathertheoretical
psychological research o n a topic (uncertainty) and then translate it into
designpracticefocusedo nelicitingthesaidconstruct. 

Theseproblemsaresignificantwhendealingwithtwocreativefieldsasthey
both involve complex interlinkages o f psychology, art, architecture and
audience. A key aspect o f Colusso et al.’s model o f translational research is
“Bubble-up” (Colusso et al., 2019; Gray et al., 2014): collecting practice
knowledge from practitioners to inform research. In o ur case, the primary
researcherisaseasonedandactivegamedesignpractitioner.Throughoutthe
PhD,shewasconstantlyintouchwitho therdesignersandplayerstocheckif
the direction o f work can eventually be useful. This helped validate the
zeroing o f equivoque as a tool for improving narrative design. This also
validated that game designers do not already know about the principle o f
equivoque. There are many known methods o fconvergingastoryandusing
illusorychoicesingames,however,equivoqueisuniqueintermso fhavingan
absolutely linear structure with each node working as aconvergencepoint. 
Moreover,ithelpednarrowdowno nepistemicemotionsasacommonpoint
of interest in developers. Knowledge gained as a game designer helpedher
formulate the problem around m2m gameplay motivation. From personal
experience she could saythatplayerscareaboutinterestingdecisionsmade
on a m2m level o nce they have bought into the game concept and already
startedplayingthegame.Havingadesignbackgroundshewasmotivatedby
the recurring discussion o f borrowing inspiration from o ther fields. Game
designersrealisehowmuchwearemissingo uto nbybeingtunnelvisioned;
byo nlydissectingo thergamestoinformtheart.Shecouldpointo utthegaps
in player motivation, player experience literature from the perspective o f
practise for e.g. the lack o f researcho nplayercuriosity.Shewasunsatisfied
withjuststatisticallyprovingthatuncertaintycanbewillfullymanipulatedby
the o bvious change in fog o f war (initial study not reported in the thesis).
This didn’t add to existing common knowledge in game design. Designers
don'tnecessarilycareaboutjustprovingthingsstatisticallytheyalreadyhold
to be true. This is why she wanted to inform designers o fconceptstheydo
not already know, e.g. equivoque. Being a designer it was easier to see that
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equivoquecouldinplacesreplacepopularnarrativestructureslikehybridso f
aTimeCave.Havingspentcrunchtimeo nnarrativebranches,thebenefitso f
illusorychoicesweremoreo bvioustospot. 

The stubbornness o f making theworktransferablegarnereditsfairamount
offriction.Thedeepdiveintothefieldo fstagemagicwasseenasariskystep
that could harvestnoresults.Thiswasatloggerheadswiththetimelimitsa
PhD poses. Moreover, she did not have any proof at hand o r priorresearch
worktosmoothlyjustifytheroutetowardsmagic.Thiswasseenasadetour
rather than a convincing pathway to result. Not having a blueprint o f
translationalworkingamesbloatedtheriskso fthestepstaken.Therewasa
stage where she had to convince advisors that this was just a thing o n the
side,whilebeingconvincedthattherecouldbeagoldminesomewhereinthe
jungles o f magic. Being a practitioner her aim always was to find an
applicable principlethatisnotalreadyknown.This,shewasconvinced,was
necessary in taking games research to game design practise. Collaborating
with magic and HCI researchers had itschallenges.Allresearchersinvolved
haddifferentaimsrangingfromcontributiontopsychology,contributionsto
magic, applications in game designo raddingtogameresearch.Thesefields
are not fully aligned which is necessary for translation else it adds
redundancy.Thisresultedinlongtimeconsumingconflictsinstudydesign.It
was a challenge to balance: the authenticity o f magic techniques (what
exactly counts as equivoque?), with game design issues o f interaction (not
having amagiciantocontrolthegamepace)andlastlythevariablesthatwe
all wanted measured to benefit each field. The magic researchers she
collaborated with weren’t well versed inconceptslikeuncertaintyingames
andfoundthatinvestigationingameshardtounderstando rengagewith.On
the o ther hand HCI researchers were not too sure about the workings o f
equivoquetoeasilygraspthehurdleso fimplementingitintogamenarrative
branching.Weovercomethisbyiterationo nexperimentdesign.Ato nestage
the best possible way to go forward was to show results by conducting
playtestsratherthandebatingpriorities.Itwasanimportantlessontolearn
that nobody had the complete pictureandtheresearcherherselfwasinthe
best position to look at both fields keeping in mind the end goal o f design
inspiration. Winn & Heeter make similar o bservations about team
compositionandprocessintranslationalresearch:theysaythato neneedsa
team o f specialists from each involved discipline and conflict resolution
through playtesting in early phases o f gamedevelopmenttomakeaserious
game(Winn&Heeter,2006). 


Analysing this personal trajectory we suggest having o ne s uch person
(practitioner) o n the team if possible o r creating o nline groups with
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designers/developers to inform and validate the research work, even if
informally. This is crucial in keeping the end goalo fpracticalapplicationin
mind and designing studies and surveys towards this goal. We suggest risk
analysiso fsuchunchartedpathstokeepexpectationsincheck.Forexample,
wewereveryclearthatwewon'tbeabletoestablishanyo fthestagemagic
principlesinaverygeneralisablemannergiventhediversenatureo fgames.
Itwasimportantforustopublishtheworkaswedidittogeto utsidesupport
andfeedback.Wesuggesthavingthissorto fanincrementalapproachwhere
each bit can be seen as a substantialcontribution.Lastly,itisimportantfor
theteamtorememberthatresearchworkthatwantstopaveanewpath(in
this case transfer applicable knowledge from stage magic to games and
theorytopractise)willhaveunforeseenturns.Trustingthegroundworkdone
and insights that are not yet backed in literature but come with practical
experienceisvaluable. 

Duringtheresearchworkthatinvolvedmagic,theresearcheractivelybecame
part o f MagicLabi.e.agroupo fpractisingmagiciansandscientistsworking
on Science o f Magic. The researcher collaborated o n studies and also
attended a conference that discussed “The Science o f Magic”. This
involvement with practitioners from both fields allowed validation o f
adaptations by both game experts and stage magic experts.Thisshowcases
the ‘Bubble Up’ confluence informing the entire continuum o f the research.
This helped looking at the problem from acompletelynewperspective.For
example, for the first study we did not think much aboutgamesbutsimply
focused o n equivoque itself to gain expertise with respect to the principle.
Attending the magic conference o pened up the mind to understanding the
application o f stage magic in o therfieldslikewell-being(Bagienski&Kuhn,
2019).Noto nlydidsuchasetupallowforeasieraccesstoliteraturebutalso
openedgatestoexpertso necouldreacho utto.DoingastudywiththeMagic
Labwastrickybecauseo fdifferinggoalsandmethodology.Thiscollaboration
isbeneficialifthetwofieldexpertscanfindcommongoals.Inthisbotho fus
were interested in forcing and forcing was being scientifically explored for
the first time, be itgameso rmagic.Wedonotrecommendgettingtoodeep
intosuchacollaborationifitistakingvaluabletimetofindcommonground
or the process is wavering the researcher away from their own research
objectives. 

Conducting a grounded theory to get theoretical insight into uncertainty
before making an attempt to apply it to design helped the process o f
translation. The theory development helped us gain understanding o f the
workingso funcertaintyanditsimpacto nplayers.Itenabledustozerodown
on decision uncertainty around which we could focus o ur goals regarding
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practicalgamedesign.Intermso ffindingvaluableinsightinthefieldo fstage
magic, o ur work showcases thatbydoingamacroevaluationfromachosen
lens, in this case, from the lens o f epistemic emotions allows us to carve
throughamassiveamounto fdata,inthiscase,fromthefieldo fstagemagic.
We applied a more refined focus o nly when we reached a point where we
couldseeapossibletransferableprinciple.Weidentifiedtheillusiono fchoice
and related epistemic emotions as a common link between o ur quest and
existingprinciplesinstagemagicando nlythentriedapplicationingames.In
thisprocesswetestedthephenomenonindependentlyfirstando nlyo ncewe
feltconfidentintheworkingso fequivoquewetriedembeddingitintogames.
Wedidaserieso fplaytestso fo urgamestomakesurethatequivoquedoesn’t
feelshoehornedintogamenarrativesbutfitsnaturallyinplayers’experience
ofthegame.Oftengameresearchempiricalstudiesmissthisstepanddirectly
test themscientifically.Thismakesthesegameslessecologicallyreliable.On
the o ther hand, most practitioners do not test their hypotheses empirically
with respect to particular player experiencesandtheplaytestdatacouldbe
biased by sample size o r developer intervention. We are not suggesting
practitionerstoconductsuchstudiesbutwedoseevalueandprovidingthese
example answers for them. The interleaving o f quantitative studies with
regular playtests allowed us to iterate o n the design andmakeitrobustfor
both parties. Lastly, the dependent variables and method o f data collection
werekeptthesameasweusedwiththeplayingcards(incollaborationwith
MagicLab),withtheadditiono funcertaintyquestionstokeepthetranslation
seamless.Thiswayweknowo urresultsarenotinfluencedbythevariationin
styleo fdatacollection. 

What worked really well for us was analysing the field with respect to
eliciting epistemic emotions before jumping into details o f equivoque. The
broad survey o n stage magic principlesallowedustocompareandcontrast
different techniques in terms o f transferability within the PhD scope. We
could look at the cost o f transfer, for example, transferring visual saliency
with billboards inaracinggamewouldmeandevelopinghighqualityracing
games to conduct the study. Although an interesting hypothesis, this would
nothavebeenpossibleinthetimewehad.Theoverarchingviewalsoallowed
us to differentiate more conceptual translations withdefinabletranslations.
Forexample,understandingcausalityanditsviolationneedsdesignerstobe
consciouso fcausalitywhendesigningtutorialsratherthansimplyapplyinga
principle. Equivoque o n the o ther hand is a more defined principle that
followssomesemanticrulesthatcanbetestedwithrespecttospecificplayer
experiences. Both require skill but prescribable o ptions like equivoque are
moretestablebecauseo ftheconcretedefinitiontheyhave. 
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Alternatively, the method o f boiling the entire o cean o f stage magic to find
principles: to compare and contrast each and every principle to picko neis
not o nly time consuming but can lead to being lost in the intricacies o fthe
new field. We looked at stage magic from the lens o f epistemic emotions
which is still a sizable chunk. As stated earlier, not having a roadmap to
unknownpathscanleadtomistrustintheteamanddemotivation.Ifyouare
not confident that this approachwouldyieldresults,wesuggestpickingthe
most o bvious principles to test o r collect o bservations around rather than
excessivetheorising. 

Ino urknowledge,o urresearchisafirstexampleo ftranslationalworkfroma
creativefield(stagemagic)togamesusingiterativegamedesignmixedwith
quantitativeandqualitativemethods.Thisshouldprovideinsightsforfuture
HCIandgameresearchers,especiallywhentheyseetheneedo ftransferring
workfromo thercreativefields.Attheverybeginningo fthethesiswestated
that individual game designers have been poaching from all o ther creative
domainsforalongtime.However,tillnow,thereislimitedresearchapplying
and testing this ‘poaching’ with respect to specific player experience
constructs. Research like o urs canhelpunderstandandsupportthesekinds
of translations between creative practice fields. With o ur work we make it
possible for designers to apply equivoque into their narrative branches and
expectittobehavelikearealchoice. 

TranslatingtoIndustry 
Theresearchworkpresentedinthisthesisgarneredattentionfromacademic
and industrial experts o f both fields (Develop Conference, 2020;
GameHappens, 2019; Gamekult, 2019; J. Goldberg, 2020;IndieCadeEurope,
2019a, 2019b; Kuhn, 2019, pp. 203–205; Kumari, Deterding, & Freeman,
2019;Kumari,Deterding,&Kuhn,2019;Kumarietal.,2018,2017;Pritchard,
2019). We suspect that transference o f applications between creative fields
using popular examples allows practitioners to consume information more
readily. This was evident in the post presentation discussions and email
follow ups. Furthermore, having a working equivoque example helped
convince practitioners that such transference from stage magic couldwork.
We were able to collaborate with game companies (Shirodkar, 2020) to
brainstorm usage in their products. The potential applications discussed in
Chapter 5 and Chapter 6 show thatthereismuchthatcanbeimplemented.
Some o f which have already been, even though accidentally (see section
Identical Choice in Chapter 5). The issue with accidental o r o ne-off
applicationo fstagemagicprinciplesmakesithardtoreplicate,generaliseo r
even find. As explained in Chapter 5 and Chapter 6, we propose that
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equivoque can be used beyond game narratives into level design, user
interface design and resource allocation design to create motivating
uncertainty in players. Practitioners have discussedapplyingstagemagicto
games (Scheurle, 2018;W.Wright,2001)andwitho urworkweexemplifya
solidstepinmakinganevaluatedefforttowardssuchapplication. 

TranslatingtoStageMagic 
Forcing principles o f equivoque used in stage magic had not been tested
scientifically in the field o f magic research. This research collaborates with
magicresearchersandprovidesempiricalevidenceregardingthestrengtho f
equivoque with respect tocreatingaperceptiono ffreechoiceandimpactin
itsaudience.Thislineo fworkinformsbothfieldsandexpandstheirscopeo f
future investigation and application. The application o f magic principles in
other fields like wellbeing,gamesetc.isanimportantgoalseto utbymagic
and psychology researchers (Kuhn et al., 2008). Research like the o ne
contributes to that goal. Thescienceo fmagicisafairlynewfield.Ourwork
providesfurthervalidationtomagicasafieldamongstawiderinfluence. 

ConcludingRemarks
This thesis hopes to evidence the treasure troves o f information we can
borrow and exchange between creative fields. It is an exemplar for game
designersandresearchersinhowtotakedesigninspirationfromo therfields
and test them with respect tospecificplayerexperiences.Thisissomething
gamesdesignhasrepeatedlyacknowledgedbutsofar,notprovidedrigorous
means o f doing so. A large part o f player motivation and player experience
literature looks at games at a macro level, missing o ut o n the nitty gritty
details, whereas most game design practitioners can tell that beyond
conceptualisation, the crux o f design lies in the interaction o f systems at a
m2m game looplevelwhichelicitsimmediateexperiencethatfeedsintothe
overall experience o fthegame.Thisisthesecondintentiono fthisthesis:to
demonstrate the need to look at m2mgameplayandalsoshowcasetherich
data available at that level to be explored and unpacked. Stage magic has
beenanimportantvehicleinmakingthesepointsandshowinghowmuchwe
canlearnfromadjacentfields.Thatsaid,webelieve,thisiso nlyastepandwe
must continue o ur ‘plundering’ — poetry, music, movies, storytelling,
architectureawaito urscientificanddesignerlyincisions.
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A.ExperimentDocumentation:The
Role of Uncertainty in ‘Moment to
Moment’
Player
Motivation
(GroundedTheory) 
InterviewInformationSheet 
We are inviting you to take part in aresearchstudy.Thissheetwillprovide
you with information about the study. You may ask the researcher any
questionsyoumayhave.Whenyouarereadytomakeadecision,youmaytell
theresearcherifyouwanttoparticipateo rnot.Youdonothavetoparticipate
ifyoudonotwantto.Ifyoudecidetoparticipate,theresearcherwillaskyou
foryourconsentseparately. 

Youwillbedebriefedaftertheinterviewwithmoredetailsabouttheproject. 


StudyOverview 
The study is being conducted to identify player’smotivationstoplaygames
which are easy to learn and are easily accessible. It is to gather in depth
information about why peopleplaythesetypeso fgamesandwhataretheir
motivationsforcontinuedengagement. 

In this study, you will be asked a set o f questions in an interview format.
These questions will be regarding your player behaviour and past player
experiences,theinterviewsessionshouldrunfornolongerthananhour.The
researcher will go in depth and ask questions based o n your replies. The
interviewwilltakeplaceo nlineo rinpersonatGoldsmithsUniversity.Wewill
also record any text exchangedovero nlineinterviewsifyourinterviewwas
performedo nline. 

Withdrawing 
You are free to withdraw from this study at any point, withoutpenaltyand
withoutgivingareason.Ifyoudecidetowithdrawyourdatawillberemoved
and destroyed. If at any point you do not want to answer a question, then
pleasetelltheresearcher. 
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Clarifications 
If you want to clarify anything about the study please feel free toaskthem
duringthecourseo fthestudy.Ifyouhaveanyquestionsaboutyourrightsin
this research, you may contact Ms. Anna Bramwell-Dicks, Department o f
Theatre,FilmandTelevisionEthicsCommitteeattheUniversityo fYork,Baird
Lane, Heslington East Campus, York, YO10 5GB, UK, +44 (0) 1904325244,
tftv-ethics@york.ac.uk.Youmaycallanonymouslyifyouwish. 

Data 
We are audio recording your interview which will later be transcribed
digitally and used for data analysis. We will also record anytextexchanged
overo nlineinterviewsifyourinterviewwasperformedo nline. 

Yourinformationwillbecompletelyanonymisedandwillbeassociatedwith
auniqueIDwhichtheresearcherwillsharewithyouatthebeginningo fthe
study. 

Alldataanddocumentationfromtheresearchwillbeconfidentialandwillbe
stored securely. Moreover, all references to participants in any reports o r
publicly available material will be anonymised. Data will be stored o n a
securedatastoragedeviceandacopywillremainwithTheUniversityo fYork
forupto10years.Onlytheresearchers(ShringiKumari,SebastianDeterding
andJonathanFreeman)willhaveaccesstothisdata. 

Contact 
PrimaryResearcher-ShringiKumari 
Email:sk1382@york.ac.uk 
Phone:+447397545256 
Address: 
YCCSA,RonCookeHub 
Universityo fYork 
Heslington 
York 
YO105GE 

Supervisor-SebastianDeterding 
Email:sebastian.deterding@york.ac.uk 

Benefits 
- You do not directly benefit in anyway, however, the study may help game
designersinmakinggamesthatyoumayliketoplay 
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-

There are no incentives to participate in the study. Your participation is
voluntary. 

Funding 
This research is paid for by the EPSRC grant for the IGGI doctoral training
school, grant reference EP/L015846/1. For more information, see
https://iggi.org.uk
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InformationSheetforPlaySessionandInterview 
We are inviting you to take part in aresearchstudy.Thissheetwillprovide
youwithinformationaboutthestudy. 
Youmayasktheresearcheranyquestionsyoumayhave.Whenyouareready
to make a decision,youmaytelltheresearcherifyouwanttoparticipateo r
not. You do not have to participate if you do not want to. If you decide to
participate,theresearcherwillaskyouforyourconsentseparately. 

Youwillbedebriefedafterthesessionwithmoredetailsabouttheproject. 

StudyOverview 
The study is being conducted to identify player’smotivationstoplaygames
which are easy to learn and are easily accessible. It is to gather in depth
information about why peopleplaythesetypeso fgamesandwhataretheir
motivationsforcontinuedengagement. 

In the play session you will be asked to playa10minutesessiono fagame
youarefamiliarwitho nmobile.Yourplaydatawillbecollectedbycapturing
thescreen.Yourreactionswillalsobeaudiorecordedalongwiththis. 

Within 12 weeks we willbeinvitingyouforaninterviewwherewewillask
questions with reference to your experience during the play session. There
will be o ther questions regarding your player behaviour and past player
experiences,theinterviewsessionshouldrunfornolongerthananhour.The
researcher will go in depth and ask questions based o n your replies. The
interviewwilltakeplaceo nlineo rinpersonatGoldsmithsUniversity. 

Withdrawing 
You are free to withdraw from this study at any point, withoutpenaltyand
withoutgivingareason.Ifyoudecidetowithdrawyourdatawillberemoved
anddestroyed. 

Clarifications 
If you want to clarify anything about the study please feel free toaskthem
duringthecourseo fthestudy.Ifyouhaveanyquestionsaboutyourrightsin
this research, you may contact Ms. Anna Bramwell-Dicks, Department o f
Theatre,FilmandTelevisionEthicsCommitteeattheUniversityo fYork,Baird
Lane, Heslington East Campus, York, YO10 5GB, UK, +44 (0) 1904325244,
tftv-ethics@york.ac.uk.Youmaycallanonymouslyifyouwish. 
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Data 
We are audio recording your reactions while you play the game which will
laterbetranscribeddigitallyandusedfordataanalysis.Wewillalsocapture
thescreenrecordingo fthegameplayo nmobile. 

We willaudiorecordyourinterviewwhichwilllaterbetranscribeddigitally
andusedfordataanalysis.Wewillalsorecordanytextexchangedovero nline
interviewsifyourinterviewwasperformedo nline. 

Yourinformationwillbecompletelyanonymisedandwillbeassociatedwith
auniqueIDwhichtheresearcherwillsharewithyouatthebeginningo fthe
study. 

Alldataanddocumentationfromtheresearchwillbeconfidentialandwillbe
stored securely. Moreover, all references to participants in any reports o r
publicly available material will be anonymised. Data will be stored o n a
securedatastoragedeviceandacopywillremainwithTheUniversityo fYork
forupto10years.Onlytheresearcherswillhaveaccesstothisdata. 

Contact 
PrimaryResearcher-ShringiKumari 
Email:sk1382@york.ac.uk 
Phone:+447397545256 
Address: 
YCCSA,RonCookeHub 
Universityo fYork 
Heslington 
York 
YO105GE 

Supervisor-SebastianDeterding 
Email:sebastian.deterding@york.ac.uk 

Benefits 
- You do not directly benefit in anyway, however, the study may help game
designersinmakinggamesthatyoumayliketoplay 
- There are no incentives to participate in the study. Your participation is
voluntary. 
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Funding 
This research is paid for by the EPSRC grant for the IGGI doctoral training
school, grant reference EP/L015846/1. For more information, see
https://iggi.org.uk
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InformationSheetforDiaryEntryandInterview 
We are inviting you to take part in aresearchstudy.Thissheetwillprovide
youwithinformationaboutthestudy. 

Youmayasktheresearcheranyquestionsyoumayhave.Whenyouareready
to make a decision,youmaytelltheresearcherifyouwanttoparticipateo r
not. You do not have to participate if you do not want to. If you decide to
participate,theresearcherwillaskyouforyourconsentseparately. 

Youwillbedebriefedafterthesessionwithmoredetailsabouttheproject. 

StudyOverview 
The study is being conducted to identify player’smotivationstoplaygames
which are easy to learn and are easily accessible. It is to gather in depth
information about why peopleplaythesetypeso fgamesandwhataretheir
motivationsforcontinuedengagement. 

You will be asked to makeentrieso fyourplayerbehaviourspanningover1
week.Youwillbegivenaformattofollowtocompletetheseentriesasashort
online Google form. You are asked to complete daily entries (at the end o f
eachday)foraweek. 

Within 12 weeks we willbeinvitingyouforaninterviewwherewewillask
questionswithreferencetoyourdiaryentriesalongwithquestionsregarding
your player behaviour and past player experiences. The interview session
should run for no longer than an hour. The researcher willgoindepthand
askquestionsbasedo nyourreplies.Theinterviewwilltakeplaceo nlineo rin
person at Goldsmiths University. We will also record any text messages
exchangedovero nlineinterviewsifyourinterviewwasperformedo nline. 

Withdrawing 
You are free to withdraw from this study at any point, withoutpenaltyand
withoutgivingareason.Ifyoudecidetowithdrawyourdatawillberemoved
anddestroyed. 

Clarifications 
If you want to clarify anything about the study please feel free toaskthem
duringthecourseo fthestudy.Ifyouhaveanyquestionsaboutyourrightsin
this research, you may contact Ms. Anna Bramwell-Dicks, Department o f
Theatre,FilmandTelevisionEthicsCommitteeattheUniversityo fYork,Baird
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Lane, Heslington East Campus, York, YO10 5GB, UK, +44 (0) 1904325244,
tftv-ethics@york.ac.uk.Youmaycallanonymouslyifyouwish. 

Data 
Your diary entries will be recorded in Google forms later stored as text in
spreadsheets. Your interview will be audio recorded which will later be
transcribed digitally and used fordataanalysis.Wewillalsorecordanytext
exchangedovero nlineinterviewsifyourinterviewwasperformedo nline. 

Yourinformationwillbecompletelyanonymisedandwillbeassociatedwith
auniqueIDwhichtheresearcherwillsharewithyouatthebeginningo fthe
study. 

Alldataanddocumentationfromtheresearchwillbeconfidentialandwillbe
stored securely. Moreover, all references to participants in any reports o r
publicly available material will be anonymised. Data will be stored o n a
securedatastoragedeviceandacopywillremainwithTheUniversityo fYork
forupto10years.Onlytheresearcherswillhaveaccesstothisdata. 

Contact 
PrimaryResearcher-ShringiKumari 
Email:sk1382@york.ac.uk 
Phone:+447397545256 
Address: 
YCCSA,RonCookeHub 
Universityo fYork 
Heslington 
York 
YO105GE 

Supervisor-SebastianDeterding 
Email:sebastian.deterding@york.ac.uk 

Benefits 
- You do not directly benefit in anyway, however, the study may help game
designersinmakinggamesthatyoumayliketoplay 
- There are no incentives to participate in the study. Your participation is
voluntary. 
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Funding 
This research is paid for by the EPSRC grant for the IGGI doctoral training
school, grant reference EP/L015846/1. For more information, see
https://iggi.org.uk
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InformedConsentforInterviews 
Iconfirmthat, 
*Required 

1. I have read and understood the informationprovidedo ntheinformation
sheet.* 
☐Yes 
☐No 

2.Ihavebeengiventheo pportunitytoaskquestionsaboutthestudyandmy
participationinthestudy.* 
☐Yes 
☐No 

3. I agree to take part in the study where I will be interviewed and audio
recorded. If the interview is held o nline, text messages shared during the
interviewwillalsoberecorded.* 
☐Yes 
☐No 

4. I understand that my taking part is voluntary; I can withdraw from the
studyatanytimewithoutpenalty.IdonothavetogiveanyreasonsforwhyI
nolongerwanttotakepart.* 
☐Yes 
☐No 

5.Iunderstandmypersonaldetailssuchasname,skypeid,emailid,willnot
berevealedtoanyoneexcepttheprimaryresearcher.* 
☐Yes 
☐No 

6.Iunderstandandagreetouseandstorageo fdataandthatmydatawillbe
storedsecurelyandkeptconfidential. 
☐Yes 
☐No 

7. I understand that the data being collected can be used for publications
afterbeinganonymised.* 
☐Yes 
☐No 
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8.ID* 
______________________________________ 


9.Pleaseenteryouremailidifyouareinterestedintheresultso fthisstudy 
______________________________________ 

Nameo fResearcher:ShringiKumari 
sk1382@york.ac.uk 
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InformedConsentforPlaySessionandInterview 
Iconfirmthat, 
*Required 

1. I have read and understood the informationprovidedo ntheinformation
sheet.* 
☐Yes 
☐No 

2.Ihavebeengiventheo pportunitytoaskquestionsaboutthestudyandmy
participationinthestudy.* 
☐Yes 
☐No 

3. I agree totakepartintheprojectwheremygameplaydatawillbescreen
capturedandmyreactionswillbeaudiorecorded.* 
☐Yes 
☐No 

4.IagreetotakepartinthestudywhereIwilllaterbeinterviewedandaudio
recorded. If the interview is held o nline, text messages shared during the
interviewwillalsoberecorded.* 
☐Yes 
☐No 

5. I understand that my taking part is voluntary; I can withdraw from the
studyatanytimewithoutpenalty.IdonothavetogiveanyreasonsforwhyI
nolongerwanttotakepart.* 
☐Yes 
☐No 

6.Iunderstandmypersonaldetailssuchasname,skypeid,emailid,willnot
berevealedtoanyoneexcepttheprimaryresearcher.* 
☐Yes 
☐No 

7.Iunderstandandagreetouseandstorageo fdataandthatmydatawillbe
storedsecurelyandkeptconfidential. 
☐Yes 
☐No 
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8. I understand that the data being collected can be used for publications
afterbeinganonymised.* 
☐Yes 
☐No 

9.ID* 
____________________________________ 

10.Pleaseenteryouremailidifyouareinterestedintheresultso fthisstudy 
____________________________________ 

Nameo fResearcher:ShringiKumari 
sk1382@york.ac.uk
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InformedConsentforDiaryEntriesandInterviews 
Iconfirmthat, 
*Required 

1. I have read and understood the informationprovidedo ntheinformation
sheet.* 
☐Yes 
☐No 

2.Ihavebeengiventheo pportunitytoaskquestionsaboutthestudyandmy
participationin 
thestudy.* 
☐Yes 
☐No 

3.Iagreetotakepartintheprojectwheremydiaryentrieswillberecorded
asGoogleFormsandlaterstoredinspreadsheets* 
☐Yes 
☐No 

4.IagreetotakepartinthestudywhereIwilllaterbeinterviewedandaudio
recorded. If the interview is held o nline, text messages shared during the
interviewwillalsoberecorded.* 
☐Yes 
☐No 

5. I understand that my taking part is voluntary; I can withdraw from the
studyatanytimewithoutpenalty.IdonothavetogiveanyreasonsforwhyI
nolongerwanttotakepart.* 
☐Yes 
☐No 

6.Iunderstandmypersonaldetailssuchasname,skypeid,emailid,willnot
berevealedtoanyoneexcepttheprimaryresearcher.* 
☐Yes 
☐No 

7.Iunderstandandagreetouseandstorageo fdataandthatmydatawillbe
storedsecurely 
andkeptconfidential. 
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☐Yes 
☐No 


8. I understand that the data being collected can be used for publications
afterbeing 
anonymised.* 
☐Yes 
☐No 

9.ID* 
____________________________________ 

10.Pleaseenteryouremailidifyouareinterestedintheresultso fthisstudy 
____________________________________ 

Nameo fResearcher:ShringiKumari 
sk1382@york.ac.uk 
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ScreeningQuestionnaire 
Information 
This study is being conducted to identifyplayer’smotivationsandtogather
in-depth information about why people play games and what are their
motivationsforcontinuedengagement. 

Youmayasktheresearcheranyquestionsyoumayhave.Wewillbecollecting
your game and platform preferences along with demographic data (age,
gender and o ccupation). You can choose tonotansweranyo fthequestions
orabortthequestionnaireatanypointwithoutanypenaltyo rneedtogivea
reason. 

Youwillbegivenfurtherinformationincaseyouarechosenforthecomplete
study. 

Your name and email id can be seen o nly by Shringi Kumari and will be
destroyed right after the screening process. Your information will be
completelyanonymisedandreplacedwithauniqueIDwhichtheresearcher 
will share with you at the beginning o f the study when inviting youforthe
complete study. Rest o fthescreeningdatacollectedasaspreadsheetcanbe
viewedo nlybythe3researchersconductingthisstudy. 

Alldataanddocumentationfromtheresearchwillbeconfidentialandwillbe
stored securely. Moreover, all references to participants in any reports o r
publicly available material will be anonymised. Data will be stored o n a
secure data storage device and an anonymised copy will remain with The
Universityo fYorkforupto10years. 

Contact 
PrimaryResearcherShringiKumari 
Email:sk1382@york.ac.uk 
Phone:+447397545256 
Address:YCCSA,RonCookeHub 
Universityo fYork 
Heslington 
York 
YO105GE 
SupervisorSebastianDeterding 
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Email:sebastian.deterding@york.ac.uk 
InformedConsent 
Iconfirmthat, 
*Required 
1. I have read and understood the information provided in the information
section.* 
 Y
☐
 es 
 N
☐
 o 

2.IunderstandthatIcanaskquestionsaboutthescreeningo rthestudyand
my 
participationpriortofillingthequestionnaire.* 
 Y
☐
 es 
 N
☐
 o 

3.Iagreetofillinthequestionnairewhichwillberecordedtoscreenforthe
study and to the use o f data that will be stored securely and kept
confidential.* 
 Y
☐
 es 
 N
☐
 o 

4. I understand my personal details such as name, email id, will not be
revealedtoanyoneexcepttheprimaryresearcher.* 
 Y
☐
 es 
 N
☐
 o 

5. I understand that the data being collected can be used for publications
afterbeinganonymised.* 
 Y
☐
 es 
 N
☐
 o 

ScreeningQuestionnaire 
6.Name* 
________________________________________ 

7.Email/yourpreferredwayo fbeingcontacted 
________________________________________ 

8.Age 
 1
☐
 8 - 24 
 2
☐
 5 - 34 
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☐3
 5 - 44 
 4
☐
 5 - 54 
 5
☐
 5 - 64 
 6
☐
 5 o r o lder 
 D
☐
 on't want to answer 

9.Gender 
 M
☐
 ale 
 F
☐
 emale 
 O
☐
 ther 
 D
☐
 on't want to answer 

10.Occupation 
________________________________________ 

11.Gamesyouhaveenjoyedthemost(gamenamesandplatformse.g.Tetris
onmobile,...) 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 

12.Gamesyouhavebeenplayinglately(gamenamesandplatforms) 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 

13.Whatareyourpreferredplatformsforplayinggames 
 M
☐
 obile (Tablet/ phone) 
 P
☐
 C 
 H
☐
 andheld Console 
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☐C
 onsole (PlayStation/ Xbox/ Wii) 
 N
☐
 o preference 
 N
☐
 one o f the above 

14.Ifyouareplayingo nyourmobile,pleaselistthegamesyouareplayingo r
haverecentlyplayed 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 
________________________________________ 

15.Howo ftendoyouplaygames 
 A
☐
 t least o nce a day 
 A
☐
 t least o nce a week 
 A
☐
 t least o nce a month 
 A
☐
 t least o nce a year 
 L
☐
 ess o ften 
 C
☐
 an't really say as it varies quite a bit 

Nameo fResearcher:ShringiKumari
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NotesforInterviewQuestions 
Whichgamehaveyoubeenplayinglately?(Iftheanswerisnotasmallgame
–Bringupthesmallgamefromscreeningform)Whendidyoulastplaythis
game? 

ContextsofChoosingandMotivation
Whendidyoupickitthelasttime? 
Wherewereyouwhenyoupickedthisgamethelasttime? 

Othersocialmedia? 
Howdoyoudiscovernewgames? 

Whathappenedbeforeyoupickedthegame? 
Whatwereyouthinkingwhenyoupickedthegame? 
Whydidyoupickagame? 
Whatdidyouexpectfromthegame? 
Whydidyoupickthisparticulargame? 
Whydoyouthinkyouplayagamelike<chosengame>? 

Canyoudescribethesituationwhenyoulastpickedthegameinmoredetail? 

Wouldyousaythiswasatypicalsituationforyoupickingthisgame?(Why?
Whynot?) 

Whatare(other)typicalsituationswhenyoupickupthisgame?Lasttime? 

Arethereanyo thersimplegamesyouregularlyplay? 

Gamesthathavestopped? 

Haveyoupickedthisgameupindifferentkindso fsituationsthentheo nes
youdescribed?Canyoudescribethem? 

Motivation 
Whydoyouthinkyouplaygameslike[listo fdifferentgamesmentioned]?Do
youprefero negameovertheo ther?Why? 

Whatelsedoyoudoinyourfreetimethatgivesyousimilarexperienceto
playingthisgame? 
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MotivesrelatingtoGameFeatures 

Canyoudescribeyourlastplaysessionandyourexperiencewiththegame? 

Whenyouplayedlasttime,whatdidyouenjoyinthegameinparticular? 

Wastheresomethingspecificinthegamethatgaverisetothatexperience?
Canyoudescribeit? 

Arethereo theractivitieso rgamesthatgiveyouthesameexperience? 

Arethereo thertypicalexperienceswiththisgamethatyouenjoy?Which
ones? 
[Foreachexperiencelisted:]Canyoudescribeit? 
Wastheresomethingspecificinthisgamethatgaverisetothatexperience?
Canyoudescribeit? 
Arethereo theractivitieso rgamesthatgiveyouthesameexperience? 

Howlongdidyouplaythegamefor?Whydidyoukeepgoing?Anything
specificinthegamethatmadeyoucontinue? 
Arethereo theractivitieso rgamesthatgiveyouthesameexperience? 

Arethereothertypicalexperienceswiththisgamethatmadeyoucontinue,or
wanttocontinue?Whichones? 
[Foreachexperiencelisted:]Canyoudescribeit?Wastheresomething
specificinthegamethatgaverisetothatexperience?Canyoudescribeit?
Arethereo theractivitieso rgamesthatgiveyouthesameexperience? 

Whichgamehaveyouplayedthemost?(ifnotacasualgamesteertowards
one)?Why? 

Nowifyouthinkbacko ftheo thercasualgamesyouplayregularly:Dothey
giveyoudifferentenjoyableexperiences?Whicho nes?(Enquireindepthas
above.) 

Dotheygiveyoudifferentexperiencesthatmakeyoucontinue,o rwantto
continue?Whicho nes?(Enquireindepthasabove.) 

onboarding?? 

Disengaging 

Goingbacktothefirstgamewestartedwith:Whenyoulastplayedit,when
didyoustopplayingthegameinthatsituation?Why? 

Howdidyoufeelafterthegamesession? 
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Howlongdidyouplaythegamefor?Whydidyoustop?Anythingspecificin
thegamethatmadeyoustop? 


Isthatatypicalreasonforstopping?(Why?Whynot?) 
Arethereo thertypicalreasonswhyyoustopplayingthisgame?(Describe.) 

Nowifyouthinko ftheo thercasualgamesyou’veplayed:Arethereo ther
typicalreasonswhyyoustopplayingthem.(Describe.) 

Haveyoueverstoppedplayingacasualgamecompletely,notpickingitup
again? 
[Ifyes:]Whicho ne?Canyoudescribethelasttimeyourememberplayingit?
Whatwentthroughyourheadthatyoudidn’tpickitupagain?What
happenedthatyoudidn’tpickitupagain? 

Arethereo thergamesyoustoppedplayingcompletely? 
[Foreach:]Whathappenedthere? 

REFERTODIARYENTRYDURINGTHEINTERVIEW
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ObservationPointsDuringPlaythrough 
Playeractions/expressions 
Whenaretheyfrustrated 
Whendotheyshowexcitement 
Whenaretheythinking 
Howdotheyreacttorewardsandfeedback 
Howdotheyreactwhengettingclosertothegoal 
Wheredotheylooksurprised/curiousetc(ifatall) 
Whatdoestheplayerexpressattheend 

Game 
Wherearetheystuck 
Whatpartstheybreezethrough 
Whatishardabouttheproblem,howdotheytackleit 
Howdoesthegameintroducetheproblem-------!!!!!!!!!!! 
Howdoesthegamecreatesurprise,doesitwork?-----!!!!!! 
GOALSANDSTUFF 
Overall:Whatistheproblemcurve(andtheplayer’sjourneywithit) 

AskQuestionsaroundtheo bservationssimilartoinitialquestions 
Howdidtheyfindthesession(Get deeperwithaddingo bservations
toenrichthequestion) 
Whatdotheythinkwasinterestingaboutthesession?(Getdeeperwith
addingobservationstoenrichthequestion) 
Wereyouexpectingtheeventsinthegame?Whatdidyouexpectfrom
thegame? 
Weretheycurious?Wastheres omethingspecificinthegamethatgave
risetothatexperience?Canyoudescribeit? 
Whatkeptyouengagedo namomenttomomentlevel? 
Whatkeptyougoingfrommomenttomoment? 
Wasitpickandplay?why? 
What’sexciting? 
Whataretheylookingforwardto? 
Iftheywerestuck,whatdidtheythinko fthatbit?Whatdidtheyfind
hard? 
Wastheproblemclear?Whatmadetheproblemworthsolving? 
Whato therkindso fproblemsdotheyliketosolve 
Dotheyseesimilarities 
Didtheymakeanymeaningfuldecisions?Howelsecouldtheyhave
solvedtheproblem? 
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-

Iftheylost:wouldtheyliketotryagain? 
Iftheywon:wouldtheyliketomaster? 
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DiaryEntryFields 
YourID,dayno.,sessionno(eg.ID#2,Day01,session01) 
__________________________________ 

GameName,Platform 
__________________________________ 

DateandTime 
__________________________________ 

Where exactly were you when you played the game? (describe in as much
detailasyoucanaboutyourlocatione.ghome,o nthecouch,lyingdown) 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 

Whydidyoupickagameinthissituation?(describeinasmuchdetailasyou
can) 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 

Why did you pick this particular game? (describe in as much detail as you
can) 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 


Whatdidyouexpectfromthisgame?(describeinasmuchdetailasyoucan) 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 

Lengtho fsession 
__________________________________ 

Whatinthegamekeptyougoingforthislong?(describeinasmuchdetailas
youcan) 
____________________________________________________________________ 
____________________________________________________________________ 
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B. Experiment Documentation:
EquivoquewithPlayingCards 
InformedConsent 
I freely and voluntarily consent to be a participant in the research project
entitled "Magic tricks and decision making" to be conducted at Goldsmiths,
withGustavKuhnassupervisor. 

I have been told that my responses will be kept strictly confidential. I also
understandthatifatanytimeduringthesessionIfeelunableo runwillingto
continue, I am free to leave without negative consequences. I have any
generalquestionsaboutthisproject,o rethicalissuesrelatingtotheproject,I
shouldfeelfreetocontactGustavKuhnatG
 .kuhn@gold.ac.uk. 

Ihavereadandunderstandtheaboveandconsenttoparticipateinthisstudy.
My signature is not a waiver o f any legal rights. Furthermore, Iunderstand
thatIwillbeabletokeepacopyo ftheinformedconsentformformyrecords. 



____________________________
____________________________
_______________ 
Participant’sSignature
Name

Date 
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Questions 
On a scale from 0 (not freeatall)to100(extremelyfree),howfreedidyou
feeltochoosethecard(s)youputyourhandso n? 
____________________________ 

On a scale from 0 (no impact at all) to 100 (extreme impact), how much
impactdidyoufeelyourchoiceshado nthefinalcard? 
____________________________ 


Gender:_____________ 
Age:________________ 

Thankyouforyourparticipation!😊 
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C. Experiment Documentation:
EquivoqueinNarrativeGames 
InformationSheet 
Please play thegameonlaptop/desktop/tablet.Thegameisnotoptimisedfor
mobile. 

Thankyouforyourparticipation. 

Thissheetwillprovideyouwithinformationaboutthestudy.Youmayaskthe
researcheranyquestionsyoumayhaveusingthecontactdetailsgivenbelow.
Ifyoudecidetoparticipate,yourconsentwillbeaskedseparately. 

You will be debriefed after the study with more details about the project if
youlike. 

StudyOverview 
The study is being conducted to gather informationabouthowplayersdeal
withchoiceinagameenvironment. 

Inthisstudy,youwillplayagamesegmento nyourbrowser.Youwillthenbe
asked to fill a questionnaire regarding your player experience. The game
session will take you 3 minutes (approximately) and the questionnaire
shouldtake2minutes(approximately)o fyourtime.Itisano nlinestudythat
you will participate in remotely. We will record your play data and your
answers. 

If you have agreed to be a playtester, the researcher willo bserveyourplay,
read your play data, based o n which, you willbeaskedquestionsregarding
your player experience to help develop the game and future studies. Your
answers will be audio recorded if asked in person o r recorded as text
exchangedo no nlineplatforms. 

Withdrawing 
You are free to withdraw from this study at any point, withoutpenaltyand
withoutgivingareason.Ifyoudecidetowithdrawyourdatawillberemoved
anddestroyed. 
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Clarifications 
If you want to clarify anything about the study please feel free toaskthem
duringthecourseo fthestudy. 

Data 
Your personal information will o nly be visible to the primary investigator
which will later be completely anonymised and will be associated with a
uniqueID. 
Alldataanddocumentationfromtheresearchwillbeconfidentialandwillbe
stored securely. Moreover, all references to participants in any reports o r
publicly available material will be anonymised. Data will be stored o n a
securedatastoragedeviceandacopywillremainwithTheUniversityo fYork
forupto10years.Onlytheresearchers(ShringiKumari,SebastianDeterding,
GustavKuhnandJonathanFreeman)willhaveaccesstothisdata. 
Aftertheconclusiono fdatacollection,wemayuploadfullyanonymiseddata
publicly to the Open Science Foundation repository(osf.io)toenablefuture
researcherstoworkwithit. 

Contact 
PrimaryResearcher-ShringiKumari 
Email:sk1382@york.ac.uk 
Phone:+447397545256 
Address: 
YCCSA,RonCookeHub 
Universityo fYork 
Heslington 
York 
YO105GE 

Supervisor-SebastianDeterding 
Email:sebastian.deterding@york.ac.uk 

Benefits 
You do not directly benefit in any way, however, the study may help game
designersinmakinggamesthatyoumayliketoplay. 
There are no incentives to participate in the study. Your participation is
voluntary. 

Funding 
This research is paid for by the EPSRC grant for the IGGI doctoral training
school, grant reference EP/L015846/1. For more information, see
https://iggi.org.uk 
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DemographicDataForm 
Prolificid(ifapplicableelseenteranyalphabet)* 
___________________________ 

Name* 
___________________________ 

Whichdeviceareyouplayingo n:* 

PleaseplaythegameonLaptop/Desktop/Tablet.Thegameisnotoptimisedfor
mobile. 

☐Laptop o r Desktop 
☐Tablet 
☐Mobile 
☐Other- please specify 

Age:* 
☐18 - 24 
☐25 - 34 
☐35 - 44 
☐45 o r o lder 
☐Prefer not to say 

Gender:* 
☐Female 
☐Male 
☐Prefer not to say 
☐Other- if you wish to specify ___________________________

Pleaseenteryouemailifyouareinterestedintheresultso fthisstudy 
___________________________ 

Nameo fResearcher:ShringiKumari 
sk1382@york.ac.uk
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InformedConsentForm 
Iconfirmthat, 
*Required 

1. I have read and understood the information provided o n the Game
experimentinformationsheet.* 
 Y
☐
 es 

2. I have been informed that I can ask questions about the study and my
participationinthestudy.* 
 Y
☐
 es 

3.Ivoluntarilyagreetoparticipateinthestudy.* 
 Y
☐
 es 

4.Icanwithdrawatanytimewithoutgivingareasonandthereisnopenalty
forwithdrawing.* 
 Y
☐
 es 

5.Theuseo fthedataforresearchandpublicationshasbeenexplainedtome
intheinformationsheet.* 
 Y
☐
 es 

Nameo fResearcher:ShringiKumari 
sk1382@york.ac.uk
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Games 
Games to Study: Using Equivoque to Afford Motivating Uncertainty in
Games 
Gamewithnochoice 
https://www-users.york.ac.uk/~sk1382/osaka/ 

Gamewithasinglefakechoice 
https://www-users.york.ac.uk/~sk1382/osaka_two/ 

GamestoStudy‘DoesEquivoqueworkifrepeated?’ 
Game:ConditionAllFake 
https://www-users.york.ac.uk/~sk1382/Osaka_FF/ 

Game:ConditionAllReal 
https://www-users.york.ac.uk/~sk1382/Osaka_RR/ 

Game:ConditionFake-Real-Fake-Real 
https://www-users.york.ac.uk/~sk1382/Osaka_FR/ 

Game:ConditionReal-Fake-Real-Fake 
https://www-users.york.ac.uk/~sk1382/Osaka_RF/ 
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OverallDecisionUncertainty(PostHocAnalysis) 

Table12.P
 osthocanalysisofoverallD
 ecisionUncertaintyinthestudyofe quivoque
repetitions 

DecisionUncertainty:FourthDecision(PostHoc
Analysis) 


Table13.P
 osthocanalysisofD
 ecisionUncertaintyplayersfeltforthefourthchoiceinthe
studyofe quivoquerepetitions 
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