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ABSTRACT

Thisresearchinvestigateshowtheaccessibilityofvideogamescanbeimprovedfordeafandhearing-
impairedplayers.Thejournalisdividedintoseveralareas,first,examiningtheuseofsubtitlesand
closedcaptionsusedinvideogames;andsecond,howvisualcuescanbeusedtoprovidebetter
accessibility for deaf and hearing-impaired gamers. This includes effectively creating suitable
atmospheresandmoodingamesthroughlightingaswellashavingavariedenvironmentthatprevents
theplayersfromgettingboredwiththesettingofagameandfinallyexploringcurrentbestpractices
withinthegamingindustry.Throughthisresearchdatatheissueswithaccessibilitycanbefound
aswellashowalackofaccessibilityaffectsdeafandhearing-impairedgamers.Researchfromthis
investigationsupports someof theevidence fromother researchers in the field thataccessibility
featuresfordeafandhearing-impairedcanbeconsideredandimplemented.
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1. INTRoDUCTIoN

As video games are an ever-growing industry breaking down accessibility barriers to provide
entertainmentthroughthisplatformtoasmanypeopleaspossibleallowsforbroaderaudiencesand
inclusionofmorepeopleintothismedium.Gamerswithdisabilitiesareincreasinglypartofwhatis
anevolvinganddynamicexpandinggrowingcommunityas,UKIEpointsout“32%ofUKplayers
playmobile,consoleandPCgames.In2016,therewere31.6mplayersintheUK,approximately50%
ofthetotalpopulation”and“in2017,32.4MillionpeopleplayedgamesintheUK”(UKIE,2018).
Previousliteraturewithinthefieldofdisabilitiesandaccessibilitieshavefocusedonestablishing
moderntechnologiestoassistandbringforwardsuccessfulwaysofintegratingtoolstocontrollers,
asawayofprovidingmuchneededengagement.Itisthisaspectofengagement,thatindividuals,
whoaredisabledorhaveaccessibilityissues,willmissoutonthefullimmersionandrealismofthe
experience(Prates,andChaimowicz,2011;Dong,2016;Beeston,Power,Cairns,andBarlet,2018).
DuetotheadvancementoftechnologieslikethatofVirtualReality(VR),wecanassistindividuals
withvisualandaudiofeedbacks.HumanComputerInteraction(HCI)canbringawholelotmore
tosupportthedifferentscenariosandparticipants,withinthegamingworld(Dong,2016;Costello,
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2018).AccordingtoCentersforDiseaseControlandPrention(CDC),“Morethan3.4million(3%)
Americansaged40yearsandolderareeitherlegallyblind(havingvisualacuity[VA]of20/200or
worseoravisualfieldoflessthan20degrees)orarevisuallyimpaired(havingVAof20/40orless)”
(CDC,p1),andtoaddadditionalinformationtothis,theAmericanFoundationfortheBlind(AFB),
indicatesin2016,that“fromJanuary2016thereareapproximately63,657U.S.children,youth,and
adultstudentsineducationalsettingswhoarelegallyblind”(AFB,2017,p.2).TheRoyalNational
InstituteofBlindPeople(RNIB)indicatesin2016,thatcertaingamescansupportvisuallyimpaired
players,likethatofFirstPersonShooters(FPS),FightingGames,ActionGames,etc.However,aslong
asthecomputergameshaveawayofcommunicatingtotheplayer,throughaspectsofsoundcues,to
assistintheirimpairments,thentheycanimmersethemselves.TheNationalLibraryServiceforthe
BlindintheUSA(2018)indicatesthat“manyresourcesareavailableforgamerswithdisabilities.
Computerprogrammershavedevelopedaudiogames(oraudioadaptationsofgames)thatcanbe
playedbypeoplewhoareblindorvisuallyimpaired”(NationalLibraryServicefortheBlind,2018,
p1).In2012,asetofguidelineswerepublishedtoassistthegamingindustrythatexploredaspectsof
supportingfeaturesfordisabilitiesandaccessibilityforgamersfromsensitivitytobuttoncontrolsto
suddenunexpectedmovementorevents,(GameAccessibilityGuidelines,2012).AccordingtoGame
AccessibilityGuidelines(2012)&Alcázar,Luján-Mora,andSalvador-Ullauri,(2018),accessibility
meansavoidingunnecessarybarriersthatpreventpeoplewitharangeofimpairmentsfromaccessing
or enjoying game(s). Maenpaa’s (2014), and Alcázar and Luján-Mora (2017) suggests there is
evidenceandresearchtoshowtherearegeneralguidelinesandrecommendationsforconstruction
ofaccessibilitiesfeaturesintogames;however,thereshouldbeagreaterinfluencefromthegaming
industrythatstillneedstobeformalised.

Thisgreaterinfluencecanhaveamajorimpactnotjustwithaccessibilitybutwithotherhealth
aspectsaspointedoutbyMorelli,Foley,andFolmer(2010).Throughaddressingaccessibilityissues
alonewithingames,individualswithhealthissueslikeobesity,poorself-relatedhealthissues(diabetes
andheartdiseases),tovisualimpairmentscouldbeaddressedandengaged.Theseaccessibilitiescould
addressissuesofsocialinteractions;supportphysicalactivitiestoimprovementcognitivedevelopment
andawareness.TheseapproachesasadoptedbyMorellietal.,(2010)canbeseenas“exergames”,
butlaysdownssomeofthefoundationforGameAccessibilityGuidelines(2012)&Alcázar,Luján-
Mora,andSalvador-Ullauri,(2018)thatvisualcuesorsubtitlesandcaptionsareneededtohelpsteer
theplayer.TheresearchcarriedoutbyMorellietal.,(2010)doesindicatetheuseofaudioandvisual
cuestoassisttheplayerinavarietyofdifferentfeaturesrelatingtothegamedesigns,from“speech
cues,numberofpinshitaftereachthrowandscore”(p.4).

Videogamesareaveryflexibleplatformthatallowsuserstointeractwithit inmanyways.
AccordingtotheBarlet,andSpohn,(2012)andTheNationalLibraryServicefortheBlind(2018),
insteadofapproachingaccessibilitythroughuniversaldesignitismoreappropriatetoacknowledge
that100%inclusionisnotfeasible,butaccesstoentertainmentis.Heron,(2012)agreeswithBarlet,
andSpohn,(2012)andsuggeststhatitissometimes“hardtoconvincepeoplethattheyshouldbe
employing more disabled developers and in-house testers” so that they can access accessibility
betterwithinthegamedevelopmentstage.AsHeron(2012),pointouts,addinginsubtlethingsinto
gamesdevelopmentfromusingcuesounds,orlargetext,toclosecaptioning“isvitalforcreatingan
accessiblegameforthedeaf”(p.3).Anotherimportantaspectisthatclosedcaptionsshouldbeused
throughoutthewholegametoassisttheplayerwithmultipleneeds.Providinggamedeveloperswith
universaldesignguidelineswouldprovedifficulttoachieveespeciallyforsmalldevelopers.Therefore,
thestudyinvestigateshowalreadyexistingfeaturessuchassubtitlesandclosedcaptionsshouldbe
implementedandcouldbeimproved.Astelevisionandvideogamessharesomesimilaraspectsin
thewayinformationisconveyedtoauser,suchasstoryelementsthroughdialogue,investigating
guidelinesprovidedintelevisioncanprovideabasistoimprovevideogameaccessibilityinthese
aspectsfordeafandhearing-impairedgamers.AsLahav,Gedalevitz,Battersby,Brown,Evett,and
Merritt(2018)pointout,havingsomesortofnavigationalcluesorcapabilitiestosubstitutetheir
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othersensorialchannels,wouldprovidecompensatoryalternativemethodinwhichtheycanderive
feedbackfrom,oradapttactileinformationfromthecurrentgamingscene.AccordingtoBarletand
Spohn’s(2012)research,non-audiocuesfoundwithingamesdoallowgamerstointerpretimportant
gameinformationandcanactasanalternatewarning,whichwouldassisthearing-impairedplayers
too.FurtherresearchbyBarlet&Spohn,(2012)wouldindicatethattheuseofclosedcaptions,that
hastheabilitytochangefontsandtextcoloursaswellasincludingambientnoisesastextoutputand
alternativereactionarywithinthegamingenvironmenthastheabilitytoimproveaccessibilityfor
deafandhearing-impairedgamers.Hamilton,(2015)agreeswiththeresearchindicatedbyBarlet
andSpohn(2012)andsuggeststhatbestpracticesforsubtitlesshouldbetheuseofhighcontrast
betweentextandbackground,avoidingtomuchtextandusingalargeenoughtextsize.AsDuffy,
Price,Volpe,Marshall,Berthouze,Cappagli,Cuturi,Balzarotti,TrainorandGori(2017)pointout,
gameshavetheabilitiesto“exploitdifferentsensorymodalities,offeringopportunitiesfornewways
ofthinkingandprocessinginformation,andopeningnewavenuesforcreativity”andprovidethe
gamerwiththeabilitiesof“competitions,goals,rules,challenges,choicesandfantasies,”whichcan
helpsteertheirownmotivationsneeds(Costello,2017;Costello&Lambert,2018).

Theresearchinthispaper,willbeexploringavarietyofdifferentareasofHumanComputer
Interaction(HCI),Subtitlesandclosecaptioning,Televisionsubtitlesguidelines,Visualcuesand
FightingEnemiesandwhatcaninfluencethegamedesigns.

2. ReLATeD woRK

Theliteraturereviewinvestigatesdifferentareasofgamessuchashuman-computerinteraction,game
designandalsoaccessibilityofvideogamestodeaforhearing-impairedplayers.

2.1. Subtitles and Close Captioning
Itisvitalthatthestoryandfundamentalinformationareconveyedtotheplayerinsomesortofway.
Agamecouldbeusingsomethinglikecutscenesoraudio-logsbutalsowrittentextsuchasletters
andnotestotelltheplayerastory.Ifaudioisusedtodeliverstoryelementsitisnecessaryfora
gametoincludesubtitlessodeafandhearing-impairedplayersareabletofollowthestory.Regarding
subtitlesandclosedcaptionsBarletandSpohnstate(2012)&Heron(2012),inordertomakeagame
accessibletodeafandhearing-impairedgamersitmust:“havesubtitlespresentandclosedcaptions
forambientnoiseincludedaswellasidentifyingthespeaker”(BarletandSpohn,2012,p.5).In
addition,Hamilton(2015)buildsonthisbygivingsomebasicpracticesforsubtitles:highcontrast
betweentextandbackground,nottoomuchtextonscreenatonceandusingalargeenoughtextsize.
ItcanbenotedthattheyarevalidpointsasgamessuchasHalfLife2(ValveCorporation,2004),
havesuccessfullyimplementedthosefunctions.However,therearestillalotofgamesthatdonot
implementsubtitlesorfollowthesebestpracticesandguidelines,Ubisoft(2013)forabadexample
fromAssasinsCreed4.Theproblemlieswithintherenotbeingasetguidelineforgamesonsubtitles
andclosedcaptions.

Asvideogamesdonothaveguidelinesonaccessibilityitisnotrequiredforthemtoimplement
featuressuchassubtitlesandclosedcaptioning.Implementingsuchguidelinestothegamesindustry
could greatly improve the way subtitles and closed captions are used in video games. Besides
Griffiths(2009)statesthatbecausetherearenoguidelinesforvideogames,alotofgamesstilldon’t
implementsubtitleseffectively.IncontrasttheAbleGamersFoundation(2012)statesthataccessibility
throughuniversaldesignisnotfeasible.Ifaccessibilityguidelinesweretobeprovidedtodevelopers,
theywouldneedtobedynamicallyfluidaswellassomegamesdonotrequiresubtitlesorclosed
captioningbecauseofthestyleofgametheyare.Therefore,guidelineswouldneedtobeadjusted
accordinglysogamesthatdonotrequiresubtitlesandclosedcaptionsdonotneedtoincludethose.
Nevertheless,theyshouldprovideotheraccessibilityfeaturestoprovideanenjoyableexperiencefor
deafandhearing-impairedgamers.
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There is a lot of potential in using closed captions. When audio is used to deliver certain
informationinagameclosedcaptionsneedtobeusedonthecontrarytodisplaythisinformation
todeafandhearing-impairedgamerstoo.AccordingtoBarletandSpohn(2012),forplayerswith
ahearingimpairmentambientnoisesmustbecapturedintextonthescreen,especiallyingames
whereenemies/NPC’shavesoundsdesignedtobeanearlywarningsystem.Ontheotherhand,Galitz
(2002)pointsoutthatrepeatedandexcessivestimulationcanfatiguethesensorystoragemechanism
ofaperson,makingthemlessattentiveandunabletodistinguishwhatisimportant.Thismakesit
vitaltodecidewhatnoisesneedtobeclosecaptionedastheplayershouldnotbeoverwhelmedby
theamountoftextdisplayedonscreenastheycanmissoutonsomeothervitalinformation.Galitz’
(2002)expandsfurtherontheirresearchbyindicatingthatplayercangeteasilydistractedfromthe
gameplaythroughhavingoverwhelmingamountofinformationwithinthegamingworld.Therefore,
theindustryorresearchersneedtoconsiderwhatsoundsarenecessarytobecaptionedtosetthe
moodandatmosphereoftheenvironmentorwhatinformationisnecessarytobedisplayedtoprovide
fairnesstodeafgamers.

2.2. Television Subtitles Guidelines
Televisionandvideogamesaretwoformsofmediaentertainmentthatarerelatedtoacertaindegree
asbothrelyonmovingimages,sound,speechandstory.Astelevisionhassetguidelinesregarding
theuseofsubtitlesandclosedcaptions,lookingathowtheyaredesignedisgoingtoprovidesome
valuable insight.Hamilton(2015)states toachievecorrect timings,wordssometimesneedtobe
trimmedbutmustbedonetonotharmcomprehension.LookingattheBBC’sguidelinesforonline
television there are further points raised such as to avoid changing the form of a verb, editing
speechbeforeknowingtheamountoftimeavailableaswellasnoteditingwordsthatcanbelip-
read(Williams,2009).Additionally,Williams(2009),statesthatresearchineyemovementshows
thathearing-impairedviewersmakeuseofvisualcuesfromfacesofspeakers.Thisissomething
notconsideredasindicatedbyHamilton(2015)butasanimationsbecomemorerealisticandlife-
likeitshouldbecomevitaltoconsiderthisforgamestoo.However,ifagameisnotstyledtowards
realisticlooksbutratheracertainartstylethismightnotbenecessary.Incontrastconsideringthat
somegamesstrivetowardsrealisticanimationsnoteditingwordsthatcanbelip-readcreatesmore
immersionfordeafandhearing-impairedgamers.InregardtopresentationWilliams(2009),statesthat
eachsubtitleshouldconsistofnomorethanthreelinesandeachlinebetween32and34characters.
Hamilton(2015)agreeswithWilliams(2009),andalsoaddsthatnewlinesshouldbeaddedfromthe
bottomofthetextqueue.Thisallowsthereadertounderstandandreadthetextinalogicalmanner.
Usingmoredetailedguidelinesthatareprovidedintelevisionandadjustingthemforvideogames
cangreatlyimprovetheeffectivenessofsubtitles.

2.3. Visual Cues
AccordingtoBarletandSpohn(2012)lettingplayerschangetextcolourallowsthemtosetvisual
cuesforwhereinformationiscomingfrom.Havingthisfunctionalitywouldallowdeafandhearing-
impairedgamerstoadaptthecolourofclosedcaptionstoindicatedifferentinformation.Thiscan
beveryusefulinmakingiteasiertoestablishwhatkindofsoundiscaptionedorwhereitiscoming
fromaswellasindicatingwhoistalkinginadialogue.However,asGalitz(2002)statesthatsimply
addingcolourtoascreencouldimpactonuserexperienceandwhenusedimproperlycoulddistract
theviewerandinterferewiththedisplayedinformation.Therefore,lettinggamersadjustthecolour
oftextcouldleadtoanoverwhelmingdisplayandthetaskofcolourcodinginformationshouldbe
lefttothedesignersofgames.BarletandSpohn(2012)identifythatallgamesshouldhavecolour
blindoptions.Takingintoconsiderationthatsomedeafandhearing-impairedgamersmightalsohave
colourblindnessthissortofcolouradjustmentshouldbeallowedtobemadebytheplayers.This
allowsdesignerstoimplementthefunctionofacolourblindnessmodeandletstheplayerchoose
whetherornottouseit.
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Justlikeaudio,lightingisusedinvideogamestocreateatmosphereandestablishthemoodin
ascene.AccordingtoFeilandScattergood(2005)usingthecorrectsoundsforanenvironmentcan
greatlyincreasetheimmersionaplayerfeels.Immersionisaveryimportantpartofgameplay,ifaplayer
doesnotgetimmersedintoagametheexperiencewillbeimpactedandthegameisnotasenjoyable.
FeilandScattergood(2005)indicatesthatsettingthemoodandenhancingtheambianceofagame
cangreatlyhelpimmersingtheplayer.Ifaudioisusedtocreateambienceandmoodinagamebut
isnotrepresentedvisuallyadeafgamerdoesnotgetthesameimmersionasahearingplayerwould.
Ifthecompositionoflightsdoesnotsetthemooditissupposedto,theexperienceofgoingthrough
theenvironmentwillnotbecoherenttotheplayer.DeJong(2008),statesthatcontrastoflighting
inanenvironmentcanimprovetheresultsinimmersiveofagameanddesignersmustusedifferent
kindsoflightsandlightingcolourstocreateaninterestingandimmersiveenvironmentvisually.

OneofthelightingexamplesrecommendedbyDeJong(2008),canbefoundinDarkSouls3,
whichcreatesaspookyatmosphere(FromSoftware,2016).IfthisisthecaseaDeafgamerisgoing
tobemoreimmersedinthegamethroughanunpredictableandexcitingcompositionoflightingin
theenvironment.

Noteverygamecreatorisgoingtohavethetimeandresourcestospendlotsofeffortoncreating
moodandatmospherethroughlighting.Additionally,itmightnotbenecessaryforagametouse
lotsoflightingtocreateatmosphere.MoresoMaenpaa(2014)expressesthatifvisualeffectsareto
beoptimizedfordeafandhearing-impairedgamers,developersshouldkeepchangestoaminimum,
especiallyiftheproducthasbeenreleasedalready,aswellasthechangesneedtomirrorthestyle
ofthegame.Therearemanyconsiderationsthatneedtobemadewhendesigninglightingtocreate
moodandatmosphereinagame.Additionally,creatingasuitableatmospherethroughlightingina
gametakesextratimeandresourcestocreate.Therefore,gamecreatorshavetodecidehowlighting
isgoingtobeimplemented,whatisgoingtobetheiruseandwhataretheresourcesandtimeitis
goingtotaketoimplementthemeffectively.Althoughifdonecorrectlytheycanhaveagreateffect
tocreateimmersionfortheplayer.

2.4. Fighting enemies
Theexperienceoffightinganenemyneedstobecoherenttotheplayer.Sometimesenemiesgivean
audioindicationbeforetheyattackorarenearby.ForaDeafplayertheproblemisthatsometimesthere
isnovisualindicationinwhatanenemyisabouttodo.Ifanenemyspawnsoutsideoftheplayer’s
viewbuthasanaudiocuetowarntheplayerthatthereisanenemynearbyitcanbeproblematicfor
adeafgamertofightthisenemy.Theycanbetakenbytotalsurpriseastheydon’tknowtheenemy
iscloseby.InregardtothisproblemRogers(2010)indicatesthatasfirstpersoncamerasonlyshow
aplayer’spointofview,onlythefrontisseenandtheplayerdoesnotseeapursuantandtherefore
doesnotgetanindication.Inthecasethatanenemyissupposedtosurprisetheplayerthereshould
notbeanunfairadvantageforadeaforhearing-impairedplayer.So,ifthereisanaudioindication
forthisenemyitshouldalsobeindicatedvisuallyevenifitisoutoftheplayer’sview.

Ifanenemyisnotdesignedtoactuallysurprisetheplayer,theyneedtobeabletoanticipatethe
enemy.Thisisespeciallytrueduringcombatsituations.AccordingtoRogers(2010)telegraphing
anenemiesactionstotheplayerallowsanticipationofwhatanenemyisabouttodo,visuallythisis
bestdonethroughananimationoftheenemyandcouldbesomethingsuchas:cockingafistbackto
punch,growlingoryellingbeforeattackingoraweaponoraspellthatchargesupbeforefiring.Rouse
(2005),suggeststhefunofplayingagamequicklywaneswhentheplayercancertainlyknowwhat
enemiesaregoingtodoatanygivensecondbecauseplayerswanttheAItosurpriseandtodefeat
theminwaystheyhadnotanticipated.AsindicatedbyRouse(2005)andRogers(2010)consideration
mustbeobservedfornon-playercharacters(NPC’s)asenemieswillneedtogiveindicationsofwhat
theyareabouttodobutnotthepatternsoftheiractionsneedtonotbeeasilypredictable.Showing
theseanticipatedactionsvisuallyallowsbothhearinganddeafplayerstohaveasimilarexperience
whenfightinganenemy.
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3. ReSeARCH MeTHoDS

3.1. Chosen Methods
Theconductedresearchusesamixedmethodsapproach.TashakkoriandTeddlie(2003)statethata
majoradvantageofmixedmethodresearchisthatitenablessimultaneousansweringofconfirmatory
andexploratoryquestionsandsoverifiesandgeneratestheoryinastudy.Thisstudyexploresthe
accessibilityofgamesfordeafgamersaswellasconfirmswhatcanbeimprovedtoavoidthisissue.

Thefirstpartoftheresearchconsistsofqualitativeexploratoryresearch.Cresswell(2007,p.37)
statesthataqualitativeapproachisinductiveandanalysisofqualitativedataestablishesthemesor
patterns.Analysingthedataprovidesdirectfeedbackaboutaccessibilityfeaturesofvideogamesfrom
deafandhearing-impairedgamers.Toensureasampledatasetforapreliminaryinvestigationtobe
used,32participantswithmixeddisabilitieswillbeused,pleaseseeTable1:ParticipantDemographics.
Furthermore,ananalyticalapproachisalsorequiredtoanalysethequantitativedatagatheredfrom
thesurveyDudovskiy(2017)toassistwithcriticalthinkingwhileassistingwithmeaningfuldata.

Twelveofthe32participantsdidnothaveanydisabilities,somultipleapproachesweretaken,
forexample:darksunglassestotintoutvisualscreen;tunnelvisionglasseswereusedtolimitagain
visionperceptionandfinallysoundproofearphones, tomakesurenoimmersefeelingcouldbe
sensed.Thetestparticipantswerebrokenupanddividedupinto3keyareasandtherewere(mild
visionloss,ornear-normalvision;moderatevisualimpairment,severevisualimpairment,orsevere
lowvision;-MildHearingLoss,ModerateHearing,SevereHearing).TheParticipantsizeinsured
thattherewasasuitablesamplesizeforthepreliminaryinvestigationintothetopicarea(Betke,Gips,
andFleming,2002;Linden,Habib,andRadojevic,1996).Theresearchassociatedwiththejournal
wasconductedfromOctober2017–September2018.Thenextsectionwillexplorethefindingfrom
thedatainvestigation.

4. FINDINGS

4.1. Testing Game Accessibility
11differentgamesweretestedontheiraccessibilityfordeafandhearing-impairedplayers.Although
mostgamesareplayablewithoutsound thegameplayexperience isaffecteda lotof the timeas
accessibilityfeaturesarenotimplementedwell.AsMaenpaa(2014),stateshearingplayersusesound
asanimportantcueandvisualcuesarethenecessarycounterpartfornon-hearinggamers.Itwas
necessarytofindhowaccessibilityfeaturesaffectplayinggameswithoutsound.Table2‘testing
games’belowdisplaystheresultsfromexploringaccessibility.

Table 1. Participant demographics

Sex Group Age No. of Participants

M 18-25 1 4

F 18-25 8

M 26-35 5

F 26-35 3

M 36-45 2

M 46+ 0
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4.2. Game observations Analysis
Testingaccessibilityfordeafplayersrevealedthatarangeofaccessibilityfeaturesareimplementedbut
sometoptitlegameshavenotfullyimplementedbestpractices.Thereisadefiniterelationbetween
subtitlesandwhetherthestorycanbefollowedcoherently,suchasinHellblade:Senua’sSacrifice
wherethespeakersofdialoguearenotshownonscreenalotofthetime.Whenthegameswaps
betweenspeakersitdoesnotindicatewhoistalking;itmakesthedialogueconfusingandaffects
theexperienceof thestory(NinjaTheory,2017).Dependingon thegenre,gameshavedifferent
availabilityof accessibility features such as strategygamesofferingplayersmorevisual cues in
comparison toothergenres.Eventssuchasanenemyattackarevisuallyrepresentedwitheither
notificationiconsorclosedcaptionslike‘Stellaris’(ParadoxInteractive,2016)andAgeofEmpires
IIHD(Microsoft,2012).

Firstpersonshooterssometimesuseanarrowindicationofwhereanenemyisandiftheplayer
beenspottedwithinamini-mapinthecornerofthedisplaytogiveavisualindicationofenemies,
forexampleELEX(PiranhaBytes,2017).Noneofthegameswereunplayablewithoutsoundbut
throughpresentissuesthegameplayexperiencewasimpactedindifferentways.Schell(2008)states
thatbecauseoftengamescontainalotofinformationwhichneedstobedisplayedatthesametime
thedesignofcommunicationbetweengameandplayerrequiresalotofthought.Duringthetesting
itcametolightthatimportanceofcommunicationbetweenplayerandgameisconsideredinthe
developmentprocess.Thisisthecaseasallofthegameshadalottoallnecessaryinformationto
playthegamedisplayedontheHUDorinadifferentway.

Table 2. ‘Testing games’ for accessibility
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4.3. Survey Analysis
Inordertovalidatetheproposedresearchquestionandhypothesis,theauthors,hadtouseavariety
ofdataanalysistechniquestoshowthattherewassomecorrelationbetweenwhetheraccessibilities
withingameswereneededatall;ordotheyneedtoberefinedforeffectivelysupportingdeafand
hearing-impairedplayerswhilestillthefullimmersiveexperiencefromgames.

Tovalidatethis,thefirstsetoftabulardatatobeanalysed,wasassociatedwithwhetheranynew
gamesreleasesindicateaccessibilityontheactualbox(seeTable3).

ReferringtoTable3,itisclearthat69%ofthetestcandidatesaskeddoesstatethattheycould
findrelevantinformationaboutthegameandwhattheaccessibilityfeaturesitdoesofferwithinthe
gamingenvironmentaftertheinitiallaunch.UsingthesampleStandardDeviation,thedatadoesshow
aclosespreadofdatatothemean.Whiletheother31%indicatedthatnotoftenthisinformationis
shared,orknowledgeabouttheactualgameislimited.

ExpandingfromdataanalysisfromTable3,thenextsetofresultslooksathowaccessibilities
actuallyaffectsthegameplayabilityingeneral.Table4indicates75%ofthetestcandidatesasked,
thataccessibilityoptionsdidnotactuallyhinderthegameplayatall;however,25%didindicatenot
often.ReferringtotheStandardDeviation,thereisahighspreadofdata,whichpointstoone-sided
statement.

ThenextTable5looksatexploringifmoderngamesuppliesanycaptions,andifso,doesit
actuallysupportyouordistractyouasaplayer.65%oftestcandidatesindicatedthatwhenever,they
usedgamesthathadcaptionstheyneverthoughtofthemasadistraction.Whileexploringthedata
analysisfurther,25%ofthetestcandidatesuggestedthatNotOftenitwouldcausesomesortofissue
withthemcausingadistraction,andfinally13%agreedthatsometimesitwouldcausesomevisual
disruption.ReferringtotheStandardDeviationscore,itisquiteclosethemean,whichshowsthere
adispersedrangeofdata,andstillthereisapositivesupporttowardsthequestion.

AnotherimportantaspecttoexploringaccessibilitywashowGameCaptionSoundaffectsthe
gamingenvironment.Table6indicatesthat19%,oftestcandidatesbelievethat,whichofferthistype
offeaturehadnotaffectedthegameplayatall,while75%didsuggestnotoftendependingongame

Table 3. New Game Accessibility: Can you find out whether a new game is accessible for deaf players before purchasing?

Never 0 SampleStandardDeviation:5.416

NotOften 10 PopulationStandardDeviation:4.69

Sometimes 12 SampleSize:4

Mostofthetime 10 SampleVariance:29.3331

total 32 PopulationVariance:21.9961

Mean:8

Table 4. You weren’t able to play a game at all because of accessibility

Never 24 SampleStandardDeviation:11.3137

NotOften 8 PopulationStandardDeviation:9.798

Sometimes 0 SampleSize:4

Mostofthetime 0 SampleVariance:127.9998

total 32 PopulationVariance:96.0008

Mean:8
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genrethattheyplayed.However,6%oftestcandidatesdidbelievethathavingthistypeofaccessibility
diddampentheirgameplayability.

Reflectinguponthestandarddeviationresults,thedispersedresultsareslightlyhighandpoint
towardsabiasedviewwithintheresponseaboutthetestcandidatesindicatingthatgamecaptionsthat
usesounddoesnotoftenhinderthegamingexperience.Table7expandsonthedataanalysisfrom
Table6andlooksatthesubtitleswithingames,andhowthisdirectlyaffectaccessibilities/gameplay.

Itwasnotedbythetestcandidatesthat84%ofresponseshadindicatedthatsubtitlesdidnot
oftencausehinderordisruptiontothemaingameplayitself,whilethe16%hadsuggestedthatithad
causedsomemajorissues.Therewasahighstandarddeviationpoint,associatedwiththisresearch
questionandthatwasduetodispersespreadofresponse.

Throughtheresponses,itisclearthataccessibilitiesdonotaffectthegameplaycompletelyand
inpartsactuallyhelpsallgenreofgameplayers.Forgamerswhoaredisabledormighthaveaslight
disability,thiscanbeseenbenefitastheytoocanbeimmersedintothegameplayaswell.Modern
gamemakersorevenindiecompaniescouldmakechangesthatwouldsupportmoreofwiderrangeof
audienceaslongassmallchangesaretakenintoconsiderationatthebeginningofthedevelopmental

Table 5. Does modern games uses captions are they a distraction?

Never 20 SampleStandardDeviation:8.641

NotOften 8 PopulationStandardDeviation:7.483

Sometimes 4 SampleSize:4

Mostofthetime 0 SampleVariance:74.6669

total 32 PopulationVariance:55.9953

Mean:8

Table 6. Games caption sounds of objects in the environment

Never 6 SampleStandardDeviation:10.9545

NotOften 24 PopulationStandardDeviation:9.487

Sometimes 2 SampleSize:4

Mostofthetime 0 SampleVariance:120.0011

Total 32 PopulationVariance:90.0032

Mean:8

Table 7. Subtitles in the story-board were unreadable

Never 0 SampleStandardDeviation:12.8841

NotOften 27 PopulationStandardDeviation:11.158

Sometimes 5 SampleSize:4

Mostofthetime 0 SampleVariance:166

total 32 PopulationVariance:124.501

Mean:8
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stage.However,standardisationmustbeadheredtoormoreresearchwouldbeneededtovalidate
thiswithindifferentgenreofgames.

4.4. Prototype Screenshots
To support the data analysis section, a prototype was developed in Unreal to offer a variety of
accessibility features and functionalities to offer and explore the “gamer-centricity needs”. The
prototypefeaturesadialoguesystemthatindicatesthespeakeraswellasusinga48-pixelfontsize
anddarkopaquebackgroundbehindthetextseeFigure1.

Eachlineoftextisdisplayedfor3.5secondsanddoesnotexceed34charactersperline.
Theclosedcaptionsupportsuptotwoclosedcaptionsbeingdisplayedatthesametime.Italso

hasabigenoughfontsizeanddarkopaquebackgroundtogivecontrastbetweentextandbackground.
Itisusedforenemies(Figure2)butalsoforsomeatmosphericsounds(Figure3).

Figure3displaysawidgetforasimpleenemyindicationsystem.Thissystemcreatesaniconof
aneyewhenanenemyhasspottedtheplayer.

Theplayeralsohasiconsplacedatthetopofthescreenwhentheplayerhascompletedthemto
assistwithaccessibilitiesissues,pleaseseeFigure4.

5. DISCUSSIoN

5.1. Success of Study and Prototype
As indicated in the literature tomakegamesmore“game-centric” todeafandhearing-impaired
gamers,certainaspectsmustbeincorporated.Thesemustincludethingslike:subtitles(Barletand
Spohn,2012,p.5).Thetestingofmoderndaygamesshowedthattheyallincludedtheoptionfor
subtitles;however,mostofthetimetheyweremissingingeneralgoodbestpractices(Hamilton2015).
Accordingtothedataanalysissomegamesdidsomesubtitles,orcaptions,likethatinStateofDecay
(UndeadLabs,2013)butdoesnotstickto34charactersperline.Furthermore,thesurveyrevealed
thatthereissomecorrelationbetweenhowparticipantsfeltabouttheirgameexperienceandhow
subtitleswereusedingames.Thisparticularstudyhasdiscoveredalthoughsubtitlesareacommon
featureinvideogamestheyarenotusedtotheirfullpotentialandimpactgameplayexperience.In
addition,usingguidelinesprovidedforsubtitlesintelevisionandadaptingthoseintovideogamesis
goingtogreatlyimprovehowsubtitlesareusedinvideogames.

Figure 1. Prototype dialogue
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Closedcaptionsarenotcommonlyusedamongvideogamesandgameswithnon-linearandopen
environments.Enemiescanbemoredifficulttoovercomefordeafandhearing-impairedgamers.
Thisisadefinitedisadvantageespeciallywhenenemieshaveambientsoundcuessuchasfootsteps
or groaning. As can be seen in games like Subnautica (Unknown Worlds Entertainment, 2018)
whereafishemitsascreamingsoundwhilechargingtowardstheplayer,adeafplayercanbetaken
totallybysurprisebecausethereisnovisualindication.Thedataanalysissurveydiscoveredpossible
correlationsbetweenhowdeafandhearing-impairedplayersfeltaboutmissingvisualinformation

Figure 2. Prototype enemy closed captions

Figure 3. Prototype atmosphere closed captions
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and closed captions and their experience of games. Using closed captions greatly improves the
accessibilityfordeafgamersandasBarletandSpohn(2012,p.38)statetheyshouldbeusedwhen
enemiesemitambientsoundcues.

Therearealsoanumberofotherfeaturesthatcanhelpwithaccessibilitysuchasaradarormini-
mapaspresentedinthepreviouschapter.Suchafeatureallowsaplayertoanticipateenemyactions
evenfordeafandhearing-impairedplayers.Furthermore,anarrowindicationofwhereanenemyis
locatedandiftheplayerhasbeenspottedisanexcellentwaytoimprovegameplaywithoutsound.As
shownpreviouslyFarCry3usessuchasystemandthemobilegameDeadTrigger2usesanarrow
indicationwheretheiconscolourgetsstrongerthecloseranenemyistotheplayer(MadfingerGames,
2013).Theliteraturereviewdiscoveredthatrepeatedandexcessivestimulationmakesapersonless
attentiveandunabletodistinguishwhatisimportant(Galitz,2002,p.68).

Colourcodingsuchanindicationsystemisnecessaryasitmakesitalotmoreeffective.Asit
wasstatedintheliteraturereview,colourcodingimportantmessagessuchasclosedcaptionsora
notificationsystemlikethisneedstobelefttodesigners.Textbasedclosedcaptionsonthebottom
ofthescreenaddtotheatmosphere.

Figure 4. Players objective shown on screen
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5.2. Strengths and weaknesses of the Data
Thedatadiscoveredfromtestinggamesrevealeddifferentissueswithgamesandaccessibilityfor
deafandhearing-impairedplayers.Thisprovidedabasistoworkontheprototypefrom.Innovative
featuresareimplementedintotheprototypebutthedataalsodiscoveredthattherealreadyareuseful
featurestoimproveaccessibility.Incontrastthedataalsorevealedthatalthoughtherearegoodfeatures
availablemanygamesdonotimplementthemintotheirdesign.

Thedataacquiredfromthesurveyalsodiscoveredsomeinterestingfindingssuchassubtitles,
closedcaptionsanddisplayedinformationallaffectingtheplayexperience.Discoveringthisprovided
aninsightintowhatfeaturesweremostimportanttoincludeinagame.However,thedatawould
supportthehypothesismorestronglyifalargernumberofparticipantswouldhavebeenavailable.

5.3. How Does the Project Confirm the Hypotheses?
Thediscoveriesmadeinthestudyshowthatalthoughgamesprovideaccessibilityfunctionsandare
playablemostofthetimefordeafandhearing-impairedplayers,thewayaccessibilityfunctionsare
implementedcanbeimprovedgreatly.Nevertheless,thedataalsoshowsthatgameshaveinnovative
featuresthatcanimprovetheexperiencefordeafandhearing-impairedplayers,whichwillassist
with“gamer-centricity”.Produceddesignsdo;however,demonstratethatinnovativefeaturescanbe
createdtoimproveaccessibility.

Thefindingsinthedatawereusedtoimplementaccessibilityfordeafandhearing-impaired
gamersintotheprototype.Inaddition,thedesignsfortheprototypewereproducedinaccordance
withdatafoundthroughthestudyandadjustedtoprovideaccessibility.Theprototypeshowsthat
accessibilityfeaturescanbeeasilyimplementedwhenconsideredfromthebeginningofaproject.
Allofthefindingsfromthisstudyconfirmthatgamescanimprovetheiraccessibilityfordeafand
hearing-impairedplayers.Thefindingsintheliteraturereviewweretakenintoconsiderationwhile
progressingthroughtheproject.Testinggamesontheiraccessibilityprovedthatalthoughgamesare
playablewithoutsoundthereareissueswiththeaccessibilityfordeafandhearing-impairedplayers.
Additionally,thesurveydiscoveredhowdeafandhearing-impairedgamersapproachvideogamesas
wellastheirfeelingsandopinionsaboutaccessibility.Takingallofthefindingsintoconsideration
itwaspossibletoproducedesignsforaprototypethatprovidesaccessibilityfordeafandhearing-
impairedgamers.Furthermore,theactualprototypeprovedthataccessibilityfordeafandhearing-
impairedplayerscanbeimplementedefficientlywhentakenintoconsiderationfromthebeginning
ofaproject.

6. CoNCLUSIoN

Throughoutliterature,itisclearthattherehaveasbeenattemptstoincorporatedifferentdisabilities
featuresfromthegamingindustry,likesubtitlesandclosedcaptions,improvedaccessibilities;however,
thereisstillaneedforrefinements,inareasorageneralstandardisation,forparticulargenres,that
wouldpavethewayforwardfornewguidelines.Theseguidelineswouldbeabletosupportgamers
withavarietyofdifferentneedstothosesimilartotelevisionguidelines.This,however,couldbe
difficult due to the nature and dynamic fluidness of user interactions and the genres available.
Reflectinguponthedataanalysiswithinthisjournal,certaincriteria’scanbemeet,thatwouldand
couldgreatlyimproveaccessibilityfordeafandhearing-impairedgamers.

Theresultfromthedataanalysisdoesshowthatclosedcaptionsareacomponentthatisnecessary
toprovide accessibility for deaf andhearing-impairedgamers.The sample set used enabled the
researcherstogatherapreliminarydataset,thatindicatedDeafandhearing-impairedgamerswere
morefocussedonvisualaspectswhichisvitalfordeveloperstoconsiderthis.However,itwasalso
foundthatadjustmentstovisualsneedtobemadeaccordingtothegamesstyleaswellasconsidering
availableresourcesincludingthegamingworldenvironmentlike,differentlightsandcolours.
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Testinggamesontheiraccessibilitygaveinsightintowhatfeaturesarebeingusedbydifferent
typesofgames.Thetestshighlightedsomegoodfeaturesaswellasissueswithaccessibilityofvideo
gamessuchasallofthetestedgameshavingsubtitlesbutnonefollowingallofthebestpractices
whichaffectedtheexperienceofplayingthegames.Thiswasalsonotedinthedatafromthesurvey
astherewascorrelationbetweenthedataonsubtitlesandplayexperience.Throughthefindingsfrom
testingitwaspossibletodesignandimproveaccessibilityfeaturesaswellasincludingthenecessary
toolsintotheprototypetomakeitaccessiblefordeafandhearing-impairedplayers.

Overallthestudyhassuccessfullydiscoveredpatternsintheissueswithaccessibilityofgamesfor
deafandhearing-impairedplayers.Mostofthetimegameshaveimplementedaccessibilityfeatures
butnottothebeststandardsandmanyoftheissuescouldbeeasilyovercome.Furthermore,itwas
possibletodiscoverhowtomakegamesmoreaccessiblefordeafandhearing-impairedplayers.The
dataanalysisshowedwhatissuesdeafandhearing-impairedgamershadwithaccessibility.Through
thisitwaspossibletoprovidemoreinsightintowhatcanbedonetomakegamesmoreaccessibleto
deafandhearing-impairedplayerssuchasincludingclosedcaptions,effectivesubtitlesandvisual
indications.Inaddition,thestudiedmaterialandgathereddataprovidedbaseknowledgetoworkon
aprototypegameanddesignsthatconsidersaccessibilityfordeafgamers.Consideringsuchfeatures
fromthestartshowedthatincludingthemcanbedonealotmoreefficientlywhenincorporatedin
theprocessfromthebeginning.
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