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ABSTRACT

Computergamesareoftenplayedon deviceswith varyingdisplayresolutions While higherresolutionggenerallyprovide
moreimmersive gameplay they canyield reducedrameratesand/orincreasedosts,makingchoosingthe optimal reso-
lution important.Despitethis importanceto the bestof our knowledge therehasbeenno extensie studyof the effectsof
resolutionon usersplayingcomputergames.This papempresentsesultsfrom extensive userstudiesmeasuringheimpact
of resolutionon usersplaying First PersonShootergames.The studiesfocuson the effects of resolutionin conjunction
with low andhigh contrastvirtual ervironmentsfull screerandwindowedmodesandidenti cation of long-rangeobjects.
Analysisindicatesresolutionhaslittle impacton performanceover the rangeof conditionstestedandonly matterswhen
theobjectsbeingidenti ed arefar away or smallandarereducedo too few pixelsto bedistinguishable.

1. INTRODUCTION

The growth in the capabilitiesof computerhardware hasenabledcompellingcomputergamesto run on hardware from
desktopPCswith powerful graphicsdown to mobile and hand-helddevices designedspeci cally for games. Because
of the costof gamedevelopment,a triple-A gamewill often be releasedor several platformswith a variety of display
capabilitiesfrom large screerplasmadisplaysto small, limited color screensEvengameseleasednly for PCsmustbe
effective over severalgeneration®f processopower andgraphicscardcapabilities.

Gameplayers,andcomputemsersin generalareconstantlypushingfor higherdisplayresolutionsHigherresolutions
provide the opportunityfor ner levels of detailthat make a gamevirtual world moreimmersie andcan provide infor-
mationthat helpswith the gameplay. While maximizingthe resolutionmay be desirable higherresolutionsoften come
atthe expenseof lower framerates,makingthe gameplay lesssmoothandresponsie. The diversity of gaminghardware
exacerbateshe problem,forcing gameplatform designersandgamedevelopersto combinethe available capabilitiesof
the hardwarewith an ad hoc understandingf the effects of resolutionon gameplay in an effort to provide compelling
computergames.

Much of the intuition for the effects of resolutionon gamesis basedon studiesof perceved quality for video13
Thesestudieshave examinedthe effectsof resolutionon userspassively watchingstreamingvideo,andgenerally nd that
satishctionwith the video degradessharplywith a decreasén resolution. However, passvely watchingvideo doesnot
have the sameinteractionrequirementsas doesplaying a computergame,and computergameplayersoften care most
abouttheir performancen the game,not necessarilytheir perceptionof quality. Otherstudies:*’ have examinedthe
effectsof resolutionon usersactively engagedn aninteractve mediaernvironment. Thesestudieshave generallyfound
thatresolutioncanaffect performancebut is not asdirectly correlatedo performancesresolutionis for userspassiely
watchingvideo. However, eventhesemoreinteractve applicationslo nothave the samerequirementin termsof response
time asdo computergames.

Our previous work on the effects of display settingson computergamespresentedesultsfrom a user study that
measuredhe impactof framerateandresolutionon userperformancen a First PersonShooter(FPS)game® Contrary
to previousresultsfor streamingvideo, displayresolutionwasshowvn to have little impacton userperformanceWhile the
userstudyhada signi cantly large userbaseso asto be statisticallymeaningful the studyonly testedthe FPSgamein a
full screermodewith theopponentasilyidenti ed becausef thehigh contrasmapusedin the study This paperexpands
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therangeof theresultswith two additionaluserstudiesin evaluatingthe effectsof resolutionon userperformancen FPS
gameaunderconstraintof low contrastwindowed modeandobjectsat greatewirtual distances.

Resultsarepresentedor threecarefully designeduserstudiesinvestigatingthe effectsof resolutionon usersplaying
a First PersonShooter(FPS)game,a populargamegenre. Custommapswere designedo allow repeatedneasurement
of userperformancehroughthe core aspectof FPSplay — moving and shootingat an opponent. Testharnessesvere
developedto rst collectdemographiaatafor eachuser andthencycle throughthe custommapswith differentresolu-
tions, collectingperformancalataanduserperceptions.Over one-hundredndtwenty usersparticipatedn threesetsof
experimentsproviding alarge enoughbasefor statisticalsigni cancefor mostof the dataanalyzed.

Analysisshavsthatuserperformances remarkablyinsensitve to differentresolutiondor arangeof gameconditions.
While usershave moredif culty whenconstrainedy low contrastor smallwindows, differentresolutionsn thesecondi-
tionsdonothave asigni cant impact. In fact,resolutiononly affectsperformancedor identi cation taskswhenthenumber
of pixelsusedto representheitemis too smallto have theobjectbediscernibleatalow resolution.This resultis supported
by users'own perceptiorof the gameplayability underdifferentresolutions.However, userassessmerf the quality of
thedisplaydoescorrelatewith theresolution.

The resultspresentedn this paperprovide a thorough,quantitatve understandin@f the effectsof resolutionon the
playability of FPSgamesmakingit usefulfor: (1) gameplayeis who needto be ableto make informed decisionson
graphiccardpurchaseandadjustmentso gamedisplaysettings;and(2) hardware developes, includingthosedesigning
graphicscardsandsmall, resource-constrainetkvicesto enablebettertargetingof hardwareimprovementgo aspectof
thedisplaythatmatter

The restof this paperis asfollows: Section2 providesinsightsinto the testedsettingsand expectedperformance
underdifferentresolutions Section3 detailscustomsoftwareandthe experimentamethodologyusedfor the userstudies;
Section4 analyzeghe resultsfrom the userstudies;Section5 mentionssomesomeselectedelatedwork; and Section6
summarizesur conclusions.

2. RESOLUTION AND GAMES

While the primary playeractionsin a FPSgameare movementandshooting a secondanplayeractionis identi cation
that often occursalongwith shootingand movement. For example,for shooting,identi cation determinesan opponent
avataramonga group of avatars,or for movement,identi cation spotsa powerup in a distanttunnel. Identi cation is
successfuif a playercanaccuratelydistinguishthe artifact/adersaryandacton theidenti cation. A generalassumption
is thatresolutionaffectsidenti cation sinceresolutionis directly correlatedwvith thenumberof pixelsusedto representhe
objectsbeingidenti ed. However, our earlierwork® shovedresolutionto have little or no effectonaplayer's performance
in a First PersonShooter(FPS)game. This canperhapse explainedby the fact thatthe resultswerefor identi cation
of alight coloredopponentagainsta dark backgroundwith low resolutionsexpandedo the size of the monitor usingfull
screermode. The goal of this work is to expandprevioustestconditionsanddetermindf resolutionaffectsidenti cation
and, hence,userperformancepver a wider rangeof conditions: contrast(Section2.1), display mode (Section2.2) and
distancgSection2.3).

2.1.Contrast

Identi cation is moredif cult if the objectbeingidenti ed blendsinto thebackgroundFigurel shavs anexampleof how
contrastcanimpactidenti cation. Figure1(a)shavs a screershotof an FPSgamewherethe opponenis light againsta
dark backgroundproviding high contrastfor identi cation. Figure 1(b) shavs a screenshotof a similar gamecondition
buttheopponents approximatelythe samecolor asthebackgroundandadditionallythe backgroundhasmoving cloudsto
camou agethe opponenimaovementproviding low contrasfor identi cation. While in thelow contrastcasethe opponent
may appeamearlyinvisible, in practicethe movementof the opponentandthe tracerthataccompanieshe gun- re can
still allow the opponento beidenti ed.
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Figure 1. Visual Depictionof the Effectsof Contrast
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Figure 2. Visual Depictionof the Effectsof DisplayMode

2.2.Display Mode

Identi cation may alsobe mademoredif cult if the physicalsize of the displayis small. Typical PC gameshave two
modesof display In full sceenmode,the gameimageis expandedo usethefull, physicalextentof the screen.If the
resolutionis low, this resultsin the pixelsbeingexpandednto “jumbo” pixels. Most PC userspreferfull screermodeto
take full advantageof the physicaldimensionsof their monitor. In windowedmode the pixels are not enlagedandthe
gameimageis displayedwith aone-to-onenappingof thepixels,resultingin aphysicallysmallerframefor low resolution.
A low resolutiondisplayin windowedmodeis similarto thedisplayonamobileor hand-heldyamedevice. Figure2 shovs
how displaymodecanimpactidenti cation. Figure2(a)shavs a screershotof an FPSwith aresolutionof 320 240but
shawn in full screermodewherethe pixels areexpanded.Figure 2(b) shavs how the samescreenshot(andresolution)
would appeaiin windowedmode,wherethe physicalsizeof the screens smaller

2.3. Distance

Identi cation is alsoimpactedby the distanceof the objectin the virtual world from the player Assuminga x ed size
(i.e. anopponentvatar),targetsthataremoredistantappeaismallerandareharderto identify. Figure3 depictsa screen



Figure 3. Visual Depictionof the Effectsof Distance

shotof threedistantartifactsat the endof a passagepneof which is soughtby the player Theartifactsarethe samesize

asanopponentvatar but the artifactsarethreetimesfurther makingthemappeamsjust a few pixels. Identi cation ata

distanceis mademoredif cult by low resolution. In fact, the effectsof decreasedesolutionare analogougo increased
myopic vision, wherethe successate of identi cation of objectsat a distancedeterioratesvith lower resolution. If the

objectis far enoughandtheresolutionis low enough theremay not be enoughpixelsto renderthe objectclearly or even

atall.

3. METHODOLOGY

To investigatethe insightslaid outin Section2 andto comprehensiely evaluatethe effectsof resolutionon First Person
Shooter(FPS)gamesthefollowing methodologywasemployed:

Selectarepresentatie FPSgame(Section3.1)

Constructtustommapsto provide consistentontrolof experimentalvariablegSection3.2)
Build testharnesseto gatherdataduringthe experimentgSection3.3)

Setupa controlledenvironmentin which to conductthe experimentgSection3.4)

Solicit usergto participate(Section3.5)
Analyzethedata(Sectiond)

3.1.Quake 3

The experimentswere conductedusing Quale 3 Arena (just Quale 3, for short) , selectedfor several reasons. First,
althoughQuale 3 is a previousgeneratiorgame(Quale 4 is the mostrecentrelease)it still representsurrentFPSgame
actionsin termsof perspectie, weaponchoicesandgameplay andhasa sizeableplayerbase” SecondQuale 3 allows
command-linecontrol of display parameterssuchas resolution,whenthe gameis startedup. This control allows for
seamlesswitching betweendifferentdisplay settingsduring the experiments. Third, in contrastto mary of the current
FPSgamesthestartuptime for Quale 3 is relatively short,allowing usersto play numerouuale 3 gameswith different
resolutionsettingswithout signi cant delaybetweengames.This, in turn, enableaisto testmoredisplayparametersor
thesameamountof usertime.

http://www.idsoftware.com/games/quelquale3-arena/
YGameSp nds around700Quale 3 senersrunningduringtypical weekdayafternoons.
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3.2.Maps

CustomQuale 3 mapswerecreatedo allow rapid,repeatedestingof the effectsof resolutionon userperformanceThe
mapswerecreatedor the experimentausinga freely available,stand-aloneQualke 3 mapeditor.

Figure4 shavs a top-level view of the mapusedto testcoreFPSgameplay, movementandshooting.In keepingwith
thegoalof theexperiments- to measurelayerperformancainderdifferentresolutions- the mapwasdesignedo:

Minimize randomnesgauseddy other humanplayers. While mary playersoften competehead-to-headgainst
otherpeople to minimize the numberof uncontrolledparametersthe playerfor our studiesis matchedagainstthe
bot— a computercontrolledopponent- namedXaero.

Minimize randomnessauseddy exploratorymovement. Sincethe goal of the mapis to measuregerformancen
a shortamountof time, the mapwasdesignedo restrictextendedmovement. Thus,the playerandthe bot areon
small,separatglatformsdividedby a chasmthatcannotbe jumpedby the playeror the bot.

Maximize shootingopportunities.The mapwasdesignedo ensurethatthe bot is alwaysin the line of sightof the
playerwith no obstacledor cover. The exceptionis a smallwall that safeguardsthe bot's spavn point to reduce
spavn campingwherebythe playerhits the newly spavnedbot immediately The player's platform alsodoesnot
have ary cover, but doeshave backandsidewalls to preventaccidentafalls.

Stabilizethe numberof shotsrequiredperkill. Quake 3 doesnot provide a way to measuremissesand hits, only
kills, somore ne-grainedresolutionon shootingprecisionis obtainedby settingthe botto thelowestdif culty level
(level 1), andhaving the Railgunasthe only weaporavailableto boththe playerandbot. This combinatiorallows a
one-hitkill for alevel 1 bot. Also, theRailgunhasa 2-secondielaybetweershots ensuringheplayermustactually
aimandthenshoot.

Two versionsof the movementand shootingmap were created: 1) The rst maximizesthe contrastof the bot by
providing amplelight sourcego ensurehatdimnessrom poorlighting doesnot effectthe performancef the player The
backgrounds dark, contrastingwvell with the morebrightly coloredbot, the player's target; 2) The secondminimizesthe
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contrastof the bot by having dim lighting, a backgroundhatis the samecolor asthe bot (red), with moving red cloudsin
thebackdropto camou agethebot's movements.

While the custommovementand shootingmap capturesghe core gameplay of a typical FPS,the playerandbot are
never far away (virtually), thushaving a capon the impactthat low resolutioncanhave onidenti cation. An additional
map, the distancemap, was createdto testthe effectsof resolutionon identi cation at long range,shovn in a top level
view in Figure5. The playeris presentedvith threepossiblepassageto traverse,one of which leadsto the exit and
successfutompletionof the map. The properpath,which changesandomlyeachtime, is indicatedby a uniquesymbol,
approximatelthe sizeof anopponentvatar If anincorrectpathis chosenthe playermustbackupandproceeddown the
correctpath. Performancés measuredyy theamountof time takento completethe map.

3.3. TestHarness
Two separateéestharnessewereconstructedo conductthe experimentson thetwo maps.

3.3.1.Moving and Shooting TestHarness

The testharnesgor the moving shootingexperimentscomprisedof threeprimary components;(1) a con guration le
usedto startQualke 3 with differentresolutionsettingsj2) a controlprogramto managehe o w of thegamesessiongand
capturegualitatve usercommentsat the endof eachgame;and(3) a sener programto capturethe performancestatistics
(kills) for eachgame.

Con guration.  Threedifferentresolution®f 320 240,512 384and640 480wereselectedWhile theseresolutions
arelowerthanis typically desirabldor userawith high-enddesktopPCs they aremodesto high for hand-heldandmobile
gamedevices. Moreover, if thereis no measurableffect on performancédor the lowest-endresolutionvalues,thereis
likely no effect on performancdor higherresolutionsgither Thecon guration le wasthuspre-seto startQuale 3 with
differentresolutionswith anadditionalcon gurationatthe highestresolution(1024 768) done rst to primeusersprior
to startingthe main Quale 3 runs. After the rst con guration, all subsequenton gurationcombinationsvererandomly
shufed to minimizeary receng effectsdueto the orderof the displaysettings.

Control. A controlprogramwasusedto managehe o w of the testsessiorandto gatheruserdemographiceandcom-
ments.Userdemographicsverecollectedprior to the startof the actualexperimentruns,andincludedgenderagegroup,
numberof hoursperweekof computergameplay, self-ratingasa gameplayer, andself-ratingon skill level in FPSgames.
Figure6 shows a screenshoof the interfaceusedto gatherdemographicsThe control programtheninvoked eachcom-
mandthatlaunchedQuale 3 in thecon guration le, allowedit to runfor 30 secondsvhile theuserplayed,andthenkilled
the process At the endof each30 secondyame,userswerepromptedto ratethe sessiors picturequality andplayability.
Userscouldalsoratetheir effort in participatingandprovide free-formcommentsasdesired Figure7 shavs a screenshot
of theinterfaceusedto recordthe usercommentsat the endof each30 secondgame.



StatisticsCollector. Userperformancén termsof thekills anddeathsvasobtainedfrom the Quale 3 senerlogs,while
theuserdemographicandcommentdatawascapturedn alog producedby the controlprogram.Useridentitieswith the
datawereanorymized,with individual usergracked by a uniqueusernumber

3.3.2.Distanceldenti cation TestHarness

The distanceidenti cation testharnescomprisedof: (1) a demographicsurwey givenat startup;(2) a con guration le
usedto startQuale 3 with differentmapsanddifferentresolutionsand(3) arecordingprogramthatgathereddataon the
actionsof theuserfor post-experimentanalysis.n

Survey. Forthedistancddenti cation experimentsall userslled outademographisurey prior to beginningtheactual
study with no userfeedbackcapturedbetweerthedifferentruns. Figure3.3.2providesa depictionof the surey.

Please fill in or circle the appropriate responses.
(1) Gender:
O Male OFemale

(2) How often do you play video games?

O Everyday [O] A few times a week O once a week
[OJRarely [0 Never

(3) How often do you play first person shooters?

O Everyday [0 A few times a week Ol once a week
[O)Rarely [O) Never

(4) How would you evaluate your performance in first person shooters?

@ Excellent @ Better than most @ Average
[OJworse than most [0 Don’t play

Figure 8. UserDemographicSuney (Distanceldenti cation)

Con guration.  TheQuale 3 settingswerepre-selectetb includethe samethreeresolutiondestedn themovementand
shootingexperiments320 240,512 384and640 480 An initial mapatthehighestresolutionof 1024 768wasrun
rst to primetheuser with theremaindeof theresolutiongpresentedo eachuserin randomorderto reducethe chanceof
receng effectsfrom thelastresolution.

Data Recording. All userdatawas collectedand recordedusing FRAPS, by recordinga video of the participants
performancendalog of thetime it took the userto completethe map. FRAPSwasmanuallystartedprior to the loading
of the mapat eachresolutionsetting,andterminatedat the end of mapby a testadministratorhiddenfrom view by the
user

3.4. Experiment Environment

The experimentswere conductedn a partitionedlab that enabledeachuserto completethe experimentswithout being
obsenedby otherwaiting participants Eachcompleterun of anexperiment(oneuser)took approximatelyl0 minutes.All
experimentavere conductedn a Pentium4 clientwith 512 MB RAM, annVidia Geforce6800GT256 VRAM graphics
card,anda 19” at screenLCD monitor. A local, dedicatedPentium4 PCranthe Quale 3 sener. Both sener andclient
ranWindows XP with servicepack2, while the Quale 3 versionwasv1.32.

*Madeby Beepahttp://wwwfraps.comy2.7.2



3.5. User Solicitation and Demographics

Userparticipantsor the experimentsverewidely solicitedusinga rangeof enticementshatincluded: (1) raf es for $50
gift certi cates, (2) extra creditfor academicoursesand(3) light refreshment$or participants.Table1 summarizeshe
demographidatafor thethreeexperiments.

| Map | Variation | Users| Age16-25 | Male |
. High Contrast 60 75% | 80%
MovementandShooting |- o0 =ontrast | 30 83% | 83%
Distanceldenti cation N/A 36 70% | 77%

Table 1. Demographic$or ThreeUserStudyExperiments

For the movementandshootingexperimentwith the high contrastmap,64 usersparticipatednitially, but datafrom 4
userswasdiscardeecausehey quit prematurelyAll subsequerdnalysisis ontheremaining60 users.Most userswere
undegraduateomputersciencestudentdetweernl6-25yearsold, with the25% overtheageof 25 beingmostlygraduate
computersciencestudentsNearlyhalf of theusersclassi edthemselesascasualgameplayerswith moderatdFPSgame
skill.

For the movementandshootingexperimentwith the low contrastmap, 35 userssoughtto participate put datafrom 5
hadto beremovedsincethey accidentallyclosedthe harnesdeforethey completedhe study All subsequerdnalysisis
ontheremaining30 users.Of this 30, most(27) wereundegraduateeomputersciencemajors,with only 5 overthe ageof
25andonly 5 beingfemale.Most participantplayedgamesandhadplayedFPSgamesijn particular

Thedistanceadenti cation experimenthad36 participantsagainmostly computersciencestudents Most (77%)were
youngmales. The frequeng of their gameplay variedmorewidely, with abouta third never or rarely playingcomputer
gamesaandanequalnumberplayingevery day. Only onepersonplayedFirst PersonShootergameseveryday while about
athird playedFirst PersorShootergamesseveraltimesaweek.

4. ANALYSIS

For all the below graphs,the datapoints are the meanscoresfor all usersshovn with 95% con denceintenals. The
datapointsare connectedvith lines sincethe x-axesare plotted proportionallyusingsquarepixels (width  height) of
resolution.

Figure 9 depictsthe effects of resolutionon userperformancdn a high-contrastidenti cation situation. Visually,
resolutionhaslittle effect on userperformancewith the meanperformancebeingconsistentacrossall resolutions.This
holdsfor eachframeratetested ascanbe seerby theroughlyverticalbandscorrespondindo the datasetfor eachframe
rate. Statistically the con denceintervals overlapthe meansat all resolutions.For all subsequertests the highestframe
rate,60 framespersecondjs usedsincethe higherframeratesaregenerallyusedby FPSgameplayers.An ANOVA test
of the 60 framesperseconddatasetshows the differencedueto resolutionis not signi cant, F(2,177)=0.138p=0.05.

Figure10 comparegheresultsin Figure9 with the effectsof resolutionon userperformancen alow-contrasidenti-
cation situation.The datapointsfor thelow contrastconditionareslightly offsethorizontallyfor visual clarity. With the
low contrastmap,thereis still no visual effect of resolutionon userperformancewith the meanperformanceeingcon-
sistentacrossall resolutions.The con denceintervalsoverlapthe meansat all resolutionsandan ANOVA testshaws the
differencedueto resolutionis not signi cant, F(2,87)=0.569p=0.05. Note, the con denceintervalsfor the high contrast
map are smallernot becauseherewaslessvarianceacrossusersbut becausehereweremoreusersin the high contrast
mapstudy Theeffectof resolutionon performances roughlythe samefor bothhigh andlow contrastconditions.Thetask
of identifying andtargetingthe opponenimay be slightly moredif cult underthelow contrastconditionscomparedwith
the high contrastconditionsas evidencedby the slightly lower means put the effect is not statisticallysigni cant. This
couldbebecaus¢he humaneye is particularlyadeptat identifying moving objects regardlesf how well they blendinto

thebackground.

Figure 11 depictsthe effects of windowed mode comparedwith full-screenmodefor both the high contrastmap
(Figure11(a))andthe low contrastmap (Figure 11(b)). The visual effects of resolutionare similar for windowed mode
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asin full screenrmodein that higherresolutionsdo not improve playerperformanceasindicatedby the relative atness
of all thetrendlines.Statistically the con denceintervals overlapfor the windowed modecasespoth with high andlow
contrastwith ANOVA testsalsoshaving no statisticalsigni cancefor resolution— high contrast~(2,87)=0.569p=0.05
andlow contrastF(2,87)=0.562p=0.05. Windowed modeitself doesappearo make a differenceon userperformance,
with the smallerwindow resultingin slightly lower averageuserscores.However, the overlappingcon denceintervals
betweerthefull screerandwindowed modecasesuggesthis resultis not statisticallysigni cant.

Figure 12 depictsthe effectsof resolutionon the ability of a userto identify an objectthatis distant,roughly 3 times
asfar away asin the shootingtests. Underthesecircumstanceghe lowesttwo resolutionampactthe ability of the user
to identify the artifactat the endof the hall, asevidencedby the highertimesto completethe map. Notice, however, that
this performancalegradationis not linearwith a reductionin squarepixels, but thatthe decreasén performances sharp
from 640 480to 512 384 but thensigni cantly lesssharpfrom 512 384to 320 240. In fact, the con dence
intervalsoverlapfor 512 384to0 320 240 but an ANOVA testshaws the overall effect of resolutionto be signi cant,
F(2,92)=7.98p< 0.001.

Figure13 depictsthe effectsof resolutionon users'perceptiorof quality andplayability for the high contrastmap. In
contrastwith the performancalata,the effect of resolutionon userperceptions visually clear with both playability and
percevedquality having a nearlylinearupwardtrendassquarepixelsof resolutionincreasesStatistically the con dence
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intervals do not overlapfor ary valuesin the caseof userperceptionof quality andan ANOVA testshaws a signi cant
differencebetweerthe differentresolutiongor quality F(2,177)=25.90p< 0.001.However, in the caseof playability, the
statisticalanalysisshavs the con denceintervals overlapfor adjacenpairsof resolutionandthe ANOVA testalsoshavs
thatthedifferencedueto resolutionis notsigni cant F(2,177)=2.83p=0.05.This all suggestshathigherresolutiondook
better with anapproximatelylineartrendwith squarepixels,but playability, asin performanceis notsigni cantly affected
by resolution.

5.RELATED WORK

Researchelatedto thework in this paperis dividedinto two cateyories:(1) activeuses thatexploretheimpactof various
visual degradationson userperformanceand(2) passiveuses thatexaminethe perceved quality of videoasit is being
watchedunderdifferentdisplaysettings.The studieswith active usersaremorerelevantto ourwork sinceour userstudies
involve active playersof First PersorShootergames.

5.1. Active Users

SwartzandWallace examinethe effectsof framerateandresolutionon skilled userstaskedwith identifying andtracking
targetsusingunmannederialvehicles.The users'accomplisttheir tasksby watchinga shortvideoclip in the rst study
and ying avehiclein asimulatorin thesecondstudy Resolutionsarevariedacros, 8 and12linesonthetelevision set.
Resolutionis foundto have someeffect on overall on task performancelthoughthe effectson imagequality ratingsare
signi cant.

SmetsandOverbeelk® explorethetrade-of betweenresolutionandinteractity for userssolvingsimplespatialpuzzles
with their hands.Digital camerashawing the users’handsandpuzzlehave their resolutionmodi ed by a computerand
sentto a head-mountedisplayworn by the users. The level of interactvity is controlledby the camerdocation, being
eitherhead-mountedr x edto the sideof the puzzles.Theindependenvariablesareresolutionsof 18 15,36 30and
768 576. The main effectsof resolutionon taskcompletionare statisticallysigni cant, but the samplesizeis only four
users.

Thesestudiesaresigni cant in thatthey show resolutionhassomemodesteffect ontaskperformanceandmoreimpact
on quality. Our studydiffers primarily in that our userbaseis substantiallylarger, and our usersinteractwith a virtual
ernvironmentover awider rangeof testconditions,appropriatdor today's interactve gamingervironments.



5.2. Passve Users

TripathiandClaypooP studytheimpactof resolutionon videoswith differentcontentspeci cally high-motionvideosand
low-motionvideos. Userswatchandratethe perceved quality of several shortvideo clips degradedby a reducedrame
rateor areducedesolution.Theauthorsnd thatthe effectsof decreasingheresolutiondependuponthe motioncontent,
with low-motionvideosappearingnoredegradedwith adecreasén resolutionthando high-motionvideos.

McCarthyet al.? examinethe percentagef time videosat varyingresolutionsareacceptabléo usersof smallscreen
devices,suchasmobile phones.In their study userswatchsportsvideosin which the resolutionis graduallydecreased
(with full-screenmode)until the usersindicatethe quality is not acceptableContraryto earlier ndings, the authors nd
userspreferhigherresolutiongo higherframerates.

Thesestudiesare signi cant in thatthey shav that at leastfor somevideos, performancesuffers at low resolution
andthatusersgenerallypreferhigherresolutions.Our work differsin thatcomputergamesjn generalandFirst Person
Shootegamesspeci cally, arehighly interactie.

6. CONCLUSION

The proliferationof computergamesandcomputergamedeviceshasincreasedhe needfor a thoroughunderstandingf
theimpactof resolutionon gameplay. Thisis especiallyimportantasincreaseso resolutionoftencomeatthereal costof
betterhardwareor asatradeof costin thatframeratesareoftenreducedat higherresolution.

This paperpresentsesultsfrom extensive usersstudiesthat extendearlierresultsin gaugingthe impactof resolution
of First PersonShooter(FPS)games. Carefully designedestmapsand harnessesvere constructedo allow controlled
measuremertf theimpactof resolutionon quantitatve performancendqualitatve assessmenEocusedestingincludes
examinationof high andlow contrasttonditions full screerandwindowedmodeandidenti cation atadistanceOver120
usergparticipatedn threeusersstudies providing statisticalsigni cancefor mostdataanalyzed.

Overall, resolutionhasno statisticalimpacton userperformanceover the rangeof conditionstested. Identi cation
with high contrast,suchaswhentargetinga light coloredopponentagainsta dark backgroundjs generallyeasierthan
identi cation with low contrastsuchaswhentargetinga camou agedopponentgainsta complex, moving background,
but resolutiondoesnot changetherelative dif culty of thetasks.Similarly, identi cation in afull screenconditionwhere
alow resolutionis stretchedo the limits of the displayis generallyeasiethanin a windowed modewherethe pixelsare
displayedone-to-oneawith thedisplay but therelative dif culty of thetaskis notchangedy resolution.In fact,resolution
only affectsperformancén FPSgamesvhentherelative sizeof theobjectbeingidenti ed (suchasfor adistantopponent)
is too smallto berenderedy thepixelsin theresolution. Theseperformanceharacteristicarere ectedin thatthereis no
statisticalsigni cancein userplayability ratingsunderdifferentresolutions althoughuserquality ratingsdo shov a near
linearincreasewith anincreasean squarepixels.

While it is assumedhattheresultsobtainedn this studygeneralize¢o othercomputergamegenresthe speci ¢ genre
testedFirst PersorShootershasnumeroudlifferencegrom othergenresFor example,Real-Time Strategy (RTS) games
rely heavily upondetailedinformationonindividual unitsandthe mapfor effective gameplay. Futurework couldinclude
astudysimilar to the onepresentedn this paperfor RTS gamesthird-persoractiongamespr sportsandracinggames.
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