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ABSTRACT

Computergamesareoftenplayedondeviceswith varyingdisplayresolutions.While higherresolutionsgenerallyprovide
moreimmersive gameplay they canyield reducedframeratesand/orincreasedcosts,makingchoosingtheoptimal reso-
lution important.Despitethis importance,to thebestof ourknowledge,therehasbeennoextensivestudyof theeffectsof
resolutiononusersplayingcomputergames.Thispaperpresentsresultsfrom extensiveuserstudiesmeasuringtheimpact
of resolutionon usersplaying First PersonShootergames.The studiesfocuson theeffectsof resolutionin conjunction
with low andhighcontrastvirtual environments,full screenandwindowedmodesandidenti�cation of long-rangeobjects.
Analysisindicatesresolutionhaslittle impacton performanceover the rangeof conditionstestedandonly matterswhen
theobjectsbeingidenti�ed arefarawayor smallandarereducedto too few pixelsto bedistinguishable.

1. INTRODUCTION

The growth in the capabilitiesof computerhardwarehasenabledcompellingcomputergamesto run on hardwarefrom
desktopPCswith powerful graphicsdown to mobile andhand-helddevices designedspeci�cally for games. Because
of the costof gamedevelopment,a triple-A gamewill often be releasedfor several platformswith a variety of display
capabilities,from largescreenplasmadisplaysto small,limited color screens.Evengamesreleasedonly for PCsmustbe
effectiveoverseveralgenerationsof processorpowerandgraphicscardcapabilities.

Gameplayers,andcomputerusersin general,areconstantlypushingfor higherdisplayresolutions.Higherresolutions
provide the opportunityfor �ner levels of detail that make a gamevirtual world moreimmersive andcanprovide infor-
mationthathelpswith thegameplay. While maximizingtheresolutionmaybedesirable,higherresolutionsoftencome
at theexpenseof lower framerates,makingthegameplay lesssmoothandresponsive. Thediversityof gaminghardware
exacerbatesthe problem,forcing gameplatform designersandgamedevelopersto combinethe availablecapabilitiesof
the hardwarewith an ad hoc understandingof the effectsof resolutionon gameplay in an effort to provide compelling
computergames.

Much of the intuition for the effectsof resolutionon gamesis basedon studiesof perceived quality for video.1{3

Thesestudieshaveexaminedtheeffectsof resolutiononuserspassively watchingstreamingvideo,andgenerally�nd that
satisfactionwith the video degradessharplywith a decreasein resolution. However, passively watchingvideo doesnot
have the sameinteractionrequirementsasdoesplaying a computergame,andcomputergameplayersoften caremost
abouttheir performancein the game,not necessarilytheir perceptionof quality. Otherstudies1, 4{7 have examinedthe
effectsof resolutionon usersactively engagedin an interactive mediaenvironment. Thesestudieshave generallyfound
that resolutioncanaffect performance,but is not asdirectly correlatedto performanceasresolutionis for userspassively
watchingvideo.However, eventhesemoreinteractiveapplicationsdonothavethesamerequirementsin termsof response
timeasdocomputergames.

Our previous work on the effects of display settingson computergamespresentedresultsfrom a userstudy that
measuredthe impactof framerateandresolutionon userperformancein a First PersonShooter(FPS)game.8 Contrary
to previousresultsfor streamingvideo,displayresolutionwasshown to have little impactonuserperformance.While the
userstudyhada signi�cantly largeuserbasesoasto bestatisticallymeaningful,thestudyonly testedtheFPSgamein a
full screenmodewith theopponenteasilyidenti�ed becauseof thehighcontrastmapusedin thestudy. Thispaperexpands
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therangeof theresultswith two additionaluserstudiesin evaluatingtheeffectsof resolutiononuserperformancein FPS
gamesunderconstraintsof low contrast,windowedmodeandobjectsatgreatervirtual distances.

Resultsarepresentedfor threecarefullydesigneduserstudiesinvestigatingtheeffectsof resolutionon usersplaying
a First PersonShooter(FPS)game,a populargamegenre.Custommapsweredesignedto allow repeatedmeasurement
of userperformancethroughthe coreaspectsof FPSplay – moving andshootingat an opponent.Testharnesseswere
developedto �rst collectdemographicdatafor eachuser, andthencycle throughthecustommapswith differentresolu-
tions,collectingperformancedataanduserperceptions.Over one-hundredandtwentyusersparticipatedin threesetsof
experiments,providing a largeenoughbasefor statisticalsigni�cancefor mostof thedataanalyzed.

Analysisshowsthatuserperformanceis remarkablyinsensitiveto differentresolutionsfor arangeof gameconditions.
While usershavemoredif�culty whenconstrainedby low contrastor smallwindows,differentresolutionsin thesecondi-
tionsdonothaveasigni�cant impact.In fact,resolutiononly affectsperformancefor identi�cation taskswhenthenumber
of pixelsusedto representtheitemis toosmallto havetheobjectbediscernibleata low resolution.Thisresultis supported
by users'own perceptionof thegameplayability underdifferentresolutions.However, userassessmentof thequality of
thedisplaydoescorrelatewith theresolution.

The resultspresentedin this paperprovide a thorough,quantitative understandingof the effectsof resolutionon the
playability of FPSgames,making it useful for: (1) gameplayers who needto be able to make informeddecisionson
graphiccardpurchasesandadjustmentsto gamedisplaysettings;and(2) hardware developers, includingthosedesigning
graphicscardsandsmall,resource-constraineddevicesto enablebettertargetingof hardwareimprovementsto aspectsof
thedisplaythatmatter.

The restof this paperis as follows: Section2 provides insightsinto the testedsettingsandexpectedperformance
underdifferentresolutions;Section3 detailscustomsoftwareandtheexperimentalmethodologyusedfor theuserstudies;
Section4 analyzestheresultsfrom theuserstudies;Section5 mentionssomesomeselectedrelatedwork; andSection6
summarizesour conclusions.

2. RESOLUTION AND GAMES

While the primary playeractionsin a FPSgamearemovementandshooting, a secondaryplayeractionis identi�cation
that often occursalongwith shootingandmovement. For example,for shooting,identi�cation determinesan opponent
avataramonga groupof avatars,or for movement,identi�cation spotsa power-up in a distanttunnel. Identi�cation is
successfulif a playercanaccuratelydistinguishtheartifact/adversaryandacton theidenti�cation. A generalassumption
is thatresolutionaffectsidenti�cation sinceresolutionis directlycorrelatedwith thenumberof pixelsusedto representthe
objectsbeingidenti�ed. However, ourearlierwork8 showedresolutionto havelittle or noeffectonaplayer'sperformance
in a First PersonShooter(FPS)game. This canperhapsbe explainedby the fact that the resultswerefor identi�cation
of a light coloredopponentagainsta darkbackgroundwith low resolutionsexpandedto thesizeof themonitorusingfull
screenmode.Thegoalof this work is to expandprevioustestconditionsanddetermineif resolutionaffectsidenti�cation
and,hence,userperformance,over a wider rangeof conditions:contrast(Section2.1), displaymode(Section2.2) and
distance(Section2.3).

2.1.Contrast

Identi�cation is moredif�cult if theobjectbeingidenti�ed blendsinto thebackground.Figure1 showsanexampleof how
contrastcanimpactidenti�cation. Figure1(a)shows a screenshotof anFPSgamewheretheopponentis light againsta
darkbackground,providing high contrastfor identi�cation. Figure1(b) shows a screenshotof a similar gamecondition
but theopponentis approximatelythesamecolorasthebackground,andadditionallythebackgroundhasmovingcloudsto
camou�agetheopponentmovementproviding low contrastfor identi�cation. While in thelow contrastcasetheopponent
may appearnearlyinvisible, in practicethe movementof the opponentandthe tracerthat accompaniesthe gun-�re can
still allow theopponentto beidenti�ed.



(a) High Contrast (b) Low Contrast

Figure1. VisualDepictionof theEffectsof Contrast

(a) Full ScreenMode

(b) WindowedMode

Figure2. VisualDepictionof theEffectsof DisplayMode

2.2.Display Mode

Identi�cation may alsobe mademoredif�cult if the physicalsizeof the display is small. Typical PC gameshave two
modesof display. In full screenmode,thegameimageis expandedto usethe full, physicalextent of thescreen.If the
resolutionis low, this resultsin thepixelsbeingexpandedinto “jumbo” pixels. Most PCuserspreferfull screenmodeto
take full advantageof the physicaldimensionsof their monitor. In windowedmode, the pixelsarenot enlargedandthe
gameimageis displayedwith aone-to-onemappingof thepixels,resultingin aphysicallysmallerframefor low resolution.
A low resolutiondisplayin windowedmodeis similarto thedisplayonamobileor hand-heldgamedevice. Figure2 shows
how displaymodecanimpactidenti�cation. Figure2(a)showsa screenshotof anFPSwith a resolutionof 320� 240but
shown in full screenmodewherethepixelsareexpanded.Figure2(b) shows how thesamescreenshot(andresolution)
wouldappearin windowedmode,wherethephysicalsizeof thescreenis smaller.

2.3.Distance

Identi�cation is alsoimpactedby the distanceof the object in the virtual world from the player. Assuminga �x ed size
(i.e. anopponentavatar),targetsthataremoredistantappearsmallerandareharderto identify. Figure3 depictsa screen



Figure3. VisualDepictionof theEffectsof Distance

shotof threedistantartifactsat theendof a passage,oneof which is soughtby theplayer. Theartifactsarethesamesize
asanopponentavatar, but theartifactsarethreetimesfurthermakingthemappearasjust a few pixels. Identi�cation at a
distanceis mademoredif�cult by low resolution. In fact, theeffectsof decreasedresolutionareanalogousto increased
myopic vision, wherethe successrateof identi�cation of objectsat a distancedeteriorateswith lower resolution. If the
objectis far enoughandtheresolutionis low enough,theremaynot beenoughpixelsto rendertheobjectclearlyor even
at all.

3. METHODOLOGY

To investigatethe insightslaid out in Section2 andto comprehensively evaluatetheeffectsof resolutionon First Person
Shooter(FPS)games,thefollowing methodologywasemployed:

� Selecta representativeFPSgame(Section3.1)

� Constructcustommapsto provideconsistentcontrolof experimentalvariables(Section3.2)

� Build testharnessesto gatherdataduringtheexperiments(Section3.3)

� Setupa controlledenvironmentin which to conducttheexperiments(Section3.4)

� Solicit usersto participate(Section3.5)

� Analyzethedata(Section4)

3.1.Quake3

The experimentswere conductedusing Quake 3 Arena (just Quake 3, for short)� , selectedfor several reasons.First,
althoughQuake 3 is a previousgenerationgame(Quake 4 is themostrecentrelease),it still representscurrentFPSgame
actionsin termsof perspective, weaponchoicesandgameplay andhasa sizeableplayerbase.y Second,Quake 3 allows
command-linecontrol of displayparameters,suchas resolution,whenthe gameis startedup. This control allows for
seamlessswitchingbetweendifferentdisplaysettingsduring the experiments.Third, in contrastto many of the current
FPSgames,thestartuptime for Quake3 is relatively short,allowing usersto playnumerousQuake3 gameswith different
resolutionsettingswithout signi�cant delaybetweengames.This, in turn, enablesusto testmoredisplayparametersfor
thesameamountof usertime.

� http://www.idsoftware.com/games/quake/quake3-arena/
yGameSpy �nds around700Quake 3 serversrunningduringtypicalweekdayafternoons.



Figure 4. Top View of the CustomMap usedfor Moving and
Shooting

Figure5. TopView of theCustomMapusedfor DistanceIdenti-
�cation

3.2.Maps

CustomQuake 3 mapswerecreatedto allow rapid,repeatedtestingof theeffectsof resolutionon userperformance.The
mapswerecreatedfor theexperimentsusinga freelyavailable,stand-alone,Quake3 mapeditor.

Figure4 showsa top-level view of themapusedto testcoreFPSgameplay, movementandshooting.In keepingwith
thegoalof theexperiments– to measureplayerperformanceunderdifferentresolutions– themapwasdesignedto:

� Minimize randomnesscausedby other humanplayers. While many playersoften competehead-to-headagainst
otherpeople,to minimize thenumberof uncontrolledparameters,theplayerfor our studiesis matchedagainstthe
bot– acomputercontrolledopponent– namedXaero.

� Minimize randomnesscausedby exploratorymovement.Sincethe goal of the mapis to measureperformancein
a shortamountof time, themapwasdesignedto restrictextendedmovement.Thus,theplayerandthebot areon
small,separateplatformsdividedby a chasmthatcannotbejumpedby theplayeror thebot.

� Maximizeshootingopportunities.Themapwasdesignedto ensurethatthebot is alwaysin the line of sightof the
playerwith no obstaclesfor cover. The exceptionis a small wall that safeguardsthe bot's spawn point to reduce
spawn campingwherebythe playerhits thenewly spawnedbot immediately. The player's platform alsodoesnot
haveany cover, but doeshavebackandsidewalls to preventaccidentalfalls.

� Stabilizethenumberof shotsrequiredperkill. Quake 3 doesnot provide a way to measuremissesandhits, only
kills, somore�ne-grainedresolutiononshootingprecisionis obtainedby settingthebot to thelowestdif�culty level
(level 1), andhaving theRailgunastheonly weaponavailableto boththeplayerandbot. Thiscombinationallowsa
one-hitkill for a level 1 bot. Also, theRailgunhasa2-seconddelaybetweenshots,ensuringtheplayermustactually
aimandthenshoot.

Two versionsof the movementand shootingmap were created:1) The �rst maximizesthe contrastof the bot by
providing amplelight sourcesto ensurethatdimnessfrom poorlighting doesnoteffect theperformanceof theplayer. The
backgroundis dark,contrastingwell with themorebrightly coloredbot, theplayer's target;2) Thesecondminimizesthe



Figure6. Screenshotof theUserDemographicsInterface(Move-
mentandShooting)

Figure7.Screenshotof theUserCommentsInterface(Movement
andShooting)

contrastof thebot by having dim lighting, a backgroundthatis thesamecolor asthebot (red),with moving redcloudsin
thebackdropto camou�agethebot'smovements.

While thecustommovementandshootingmapcapturesthecoregameplay of a typical FPS,theplayerandbot are
never far away (virtually), thushaving a capon the impactthat low resolutioncanhave on identi�cation. An additional
map,the distancemap,wascreatedto testthe effectsof resolutionon identi�cation at long range,shown in a top level
view in Figure5. The player is presentedwith threepossiblepassagesto traverse,oneof which leadsto the exit and
successfulcompletionof themap.Theproperpath,which changesrandomlyeachtime, is indicatedby a uniquesymbol,
approximatelythesizeof anopponentavatar. If anincorrectpathis chosen,theplayermustbackupandproceeddown the
correctpath.Performanceis measuredby theamountof time takento completethemap.

3.3.TestHarness

Two separatetestharnesseswereconstructedto conducttheexperimentson thetwo maps.

3.3.1.Moving and ShootingTestHarness

The testharnessfor the moving shootingexperimentscomprisedof threeprimary components:(1) a con�guration �le
usedto startQuake3 with differentresolutionsettings;(2) a controlprogramto managethe�o w of thegamesessionsand
capturequalitative usercommentsat theendof eachgame;and(3) a server programto capturetheperformancestatistics
(kills) for eachgame.

Con�guration. Threedifferentresolutionsof 320� 240, 512� 384and640� 480wereselected.While theseresolutions
arelower thanis typically desirablefor userswith high-enddesktopPCs,they aremodestto highfor hand-heldandmobile
gamedevices. Moreover, if thereis no measurableeffect on performancefor the lowest-endresolutionvalues,thereis
likely no effectonperformancefor higherresolutions,either. Thecon�guration�le wasthuspre-setto startQuake3 with
differentresolutions,with anadditionalcon�gurationat thehighestresolution(1024� 768) done�rst to primeusersprior
to startingthemainQuake 3 runs.After the�rst con�guration,all subsequentcon�gurationcombinationswererandomly
shuf�ed to minimizeany recency effectsdueto theorderof thedisplaysettings.

Control. A controlprogramwasusedto managethe�o w of thetestsessionandto gatheruserdemographicsandcom-
ments.Userdemographicswerecollectedprior to thestartof theactualexperimentruns,andincludedgender, agegroup,
numberof hoursperweekof computergameplay, self-ratingasagameplayer, andself-ratingonskill level in FPSgames.
Figure6 shows a screenshotof the interfaceusedto gatherdemographics.Thecontrolprogramtheninvokedeachcom-
mandthatlaunchedQuake3 in thecon�guration�le, allowedit to runfor 30secondswhile theuserplayed,andthenkilled
theprocess.At theendof each30 secondgame,userswerepromptedto ratethesession's picturequality andplayability.
Userscouldalsoratetheireffort in participatingandprovidefree-formcomments,asdesired.Figure7 showsascreenshot
of theinterfaceusedto recordtheusercommentsat theendof each30secondgame.



StatisticsCollector. Userperformancein termsof thekills anddeathswasobtainedfrom theQuake3 server logs,while
theuserdemographicsandcommentdatawascapturedin a log producedby thecontrolprogram.Useridentitieswith the
datawereanonymized,with individualuserstrackedby a uniqueusernumber.

3.3.2.DistanceIdenti�cation TestHarness

The distanceidenti�cation testharnesscomprisedof: (1) a demographicsurvey givenat startup;(2) a con�guration �le
usedto startQuake 3 with differentmapsanddifferentresolutions;and(3) a recordingprogramthatgathereddataon the
actionsof theuserfor post-experimentanalysis.n

Survey. For thedistanceidenti�cation experiments,all users�lled outademographicsurvey prior to beginningtheactual
study, with nouserfeedbackcapturedbetweenthedifferentruns.Figure3.3.2providesadepictionof thesurvey.

Figure8. UserDemographicSurvey (DistanceIdenti�cation)

Con�guration. TheQuake3 settingswerepre-selectedto includethesamethreeresolutionstestedin themovementand
shootingexperiments,320� 240, 512� 384and640� 480. An initial mapat thehighestresolutionof 1024� 768wasrun
�rst to primetheuser, with theremainderof theresolutionspresentedto eachuserin randomorderto reducethechanceof
recency effectsfrom thelastresolution.

Data Recording. All userdatawas collectedand recordedusing FRAPSz, by recordinga video of the participant's
performanceanda log of thetime it took theuserto completethemap.FRAPSwasmanuallystartedprior to theloading
of themapat eachresolutionsetting,andterminatedat theendof mapby a testadministrator, hiddenfrom view by the
user.

3.4.Experiment Environment

The experimentswereconductedin a partitionedlab that enabledeachuserto completethe experimentswithout being
observedby otherwaitingparticipants.Eachcompleterunof anexperiment(oneuser)tookapproximately10minutes.All
experimentswereconductedon a Pentium4 client with 512MB RAM, annVidia Geforce6800GT256VRAM graphics
card,anda 19” �at screenLCD monitor. A local, dedicatedPentium4 PCrantheQuake 3 server. Both server andclient
ranWindowsXP with servicepack2, while theQuake3 versionwasv1.32.

zMadeby Beepa,http://www.fraps.com,v2.7.2



3.5.UserSolicitation and Demographics

Userparticipantsfor theexperimentswerewidely solicitedusinga rangeof enticementsthat included:(1) raf�es for $50
gift certi�cates,(2) extra credit for academiccourses,and(3) light refreshmentsfor participants.Table1 summarizesthe
demographicdatafor thethreeexperiments.

Map Variation Users Age16-25 Male

MovementandShooting
High Contrast 60 75% 80%
Low Contrast 30 83% 83%

DistanceIdenti�cation N/A 36 70% 77%

Table1. Demographicsfor ThreeUserStudyExperiments

For themovementandshootingexperimentwith thehigh contrastmap,64 usersparticipatedinitially, but datafrom 4
userswasdiscardedbecausethey quit prematurely. All subsequentanalysisis on theremaining60users.Mostuserswere
undergraduatecomputersciencestudentsbetween16-25yearsold, with the25%over theageof 25beingmostlygraduate
computersciencestudents.Nearlyhalf of theusersclassi�edthemselvesascasualgameplayers,with moderateFPSgame
skill.

For themovementandshootingexperimentwith thelow contrastmap,35 userssoughtto participate,but datafrom 5
hadto beremovedsincethey accidentallyclosedtheharnessbeforethey completedthestudy. All subsequentanalysisis
on theremaining30users.Of this 30,most(27)wereundergraduatecomputersciencemajors,with only 5 over theageof
25andonly 5 beingfemale.MostparticipantsplayedgamesandhadplayedFPSgames,in particular.

Thedistanceidenti�cation experimenthad36 participants,againmostlycomputersciencestudents.Most (77%)were
youngmales.Thefrequency of their gameplay variedmorewidely, with abouta third never or rarelyplayingcomputer
gamesandanequalnumberplayingeveryday. Only onepersonplayedFirstPersonShootergameseveryday, while about
a third playedFirstPersonShootergamesseveraltimesaweek.

4. ANALYSIS

For all the below graphs,the datapointsare the meanscoresfor all usersshown with 95% con�denceintervals. The
datapointsareconnectedwith linessincethex-axesareplottedproportionallyusingsquarepixels (width � height) of
resolution.

Figure9 depictsthe effectsof resolutionon userperformancein a high-contrastidenti�cation situation. Visually,
resolutionhaslittle effect on userperformance,with themeanperformancebeingconsistentacrossall resolutions.This
holdsfor eachframeratetested,ascanbeseenby theroughlyverticalbandscorrespondingto thedatasetfor eachframe
rate.Statistically, thecon�denceintervalsoverlapthemeansat all resolutions.For all subsequenttests,thehighestframe
rate,60 framespersecond,is usedsincethehigherframeratesaregenerallyusedby FPSgameplayers.An ANOVA test
of the60 framesperseconddatasetshowsthedifferencedueto resolutionis not signi�cant, F(2,177)=0.138,p=0.05.

Figure10 comparestheresultsin Figure9 with theeffectsof resolutionon userperformancein a low-contrastidenti-
�cation situation.Thedatapointsfor thelow contrastconditionareslightly offsethorizontallyfor visualclarity. With the
low contrastmap,thereis still no visualeffect of resolutionon userperformance,with themeanperformancebeingcon-
sistentacrossall resolutions.Thecon�denceintervalsoverlapthemeansat all resolutions,andanANOVA testshows the
differencedueto resolutionis not signi�cant, F(2,87)=0.569,p=0.05.Note,thecon�denceintervalsfor thehigh contrast
maparesmallernot becausetherewaslessvarianceacrossusersbut becausethereweremoreusersin thehigh contrast
mapstudy. Theeffectof resolutiononperformanceis roughlythesamefor bothhighandlow contrastconditions.Thetask
of identifying andtargetingtheopponentmaybeslightly moredif�cult underthelow contrastconditionscomparedwith
the high contrastconditionsasevidencedby theslightly lower means,but theeffect is not statisticallysigni�cant. This
couldbebecausethehumaneye is particularlyadeptat identifyingmoving objects,regardlessof how well they blendinto
thebackground.

Figure 11 depictsthe effects of windowed modecomparedwith full-screenmodefor both the high contrastmap
(Figure11(a))andthe low contrastmap(Figure11(b)). Thevisual effectsof resolutionaresimilar for windowedmode
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Figure11.Effectsof ResolutiononUserPerformance(Full-screenModeandWindowedMode)

asin full screenmodein thathigherresolutionsdo not improve playerperformanceasindicatedby the relative �atness
of all thetrendlines.Statistically, thecon�denceintervalsoverlapfor thewindowedmodecases,bothwith high andlow
contrast,with ANOVA testsalsoshowing no statisticalsigni�cancefor resolution– high contrastF(2,87)=0.569,p=0.05
andlow contrastF(2,87)=0.562,p=0.05. Windowedmodeitself doesappearto make a differenceon userperformance,
with the smallerwindow resultingin slightly lower averageuserscores.However, the overlappingcon�denceintervals
betweenthefull screenandwindowedmodecasessuggestthis resultis not statisticallysigni�cant.

Figure12 depictstheeffectsof resolutionon theability of a userto identify anobjectthat is distant,roughly3 times
asfar away asin theshootingtests.Underthesecircumstances,the lowesttwo resolutionsimpacttheability of theuser
to identify theartifactat theendof thehall, asevidencedby thehighertimesto completethemap.Notice,however, that
this performancedegradationis not linearwith a reductionin squarepixels,but that thedecreasein performanceis sharp
from 640 � 480 to 512 � 384 but thensigni�cantly lesssharpfrom 512 � 384 to 320 � 240. In fact, the con�dence
intervalsoverlapfor 512� 384to 320� 240, but anANOVA testshows theoverall effect of resolutionto besigni�cant,
F(2,92)=7.98,p< 0.001.

Figure13 depictstheeffectsof resolutionon users'perceptionof quality andplayability for thehigh contrastmap.In
contrastwith theperformancedata,theeffect of resolutionon userperceptionis visually clear, with bothplayability and
perceivedqualityhaving a nearlylinearupwardtrendassquarepixelsof resolutionincreases.Statistically, thecon�dence
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intervalsdo not overlapfor any valuesin the caseof userperceptionof quality andan ANOVA testshows a signi�cant
differencebetweenthedifferentresolutionsfor quality F(2,177)=25.90,p< 0.001.However, in thecaseof playability, the
statisticalanalysisshows thecon�denceintervalsoverlapfor adjacentpairsof resolutionandtheANOVA testalsoshows
thatthedifferencedueto resolutionis notsigni�cant F(2,177)=2.83,p=0.05.Thisall suggeststhathigherresolutionslook
better, with anapproximatelylineartrendwith squarepixels,but playability, asin performance,is notsigni�cantly affected
by resolution.

5. RELATED WORK

Researchrelatedto thework in thispaperis dividedinto two categories:(1) activeusers thatexploretheimpactof various
visualdegradationson userperformance;and(2) passiveusers thatexaminetheperceivedquality of videoasit is being
watchedunderdifferentdisplaysettings.Thestudieswith activeusersaremorerelevantto ourwork sinceouruserstudies
involveactiveplayersof FirstPersonShootergames.

5.1.Active Users

SwartzandWallace1 examinetheeffectsof framerateandresolutiononskilleduserstaskedwith identifyingandtracking
targetsusingunmannedaerialvehicles.Theusers'accomplishtheir tasksby watchinga shortvideoclip in the�rst study
and�ying avehiclein asimulatorin thesecondstudy. Resolutionsarevariedacross2, 8 and12 lineson thetelevisionset.
Resolutionis foundto have someeffect on overall on taskperformancealthoughtheeffectson imagequality ratingsare
signi�cant.

SmetsandOverbeeke6 explorethetrade-off betweenresolutionandinteractivity for userssolvingsimplespatialpuzzles
with their hands.Digital camerasshowing theusers'handsandpuzzlehave their resolutionmodi�ed by a computerand
sentto a head-mounteddisplayworn by theusers.The level of interactivity is controlledby thecameralocation,being
eitherhead-mountedor �x edto thesideof thepuzzles.The independentvariablesareresolutionsof 18� 15,36� 30 and
768� 576. Themaineffectsof resolutionon taskcompletionarestatisticallysigni�cant, but thesamplesizeis only four
users.

Thesestudiesaresigni�cant in thatthey show resolutionhassomemodesteffectontaskperformanceandmoreimpact
on quality. Our studydiffers primarily in that our userbaseis substantiallylarger, andour usersinteractwith a virtual
environmentovera wider rangeof testconditions,appropriatefor today's interactivegamingenvironments.



5.2.Passive Users

TripathiandClaypool3 studytheimpactof resolutiononvideoswith differentcontent,speci�cally high-motionvideosand
low-motionvideos. Userswatchandratetheperceivedquality of severalshortvideoclips degradedby a reducedframe
rateor a reducedresolution.Theauthors�nd thattheeffectsof decreasingtheresolutiondependuponthemotioncontent,
with low-motionvideosappearingmoredegradedwith adecreasein resolutionthandohigh-motionvideos.

McCarthyet al.2 examinethepercentageof time videosat varyingresolutionsareacceptableto usersof smallscreen
devices,suchasmobilephones.In their study, userswatchsportsvideosin which the resolutionis graduallydecreased
(with full-screenmode)until theusersindicatethequality is not acceptable.Contraryto earlier�ndings, theauthors�nd
userspreferhigherresolutionsto higherframerates.

Thesestudiesare signi�cant in that they show that at leastfor somevideos,performancesuffers at low resolution
andthatusersgenerallypreferhigherresolutions.Our work differs in thatcomputergames,in general,andFirst Person
Shootergames,speci�cally, arehighly interactive.

6. CONCLUSION

Theproliferationof computergamesandcomputergamedeviceshasincreasedtheneedfor a thoroughunderstandingof
theimpactof resolutionongameplay. This is especiallyimportantasincreasesto resolutionoftencomeat therealcostof
betterhardwareor asa tradeoff costin thatframeratesareoftenreducedat higherresolution.

This paperpresentsresultsfrom extensive usersstudiesthatextendearlierresultsin gaugingthe impactof resolution
of First PersonShooter(FPS)games.Carefully designedtestmapsandharnesseswereconstructedto allow controlled
measurementof theimpactof resolutiononquantitativeperformanceandqualitativeassessment.Focusedtestingincludes
examinationof highandlow contrastconditions,full screenandwindowedmodeandidenti�cation atadistance.Over120
usersparticipatedin threeusersstudies,providing statisticalsigni�cancefor mostdataanalyzed.

Overall, resolutionhasno statisticalimpacton userperformanceover the rangeof conditionstested. Identi�cation
with high contrast,suchaswhentargetinga light coloredopponentagainsta dark background,is generallyeasierthan
identi�cation with low contrast,suchaswhentargetinga camou�agedopponentagainsta complex, moving background,
but resolutiondoesnot changetherelative dif�culty of thetasks.Similarly, identi�cation in a full screenconditionwhere
a low resolutionis stretchedto thelimits of thedisplayis generallyeasierthanin a windowedmodewherethepixelsare
displayedone-to-onewith thedisplay, but therelativedif�culty of thetaskis notchangedby resolution.In fact,resolution
only affectsperformancein FPSgameswhentherelativesizeof theobjectbeingidenti�ed (suchasfor adistantopponent)
is toosmallto berenderedby thepixelsin theresolution.Theseperformancecharacteristicsarere�ectedin thatthereis no
statisticalsigni�cancein userplayability ratingsunderdifferentresolutions,althoughuserquality ratingsdo show a near
linearincreasewith anincreasein squarepixels.

While it is assumedthattheresultsobtainedin thisstudygeneralizeto othercomputergamegenres,thespeci�c genre
tested,FirstPersonShooters,hasnumerousdifferencesfrom othergenres.For example,Real-TimeStrategy (RTS)games
rely heavily upondetailedinformationon individualunitsandthemapfor effectivegameplay. Futurework couldinclude
a studysimilar to theonepresentedin this paperfor RTS games,third-personactiongames,or sportsandracinggames.
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