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ABSTRACT

Thereisanestablishedgendergapinmiddleschoolmatheducation,wherefemalestudentsreport
higheranxietyandlowerengagement,whichnegativelyimpacttheirperformanceandevenlong-
termcareer choices.Thiswork investigates the roleofdigital learninggames inaddressing this
issuebystudyingDecimalPoint,amathgamethatteachesdecimalnumbersandoperationsto5th
and6thgraders.ThroughdatafromfourpublishedstudiesofDecimalPoint,involving624students
intotal,theauthorsidentifiedaconsistentgenderdifferencethatwasreplicatedacrossallstudies
–malestudentstendedtodobetteratpretest,whilefemalestudentstendedtolearnmorefromthe
game.Inaddition,femalestudentsweremorecarefulinansweringself-explanationquestions,which
significantlymediatedtherelationshipbetweengenderandlearninggainsintwooutoffourstudies.
Thesefindingsshowthat learninggamescanbeaneffective toolforbridgingthegendergapin
middleschoolmatheducation,whichinturncontributestothedevelopmentofmorepersonalized
andinclusivelearningplatforms.
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Decimal Numbers, Digital Learning Game, Game Design, Gender Effect, Gender Stereotype, Mediation Analysis, 
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INTRodUCTIoN

Manypeoplearehighlyengagedwithandfrequentlyplayvideoandcomputergames.World-wide,
morethan2.6billionpeopleplayvideoorcomputergames(Gilbert,2021)andeverydaymoreand
morepeopleareplaying.Forinstance,theNPDGroup(NPD,2019)reportsthatfrom2018to2019
therewasa6%increaseinpeopleplayingcomputer-basedgames.Youngpeopleareparticularly
engagedindigitalgameplay.BasedonLobeletal.(2017),childrenfrom7-12yearsoldplaycomputer-
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basedgamesapproximately5hoursperweek,whileHomerandcolleagues(2012)reportedmuch
largernumbersofweeklyhoursofdigitalplaybyyoungpeople.

Duetotheirappeal,especiallytoyoungpeople,digitalgameshavethepotentialtobepowerful
toolsforlearning.However,researchersandeducatorshavequestionedwhetherallstudentslearn
equally well from digital learning games, given that there are differences in their typical game
preferences(Dindar,2018;Phanetal.,2012)andboystendtospendmoretimeplaying(Homeret
al.,2012).Yet,digitallearninggameshavebeenshowntobeeffectiveforgirls--andoftenmore
effectivethanforboys--intermsofbothlearningandaffectiveoutcomes(Arroyoetal.,2014;Hou
etal.,2020,2022;McLaren,Farzanetal.,2017b).

Although meta-analyses reveal gender similarities in math achievement (Hyde et al., 2008;
Lindbergetal.,2010),genderdifferencesfavoringboysstillemergewhenfocusingondatarepresenting
topperformersamongstudentsorinadvancedareasofmath(Bredaetal.,2018;Waietal.,2010).
Critically,girlstendtoreportlesspositivemathaffect(Ganley&Lubienski,2016;Hilletal.,2016),
whichinturnpredictstheirSTEMengagement,goals,andachievement(Deemeretal.,2014;Else-
Questetal.,2013).Givenhowtheyoftenengageyoungpeople,digitallearninggamesseemtobe
particularlywellsuitedtoaddressaffectiveexperienceswithmath,givingthempotentialtoserveas
ausefulinstructionaltoolforgirlsinparticular.

Unfortunately,digitalgamedesignersoftenworkwithoutempiricalguidanceforhowtomake
learninggamesmoreeffective,especiallyinhowgamesdifferintheirsupportofgirlsversusboys.In
somecases,thisresultsinuninformedadoptionofextrinsicrewards(referredtoas“gamification”),
suchaspoints,badges,competitionandlevels,thatoftendonotfosterproductivelearningprocesses
(Nicholson,2012,2013;Seaborn&Fels,2015).Initsattemptstoreachmoreyounggirls,thegame
industrytoooftenhasemployedgenderstereotypeswithoutaclearunderstandingofgender-based
preferencesoroutcomes(Everettetal.,2017;Shaw,2015).Greaterevidenceofwhenandhowmale
andfemalestudentslearnfromdigitallearninggames--andespeciallyhowtheymightlearndifferently
fromgames--willhelpinformteachers’choicesaboutwhichdigitallearninggamestoincorporate
intotheirteachingandhowtoenhancelearningforallstudents.

Wehavedevelopedandexperimentedwithadigitallearninggameformiddleschoolchildren,
Decimal Point,thathasproventobeanexcellentplatformforexploringgenderdifferencesinlearning
withthegames.Unlikemanydigitallearninggames,Decimal Pointwascarefullydesignedtobe
gender-neutralandincorporatelearningscienceprinciplesbasedonempiricalevidence.Overmore
thaneightyearsofdevelopmentandevaluation,Decimal Pointhasbeenusedtoexplorevarious
aspectsoflearninggames,includinganinitialcomparisonwithanon-gametutor,whichshowed
thatthegameleadstosuperiorlearningoutcomescomparedtothetutor(McLarenetal.,2017a),the
effectsofstudentagency(Nguyenetal.,2018),theuseofindirectcontrolinthegame(Harpstead
etal.,2019)andthebalancebetweenlearningandenjoyment(Houetal.,2022).Allversionsofthe
gamehaveaself-explanationstep(Chietal.,1989;1994;Wylie&Chi,2014)thatpromptsstudents
aftertheyplayeachofthemini-gameswithinDecimal Point.Whilewehaveidentifiedinteresting
aspectsofallofthevariousstudiesofthegame,onefindinghasremainedsteadysinceourearliest
experimentandisthetopicofthispaper:girlshavegenerallybenefitedmorefromthegamethan
boys.Inthispaperwesummarizeanddiscusstheresultsoffourseparateexperiments,spanningthe
years2015to2019,allofwhichresultedinatleastsomelearningbenefitsthatfavoredgirlsover
boys.Essentially,ouralmostdecade-longresearchandworkwiththeDecimal Pointgamehashelped
usanswerthefollowingquestions:

RQ1:IsthereadifferenceinlearningoutcomesbetweenmaleandfemalestudentsusingDecimal 
Point?

RQ2:Isthereadifferenceingameplaybehaviorbetweenmaleandfemalestudents?
RQ3:Isthereadifferenceinself-explanationbehaviorbetweenmaleandfemalestudents?
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Ourgoalinexaminingthesequestionsistocalltoattentionaconsistenttrendacrossstudiesthat
meritsadditionalanalysisinfutureresearchofDecimal Point,andindigitallearninggamesmore
generally.Furthermore,whilethesequestionswereraisedinthecontextofthegameDecimal Point
specifically,theyhavewiderimplicationsregardinglearningfromdigitalgamesmoregenerally.In
thispaper,wediscussgenderissueswithrespecttolearningwithgames,describeourfindingsin
experimentingwithDecimal Point,anddiscussthemoregenerallessonsfromourresultswithrespect
todigitallearninggames.

BACKGRoUNd

Gender and Math Achievement
Whileboysandgirlswereshowntohavesimilarperformanceinstandardizedtests(Hydeetal.,2008;
Lindbergetal.,2010),girlsoftenholdlesspositiveattitudestowardsmath(Bredaetal.,2018;Hill
etal.,2016;C.Huang,2013;Lindbergetal.,2010;Reillyetal.,2015;Waietal.,2010),although
theeffectsizeissmallandvariesbyage.Inhighschool,severalstudieshavereportedthatfemale
studentsholdlowerconfidence,lessexcitementandgreaterfrustrationtowardmaththanmalestudents,
withsmalltomediumeffectsizes(Arroyoetal.,2013;Else-Questetal.,2010;2013).However,this
differenceisn’tpresentinelementaryschool(Andreetal.,1999;Friedler&Tamir,1990),suggesting
thatmiddleschooliswhenmathanxietyemergesamongfemalestudentsandthereforeacrucialtime
foraddressingthisissue.Thisisparticularlyimportantgiventhenegativeassociationbetweenmath
anxietyandmathperformance–ameta-analysisbyNamkungandcolleagues(2019)foundanoverall
effectsizeofr=-.34,withastrongernegativecorrelationonmorecomplexmathtopics.Furthermore,
whilemathself-efficacyisapredictorofgreaterinterestinmathcareersformalestudents,math
anxietyisapredictoroflowerinterestinmathcareersforfemalestudents(Huangetal.,2019).

Thisphenomenonmaybeattributedtothestereotypethreat,whichpositsthatbeingreminded
ofsocialgroupstereotypesimpactstheperformanceofmembersinthatgroup(Spenceretal.,1999).
Whilegender-baseddifferencesinmathachievementhavediminishedinrecentdecades(Lindberget
al.,2010;Reardonetal.,2019),stereotypesaboutmenbeingbetteratmathcanstillemergeearlyin
childhoodandpersistthroughadulthood(Cvenceketal.,2011;Furnhametal.,2002;Noseketal.,
2002;Passolunghietal.,2014).Inturn,suchperceptionmayinfluencefemalestudents’performance
inmathandtheirinterestinSTEMcareers(Adamsetal.,2019;Adams&Kirchmaier,2016;Bian
etal.,2017;Frome&Eccles,1998;Ochsenfeld,2016).Forthesereasons,promotingself-efficacy,
interestandachievementamongfemalestudents,whileatthesametimereducingmathanxietyand
stereotypethreat,remainsachallengingareaofresearch.Inthiswork,weinvestigatewhetherdigital
learninggames,whichaimtopromoteboth learningmotivationandoutcomes(Sitzmann,2011;
Vogeletal.,2006),maycontributeasolutionpathway.

Gender and digital Learning Games
Digitalgamesarepopular amongmenandwomen, anda recentmeta-analysis foundnogender
differencesinparticipants’intentionstoplaydigitalgames(Hamari&Keronen,2017).However,
thereareconsistentgenderdifferences inpreferencesrelating togamespeed, type,opportunities
for social interaction, andavatar characteristics (Aleksić& Ivanović,2017;Chou&Tsai,2007;
Greenbergetal.,2010;Romrell,2014).Specifically,maleplayerstendtopreferfaster-pacedand
moreaction-stylegames,whilefemaleplayerstendtoprefermorepuzzle-stylegamesandgames
withsocialinteraction(Chou&Tsai,2007).

Genderdifferencesingamepreferencesapplytodigitallearninggamesaswell.Femalestudents
tendtorankgoalclarityandsocialinteractionasmoreimportantindigitallearninggamesthanmale
students,whilemalestudentstendtopaymoreattentiontochallenge,progressfeedbackandvisual
appealindigitallearninggames(Dele-Ajayietal.,2018).Thesepreferencescanproducemeaningful
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differences,withmediumtolargeeffectsizes,inlearningbehaviors;forexample,onestudyfound
that female students reportedmorepositive feelings and increasedhelp-seekingbehaviorswhen
anon-player“learningcompanion”waspresent,whilemalestudentsdidbestwithouta learning
companion(Arroyoetal.,2013).Drawingfromthebroaderliteratureondigitalgamepreferences,
someeducationalgameresearchershaveproposedadaptingdigitallearninggamesbasedongenderto
createmoreinclusive,equitablelearningexperiences(Connollyetal.,2009;Houetal.,2020;Kinzie
&Joseph,2008;Law,2010;Pezzulloetal.,2017;Steineretal.,2009).However,recommendationsfor
gender-basedadaptationstypicallyrelyontheintuitionsofgamedesignersorpreferencesobserved
throughplaytesting,focusgroups,orsurveysaboutself-reportedpreferencesandbehaviors.There
remainsaneedtoempiricallyvalidatetheserecommendationsacrossmultiplestudiesandpopulations
tobetterunderstandtheirinteractionwithgender.

Amongstudiesexamininggenderdifferencesinlearningfromdigitallearninggames,female
studentshavesometimesbeenshowntohavegreaterlearningoutcomes(Khanetal.,2017;Klisch
etal.,2012;Tsai,2017),enjoylearninggamesmore(Adamo-Villanietal.,2008;Chung&Chang,
2017),andseegreatervalueineducationalgamescomparedtomalestudents(Joineretal.,2011).
Otherresearchhasreportednogenderdifferencesinlearningoutcomesormotivation(Changetal.,
2014;Clarketal.,2011;Dorjietal.,2015;Maneroetal.,2016;Papastergiou,2009).Fewstudies
havetakenanempiricallyrigorousapproachtotestinglearningoutcomesofdigitallearninggames
(i.e.,randomlyassigningstudentstoalearninggameversusacomparablenon-gamecontrol)and
fewerhavereportedinvestigatinggenderdifferenceswithinthosegames.Amongthesixrigorous,
controlledstudiesofmathdigitallearninggamesidentifiedinMayer(2019)’sreview,onlytworeported
analyzinggenderdifferencesinlearning(McLaren,Farzanetal.,2017b;Papastergiou,2009).While
Papastergiou(2009)foundnogendereffectonlearning,McLaren,Farzanetal.(2017b)reported
thatfemalestudentsbenefitedmorefromthegameDecimal Point,thesubjectofthispaper,than
malestudents,withmediumeffectsizes.ThisdifferencewasthenreplicatedbyHouetal.(2020)in
aseparatestudyofthesamegame.Ourresearchreportedinthispaperextendsthesepriorresultsby
performingamorecomprehensivecomparisonbetweenmaleandfemalestudentsinallpublished
studiesofDecimal Point,includingthosethatreportedthegame’sgendereffect(McLaren,Farzan
etal.,2017b;Houetal.,2020)andthosethatdidnotexploreorreportsucheffects(Nguyenetal.,
2018;Harpsteadetal.,2019).

The Game Decimal Point
Decimal Point(McLarenetal.,2017a),depictedinFigures1and2,isasingle-playerdigitallearning
gamedesignedasanamusementpark-likeexperienceandtargetedat5thand6thgradestudents
learningaboutdecimalnumbers.ThegamerunsontheInternet,withinabrowser,andwasdeveloped
withHTML/JavaScriptandtheCognitiveTutorAuthoringTools(CTAT-Alevenetal.,2016).The
gameandall relatedmaterials (e.g., tests,questionnaires)havebeendeployedon theweb-based
learningmanagementsystem,TutorShop(Alevenetal.,2009),whichmanagesthegamepresentation
tostudentsandlogsalloftheiractions.

Thegame is composedof a series of “mini-games”within the larger amusementparkmap
(Figure1).Eachmini-gameinvolvesoneofthefivetypesofdecimalproblems,asshowninTable1.
Aftersolvingeachproblem,studentsansweramultiple-choiceself-explanationquestiontoreinforce
theirlearning;thisdesignisbasedontheself-explanationprinciple,whichhasbeenshowntolead
todeeperandmorerobustlearninginavarietyofpriorstudies(Chietal.,1989,1994;Johnson&
Mayer,2010;Mayer&Johnson,2010;Rittle-Johnson,2006;Wylie&Chi,2014).

Asanexample,intheSortingmini-game,Western Shooter(Figure2),studentshavetoshoot
thefourobjectsinthecorrectorderbasedontheirassociatednumberlabels(i.e.,smallesttolargest
orlargesttosmallest).Onceallobjectshavebeenshot,studentsreceiveimmediatefeedbackabout
thecorrectnessoftheirsorting,andcanrearrangethenumbersiftheyareincorrectlyordered.After
successfullyfinishingthisactivity,studentshavetoansweraself-explanationquestion,which,in
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thisexample,isabouthowthenumber1.6452comparesto1.29(Figure2b).Studentsdon’tfaceany
penaltyforincorrectresponsesandcanresubmitanswersasmanytimesasneeded;however,they
arenotallowedtomoveforwardwithoutcorrectlysolvingalltheproblemsinamini-game.

ThegameDecimal Pointistheresultofrigorousresearchinlearningscienceandgamedesign.
From the learningscienceperspective, thegame targetsdecimalnumbersdue to theestablished
difficultiesthatstudentshavefacedinthisdomain(Glasgowetal.,2000;Irwin,2001),whichmay
persistevenintoadulthood(Staceyetal.,2001).Thein-gameexercisesweredesignedtotargetthemost

Figure 1. The main game map where students can select among 24 mini-games to play

Figure 2. An example mini-game, Western Shooter, in the Sorting problem type and Wild West theme. Students first perform a 
sorting task (a), then answer a multiple-choice self-explanation question about the performed task (b)
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commondecimalmisconceptions(Isotanietal.,2010)andleveragethebenefitsofself-explanation
inpromotingdeep,robustlearning(Chietal.,1994;Chi&Wylie,2014).Fromthegamedesign
perspective,developmentofthegamebeganwithacompetitiveanalysisofover100educationalgames
formiddle-schoolchildren,whichidentifiedfiveprominentdesignpatterns:adaptivity,optionalhelp,
on-demandsupport,detailedtutorials,andimmediatefeedback.Thesepatternswereconsolidated
intothreeinitialgameconcepts,whichwerefurtherrefinedthroughplaytestingco-designsessions
with thirty-two middle school students. By consolidating the characteristics that were proposed
duringthesesessions–suchastheinclusionofdiverseactionsandcolors,aswellasfamiliarplaces
andevents–theresearchteamsettledontheamusementparktheme.Wealsonotethat,inlightof
priorresearchongenderpreferencesingamesandlearninggames,theamusementparkwaschosen
tobeequallyappealingtobothmalesandfemales.Subsequentdevelopmentwascarriedoutovera
year,focusingonbrainstormingthethemeareasandmini-gamesettingsthatalignwiththeoverall
themeandsupportstudentlearning.FurtherdetailsaboutthedesignprocessarereportedinForlizzi
etal.(2014).

Decimal Pointhasbeendeployedinclassroomstudiesovermultipleyearsandhasconsistently
ledtosignificantlearningincomparingbeforeandaftergameplay.Inthispaper,wefocusonfour
experimentsinvolvingatotalofmorethan600studentparticipants.ThefirststudybyMcLarenetal.
(2017a)showedthatthegameledtomorelearningthananon-gametutorwithidenticalinstructional
content.Buildingon this result, subsequentstudieshaveused thegameasaplatformtoexplore
various research topics in game-based learning. In particular, Nguyen et al. (2018) investigated
whethergivingstudentscontroloverwhichmini-gamestoplayandwhentostop, i.e.,providing
themwithmoreagency,wouldleadtobetterlearningorenjoyment.Asafollow-up,Harpsteadet
al.(2019)thenexaminedtheimpactofgameinterfaceelementsonstudents’senseofagencyand
learning.Mostrecently,Houetal.(2020)evaluatedtheeffectsofexposingstudentstothegame’s
modelsoftheirlearningandenjoyment.Thegamedatacollectedfromthesestudieshavealsobeen
usedineducationaldataminingresearch,tobetterunderstandthelearningdifficultiesindecimal
numbers(Nguyenetal.,2019),aswellastherelationshipsbetweengameplaybehaviorsandlearning
outcomes(Houetal.,2022;Nguyenetal.,2020;Richeyetal.,2021;Wangetal.,2019).However,
noneofthesepriorpublicationshasfocusedontheroleofgenderinstudents’playingandlearning
experience.ThefollowingsectionselaborateonhowouranalysesextendpriorresultsofDecimal 
Pointfromagenderperspective.

MeTHodS

experimental Procedure
Eachstudywasconductedduringstudents’regularclass timesandlastedsixdays; thematerials
tackledonthefirstfivedaysincludedapretest,ademographicquestionnaire,gameplay,anevaluation

Table 1. The list of game types and their game activities in Decimal Point

Game type Activity

Number Line Locatethepositionofadecimalnumberonthenumberline

Addition Addtwodecimalnumbersbyenteringthecarrydigitsandthesum

Sequence Fillinthenexttwonumbersinasequenceofdecimalnumbers

Bucket Comparegivendecimalnumberstoathresholdnumberandplaceeachnumberina“lessthan”or
“greaterthan”bucket

Sorting Sortalistofdecimalnumbersinascendingordescendingorder
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questionnaireandposttest;thesixthandfinaldaywasreservedforthedelayedposttest.Participants
completedthepretestanddemographicquestionnaireonthefirstday,playedthegameforuptothree
classdays,proceedingattheirownpace,thencompletedanevaluationsurveyandposttestimmediately
afterfinishingthegame,aswellasadelayedposttestoneweeklater.

Thetestitemswereidenticalacrossallfourstudies.Eachtestconsistsof43questions;most
questionswereworthonepointeach,whilesomemulti-partquestionswereworthseveralpoints,fora
totalof52pointspertest.Thequestionsweredesignedtoprobeforspecificdecimalmisconceptions
andinvolvedeitheroneofthefivedecimalactivitiesinTable1orconceptualquestions(e.g.,“Isa
longerdecimalnumberlargerthanashorterdecimalnumber?”).Threetestforms(A,BandC)that
wereisomorphicandpositionallycounterbalancedacrossconditionswereused.Inotherwords,one
studentmayhaveformsA,B,Cforpretest,posttestanddelayedposttest,whileanotherstudentmay
haveformsB,C,Ainstead.Resultsfromallfourstudiesindicatednostudentperformancedifference
amongthethreetestformsatpretest,posttest,ordelayedposttest(McLarenetal.,2017a;Nguyenet
al.,2018;Harpsteadetal.,2019;Houetal.,2020).

EachstudyofDecimal Pointalsoincorporatedtwosurveys:apre-interventiondemographic
surveyandpost-interventionevaluationsurvey.Thedemographicsurveyaskedforbasicinformation
aboutthestudent’sage,gender(male/female)andmathexperience.Intheevaluationsurvey,which
wastakenbystudentsimmediatelyaftergameplay,thestudentsratedseveralstatementsabouttheir
enjoymentofthegameelements,onaLikertscalefrom1(“stronglydisagree”)to5(“stronglyagree”).

Measures
Tomeasuregenderdifferencesinlearning,wepartitionedthe43testitemsintothreegroups,based
ontheirleveloflearningtransfer:20itemswereclassifiedintheNear transfergroup,8itemsinthe
Middle transfergroup,and15itemsintheFar transfer group.ThisassignmentisbasedonBarnett&
Ceci(2002)’staxonomyoftransfer,whereneartransferitemscanbesolvedwithidenticalprocedures
fromthoselearnedinthegame,middletransferitemsrequiredmodificationsofthelearnedprocedures
butretaintheproblemrepresentation,andfartransferitemsrequireanunderstandingoftheunderlying
decimalprinciples.Forexample,basedonthesortinggameinFigure2,aneartransferproblemis
“Sortthefollowinglistofdecimalsfromlargesttosmallest:7.681,7.2,7.15,7.9,”amiddletransfer
problemis“Whichnumberisclosestto4.5?4.555,4.05,4.4,or4.6,”whileafartransferproblem
is“Isashorterdecimalalwayssmallerthanalongerdecimalnumber?”.Moreexamplesofthetest
itemsateachtransferlevelareincludedinTable8,intheAppendix.Underthisclassification,wethen
measurethepretest scores,learning gains(differencebetweenposttestandpretestscores)aswellas
delayed learning gains(differencebetweendelayedposttestandpretestscores)ateachtransferlevel.

Tomeasuregenderdifferencesingameplayandself-explanationbehavior,weconsiderfour
metrics:game duration,game errors,self-explanation duration,andself-explanation errors,where
thedurationsaremeasuredinminutes.Thefirsttwometricsreflecthowstudentsplayedthrough
theproblem-solvingactivityinthemini-games(e.g.,Figure2a),whilethelatterarebasedontheir
answeringofthemultiple-choiceself-explanationquestionat theendofeachround(e.g.,Figure
2b).Asthenumberofmini-gameroundsplayedbyeachstudentmaydiffer,eachofthefourmetrics
aboveissummedoverthestudent’sentireplaythroughandthendividedbytheirnumberofmini-game
rounds,yieldinganaverage-per-roundmeasure.

Whilestudentenjoymentisalsoametricofinterest,thecontentoftheevaluationsurveywas
basedonthegameelementsbeingevaluatedineachstudy,andthereforedifferedacrossstudies(for
moredetailsaboutthesurveyineachstudy,seetherespectivepublications–McLarenetal.,2017a;
Nguyenetal.,2018;Harpsteadetal.,2019;Houetal.,2020).Asourgoalinthispaperistoidentify
consistentgenderlearningandgameplaypatternsacrossstudies,wewillnotconsidertheseevaluation
itemsinthispaperandfocusonlyonthelearningandgameplaymeasuresoutlinedabove.

Inthenextsection,wedescribethesettingofeachstudyandtheresultsofouranalyses.To
comparehowmaleandfemalestudentsdifferontheabovemetrics,weusetheanalysisofvariance
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(ANOVA)testandincludeηp
2astheindicatorofeffectsize.AccordingtoCohen(2013),theηp

2
benchmarksforsmall,mediumandlargeeffectsare0.01,0.06and0.14respectively.

STUdy SeTTINGS

Toidentifyconsistentgendertrends,weinvestigateourresearchquestionsinthefourpriorstudies
ofDecimal Point.WhilethesestudieshavemanipulatedthemaingamemapinFigure1,allowing
studentstoprogressthroughthemini-gamesindifferentways,thelearningcontentandgameplay
mechanicsofeachmini-game(e.g.,thoseinFigure2aand2b)werekeptidenticalthroughout.Using
terminologyfromtheareaofintelligenttutoringsystems(VanLehn,2006),thefourpriorstudies
havemanipulatedtheouterloopbehaviorofthegame(responsibleformanagingandassigningall
thelearningtasks)whileretainingthesameinnerloopbehavior(responsibleforguidingstudents
througheachstepinalearningtask).Webrieflydescribethestudymotivationsandsettingsasfollows.

TheSpringandFall2015studieswereconductedbyMcLarenetal.(2017a)torigorouslyevaluate
theeffectivenessofDecimal Pointinamediacomparisonapproach(Mayer,2014),wherethegame
wascomparedagainstaconventionalcomputertutorthathadidenticalinstructionalcontent.Inthe
game,studentsplayedthroughthe24mini-gamesintheordershowninFigure1,startingfromthetop
leftcornerofthegamemap(“EnterIfYouDare”)andfinishingatthebottomleftcorner(“Firethe
Cannon”).Eachmini-gameconsistedoftworounds,foratotalof48rounds,withdifferentquestion
content each round but similar game play mechanics. The non-game tutor featured an identical
problemset,with48rounds,buttheproblemsweredisplayedinastandardtutorinterface,without
anyfantasysettingsorembellishmentseenintheGamecondition.

TheFall2017study(Nguyenetal.,2018)wasmotivatedbywhetheragency–akeyaspectin
manycomputergames–ishelpfultolearning.Whilemanylearningplatformshavegivenstudents
agencyoverinstructionallyirrelevantchoices–suchascustomizinggameicons(Cordova&Lepper,
1996)andpersonalizingtheinterface(Snowetal.,2015)–asasimplewayofapplyinggamification,
inthisstudy,Nguyenandcolleagues(2018)soughttoexamineagencyinamoremeaningfulcontext,
bothforlearningandforplaying,bylettingstudentsdecidewhichorderofmini-gamestoplayand
whentostopplaying.Inparticular,thestudyinvolvedtwoconditions:LowAgencyandHighAgency.
TheLowAgencyconditionfeaturedthebasegameusedintheFallandSpring2015studies,where
studentsplayedthrough48roundsofmini-gamesinafixedorder.Ontheotherhand,theHighAgency
conditiongavestudentstheoptiontoplaythemini-gamesinanyorder,andtofinishthegameany
timeafterhavingcompleted24mini-gamerounds.

TheSpring2018study(Harpsteadetal.,2019)wasconductedtofurtherexaminetheeffectof
agencyinDecimal Point.Thisstudybuiltontheconceptsofself-determination(Reeveetal.,2003)
andcontextualautonomy(Deterding,2016),whichposit thatsituationalcontexts fromunrelated
designchoicesmaydiminishstudents’feelingofhavingcontroland,inturn,theiragency.Inthe
contextofthegameDecimal Point,thedashedlineonthegamemap(Figure1)maybeanindirect
controlfactorthatpromptedstudentstofollowthecanonicalmini-gamesequence,evenwhenthey
weregivenagencyovermini-gameselection.Totestthishypothesis,Harpsteadandcolleagues(2019)
designedthreestudyconditions:LowAgency,HighAgencyandHighAgencywithoutLine.The
firsttwoconditionswereidenticaltothoseusedintheFall2017study,whilethethirdwasavariant
oftheHighAgencyconditionwithoutthedashedlineonthemap.

TheFall2019study(Houetal.,2020)wasdesignedtoexaminetheadoptionofopenlearner
models(Bodilyetal.,2018;Bull,2020),whicharecommonlyusedinintelligenttutoringsystemsto
promoteself-regulatedlearning.Towardsunderstandingwhethermaximizingenjoymentishelpful
tolearning,thestudyalsointroducedanovelconceptofanopenenjoymentmodel.Inparticular,the
studyinvolvedalearning-orientedversionandanenjoyment-orientedversionofDecimal Point.In
thelearning-orientedversion,studentssawanopenlearnermodelthatdisplayedtheircurrentmastery
ofeachofthefivedecimalskillsinTable1;thisdatawascomputedbasedontheirperformanceon
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themini-gameroundscompletedsofar.Intheenjoyment-orientedversion,studentsinsteadsawa
dashboardthatshowedhowmuchtheyenjoyedthemini-gamesassociatedwitheachdecimalskill;
thisdatawascomputedbasedontheenjoymentrating(from1starto5stars)thattheysubmitted
aftercompletingeachmini-game,usinganestablishedsurveyformatcalledthe“fun-o-meter”(Read
&MacFarlane,2006).TherewasalsoacontrolconditionidenticaltotheHighAgencyversionused
intheFall2017andSpring2018studies.

Inthispaperwefocusonstudents’behaviorsduringthemini-gamesandonself-explanation
prompts,whichdidnotchangeacrossalloftheseexperiments.Demographicinformationaboutthe
participantsineachstudyisreportedinTable2.Heretheinitialsamplesizedenotestheoriginal
numberofstudentsenrolledinthestudy,whilethefinalsamplesizeindicatesthenumberofstudents
usedfordataanalysis;weexcludedthosewhodidnotcompleteallstudymaterialsorwereoutliers
intheirlearninggainsordelayedlearninggains(morethan2.5standarddeviationsawayfromthe
mean).IntheSpringandFall2015study,wealsoexcludedallstudentsintheNon-gamecondition,
asouranalysisfocusesonthegendereffectsofthegame.

ReSULTS

Spring and Fall 2015 Studies
McLarenetal.(2017a)reportedthatthegameledtosignificantlymorelearningandenjoymentthan
theconventionaltutor,butdidnotconsideranycomparisonbetweenmaleandfemalestudents.A
post-hocanalysisonthisstudybyMcLaren,Farzanetal.(2017b)showedtworesultsrelatedtothe
game’sgendereffect.First,bothmaleandfemalestudentsintheGameconditionhadhigherposttest
scoresthantheirNon-gamecounterparts,buttheeffectsizeforfemalestudentswaslarger.Second,
whilemalestudentsinbothconditionsperformedsimilarlyonthedelayedposttest,femalestudents
performedsignificantlybetterunder theGamecondition.Theseresultswere thefirst to indicate
thatthelearningbenefitsfromplayingDecimal Pointweregreaterforfemalestudentsthanformale
students.Ouranalysisseekstoelucidatethiseffectbyconsidering,amongonlystudentswhoplayed
thegame,whetherfemalestudentslearnedmorethanmalestudents.Additionally,McLaren,Farzan
etal.(2017b)didnotpointtowhichaspectofthegamemayhaveledtotheobservedoutcomes;in
theresearchreportedinthispaper,wealsoexaminepotentialgenderdifferencesingameplayand
self-explanationbehavior,asameansofbetterunderstandingtheobservedgendereffectonlearning.

RQ1:Isthereadifferenceinlearningoutcomesbetweenmaleandfemalestudents?

Table3showstheresultsofone-wayANOVAscomparingpretestscores,learninggainsand
delayedlearninggainsbetweenmaleandfemalestudentsateachtransferlevel.Weobservedthatat
pretest,therewerenosignificantdifferencesinperformance.Afterplayingthegame,femalestudents

Table 2. Participants and final sample in each study

Study Initial sample size Final sample size Age M (SD)

SpringandFall2015 213 70(31males,39females) 11.36(0.48)

Fall2017 197 158(81males,77females) 11.15(0.60)

Spring2018 287 237(107males,130females) 11.85(0.47)

Fall2019 196 159(82males,77females) 10.93(0.64)

Totals 893 624(301males,323females) 11.39(0.68)
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trendedtowardlargerlearninggainsanddelayedlearninggainsthanmalestudentsatallthreetransfer
levels;however,noneofthecomparisonsyieldedstatisticallysignificantdifferences.

RQ2:Isthereadifferenceingameplaybehaviorbetweenmaleandfemalestudents?

Aone-wayANOVAshowedamarginallysignificantdifferenceingamedurationperroundin
minutes,F(1,68)=3.977,p=.050,ηp

2=0.055,betweenmale(M=1.355,SD=0.513)andfemale
students(M=1.629,SD=0.613),withmalestudentsspendinglesstimeplayingthegame.There
werenosignificantdifferencesinthenumberofgameerrorsperround,F(1,68)=0.001,p=.978,
ηp

2<0.001,betweenmale(M=2.922,SD=2.669)andfemalestudents(M=2.936,SD=1.641).

RQ3:Isthereadifferenceinself-explanationbehaviorbetweenmaleandfemalestudents?

Aone-wayANOVAshowednosignificantdifferencesinself-explanationdurationperroundin
minutes,F(1,68)=1.046,p=.310,ηp

2=0.015,betweenmale(M=0.319,SD=0.092)andfemale
students(M=0.340,SD=0.079).However,therewasasignificantdifferenceinthenumberof
self-explanationerrorsperround,F(1,68)=5.045,p=.028,ηp

2=0.069,wheremalestudents(M
=0.813,SD=0.302)mademoreerrorsthanfemalestudents(M=0.639,SD=0.337).

Fall 2017 Study
Resultsfromthisstudyindicatedthattherewerenosignificantdifferencesinlearningoutcomesand
enjoymentbetweentheLowAgencyandHighAgencyconditions(Nguyenetal.,2018).Apost-
hocanalysisbyNguyenetal.(2018)alsoshowedthatmoststudentsintheHighAgencycondition
stillfollowedthecanonicalmini-gameordering,whichmightexplainwhytheirlearningandgame
experiencewassimilartothatofstudentsintheLowAgencycondition.Herewecomparehowmale
andfemalestudentsplayedandlearnedfromthegameinthisstudy,whichhasnotbeenpreviously
reported.

RQ1:Isthereadifferenceinlearningoutcomesbetweenmaleandfemalestudents?

Table4showstheresultsofone-wayANOVAscomparingpretestscores,learninggainsand
delayedlearninggainsbetweenmaleandfemalestudentsateachtransferlevel.Weobservedthat
malestudentstrendedtowardsoutperformingfemalestudentsatallthreetransferlevelsatpretest,

Table 3. Comparison of test performance by gender at each transfer level

Category Transfer Male M (SD) Female M (SD) Statistical result

Pretestscore Near 12.097(5.896) 11.154(4.760) F(1,68)=0.548,p=.461,ηp
2=.008

Middle 3.484(2.096) 3.744(2.022) F(1,68)=0.276,p=.601,ηp
2=.004

Far 11.542(4.296) 10.795(3.988) F(1,68)=0.437,p=.511,ηp
2=.006

Learninggains Near 4.065(4.553) 4.410(4.381) F(1,68)=0.104,p=.748,ηp
2=.002

Middle 0.484(1.411) 0.846(1.954) F(1,68)=0.753,p=.389,ηp
2=.011

Far 1.452(3.576) 1.949(3.244) F(1,68)=0.370,p=.545,ηp
2=.005

Delayedlearning
gains

Near 4.452(4.114) 5.179(4.352) F(1,68)=0.507,p=.479,ηp
2=.007

Middle 0.742(1.879) 1.308(1.922) F(1,68)=1.527,p=.221,ηp
2=.022

Far 2.194(3.331) 2.667(3.279) F(1,68)=0.355,p=.554,ηp
2=.005
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especiallyattheneartransferlevel,wherethedifferencewassignificant.However,afterplayingthe
game,femalestudentsachievedsignificantlyhigherlearninggainsanddelayedlearninggainsatthe
fartransferlevel.Atthesametime,wefoundthatmalestudentstrendedtowardhigherlearninggains
anddelayedlearninggainsthanfemalestudentsatthemiddletransferlevel,wherethedifferencein
delayedlearninggainswasmarginallysignificant.

RQ2:Isthereadifferenceingameplaybehaviorbetweenmaleandfemalestudents?

A one-way ANOVA showed a significant gender difference in game duration per round in
minutes,F(1,156)=11.727,p=.001,ηp

2=0.086,wheremalestudents(M=0.786,SD=0.475)
spentlesstimeplayingthegamethanfemalestudents(M=1.131,SD=0.766).Therewasalsoa
significantgenderdifferenceinnumberofgameerrorsperround,F(1,156)=7.16,p=.008,ηp

2=
0.044,wheremalestudents(M=1.784,SD=1.382)hadfewererrorsthanfemalestudents(M=
2.538,SD=2.101).

RQ3:Isthereadifferenceinself-explanationbehaviorbetweenmaleandfemalestudents?

Aone-wayANOVAshowedamarginallysignificantgenderdifferenceinself-explanationduration
perroundinminutes,F(1,156)=3.072,p=.082,ηp

2=0.019,betweenmale(M=0.421,SD=
0.140)andfemalestudents(M=0.458,SD=0.120),withfemalestudentstrendingtowardlonger
self-explanationtimes.Additionally,therewasasignificantdifferenceinnumberofself-explanation
errors,F(1,156)=5.735,p=.018,ηp

2=0.035,wheremalestudents(M=0.661,SD=0.458)made
significantlymoreerrorsthanfemalestudents(M=0.505,SD=0.354).

Spring 2018 Study
Resultsfromthisstudyindicatedthatremovingthedashedlineledtostudentsexercisingmoreagency,
measuredbydeviationfromthecanonicalpath,andachievinghigherlearningefficiency(Harpstead
etal.,2019).Herewecomparehowmaleandfemalestudentsplayedandlearnedfromthegamein
thisstudy,whichhasnotbeenpreviouslyreported.

RQ1:Isthereadifferenceinlearningoutcomesbetweenmaleandfemalestudents?

Table 4. Comparison of test performance by gender at each transfer level

Category Transfer Male M (SD) Female M (SD) Statistical result

Pretestscore Near(*) 13.642(4.978) 11.935(5.247) F(1,156)=4.403,p=.037,ηp
2=.027

Middle 4.580(2.024) 4.403(2.363) F(1,156)=0.258,p=.612,ηp
2=.002

Far(†) 13.642(5.283) 12.195(4.888) F(1,156)=3.185,p=.076,ηp
2=.020

Learninggains Near 3.099(3.942) 3.909(4.265) F(1,156)=1.540,p=.216,ηp
2=.010

Middle 0.407(1.523) 0.299(1.598) F(1,156)=0.192,p=.662,ηp
2=.001

Far(*) 0.840(2.648) 1.818(3.077) F(1,156)=4.507,p=.033,ηp
2=.029

Delayedlearning
gains

Near 2.938(4.041) 3.896(3.926) F(1,156)=2.280,p=.133,ηp
2=.014

Middle(†) 0.630(1.427) 0.156(1.679) F(1,156)=3.666,p=.057,ηp
2=.023

Far(*) 1.593(3.089) 2.714(3.634) F(1,156)=4.384,p=.038,ηp
2=.027

(†) p < .1; (*) p < .05
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Table5showstheresultsofone-wayANOVAscomparingpretestscores,learninggainsand
delayedlearninggainsbetweenmaleandfemalestudentsateachtransferlevel.Weobservedthat
malestudentstrendedtowardsoutperformingfemalestudentsatallthreetransferlevelsatpretest,
especiallyattheneartransferlevel,wherethedifferencewassignificant.However,afterplayingthe
game,femalestudentstrendedtowardhigherlearninggainsanddelayedlearninggainsatalltransfer
levels, with female students performing significantly better than male students on the near- and
middle-levelitemsoftheposttest.

RQ2:Isthereadifferenceingameplaybehaviorbetweenmaleandfemalestudents?

Aone-wayANOVAshowednosignificantdifferencesingamedurationperroundinminutes,
F(1,235)=1.064,p=.303,ηp

2=0.007,betweenmale(M=0.507,SD=0.365)andfemalestudents
(M=0.558,SD=0.390).Similarly,therewerenosignificantdifferencesinnumberofgameerrors
perround,F(1,235)=0.235,p=.628,ηp

2=0.001,betweenmale(M=1.391,SD=1.357)and
femalestudents(M=1.481,SD=1.469).

RQ3:Isthereadifferenceinself-explanationbehaviorbetweenmaleandfemalestudents?

Aone-wayANOVAshowednosignificantgenderdifferencesinself-explanationdurationper
roundinminutes,F(1,235)=0.636,p=.426,ηp

2=0.003,betweenmale(M=0.383,SD=0.113)
andfemalestudents(M=0.394,SD=0.100).However,therewasasignificantgenderdifferencein
self-explanationerrorsperround,F(1,235)=11.391,p=.001,ηp

2=0.046,wheremalestudents(M
=0.692,SD=0.518)madesignificantlymoreerrorsthanfemalestudents(M=0.495,SD=0.381).

Fall 2019 Study
Resultsfromthisstudyindicatednodifferencesinlearningbetweenstudentsinthethreeconditions
–Learning-oriented,Enjoyment-oriented,andControl–althoughthereweredifferencesingame
playpatterns,wherestudentsexposedtothelearning-orienteddashboardreplayedmoremini-game
roundsthanthoseintheenjoyment-orientedversion(Houetal.,2020).Theauthorsalsoinvestigated
genderdifferencesinlearningandreportedthatfemalestudentshadhigherlearninggainsthanmale
studentsatthenearandmidtransferlevels,butdidnotexaminegenderdifferencesingameplay,
whichweanalyzedandreporthere.

Table 5. Comparison of test performance by gender at each transfer level

Category Transfer Male M (SD) Female M (SD) Statistical result

Pretestscore Near(*) 14.561(4.717) 12.831(4.863) F(1,235)=7.632,p=.006,ηp
2=.031

Middle 5.299(1.889) 5.008(2.021) F(1,235)=1.293,p=.257,ηp
2=.005

Far 13.738(5.370) 13.215(5.294) F(1,235)=0.565,p=.453,ηp
2=.002

Learninggains Near(*) 2.364(3.859) 3.615(3.771) F(1,235)=6.322,p=.013,ηp
2=.026

Middle(*) -0.121(1.821) 0.469(1.653) F(1,235)=6.839,p=.009,ηp
2=.028

Far 1.168(3.374) 1.477(3.346) F(1,235)=0.496,p=.482,ηp
2=.002

Delayedlearning
gains

Near(†) 2.860(3.930) 3.877(4.137) F(1,235)=3.711,p=.055,ηp
2=.016

Middle 0.252(1.828) 0.615(1.668) F(1,235)=2.550,p=.112,ηp
2=.011

Far 1.458(3.653) 1.923(3.523) F(1,235)=0.989,p=.321,ηp
2=.004

(†) p < .1; (*) p < .05
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RQ1:Isthereadifferenceinlearningoutcomesbetweenmaleandfemalestudents?

Houetal.(2020)havereportedtheresultsofthisresearchquestion,whichweincludeherefor
completeness.Table6showstheresultsofone-wayANOVAscomparingpretestscores,learninggains
anddelayedlearninggainsbetweenmaleandfemalestudentsateachtransferlevel.Malestudents
performedmarginallybetterthanfemalestudentsontheneartransferlevelofthepretest,butfemale
studentsdemonstratedsignificantlylargerlearninggainsonthenear-andmiddle-levelitemsonthe
immediatetestandnear-levelitemsonthedelayedposttest.

RQ2:Isthereadifferenceingameplaybehaviorbetweenmaleandfemalestudents?

Aone-wayANOVAshowednosignificantgenderdifference ingamedurationper round in
minutes,F(1,157)=1.215,p=.272,ηp

2=0.019,betweenmale(M=1.009,SD=0.834)andfemale
students(M=1.142,SD=0.678).Therewerenosignificantdifferencesinaveragegameerrorsper
round,F(1,157)=0.148,p=0.701,ηp

2=0.001,betweenmale(M=2.367,SD=2.580)andfemale
students(M=2.233,SD=1.688).

RQ3:Isthereadifferenceinself-explanationbehaviorbetweenmaleandfemalestudents?

Aone-wayANOVAshoweda significantgenderdifference in self-explanationdurationper
roundinminutes,F(1,157)=14.355,p<.001,ηp

2=0.084,wheremalestudents(M=0.369,SD=
0.109)spentlesstimeonself-explanationquestionsthanfemalestudents(M=0.449,SD=0.153).
Therewasalsoasignificantgenderdifferenceinself-explanationerrorsperround,F(1,157)=8.204,
p=.005,ηp

2=0.05,withmalestudents(M=0.868,SD=0.397)makingmoreerrorsthanfemale
students(M=0.681,SD=0.428).

Result Summary and Post-Hoc Analyses
Ingeneral,analysesacrossthefourstudiesdemonstratedconsistenttrendsrevealinggenderdifferences
inperformance,timespent,anderrorrates.Table7summarizesallofthegendercomparisonsinthe
previousfourstudies.ForRQ1--whethermaleandfemalestudentshaddifferentlearningoutcomes
--weobservedthat,acrossallfourstudiesandthreelevelsoftransferlearning,malestudentstended
toperformbetterthanfemalestudentsatpretest,butfemalestudentsoftenhadhigherlearninggains

Table 6. Comparison of test performance by gender at each transfer level

Category Transfer Male M (SD) Female M (SD) Statistical result

Pretestscore Near(†) 12.049(4.693) 10.649(4.542) F(1,157)=3.643,p=.058,ηp
2=.023

Middle(*) 3.500(2.074) 2.831(1.902) F(1,157)=4.474,p=.036,ηp
2=.028

Far 9.793(4.786) 10.740(4.747) F(1,157)=1.569,p=.212,ηp
2=.010

Learninggains Near(*) 2.354(3.368) 3.419(3.530) F(1,157)=4.541,p=.035,ηp
2=.028

Middle(*) 0.280(2.405) 1.065(2.142) F(1,157)=4.695,p=.032,ηp
2=.029

Far 1.683(2.893) 1.636(3.967) F(1,157)=0.007,p=.932,ηp
2<.001

Delayed
learninggains

Near(*) 3.061(2.954) 4.091(3.514) F(1,157)=4.020,p=.047,ηp
2=.025

Middle 0.232(2.593) 0.883(2.606) F(1,157)=2.495,p=.116,ηp
2=.016

Far 2.488(3.639) 2.714(3.821) F(1,157)=0.147,p=.702,ηp
2=.001

(†) p < .1; (*) p < .05.
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anddelayedlearninggains.Thispatternisespeciallyconsistentattheneartransferlevel,wherewe
alsoseethemostfrequentoccurrencesofsignificantgenderdifferences.ForRQ2--whethermaleand
femalestudentshaddifferentgameplaybehaviors--ouranalysesshowedthatfemalestudentsspent
consistentlymoretimethanmalestudentsongameplayacrossstudies.Femalestudentsalsomostly
hadhighergameerrors,butoftennotsignificantlyso.ForRQ3--whethermaleandfemalestudents
haddifferentself-explanationbehaviors--wesawthatmalestudentshadeitherlowerorsimilarself-
explanationdurations,comparedtofemalestudents.However,thereisanotabledifferenceinthe
averagenumberofself-explanationerrors:malestudentsmadesignificantlymoreself-explanation
errorsthanfemalestudentsineverystudyofDecimal Point.

Thefactthatmalestudentsspentlowerorsimilaramountsoftimeontheself-explanationactivities
butmadesignificantlymoreerrorsthanfemalestudentscouldindicatethattheymayhavebeenmore
careless inansweringself-explanationquestions,or“gamed”thequestions(i.e.,quicklyselected
theoptionsuntiltheygotthecorrectanswer),whichinturncouldhavecontributedtotheirlower
learninggains.Totestthishypothesis,wecomputedanewmetriccalledself-explanation error rate,
whichisthetotalnumberofself-explanationerrorsdividedbythetotaltimespentonself-explanation
activities,acrossthestudent’sentireplaythrough.Ahighermetricvalueindicatesthatthestudent
madeerrorsatafasterrate,whichcouldbeconsideredanindicationofgreatercarelessnessorgaming.
Wethenconstructedtwomediationmodelswithgenderasanindependentvariable(wheremaleis
codedas0andfemaleas1),self-explanationerrorrateasamediator,andneartransferlearning
gain/delayedlearninggainasthedependentvariable.Hereweonlyconsiderlearninggainsatthe
near transfer levelbecause this level led to themostconsistentgenderdifferences,aspreviously
described.Theconfidenceintervaloftheindirecteffectwasestimatedatthe0.05significancelevel
viabias-correctednon-parametricbootstrappingwith2000iterations(Hayes&Rockwood,2017;
Vallat,2018).Forsignificantmediationeffects,wereportedtheeffectsizeviatheabsoluteratioof

Table 7. Summary of learning, game play and self-explanation comparisons by gender across studies. The value in each cell 
indicates which gender had higher outcomes in the corresponding category (M for male and F for female).

Category SF15 (n = 70) F17 (n = 158) S18 (n = 237) F19 (n = 159)

Learning

Pretest-Neartransfer M M(*) M(*) M(†)

Pretest-Middletransfer F M M M(*)

Pretest-Fartransfer M M(†) M F

Learninggains-Neartransfer F F F(*) F(*)

Learninggains-Middletransfer F M F(*) F(*)

Learninggains-Fartransfer F F(*) F M

Delayedlearninggains-Neartransfer F F F(*) F(*)

Delayedlearninggains-Middletransfer F M(†) F F

Delayedlearninggains-Fartransfer F F(*) F F

Game play

Gameduration F(†) F(*) F F

Gameerrors F F(*) F M

Self-explanation

Self-explanationduration F F(†) M F(*)

Self-explanationerror M(*) M(*) M(*) M(*)

(†) p < .1; (*) p < .05
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theindirecttothetotaleffect,i.e.,themediationratio,whichindicatestheproportionoftotaleffect
whichismediated(Preacher&Kelley,2011).Wereporttheresultofthisanalysisoneachofthe
fourDecimal Pointstudiesbelow.

Spring and Fall 2015 Studies
Ourmediationmodelsindicatednosignificantmediationeffectofself-explanationerrorrateinthe
relationshipbetweengenderandneartransferlearninggain(ab=0.222,95%CI[-0,107,1.148],
p=.348)orneartransferdelayedlearninggain(ab=0.137,95%CI[-0.153,0.969],p=.525).
Ineachmodel,thetotaleffect,withoutaccountingforthemediator,waslikewisenotsignificant:c
=-0.346,p=.748fortheneartransferlearninggainmodel,andc=-0.728,p=.479forthenear
transferdelayedlearninggainmodel.

Fall 2017 Studies
Ourmediationmodelsindicatedthattheeffectofgenderonneartransferlearninggainwasmediated
byerrorrate(Figure3).Theregressioncoefficientbetweengenderanderrorratewassignificant,
aswastheregressioncoefficientbetweenerrorrateandneartransferlearninggain.Thebootstrap
proceduresalsoindicatedasignificantindirecteffect(ab=0.473,95%CI[0.151,0.942],p=.013),
withamediationratioof|0.473/-0.810|=58.4%.Similarly,theeffectofgenderonneartransfer
delayedlearninggainwasalsomediatedbyself-explanationerrorrate,withasignificantregression
coefficientbetweenself-explanationerrorrateandneartransferdelayedlearninggain.Resultsofthe
bootstrappingproceduresshowedasignificantindirecteffect(ab=0.437,95%CI[0.153,0.890],p
=.013),withamediationratioof|0.437/-0.958|=45.62%.

Spring 2018 Study
Ourmediationmodelsindicatedthattheeffectofgenderonneartransferlearninggainwasmediated
byerrorrate(Figure4).Theregressioncoefficientbetweengenderanderrorratewassignificant,
aswastheregressioncoefficientbetweenerrorrateandneartransferlearninggain.Thebootstrap
proceduresalsoindicatedasignificantindirecteffect(ab=0.384,95%CI[0.133,0.732],p<.001),
withamediationratioof|0.384/-1.251|=30.7%.Similarly,theeffectofgenderonneartransfer
delayedlearninggainwasalsomediatedbyself-explanationerrorrate,withasignificantregression
coefficientbetweenself-explanationerrorrateandneartransferdelayedlearninggain.Resultsofthe
bootstrappingproceduresshowedasignificantindirecteffect(ab=0.432,95%CI[0.145,0.814],p
<.001),withamediationratioof|0.432/-1.017|=42.5%.

Fall 2019 Study
Ourmediationmodelsindicatednosignificantmediationeffectofself-explanationerrorrateinthe
relationshipbetweengenderandneartransferlearninggain(ab=-0.068,95%CI[-0,495,0.282],
p=.725)orneartransferdelayedlearninggain(ab=-0.205,95%CI[-0.640,0.136],p=.289).
However,ineachmodel,thetotaleffect,withoutaccountingforthemediator,wassignificant:c=
1.166,p=.035fortheneartransferlearninggainmodel,andc=1.030,p=.047fortheneartransfer
delayedlearninggainmodel.

dISCUSSIoN

Insummary,ourclassroomstudieswiththedigitallearninggameDecimal Pointoveraperiodoffour
yearshaveidentifiedconsistentgenderdifferencesinstudents’learningoutcomesandself-explanation
behaviors.First, femalestudentsunder-performedcompared tomalestudentson thepretestsbut
out-performedmalestudentsinlearninggainsanddelayedlearninggains.Thisresultdidnotreach
significanceeveryyear,butconsistentlyemergedasastrongtrend,especiallyattheneartransfer
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level,whichisclosesttothegame’slearningcontent.Second,femalestudentsmadefewererrors
thanmalestudentsonself-explanationquestions,thoughnotduringtheproblem-solvingportionof
gameplay.Thisdifferencewassignificantinallfourstudies.Inaddition,theself-explanationerrorrate
(totalnumberofself-explanationerrorsdividedbytotalself-explanationduration)wasasignificant
mediatoroftherelationshipbetweengenderandlearninggainsattheneartransferlevelintheFall
2017andSpring2018study.Thesefindingsarestriking,given that thegame’samusementpark
themeandlearningactivitiesweredesignedtobegender-neutral,ratherthantoalignwithaspecific
gender’spreferences(Forlizzietal.,2014).Whiletheeffectsizesofourgendercomparisonsare
small,theconsistenttrendisnoteworthyandcouldpointtoanimportantgamedesignfeaturethat
maybeleveragedinfutureworktofurthersupportfemalestudents’learningandbridgethegender
gapinmatheducation.Weelaborateontheseimplicationsbelow.

Ourobservationofmalestudentshavinghigherpretestscoresisconsistentwithpriorliterature
demonstratingmalestudents’tendencytodobetteratmaththanfemalestudentsinlateelementary
andearlymiddleschool(Robinson&Lubienski,2011).However,thefactthatfemalestudentshad
consistentlyhigherlearninggainsanddelayedlearninggainsisanimportantpattern.Notably,this
patternwasnotduetotheceilingeffect,asbothmaleandfemalestudents’averageposttestanddelayed
posttestscoreswereintherangeof30-40(outof52possiblepoints),indicatingthattheystillhad
roomforimprovement.Rather,thisresultcanbeattributedtothegame’slearningbenefits,which
helpedfemalestudentscatchupwiththeirmalecounterparts inmathperformanceafterplaying.
Inturn,ourworkcontributestothebodyofresearchshowingthatdigitallearninggamescanlead

Figure 3. Diagram of the mediation model for near transfer learning gain (top) and delayed learning gain (bottom) in the Fall 2017 
study. (*) indicates significance at the 0.05 level
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togenderdifferencesinlearningoutcomesthatfavorfemalestudents(Adamo-Villanietal.,2008;
Chung&Chang,2017;Joineretal.,2011;Khanetal.,2017;Klischetal.,2012).However,asother
learninggamestudieshavereportednogenderdifferences(Changetal.,2014;Clarketal.,2011;
Dorjietal.,2015;Maneroetal.,2016;Papastergiou,2009),wealsosetouttoexplorewhyDecimal 
Pointwasmorebeneficialforfemalestudents.

Ourfirstconjecturewasthatfemalestudentslearnedmorebecausetheyapproachedtheself-
explanationquestionsmorecarefullyanddeliberately.Incontrast,malestudentshadsignificantly
highererrorrates,whichmightbeduetotheircarelessnessorgamingofthequestions(i.e.,theymay
haveselectedallofthemultiple-choiceoptionsrapidlyuntilarrivingatthecorrectanswer).Given
thatself-explanationisanestablishedinstructionaltechniqueforpromotingdeeplearningandtransfer
(Chietal.,1994;Wylie&Chi,2014),itisnotsurprisingthatself-explanationbehaviorsareassociated
withdifferencesinlearningoutcomes(Richey&Nokes-Malach,2015).Thisconnectionispartially
supportedbyourpost-hocanalysis,whichrevealsasignificantmediationeffectoftheself-explanation
errorrateintwooutoffourstudiesofDecimal Point.Althoughsomehavespeculatedthatyoung
girls’morerapiddevelopmentofverballearningstrategiesmightgivethemanadvantageoverboys
whenlearningfromself-explanation(Nikolaenko,2005;Stevensonetal.,2009),muchoftheprior
literatureexaminingself-explanationinterventionsdidnotreportongenderdifferences(Bisraetal.,
2018;Durkin,2011;Rittle-Johnson,2006).Onepriorstudytestingthisideawith7-to9-year-olds
found significantgenderdifferences in learning through self-explanation,where female students
performedbetterthanmalestudentsifnofeedbackwasprovided(Stevensonetal.,2009),butmore

Figure 4. Diagram of the mediation model for near transfer learning gain (top) and delayed learning gain (bottom) in the Spring 
2018 study. (*) indicates significance at the 0.05 level
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researchisneededtounderstandwhetherthisisarobusteffectandwhetheritpersistsamongolder
childrenandadults.Therefore,ourresultsraisetheneedtofurtherexploretheconnectionbetween
gender,self-explanationbehaviorsandlearningoutcomesinfuturestudiesofDecimal Point,aswell
aslearninggamesingeneral(Johnson&Mayer,2010;Mayer&Johnson,2010).

Asecondhypothesisisthatlearningmathinagamecontextreducesthemathsaliencyofthe
content, thus decreasing the likelihood of triggering anxiety about math performance in female
students(Doyle&Voyer,2016;Nguyen&Ryan,2008;Pichoetal.,2013;Spenceretal.,1999).
Byreducingfemalestudents’stereotypethreat-triggeredanxiety,gamesmayfreeupmoreworking
memoryspaceforlearningaboutmathematicalconceptsand,asaresult,allowfemalestudentstocatch
uptomalestudentsontheposttestdespitetypicallyreceivinglowerscoresonthepretest(Gödöllei
Lappalainen,2017;Sitzmann,2011).Ifthegameaffordsfemalestudentsagreateropportunityto
correctmisconceptionsandbuildknowledgeaboutdecimalnumberoperationsthantheyexperience
withmoretypicalinstruction,thisfeaturemightexplainwhyfemalestudentsweremorethoughtfulon
self-explanationquestions,spendingmoretimeonthemandmakingfewererrors.Futureresearchmay
testthishypothesisbymeasuringstudents’anxietyasameansofassessingtheimpactofstereotype
threat.IfstereotypethreatwasreducedforfemalestudentsinDecimal Pointcomparedtoanon-
gameversion,wewouldexpectfemalestudentstoreporthigheranxietythanmalestudentsinthe
non-gameversionbutsimilarorlowerlevelsofanxietyinthegame.Measuresofanxietywouldalso
allowustoexaminewhethermalestudentsfeltanxiousabouttheself-explanationquestions,given
thattheytendedtohavelowerlanguageskillsthanfemalestudentsatthemiddleschoollevel(Park
etal.,2007;Stevensonetal.,2009).Thisanxiety,ifpresent,wouldhelpexplainthehighererrorrates
inself-explanationquestionsobservedamongmalestudentsinourstudies.

Anoppositetrendwasobservedintheproblem-solvingactivitiesinthegame(e.g.,Figure2a),
wherefemalestudentstendedtospendmoretimeandmakemoreerrorsthanmalestudents,although
notsignificantlyso.Thisdifferencecanbeattributedtofemalestudents’ lowerpriorknowledge,
causingthemtostrugglemorewiththelearningcontentinthegame.However,theirstrugglesmay
turnouttobebeneficial,aspriorstudieshaveshownthattheemotionsstudentsfeelwhilestruggling,
namelyconfusionandfrustration,werepositivelycorrelatedwithlearningoutcomes(D’Melloet
al.,2014;Lehmanetal.,2013).Fromourstudies,weindeedobservedthatfemalestudentswere
able toacquirehigher learninggainsaftergameplay.Whenexamining the roleof theproblem-
solvingactivitiesininducingthiseffect,wenotethattheseactivitiesarewherethegame’sfantasy
settingsandnarrativesemergemoststrongly.Forexample,whileplayingthemini-gameinFigure
2a,studentswouldgettointeractwithdifferentobjectsrepresentativeoftheWildWestthemeand
receiveoccasionalfeedbackfromtheiralienfriends.Thisimmersiveexperiencecouldleadstudentsto
attributeanynegativeemotionwhileplaying,suchasanxietyandfrustration,tothegameenvironment,
ratherthanthetaskcontent(Holmesetal.,2019).Thus,whenfacingsimilartasksintheposttestand
delayedposttest,withoutthesurroundinggamecontext,students–especiallyfemalestudents–could
tacklethemmorecomfortablythantheydidinthepretest.

Takentogether,ourfindingssuggestedseveralmechanismsthroughwhichlearninggamescan
bridgethegendergapinmiddle-schoolmatheducation.First,femalesdemonstratedbetterlearning
withself-explanationthanmales,whichcouldpotentiallyleadtotheirhigherlearninggains.Second,
theinformalgamecontextcouldreducethestereotypethreatthatfemalestudentsfacewhilestudying
math.Third, the immersivegame themes andnarratives couldoffset thenegative emotions that
studentsmayexperienceduringthelearningprocess.Mostnotably,whilethesemechanismsappear
tohavestrongereffectsonfemalesthanmales,theyhavethepotentialtobenefitbothgendersalike.
Inotherwords,promotingfemalestudents’math learningdoesnotneed tobeat theexpenseof
malestudents.Ratherthancateringthegametoaspecificpopulation’spreferences,learninggame
researchers could employ inclusive mechanisms that both support every student and narrow the
existinggapinlearningoutcomes.Throughthiswork,weproposethreesuchmechanisms–self-
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explanation,informalcontextandimmersion–whichmeritadditionalvalidationandextensionata
largerscaleinotherlearningdomains.

LIMITATIoNS ANd FUTURe woRK

Oneissuewithourresearch--and,infact,withmuchofresearchthatinvestigatestheimpactof
educationaltechnologyongender--isthattheconventionalbinaryclassificationofgender(male
versusfemale)doesnotaccountforthespectrumofvarianceingenderedbehavior(Hydeetal.,2019).
Someresearchingenderstudieshasmovedtowardsamulti-dimensionalgenderframeworkthatalso
incorporatesgenderidentity,typicality,occupationalinterests,activitiesandtraits(Egan&Perry,
2001;Liben&Bigler,2002;Martinetal.,2017).Collectingtheseattributesviapre-intervention
surveyswouldallowustobuildamoreholisticandindividualizedprofileforeachstudent,thereby
allowingdeeperstudiesofwhichgenderdimensionsandgamefeaturesbestpredictlearningoutcome,
howtheyinteract,andhowtheyaremediatedbydifferentcognitiveprocesses.Theaboveattributes
arealsocriticalinimplementingreal-timeadaptivitywithinthegame,whichisaprominentareaat
theintersectionofAIandeducation,andhasbeenexploredinapreviousstudyofDecimal Point
(Houetal.,2022).Wecouldthenderiveprinciplesforhowtodesigndigitallearninggamesforall
students,withtheintentionofultimatelygeneralizingourfindingsacrossdifferentlearninggames.

Inaddition, futurestudiesofDecimal Pointwouldbenefit fromhavingaunifiedmethodof
collectingengagementandaffectdata,inordertomoredeeplyexploreandcompareeachgender’s
affectiveandcognitiveprocesses,self-reportedfeelings,step-by-stepactions,andlearningoutcomes.
Tothisend,wecouldbuildmachine-learneddetectorsforengagedconcentration,delight,boredom,
andbehavioralmeasuresofdisengagement(e.g.,gamingthesystem,carelesserrors,behaviornot
aimedatcompletingthelearningtask;Baker&Ocumpaugh,2015;Bakeretal.,2010;D’Mello,2013;
Shuteetal.,2015).Wewillalsoassess,atamorefine-grainedlevel,self-reportedengagement(Ben-
Eliyahuetal.,2018)andsituationalinterest(Linnenbrink-Garciaetal.,2010).Iffemalestudentsfound
thegamemoreengagingthanmalestudents,wewouldexpectthatfemalestudentswouldexperience
greaterengagedconcentration,delight,andinterest,inadditiontolessboredomanddisengagement,
comparedtomalestudents.Wealsoexpectthesemeasurestopartiallymediatetherelationbetween
genderandlearninggains.Moregenerally,identifyingwhethereachgenderexperiencesadifferent
affectivestate,andhowitinfluencestheirlearningexperience,isanimportantsteptowardsbuilding
aneffectivelearninggameforbridgingthegendergapinmathematicsmotivationandperformance.

Finally,whileourworkhasidentifiedthegenderdifferencesinlearningandself-explanation
acrossfourDecimal Pointstudies,wefoundthatnotallpatternswereconsistentacrossstudies.The
FallandSpring2015studies,inparticular,sufferedfromasmallsamplesize(n=70)anddidnot
yieldanysignificantresults.Havingmorereplicationstudiesinthefuturewithlargersamplesizes
wouldhelpreinforcethegame’sgendereffectandprovidemoreinsightsintowhichgameelementsare
conducivetothiseffect.WeenvisionthatDecimal Pointwillhelpfosterpositivemathaffectamong
girls,whichcanoffsetthegenderstereotypesthatimpactstudents’learningtrajectories(Cvenceket
al.,2011;Noseketal.,2002)and,inthelongterm,broadenSTEMparticipation(Bianetal.,2017;
Doyle&Voyer,2016;Passolunghietal.,2014).

CoNCLUSIoN

Inthiswork,weinvestigatedthedifferencesbetweenmaleandfemalestudentsinplayingandlearning
fromthedigitallearninggameDecimal Point,whichwasdevelopedusingarigorousdesignprocess
basedonlearningscienceprinciples.Throughanalysisofdatafromfourpreviousclassroomstudies
withover600students,weidentifiedatrendoffemalestudentshavinglowerpretestscoresbuthigher
learninggainsaftergameplay,especiallyattheneartransferlearninglevel.Thisisahighlyconsistent
andimportantfindingwhichcanbeattributedtoseveralfactors,includingthestudents’self-explanation
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performance,thegame’sfantasysetting,anditseffectinreducingmathanxiety.Inturn,ourresults
underlinethepotentialofdigitallearninggamesinbridgingthegendergapinmatheducation,while
raisingcrucialquestionsaboutwhichgameelementsaremostconducivetothegendereffect,and
whichdimensionsofgenderhavethemost impact in thiscontext.Addressingthesequestions in
futurestudiesisanimportantsteptowardspromotinginclusiveandeffectivegamesforeducation.
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APPeNdIX

Table 8. Example test items in test form A and their assigned level of learning transfer

Level of transfer Question content

Near Selectthelargestnumber:0.22,0.31,0.9

Near Selectthesmallestnumber:0.236,0.14,0.6

Near Enterthenextnumberinthesequence:0.201,0.401,0.601,0.801,___

Near Orderthefollowingnumbersfromsmallesttolargest:
0.7,0,1.0,0.35

Near Whichlistshowsdecimalnumbersorderedfromlargesttosmallest?
0.4,0.8,0.22,0.61
0.22,0.4,0.61,0.8
0.8,0.61,0.4,0.22
0.8,0.4,0.22,0.61

Middle Calculatethesum:0.2+0.4+0.9

Middle Calculatethesum:0.387+0.05

Middle Calculatethedifference:0.92-0.2

Middle Calculatethedifference:0.4-0.004

Middle Whichofthefollowingnumbersisclosestto2.8?
2.6,2.78,2.81,2.88888

Far Isalongerdecimalnumberalwayslargerthanashortdecimalnumber?

Far Isadecimalnumberthatstartswith0smallerthan0?

Far Shouldyouseparatelyaddtheleftandrightsides,withnocarryingacrossthedecimalpoint?

Far Is786/987smallerthanzero,equaltozero,orgreaterthanzero?

Far Whichofthesetwodecimalsislarger:0.XYor0.Y?(Note:XandYcanbe1through9)
0.XYisalwayslarger
0.Yisalwayslarger
DependsonwhatdigitsXandYstandfor
Don’tknow
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