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ABSTRACT
Whentwo childrenwork togetherononecomputer, it is nec-
essaryfor themto sharethe input devices. This studyex-
aminestheeffectsof having multiplemicewith two different
controlpassingprotocols:Give andTake. Theresultssuggest
that having two mice insteadof a singlemouseaffects the
performanceof a pair of childrenplayingon a sharedcom-
puter. This resultwasgenderdependentin thatgirls solved
themostpuzzlesin theGive conditionwhile boyssolvedthe
mostpuzzlesin the Take condition. Moreover, boys in the
Take condition exhibited a larger numberof exchangesof
controlthanall otherexperimentalconditions.
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INTRODUCTION
Childrennaturallygatherin groupsaroundcomputers,espe-
cially to play games.Childrenobserved playing electronic
gamesat ScienceWorld B.C. during the summerof 1993
seemedto preferto play in groupsandoftenappearedto be
moresuccessfulasaresultof collaboration[2, 4]. Numerous
researchershave investigatedcooperative learningfor both
computerandnon-computertasksandhavefoundsignificant
benefitsin achievementand social aspects[3, 5]. Despite
theseadvantages,many classroomscontinueto usethecom-
puteronly asa tool for individualuse.

Webelievethatin somesituations,learningis not necessarily
bestwhenonestudentworkson a singlecomputer. Rather,
theenvironmentof multiple studentscollaboratingarounda
singlecomputerprovidesuniqueinteractionsthatcanresult
in improvementsbothin achievementandin attitudetowards
the task. Oneway this canhappenis throughstudentshav-
ing to verbalizetheir ideasin order to work together. This
elaborationreinforcesthelearningprocess.

The focusof the researchreportedhereis to investigateal-

ternative waysfor groupsof childrento interactwith a sin-
glecomputer. Oneinterestingcharacteristicof childrenplay-
ing single-playervideogamesis thatoccasionallyoneof the
childrenwill sit holdingtheinactivecontrollerwhile waiting
for a turn. Why is it importantto holdonto adevice thathas
no impacton thegame?Perhapsthereis a heightenedsense
of control?Videogamesoftenhave multiplecontrollers,but
computergamesseldomhave multiple mice. This studyin-
vestigateswhetherhaving multipleinputdevicesfor asingle-
usercomputergameaffectstheinteractionsbetweenthechil-
drenandtheir achievementin thegame.Dif ferentprotocols
for passingcontrolbetweenthetwo miceareexplored.

METHOD
Thestudytook placeat ScienceWorld B.C., duringAugust
1994.Thesubjectswere132children(66girls and66 boys)
betweenthe agesof 9 and13 who volunteeredto play the
computergameThe Incredible Machine, a puzzle-solving
gameproducedby Sierra featuringa wide variety of sim-
ulatedtools usedto constructmachinesto solve particular
challenges.A typical challengeincludesbuilding a machine
to shoota basketballinto a hoop.

The gamewasmodifiedfor this studyto acceptinput from
two mice, but therewasstill only onecursoractive on the
screen.Controlwaspassedbackandforth betweenthe two
mice usingoneof two protocolsdescribedlater in this sec-
tion. Childrenwereplacedin same-sex pairsandtold that
they couldplay thegametogetheron a sharedcomputerfor
aslong asthey wanted,up to a maximumof thirty minutes.
They weregivena brief introductionto the gameandwere
shown how to transfercontrol back and forth betweenthe
two mice. They weretheninstructedto try to solve at least
thefirst threepuzzles.Thechildrenweregivennoinstruction
on how to play the gamebut weresuppliedwith the game
manual.

Two differentprotocolswereemployedfor passingcontrol
of the cursor: Give andTake. Theseprotocolswereimple-
mentedusingtwo-buttonmice. The left buttonwasusedto
play thegame(asin thesingle-playerversion)andtheright
buttonpassedcontrolbetweenthetwomice. In theGive con-
dition, whenPartnerA pressedher/hisright mousebutton,
control of the cursorwould be passedover to PartnerB’s
mouseandvice versa. In the Take condition,eitherpartner
could takecontrolby pressingher/hisright mousebuttonat



any time. The timesandnumberof exchangeswerelogged
automatically� by thesystem.

Our new resultswere comparedto resultsfrom an earlier
studythatexaminedchildrenplayingThe Incredible Machine
with a partneron eitheroneor two computers,or aloneon a
singlecomputer[1]. Theresultsof theearlierstudyshowed
that childrenplaying togetheron onecomputersolved sig-
nificantly morepuzzlesthaneitherchildrenplayingside-by-
sideon two computersor childrenplayingaloneon a single
computer. Wecomparedournew resultsfor childrenplaying
togetherwith two miceona singlecomputerwith theresults
obtainedin thepreviousstudyfor childrenplaying together
with onemouseona singlecomputer.

RESULTS AND DISCUSSION
Theability for eachchild to have his/herown mousesignif-
icantly affectedperformancein the game,asdid the proto-
col usedfor passingcontrol whentwo mice wereused(see
Figure1). In thetwo-mouseconditionusingtheGive proto-
col, girls solvedsignificantlymorepuzzlesthanthey did in
theone-mousecondition(�������	� ); therewasno significant
differencebetweenthemeannumberof puzzlessolvedin the
two-mouseTake conditionandtheone-mousecondition.The
meannumberof puzzlessolvedby boysusingthetwo-mouse
Take protocolwashigherthanfor theone-mousecondition,
althoughthis wasnot statisticallysignificant(�
����� ). The
differencebetweenthe two control passingprotocols,Give
andTake, wasstatisticallysignificantfor theboys(�
�����	� ).
Comparedto theone-mousecondition,themeannumberof
puzzlessolved by boyswent up in the Take conditionand
down in theGive condition.
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Figure 1: Mean number of puzzles solved for different
mouse control sharing protocols by girls and boys

Theaveragenumberof exchangespersessionwasrelatively

consistentoverall conditionsexceptfor boysin theTake con-
dition. All conditionsaveragedaround30exchangesperses-
sion exceptboys in the Take condition,which averaged46
exchanges(�
�
����� ).

Behaviorsobservedin thetwo-mouseconditionswerediffer-
entfrom theconditionof only onemouse.Thereappearedto
be fewer strugglesover control whenusingtwo mice. This
couldbetheresultof notbeingableto preventapartnerfrom
takingcontrol. Anotherdifferencewasobservedin theGive
mode.Occasionally, whena child wasnot payingattention,
theactivechildwouldsay“Here,youtry now” andthenpress
thebuttonto passovercontrol.Thisbroughtthedisinterested
child backontask.

Thechildrenin thisstudyeasilyadaptedto theadditionof the
secondmouseto the game.They appearedto enjoyhaving
this optionand,whenasked,mostof thechildrenstatedthat
they wouldpreferhaving two mice.

CONCLUSIONS
The resultsof this studyindicatethat the additionof a sec-
ond mouseto a singleplayergamecanaffect achievement
in thegame.Thisshowspotentialfor increasedperformance
by modifying interactionsbetweenthechildrenandthecom-
puter. Thetypeof protocolsusedto transfercontrolbetween
the two mice in this studyhadvery differentresultsbased
ongender. Thissuggeststhatcarefulconsiderationof gender
differencesis necessarywhendealingwith interactionsac-
companying cooperative usesof computers.Furtherstudies
are being performedto determinehow concurrentinterac-
tions with multiple mice affect children’s performanceand
attitudes.

Thesestudiesarepartof a large-scaleprojecton Electronic
Gamesfor Educationin MathandScience(E-GEMS),acol-
laborative effort amongscientists,mathematicians,educa-
tors, professionalelectronicgameandeducationalsoftware
developers,classroomteachersandchildren.Thegoalof E-
GEMS is to increasethe proportionof childrenwho enjoy
learning, masteringand using math and scienceconcepts.
Electronicgamesin thiscontext includebothvideoandcom-
puter games. E-GEMS is fundedby the NaturalSciences
andEngineeringCouncilof Canada,ElectronicArts, Apple
Canada,theProvinceof British ColumbiaandUBC.
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