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Abstract

Studiesshaw that thereis a statistically signi cant genderdifferenceregardingcomputer
usage.For instance a majority of femaleusersexpectlesssucces$rom aninteractionwith
a computerand are more likely to blamethemseles in casesomethinggoeswrong. As
a result, women considerablyless often use a computeras a tool thanmendo. Now, if
womendo not usea computeras muchasmendo, they will not prot asmuchfrom the
adwantage®f computationasystemsasthey potentiallycould. That'swhy this paperreviews
work aboutthe cause®f this problem,investigatesnextendednodel,anddevelopspossible
preventionsandreactiongto it. Appropriateadaptvity cannot,however, be basedon mere
genderinformationwhich represents biasonly andmayimply clichesanddiscrimination.
Adaptinga systemsolely dependingon the sex of the usercould have the effect all users—
menandwomen— will feel discriminatedby facing a systemthat embodiesa cliche. We
think thatanadaptve systemwith anappropriataisermodelcanhelpto avoid acliche-based
treatment:the sex of a students only usedto initialize the usermodelandassoonasmore
detailedinformation aboutthe aptitudesof the useris gainedfrom his/herinteraction,the
initial valuesof theusermodelarere ned. Moreover, theusershouldbein controlaboutthe
behaior of thesystematary time.

1 Intr oduction

Studies(for instance[15, 6, 7]) showv thatthereis a statisticallyrelevant genderdifferencein

computerusage Generallyspeakingfemalestudentdave a signi cantly lower self-esteenwith

respecto their abilities in handlingcomputerghanmalesdo; they expectlesssuccesgrom an
interactionwith a computey and are morelikely to blamethemselesin casesomethinggoes
wrong. As aresult,womenconsiderablyessoftenusea computerasatool thanmendo.

In this paperwe addresshe questionof whatarethe cause®f this problemandwhatcanbe
doneaboutit. We areawarethatthistopicis adelicateone,thedangerof talkingaboutclichésand
evendiscriminationis imminent. Most importantly onehasto keepin mind thatthese ndings
representendenciesnly ratherthanone-to-onemappings.
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The tendencieslo, however, point at profoundproblems. The fact that female usersuse
computerlessoften, at leastin Germary andthe UK, is alarmingfor societysincea majority
of womenmay not prot asmuchasthey potentially could from the advantageghat, e.g.,an
e-learningsystemoffersascomparedo traditionalclassroomearning.

We areawarethatsimply adaptinga systemdependingon the sex of its usercanhave unin-
tendedeffects. For instancejmaginea hypotheticalke-learningsystenthatprovidesfemaleusers
with a pink andmale userswith a blue background.In this case femaleaswell asmaleusers
may feel discriminatedfacinga systemthatembodiesa cliché. With a moresubtleadaptatiora
discriminationmight not be asstriking. For instance whatif a personaa virtual guide,on the
initial login providesexclusively femaleuserswith atour throughthe featuresof a system?The
underlyingidea,to easethe interactionswith the system,is motivatedby goodintentions. Still,
its realizationremainsguestionabl@slong asit is orientedon stereotypesnly.

This paperstartswith a summaryof a study[6] that dervesa modelof the mentalfactors
that in uence computerusage. Then, we discussandre ne that modelandmake it the basis
of a BayesianNet studentmodel. Sincewe have web-basedearningapplicationsn mind, we
alsolook at learningsituationsand how they arein uenced by gendesbiasedaptitudes. This
alsoholdsfor the adaptationghat are supposedo help learning. Theseand otheradaptations
aredescribedn Section4. Finally, we investigatehow adaptvity canhelpto avoid clichésand
discrimination.

2 Empirical Evidencesof GenderDifferencesn Computer Us-
age

Numerousstudiesinvestigatethe differencesbetweenmale and female attitudestowards us-
ing a computerasatool. In the following, we will concentraten a study by Dickhduserand
StiensmeiePelster We selectedhis studybecausen additionto describingghe symptomge.g.,
lesswomenusea computer)jt providesamodelof thementalfactorsthatin uence thecomputer
usageln thissectionwe will notcommenbnthe model,althoughsomeaspectseendisputable
(e.g.,why theusageof a computeiis notdirectly correlatedvith computerchoice).

2.1 Model of Mental Factorsfor Computer Usage

In [6], Dickhduserand StiensmeielPelsterdescribea studyin which they investigatehe causes
of genderdifferencesn computerusage.100 maleand 100 femalesstudentsvererecruitedin
the computercenterof University of Bielefeld, Germaly, andaslkedto completea questionnaire
in which thesubjectshadto visualizecomputesrelatedsuccessandfailure-scenarios.

Fromthe collecteddata,the modelin Figure1l wasderied. It describeghe internalfactors
andvariablesthatin uence the choiceof anindividual whetherto usea computer The model
wasderivedby a pathanalysighat,strictly speakingdescribegorrelationadata,only. However,
it providesestimate®f the magnitudeandsigni canceof causalkconnections.

In themodel,attributionindex standdor the causepeopleattributetheir successfubr unsuc-
cessfulexperienceso (personalncapabilityvs. externalcomputeffailure). Thisindex in uences
peoplesndividual judgmentof their ability of working with a computeythe self-concepof abil-
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Figurel: Model of Mental Factorsfor ComputertUsagefrom [6]

ity. Theattribution failure biasof femaless alsoknown from otherempiricalstudiesnot directly
relatedto computersand,presumablyfor mary femalereaderdrom self-inspection.

The self-concepbf ability determineghe frequeng of their computeruseto someextend;
it additionally effects value (the individual perceptionof value of computerwork in a speci c
situation)andthe expectationof usinga computeywhich is alsoin uenced by value. Valueand
expectationdeterminevhethera personchoosedo usea computetin a speci ¢ situation(choice
of computey.

This modelcanexplain the behaior of both, maleandfemalesubjects.The valuesof some
of thevariablesg.g.,whethersubjectdeel con dent or not, differ signi cantly betweeraverage
maleandfemalestudentsinterestingly(andin contrastio otherstudiesg.g.,[18]), thestudydid
notshav gendewdifferencesvith respecto theassignedialueandpotentialchoiceof computers.
This meanghatfemalestudentsassignedhe samebene tsto computerusageasmalestudents
and,in principle, would usea computerasfrequently This impliesthatfemaleusersneednot
to be corvincedof the advantageof the computerasa tool, but thatthereare otherfactorsthat
needto be addressedh orderto make themchoosea computermore often. Thesefactorsand
additionaldifferenceghatcomeinto play aredescribedn thefollowing.

2.2 Gender Differencesn Computer Work

Theempiricalstudyin [6] aswell asotherstudiesdenti ed thefollowing biasesof femaleusers
of computersaasopposedo males.Femaledendto

attribute the causeof unsuccessfuéxperiencedo themseles more often thanmale sub-
jects: in caseaninteractiondid not leadto the expectedresulteventhoughthe causemay
have beena software error, confusingmenus,or featuresthat were complicatedand un-
intuitive to use,femalesubjectattributedthe causeof failure to themseles. In contrast,
malesubjectamoreoftenblamethe softwareor the programmer

have alowerjudgmentof theircomputerspeci ¢ capabiliteshanmalesubjectsthis obser

vationis not restrainedo computers.Several studies([4, 10]) reportthatfemalesubjects
tendto underestimatetheir technologicalcompetencies.Cornversely male subjectsare
likely to shawv the oppositebehaior. They tendto exhibit an disproportionatepositive

view ontheirtechnicalskills.

expectlesssuccesssaconsequencef thefailureattribution andthelower self-judgment.
Whenasledto visualizecomputerscenariosuchasusinga word processqrfemalesen-
visagetheinteractionnotto leadto a successfubutcomemoreoftenthanmalesubjects.
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Figure2: BayesiarNet StudentModel

use computerslessintensively. Comparedto the male subjects,female subjectswork
with computersoftware lessoften. This obsenationwasalsocon rmed in otherstudies

(e.q.,[10)).

2.3 Additional Findingsin e-Leaming

In learning, additionalgenderspeci ¢ factorscomeinto play. Femalestudentsare biasedto

accepiandpossiblyseekhelp,whereasnalesrathertendto work independentlyThis difference
maybeaconsequencef theself-conceptdut it mayalsobein uencedby othervariablesor even

be anindependenvariable. For instance this help-behaior may be in uenced by whetherthe

(situational)goalis performance-biasear learning-biasedin turn, this situationalgoalmay be

in uenced by the competitvenessttitudeof the individual person.For this attitudeit is known

thattypically malesbehae morecompetitve atleastin groupsof malesandthatperformances

moreimportantto themthancommunicationlearning,etc.

Now, researchon self-explanation[11] suggestghat someof the positive effects of self-
explanationin learning should be attributed to the situationalgoal becausethe goal of self-
explanationis understandingatherthanthe usual(competitve) performancan problemsolv-
ing. We concludethat the learning-biasof female studentsprovides an adwvantageover the
performance-biasf malestudentsn certainlearningsituationsandfor the overallgoal of learn-
ing. Certainly thesestatementsepresentendenciesndno exclusive characteristic®f menor
women.

3 ExtendedStudent Model

According to the discussionin Section2.3, we modify and extend the model from Figure 1.
Addednodesaremarkedin italic fonts.

The structureof this modelprovidesthe basisfor a BayesiarNet studentmodelwhosenodes
represenprobabilityvariablesandwhosearronsrepresentonditionaldependenciesf variables.
Thedashedodeshave potentiallygendetbiasedvalues.

Theextendednodelcontainsadditionalvariabledbecausd representmentalfactorsrelevant



for educationadaptve hypermedia. Note that somenew variablesare behaioral ratherthan
mentalcharacteristicgasit wasin Figurel), e.g.,accepthelp. The valueof thoseprobabilities
canbediagnosedrom behaioral symptoms~vhenworkingwith alearningsystemasopposedo
mentalcharacteristicthatarediagnosedrom questionnaires.

In the following section,we provide a list of suggestiongargeting thosevariablesof the
extendedmodel(marked by adarkbackgroundn the gure) thatcanbedirectly in uenced.

4 Consequences$or Educational Adaptive Hypermedia

If we considerthe nding that both genderseethe samepotentialbene tsin computerusage,
the questionariseswhat can adaptve educationahypermediado to foster computerusageand
learningattitudeswithout getting stuckin clichés. This topic investigatechext with a focuson

domain-independesiuggestions.

4.1 Inuencing the Failure Attrib ution Bias

Failure attribution biascanhurt femaless learningbecausef too little motivation. It canharm
maless learningbecauseof a wrong interpretationof the failure causesjf they aredueto an
individual misconception.Therefore we investigatepossibilitiesof how to preventa wrongin-
terpretationof the causeof anunsuccessfubxperiencein caseof a systems failureaswell asa
mis-interpretatiorof anindividual mistale asthe systemsfault.

In caseof a systemerrorit shouldclearly be speci edthatit is notthe userwho is to blame.
This hasto be announceds soonas possible,preferablybeforea systemfailure can possibly
occur A paragraplin theintroductionto the systemcanaddresshistopic anddepictit iconically.
Additionally, pro-active help shouldbe provided, i.e., a short,assuringexplanationof what may
happerandwhatto doin caseof systemfailure. Suchanexplanationcouldbeamessagélf the
progranrunsinto aproblem,don’t worry. Youwill beautomaticallytransferedo a pagethatwill
tell youwhatto do”. Thetext makesclearthatthe systemratherthanthe useris the causeof the
problem.Furthermoreit assuresheuserthatshe/hewill betakencareof andprovidesguidance
on how to proceed. In reactionto a systemerror, the systemshouldprovide a messagehat
indicatesthata failuredid occug the personto contact(or evenbetterthattheresponsiblgperson
was automaticallycontacted)the way of contact(email, chat, hot-line), and an explanationof
whatthe usershoulddo when(e.g.,“Pleasetry againin 10 minutes”). In casethe erroris non
recoverable the messageshouldindicatethatthe userwill be contactedassoonasthe systemis
usableagain.

In e-learninga usermay experienceunsuccessfutxercisesdueto her/hislack of own capa-
bility or own misconceptionTheliterature(e.g.,[5]) providesvaluableinstructionsfor feedback
in casethe usermadean incorrectproblemstepor is unableto solve a given problem. In par
ticular, the feedbackneedso supportthe problemsolving procesdy offering guidanceon how
to solve the problemsuccessfully Additionally, the feedbackhasto preventa mis-interpretation
of anindividual mistale asthe systemsfault. Thisis especiallyimportantif interactvetoolsare
usedfor exercisesIn this casethefeedbackshouldpreventa studento think thathe/shenotable
to solve a problembecausef bugsin thetool. Therefore,in additionto statingthata solution
stepis not applicablein the currentsituation,feedbackcanprovide a link to alist of applicable



commands.

4.2 Preventing an Inadequate Judgment of Computer-Speci ¢ Capabilites

Generally userinterfacesshouldbe designedo keepthingssimple,avoid to overloada system
with features,and keepmenusclearly structured(see[12]). By the sametoken, it is essential
thatall systemmessagesnenusetc.,usea non-technicajargon. Few thingsde-motvatemore
thanincomprehensie techno-babblevhich, potentially is harmingfemaless judgmentof own

capabilitiesmorethanmaless.

Specialemphasisshouldbe put on rst-time usersof a system. On the one hand,a user
shouldnot be overloadedby the featuresof a system.On the otherhand,he or sheshouldstill
catcha glimpseon the possibleinteractionghatthe systemsffersin additionto thosethe user
is familiar with from previousexperiencefrom non-adaptie hypermediaThe eld of Intelligent
User Interfacesoffers someremediessuchas gradually (adaptvely) addingfeaturesto menus
(seee.q.,[3)]).

Additionally, anintroductionor a guidedtour throughthe systemshouldexplain the list of
featuresa systemoffers. Every menuitem andfeatureshouldbe explainedin a helpmenu.

Oneof the consequencesf a low judgmentof computerspeci ¢ capabilitess a reluctance
vis-a-visexploring andusingall featuresof a system.This is why a systemshouldsupportand
encourage users curiosity. After somesessionswhentheuserlogsin again,the systemshould
provide alist of thefeaturesotyetused.accompaniethy anexplanationwhy they areusefuland
aninvitationto usethem(i.e.,adirectlink). Whenafeatureis usedthesystemmayimmediately
provide positive feedbackogethemwith anexplanatorylink to similar featureshatwerenot yet
used.A messagesuchas“In additionto changingthe languagesettingasyou just did, you can
changehevaluesthatrepresenyour masterylevel. Click hereto giveit atry.” canhelpto lower
thefearof exploring. Thelinks canbeannotatedisingtechnique®f adaptve navigationsupport.

We arenot awareof studieghatinvestigatehe questionwhetherandhow to preventanover
estimatiorof one'stechnicalcapabilitesWe assumehatin thelongrun over-estimatiorwill lead
to the sameproblemsaswell.

4.3 Raisingthe Expectation of Succes\daptively

A low expectationof successs a severehindranceor usingatool or a softwareandin addition,

negative experienceswill be perceved more highly. One way to raise the expectationof an

successfuinteractionconsistan makingtheseinteractionsexplicit. By emphasizinguccessful
experiencesthestudenhasa chanceo becomeawareof them.For instancegxploringa hitherto

unusedfeaturecan countas an successfukxperienceon which the systemprovidesfeedback,
eitherimmediatelyor attheendof asessionThisfeedbackshouldconsistof alist of thefeatures
usedfor the rst time andaninvitation for feedbackwhetherthey think the featureis usefulor

how it canbeimproved.

It is equallyimportantto emphasizeuccessfuinteractionghatoccurduringthelearningpro-
cess.For feedbaclduring problemsolving, we referthe readerto [5]. With respecto the users
performancen a sessionpn logouttime the systemshouldprovide alist of accomplishmenti
learningthat were achievzed during the session.This could consistof a list of solved exercises,



readtopics,etc.[16] describeaneasilyimplementablesolutionthatusesthe amountof learning
materialsread by the studentin a certainamountof time. It additionally supportslearnersin
acquiringlearningmanagemergkills by comparingthis datato previously setlearninggoals.

4.4 How to Scaffold Help-SeekingAdaptively

Usersneedto be supportedn usinghelpcorrectly Someusersrequestoo muchhelp[1], other
usersarenotmuchinclinedto usehelpatall althoughit would improve learningor performance.
Therefore,a systemneedsto speciallysupportusersto notice the help opportunityandto use
it the way they bene t mostof it. Grasels experimentsshav that offering help is not enough
but a specialvisualfocushasto be put on the helpaswell [8]. In casea learnerignoresvisual
highlighting of help, a help menucanopenautomatically This will be interpretedasobtrusve
by mostusersthereforethe helpmessagebasto make explicit thereasorwhy a helpmenuwas
offered, i.e., by listing the actionsof the userthat the systemusedfor diagnosingthe needfor
help.

4.5 Inuencing the Situational Goal of a Session

Certaininstructionaitems(suchasworkedexampleswith arequesto self-explain) canfocusthe
learneronunderstandingndreasoningandstimulatesuchgoalsdifferentfrom pureperformance
goals. Suchitemscanbe introducedadaptvely into hypermediageneratedy suchsystemsas
ACTIVEMATH [9].

5 The EscapeRoute from Cliché

In the previous sectionwe describedieaturesan e-learningervironmentmay offer in orderto

addresgyenderspeci ¢ differencesn computerusageand learningattitudes. A simplistic im-

plementationvould askthe userfor his sex andadaptthe menus layout, feedbacketc. corre-
spondinglyusing adaptve hypermediaechniquessuchas adaptve contentselection,adaptve
navigation support,and adaptve presentation.The problemwith this one-time-adaptatioap-
proachis that usersare facedwith a systemthat incorporatesa cliché and therefore,possibly
scaredff all usersnot exactly matchinga prototype.

Usingthesex of auserasabasisfor adaptatiorhasonede nite advantageit is easyto collect
the information. However imprecisea differentiationon this basismay be, statisticsshav that
this singleinformationcanprovide informationaboutanindividual userthatholdswith a certain
degreeof probability Over time andideally, ane-learningsystemidenti es the users aptitudes,
cognitive style, capabilitiesandotherindividual characteristicandadaptsaccordingly

Therefore,the sex of a usercaninitialize certainvaluesin the usermodel, for instance,n
themodelof Figure2, theinitial empirically averagevalues.But then,usermodelingcontinues
ratherthan stoppingat the level of averagesand stereotypes.Individual differencesof some
characteristiceanbe assessetly monitoringthe actionsof a user(e.g.,[13]). Thisinformation
canbeusedto furtherre ne theusermodelandto make thetransitionfrom the stereotypeo the
individual.



On way of assessinghe individual attitudesconsistsin interactve choiceof featureson an
individual basis. Eachadaptionshouldbe accompaniedby a possibilityto con rm or disallows
further application. This requiresthe userto control the adaptationsn the rst place. If the
featureis rejecteda shortnoticeshouldstatethatthe featurewasnot displayedandthatthereis
the optionto displayit. Additionally, all settingsshouldbe accessiblen a con guration panel.
Thedecisionof theuserwhich featureto employ updateghe usermodelaswell.

6 RelatedWork and Conclusion

Work in adaptve hypermediaaddressesariousaspectof users.It rangesrom adaptingto the
learners knowledge(e.qg.,[17]), his/herlearningstyle (e.g.,[2]) or learninggoals(e.qg.,[9]). We
do notknow of work in adaptve hypermedidocusedon genderspeci c differences.

Theliteratureaboutgenderstudiesn generals abundant.For acomprehensie overview see
Tannen[14]. Shedescribes culturalapproacho genderdifferencesandprovidesa theoretical
framavork with afocuson discourseanalysis.

A fundamentablebateon genderdifferencess beyondthe scopeof this article. Instead we
followeda pragmaticapproachBasedon empiricaldatawe extendeda modelthatprovidesa de-
tailedexplanationof internalfactorsunderlyingthesetendenciesWe proposedadaptve features
thatcanhelpto ght relevantattitudesthat are counterproductve for learningand potentially
harmfulconsequencesr malesandfemales.

We aguedthatadaptve systemsvhichadaptto anadjustableisermodelaremoreappropriate
thanaone-shotadaptionto thegender Evenif the sex of auseris usedto initialize ausermodel
which in turn in uencesthe adaptvity of the system,an analysisof the interactionof userand
systemeadto moredetailedknowledgeabouttheaptitudesf theuserandgiveriseto amodi ed
adaptvity.

In additionto the automateadaptationthe usershouldbe ableto controlthe behaior of the
systemat ary time. In casean adaptionis not wished,the usershouldbe ableto disableit and
vice versa.Thisway, theusercanexpresshis/herindividuality andis notfacedwith asystenthat
confrontshim or herwith a x edcliché.

Therearemary waysthata learners unique.We arguedthatoneshouldnot stopat thelevel
of genderbut ratherrecognizemorespeci c variables.Adaptive hypermediaoffersthe potential
to do so.
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