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Abstract

Studiesshow that thereis a statisticallysigni�cant genderdifferenceregardingcomputer
usage.For instance,a majority of femaleusersexpectlesssuccessfrom aninteractionwith
a computerand are more likely to blamethemselves in casesomethinggoeswrong. As
a result, womenconsiderablylessoften usea computeras a tool than men do. Now, if
womendo not usea computeras muchasmendo, they will not pro�t asmuch from the
advantagesof computationalsystemsasthey potentiallycould.That'swhy thispaperreviews
work aboutthecausesof thisproblem,investigatesanextendedmodel,anddevelopspossible
preventionsandreactionsto it. Appropriateadaptivity cannot,however, be basedon mere
genderinformationwhich representsa biasonly andmay imply clichesanddiscrimination.
Adaptinga systemsolelydependingon thesex of theusercouldhave theeffect all users–
menandwomen– will feel discriminatedby facinga systemthat embodiesa cliche. We
think thatanadaptivesystemwith anappropriateusermodelcanhelpto avoid acliche-based
treatment:thesex of a studentis only usedto initialize theusermodelandassoonasmore
detailedinformationaboutthe aptitudesof the useris gainedfrom his/herinteraction,the
initial valuesof theusermodelarere�ned. Moreover, theusershouldbein controlaboutthe
behavior of thesystematany time.

1 Intr oduction

Studies(for instance,[15, 6, 7]) show that thereis a statisticallyrelevant genderdifferencein
computerusage.Generallyspeaking,femalestudentshaveasigni�cantly lowerself-esteemwith
respectto their abilities in handlingcomputersthanmalesdo; they expectlesssuccessfrom an
interactionwith a computer, andaremore likely to blamethemselves in casesomethinggoes
wrong.As a result,womenconsiderablylessoftenuseacomputerasa tool thanmendo.

In this paperwe addressthequestionof whatarethecausesof this problemandwhatcanbe
doneaboutit. Weareawarethatthistopicis adelicateone,thedangerof talkingaboutclichésand
evendiscriminationis imminent. Most importantly, onehasto keepin mind that these�ndings
representtendenciesonly ratherthanone-to-onemappings.
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The tendenciesdo, however, point at profoundproblems. The fact that femaleusersuse
computerlessoften, at leastin Germany and the UK, is alarmingfor societysincea majority
of womenmay not pro�t asmuchas they potentiallycould from the advantagesthat, e.g.,an
e-learningsystemoffersascomparedto traditionalclassroomlearning.

We areawarethatsimply adaptinga systemdependingon thesex of its usercanhave unin-
tendedeffects.For instance,imagineahypotheticale-learningsystemthatprovidesfemaleusers
with a pink andmaleuserswith a blue background.In this case,femaleaswell asmaleusers
mayfeel discriminatedfacinga systemthatembodiesa cliché. With a moresubtleadaptationa
discriminationmight not be asstriking. For instance,what if a persona,a virtual guide,on the
initial login providesexclusively femaleuserswith a tour throughthefeaturesof a system?The
underlyingidea,to easethe interactionswith thesystem,is motivatedby goodintentions.Still,
its realizationremainsquestionableaslongasit is orientedon stereotypesonly.

This paperstartswith a summaryof a study[6] that derivesa modelof the mentalfactors
that in�uence computerusage. Then, we discussandre�ne that modelandmake it the basis
of a BayesianNet studentmodel. Sincewe have web-basedlearningapplicationsin mind, we
also look at learningsituationsandhow they are in�uenced by gender-biasedaptitudes. This
alsoholds for the adaptationsthat aresupposedto help learning. Theseandotheradaptations
aredescribedin Section4. Finally, we investigatehow adaptivity canhelp to avoid clichésand
discrimination.

2 Empirical Evidencesof GenderDiffer encesin Computer Us-
age

Numerousstudiesinvestigatethe differencesbetweenmale and femaleattitudestowardsus-
ing a computerasa tool. In the following, we will concentrateon a studyby Dickhäuserand
Stiensmeier-Pelster. Weselectedthis studybecausein additionto describingthesymptoms(e.g.,
lesswomenuseacomputer),it providesamodelof thementalfactorsthatin�uence thecomputer
usage.In thissection,wewill notcommentonthemodel,althoughsomeaspectsseemdisputable
(e.g.,why theusageof acomputeris notdirectlycorrelatedwith computerchoice).

2.1 Model of Mental Factors for Computer Usage

In [6], DickhäuserandStiensmeier-Pelsterdescribea studyin which they investigatethecauses
of genderdifferencesin computerusage.100 maleand100 femalesstudentswererecruitedin
thecomputercenterof Universityof Bielefeld,Germany, andaskedto completea questionnaire
in which thesubjectshadto visualizecomputer-relatedsuccess-andfailure-scenarios.

Fromthecollecteddata,themodelin Figure1 wasderived. It describesthe internalfactors
andvariablesthat in�uence the choiceof an individual whetherto usea computer. The model
wasderivedby apathanalysisthat,strictly speaking,describescorrelationaldata,only. However,
it providesestimatesof themagnitudeandsigni�canceof causalconnections.

In themodel,attributionindex standsfor thecausespeopleattributetheirsuccessfulor unsuc-
cessfulexperiencesto (personalincapabilityvs. externalcomputerfailure).This index in�uences
peoplesindividual judgmentof their ability of workingwith acomputer, theself-conceptof abil-
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Figure1: Modelof MentalFactorsfor ComputerUsagefrom [6]

ity. Theattribution failurebiasof femalesis alsoknown from otherempiricalstudiesnotdirectly
relatedto computersand,presumably, for many femalereadersfrom self-inspection.

The self-conceptof ability determinesthe frequency of their computeruseto someextend;
it additionallyeffectsvalue(the individual perceptionof valueof computerwork in a speci�c
situation)andtheexpectationof usinga computer, which is alsoin�uencedby value.Valueand
expectationdeterminewhethera personchoosesto usea computerin a speci�c situation(choice
of computer).

This modelcanexplain thebehavior of both,maleandfemalesubjects.Thevaluesof some
of thevariables,e.g.,whethersubjectsfeel con�dent or not,differ signi�cantly betweenaverage
maleandfemalestudents.Interestingly(andin contrastto otherstudies,e.g.,[18]), thestudydid
notshow genderdifferenceswith respectto theassignedvalueandpotentialchoiceof computers.
This meansthat femalestudentsassignedthesamebene�ts to computerusageasmalestudents
and,in principle, would usea computerasfrequently. This implies that femaleusersneednot
to beconvincedof theadvantagesof thecomputerasa tool, but that thereareotherfactorsthat
needto be addressedin orderto make themchoosea computermoreoften. Thesefactorsand
additionaldifferencesthatcomeinto playaredescribedin thefollowing.

2.2 GenderDiffer encesin Computer Work

Theempiricalstudyin [6] aswell asotherstudiesidenti�ed thefollowing biasesof femaleusers
of computersasopposedto males.Femalestendto

� attribute the causeof unsuccessfulexperiencesto themselvesmoreoften thanmalesub-
jects: in caseaninteractiondid not leadto theexpectedresulteventhoughthecausemay
have beena softwareerror, confusingmenus,or featuresthat werecomplicatedandun-
intuitive to use,femalesubjectattributedthe causeof failure to themselves. In contrast,
malesubjectsmoreoftenblamethesoftwareor theprogrammer.

� havealowerjudgmentof theircomputer-speci�c capabilitesthanmalesubjects:thisobser-
vation is not restrainedto computers.Severalstudies([4, 10]) reportthat femalesubjects
tend to under-estimatetheir technologicalcompetencies.Conversely, male subjectsare
likely to show the oppositebehavior. They tend to exhibit an disproportionatepositive
view on their technicalskills.

� expectlesssuccessasaconsequenceof thefailureattributionandthelowerself-judgment.
Whenasked to visualizecomputerscenariossuchasusinga word processor, femalesen-
visagetheinteractionnot to leadto asuccessfuloutcomemoreoftenthanmalesubjects.
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Figure2: BayesianNetStudentModel

� use computersless intensively. Comparedto the male subjects,female subjectswork
with computersoftwarelessoften. This observation wasalsocon�rmed in otherstudies
(e.g.,[10]).

2.3 Additional Findings in e-Learning

In learning,additionalgender-speci�c factorscomeinto play. Femalestudentsare biasedto
accept(andpossiblyseek)help,whereasmalesrathertendto work independently. Thisdifference
maybeaconsequenceof theself-conceptsbut it mayalsobein�uencedby othervariablesor even
be an independentvariable. For instance,this help-behavior may be in�uenced by whetherthe
(situational)goal is performance-biasedor learning-biased.In turn, this situationalgoalmaybe
in�uencedby thecompetitivenessattitudeof the individual person.For this attitudeit is known
thattypically malesbehave morecompetitiveat leastin groupsof malesandthatperformanceis
moreimportantto themthancommunication,learning,etc.

Now, researchon self-explanation[11] suggeststhat someof the positive effects of self-
explanationin learningshould be attributed to the situationalgoal becausethe goal of self-
explanationis understandingratherthanthe usual(competitive) performancein problemsolv-
ing. We concludethat the learning-biasof female studentsprovides an advantageover the
performance-biasof malestudentsin certainlearningsituationsandfor theoverallgoalof learn-
ing. Certainly, thesestatementsrepresenttendenciesandno exclusive characteristicsof menor
women.

3 ExtendedStudentModel

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

Thestructureof thismodelprovidesthebasisfor aBayesianNetstudentmodelwhosenodes
representprobabilityvariablesandwhosearrowsrepresentconditionaldependenciesof variables.
Thedashednodeshavepotentiallygender-biasedvalues.

Theextendedmodelcontainsadditionalvariablesbecauseit representsmentalfactorsrelevant
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for educationadaptive hypermedia. Note that somenew variablesare behavioral rather than
mentalcharacteristics(asit wasin Figure1), e.g.,accepthelp. Thevalueof thoseprobabilities
canbediagnosedfrom behavioral symptomswhenworkingwith a learningsystemasopposedto
mentalcharacteristicsthatarediagnosedfrom questionnaires.

In the following section,we provide a list of suggestionstargeting thosevariablesof the
extendedmodel(markedby adarkbackgroundin the�gure) thatcanbedirectly in�uenced.

4 Consequencesfor Educational AdaptiveHypermedia

If we considerthe �nding that both genderseethe samepotentialbene�ts in computerusage,
the questionariseswhat canadaptive educationalhypermediado to fostercomputerusageand
learningattitudeswithout gettingstuckin clichés. This topic investigatednext with a focuson
domain-independentsuggestions.

4.1 In�uencing the Failur eAttrib ution Bias

Failureattribution biascanhurt females's learningbecauseof too little motivation. It canharm
males's learningbecauseof a wrong interpretationof the failure causes,if they aredue to an
individual misconception.Therefore,we investigatepossibilitiesof how to preventa wrong in-
terpretationof thecauseof anunsuccessfulexperiencein caseof a system's failureaswell asa
mis-interpretationof anindividualmistakeasthesystem's fault.

In caseof a systemerror it shouldclearlybespeci�ed that it is not theuserwho is to blame.
This hasto be announcedassoonaspossible,preferablybeforea systemfailure canpossibly
occur. A paragraphin theintroductionto thesystemcanaddressthistopicanddepictit iconically.
Additionally, pro-active helpshouldbeprovided,i.e., a short,assuringexplanationof whatmay
happenandwhatto do in caseof systemfailure.Suchanexplanationcouldbea message“If the
programrunsinto aproblem,don't worry. Youwill beautomaticallytransferedto apagethatwill
tell you whatto do”. Thetext makesclearthatthesystemratherthantheuseris thecauseof the
problem.Furthermore,it assurestheuserthatshe/hewill betakencareof andprovidesguidance
on how to proceed. In reactionto a systemerror, the systemshouldprovide a messagethat
indicatesthata failuredid occur, thepersonto contact(or evenbetterthattheresponsibleperson
wasautomaticallycontacted),the way of contact(email, chat,hot-line), andan explanationof
what the usershoulddo when(e.g.,“Pleasetry againin 10 minutes”). In casethe error is non
recoverable,themessageshouldindicatethat theuserwill becontactedassoonasthesystemis
usableagain.

In e-learning,a usermayexperienceunsuccessfulexercisesdueto her/hislack of own capa-
bility or own misconception.Theliterature(e.g.,[5]) providesvaluableinstructionsfor feedback
in casethe usermadean incorrectproblemstepor is unableto solve a given problem. In par-
ticular, thefeedbackneedsto supporttheproblemsolvingprocessby offering guidanceon how
to solve theproblemsuccessfully. Additionally, thefeedbackhasto preventa mis-interpretation
of anindividualmistakeasthesystem's fault. This is especiallyimportantif interactive toolsare
usedfor exercises.In thiscase,thefeedbackshouldpreventastudentto think thathe/shenotable
to solve a problembecauseof bugsin the tool. Therefore,in additionto statingthata solution
stepis not applicablein thecurrentsituation,feedbackcanprovide a link to a list of applicable
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commands.

4.2 Preventing an InadequateJudgmentof Computer-Speci�c Capabilites

Generally, userinterfacesshouldbedesignedto keepthingssimple,avoid to overloada system
with features,andkeepmenusclearly structured(see[12]). By the sametoken, it is essential
thatall systemmessages,menus,etc.,usea non-technicaljargon. Few thingsde-motivatemore
thanincomprehensive techno-babblewhich, potentially, is harmingfemales's judgmentof own
capabilitiesmorethanmales's.

Specialemphasisshouldbe put on �rst-time usersof a system. On the one hand,a user
shouldnot beoverloadedby the featuresof a system.On theotherhand,heor sheshouldstill
catcha glimpseon thepossibleinteractionsthat thesystemsoffers in additionto thosetheuser
is familiarwith from previousexperiencefrom non-adaptivehypermedia.The�eld of Intelligent
User Interfacesoffers someremediessuchasgradually(adaptively) addingfeaturesto menus
(see,e.g.,[3]).

Additionally, an introductionor a guidedtour throughthe systemshouldexplain the list of
featuresasystemoffers.Everymenuitemandfeatureshouldbeexplainedin ahelpmenu.

Oneof theconsequencesof a low judgmentof computer-speci�c capabilitesis a reluctance
vis-à-visexploring andusingall featuresof a system.This is why a systemshouldsupportand
encourageauser'scuriosity. After somesessions,whentheuserlogsin again,thesystemshould
providealist of thefeaturesnotyetused,accompaniedby anexplanationwhy they areusefuland
aninvitation to usethem(i.e.,adirectlink). Whenafeatureis used,thesystemmayimmediately
provide positive feedbacktogetherwith anexplanatorylink to similar featuresthatwerenot yet
used.A messagesuchas“In additionto changingthe languagesettingasyou just did, you can
changethevaluesthatrepresentyourmasterylevel. Click hereto give it a try.” canhelpto lower
thefearof exploring. Thelinks canbeannotatedusingtechniquesof adaptivenavigationsupport.

Wearenotawareof studiesthatinvestigatethequestionwhetherandhow to preventanover-
estimationof one'stechnicalcapabilites.Weassumethatin thelongrunover-estimationwill lead
to thesameproblemsaswell.

4.3 Raising the Expectationof SuccessAdaptively

A low expectationof successis a severehindrancefor usinga tool or a softwareandin addition,
negative experienceswill be perceived more highly. One way to raise the expectationof an
successfulinteractionconsistsin makingtheseinteractionsexplicit. By emphasizingsuccessful
experiences,thestudenthasachanceto becomeawareof them.For instance,exploringahitherto
unusedfeaturecancountasan successfulexperienceon which the systemprovidesfeedback,
eitherimmediatelyor at theendof asession.This feedbackshouldconsistof a list of thefeatures
usedfor the �rst time andan invitation for feedbackwhetherthey think the featureis usefulor
how it canbeimproved.

It is equallyimportantto emphasizesuccessfulinteractionsthatoccurduringthelearningpro-
cess.For feedbackduringproblemsolving,we referthereaderto [5]. With respectto theuser's
performancein a session,on logouttime thesystemshouldprovide a list of accomplishmentsin
learningthat wereachieved during thesession.This could consistof a list of solvedexercises,
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readtopics,etc. [16] describesaneasilyimplementablesolutionthatusestheamountof learning
materialsreadby the studentin a certainamountof time. It additionallysupportslearnersin
acquiringlearningmanagementskills by comparingthisdatato previouslysetlearninggoals.

4.4 How to Scaffold Help-SeekingAdaptively

Usersneedto besupportedin usinghelpcorrectly. Someusersrequesttoo muchhelp[1], other
usersarenotmuchinclinedto usehelpatall althoughit would improvelearningor performance.
Therefore,a systemneedsto speciallysupportusersto noticethe help opportunityandto use
it the way they bene�t mostof it. Gräsel's experimentsshow that offering help is not enough
but a specialvisual focushasto be put on thehelpaswell [8]. In casea learnerignoresvisual
highlightingof help,a helpmenucanopenautomatically. This will be interpretedasobtrusive
by mostusers,thereforethehelpmessageshasto makeexplicit thereasonwhy ahelpmenuwas
offered,i.e., by listing the actionsof the userthat the systemusedfor diagnosingthe needfor
help.

4.5 In�uencing the Situational Goal of a Session

Certaininstructionalitems(suchasworkedexampleswith arequestto self-explain)canfocusthe
learneronunderstandingandreasoning,andstimulatesuchgoalsdifferentfrompureperformance
goals. Suchitemscanbe introducedadaptively into hypermediageneratedby suchsystemsas
ACTIVEMATH [9].

5 The EscapeRoute fr om Cliché

In the previous sectionwe describedfeaturesan e-learningenvironmentmay offer in order to
addressgender-speci�c differencesin computerusageandlearningattitudes. A simplistic im-
plementationwould askthe userfor his sex andadaptthe menus,layout, feedback,etc. corre-
spondinglyusingadaptive hypermediatechniquessuchasadaptive contentselection,adaptive
navigation support,andadaptive presentation.The problemwith this one-time-adaptationap-
proachis that usersare facedwith a systemthat incorporatesa cliché and therefore,possibly
scaresoff all usersnotexactlymatchingaprototype.

Usingthesex of auserasabasisfor adaptationhasonede�nite advantage:it is easyto collect
the information. However imprecisea differentiationon this basismay be, statisticsshow that
thissingleinformationcanprovide informationaboutanindividualuserthatholdswith acertain
degreeof probability. Over time andideally, ane-learningsystemidenti�es theuser's aptitudes,
cognitivestyle,capabilities,andotherindividualcharacteristicsandadaptsaccordingly.

Therefore,the sex of a usercaninitialize certainvaluesin the usermodel, for instance,in
themodelof Figure2, the initial empiricallyaveragevalues.But then,usermodelingcontinues
rather than stoppingat the level of averagesand stereotypes.Individual differencesof some
characteristicscanbeassessedby monitoringtheactionsof a user(e.g.,[13]). This information
canbeusedto furtherre�ne theusermodelandto make thetransitionfrom thestereotypeto the
individual.
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On way of assessingthe individual attitudesconsistsin interactive choiceof featureson an
individual basis.Eachadaptionshouldbeaccompaniedby a possibility to con�rm or disallows
further application. This requiresthe userto control the adaptationsin the �rst place. If the
featureis rejected,a shortnoticeshouldstatethat thefeaturewasnot displayedandthat thereis
theoption to displayit. Additionally, all settingsshouldbe accessiblein a con�guration panel.
Thedecisionof theuserwhich featureto employ updatestheusermodelaswell.

6 RelatedWork and Conclusion

Work in adaptive hypermediaaddressesvariousaspectsof users.It rangesfrom adaptingto the
learner's knowledge(e.g.,[17]), his/herlearningstyle(e.g.,[2]) or learninggoals(e.g.,[9]). We
donot know of work in adaptivehypermediafocusedon gender-speci�c differences.

Theliteratureaboutgenderstudiesin generalis abundant.For acomprehensiveoverview see
Tannen[14]. Shedescribesa culturalapproachto genderdifferencesandprovidesa theoretical
framework with a focuson discourseanalysis.

A fundamentaldebateon gender-differencesis beyondthescopeof this article. Instead,we
followedapragmaticapproach.Basedonempiricaldataweextendedamodelthatprovidesade-
tailedexplanationof internalfactorsunderlyingthesetendencies.Weproposedadaptive features
that canhelp to �ght relevant attitudesthat arecounter-productive for learningandpotentially
harmfulconsequencesfor malesandfemales.

Wearguedthatadaptivesystemswhichadapttoanadjustableusermodelaremoreappropriate
thanaone-shotadaptionto thegender. Evenif thesex of auseris usedto initialize a usermodel
which in turn in�uencesthe adaptivity of the system,an analysisof the interactionof userand
systemleadto moredetailedknowledgeabouttheaptitudesof theuserandgiveriseto amodi�ed
adaptivity.

In additionto theautomatedadaptation,theusershouldbeableto controlthebehavior of the
systemat any time. In casean adaptionis not wished,theusershouldbeableto disableit and
viceversa.Thisway, theusercanexpresshis/herindividuality andis not facedwith asystemthat
confrontshim or herwith a �x edcliché.

Therearemany waysthata learneris unique.Wearguedthatoneshouldnot stopat thelevel
of genderbut ratherrecognizemorespeci�c variables.Adaptivehypermediaoffersthepotential
to do so.

7 Acknowledgment

Theauthorswish to thankKerstinBorau,SabineHauserandthe ACTIVEMATH groupfor their
suggestionsandfruitful discussions.

Thispublicationwaswritten in thecontext of theLeActiveMathproject,fundedunderthe6th
Framework Programof the EuropeanCommunity(ContractNr. IST-2003-507826)andby the
GermanBundesministeriumfür Bildung und Forschung,contract08NM075Cand08NM070E.
Theauthorsaresolelyresponsiblefor its content.



9

References

[1] V. AlevenandK.R. Koedinger. Limitationsof studentcontrol: Do studentknow whenthey
needhelp? In G. Gauthier, C. Frasson,andK. VanLehn,editors,InternationalConference
on IntelligentTutoring Systems,ITS2000, pages292–303.Springer-Verlag,2000.

[2] N. Bajraktarevic, W. Hall, andP. Fullick. Ilash: Incorporatinglearningstrategiesin hyper-
media. In P. De Bra, editor, Proceedingsof AH2003: Workshopon AdaptiveHypermedia
andAdaptiveWeb-BasedSystems, May 2003.

[3] P. Brusilovsky andE.Schwarz.Userasstudent:Towardsanadaptiveinterfacefor advanced
web-basedapplications.In A. Jameson,C. Paris,andC. Tasso,editors,Proceedingsof 6th
InternationalConferenceonUserModeling, pages177–188.SpringerVerlag,Wien,1997.

[4] K. CanadaandF. Brusca. The technologicalgendergap: Evidenceandrecommendations
for educatorsandcomputer-basedinstructiondesigners.EducationalTechnology Research
& Development, 39(2),1992.

[5] R. B. Clariana. Feedbackin computer-assistedlearning. NETg, University of Limerick
LectureSeries,2000.

[6] O. DickhäuserandJ.Stiensmeier-Pelster. Genderdifferencesin computerwork: Evidence
for the model of achievement-relatedchoices. Contemporary EducationalPsychology,
27(3):486–496,July2002.

[7] O. DickhäuserandJ. Stiensmeier-Pelster. Genderdifferencesin the choiceof computer
courses:Applying anexpectancy-valuemodel. SocialPsychologyof Education, 6(3):173–
189,2003.

[8] C. Gräsel,F. Fischer, andH. Mandl. Theuseof additionalinformationin problem-oriented
learningenvironments.LearningEnvironmentsResearch, 3:287–305,2001.

[9] E. Melis, E. Andrès,J. Büdenbender, A. Frischauf,G. Goguadze,P. Libbrecht, M. Pol-
let, andC. Ullrich. Activemath:A genericandadaptive web-basedlearningenvironment.
InternationalJournalof Arti�cial Intelligencein Education, 12(4):385–407,2001.

[10] I. RajagopalandN. Bojin. A genderedworld: Studentsandinstructionaltechnologies.First
Monday, 8(1),2003.

[11] K. ReissandA. Renkl. Learningto prove: Theideaof heuristicexamples.Zentralblatt für
DidaktikderMathematik, (1):29–35,2002.

[12] B. Shneiderman.Designingthe User Interface. AddisonWesley Longman,third edition,
1998.

[13] M. A. M. Souto,R. Verdin, K. Beschoren,R. Zanella,M. Nicolao, M. Madeira,R. M.
Viccari, andJ. P. M. deOliveira. Webadaptive trainingsystembasedon cognitive student
style. In Proceedingsof 17th IFIP World ComputerCongress, pages25–30,Montréal,
Canada,2002.

[14] D. Tannen.GenderandDiscourse. OxfordUniversityPress,New York andOxford,1995.



10

[15] K. Tollefsen.Genderdifferencesin informationandcommunicationtechnologybasedNor-
wegian highereducation. In Electronic Proceedingsof the 24th InformationSystemsRe-
search Seminarin Scandinavia(IRIS24), 2001.

[16] C. Ullrich andA. Chen. An easilyimplementablemethodto supportgoal-directedlearn-
ing. In L. CantoniandC. McLoughlin, editors,Proceedingsof the World Conferenceon
EducationalMultimedia, Hypermedia& Telecommunications(ED-MEDIA 2004), pages
4059–4063.AACE,2004.

[17] G. Weberand P. Brusilovsky. ELM-ART: An adaptive versatilesystemfor web-based
instruction. InternationalJournal of Arti�cial Intelligencein Education, 12(4):351–384,
2001.

[18] B. E. Whitley, Jr. Genderdifferencesin computer-relatedattitudesandbehaviors: a meta-
analysis.Computerin HumanBehavior, 13(1):1–22,1997.


