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ABSTRACT

Thepresentstudyexaminesthedifficultiesnovicedatamodelersfacewhenaskedtoprovideadata
modeladdressingagivenproblem.Inordertomapthesedifficultiesandtheircauses,twoshortdata
modelingproblemsweregivento82studentswhohadcompletedanintroductorycourseindatabase
modeling.Bothproblemsinvolvethreeentitysetswithrelationshipsbetweenthem,eitherternaryor
binary.Thestudents’solutionswereclassifiedaccordingtothetypesoferrorstheycommitted.More
thanhalfofthestudentsprovidedfaultysolutions.Afterananalysisoftheseresults,openinterviews
wereconductedwithaselectedgroupofstudentsinordertofigureoutthereasonsunderlyingthe
students’ erroneous decisions regarding the data model. Among the reasons for their erroneous
solutionswereinsufficientexperience,lackofreflectionontheirsolution,andlackofimmediate
feedback.Inaddition,theauthorssuggestinstructionalmodificationsderivedfromtheresearchresults.
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INTRoDUCTIoN

The research literature includesanacademicdiscussionon thedifficultiesnovicemodelersmay
encounterwhendesigningadatamodeladdressinggivenrequirementsingeneral(Deyetal.,1999)
andregardingternaryrelationshipsinparticular(Hitchman,2003;Batra,2007).Theyencountermany
difficulties,mostlyconcernedwithcognitivecomplexity;amongthem,NoFlexibilityforerrors,lack
ofimmediatefeedback,andinformationoverload(Batra,2007).Asaresult,datamodelsdesigned
bynovicemodelerstendtobeinaccurateanderroneous,andhencethecauseforthefaultybehavior
ofinformationsystems.

Duringtheirstudies,novicedatamodelersstudyhowtodesignadatamodeladdressinggiven
requirements.Theystudyhowtoidentifyentitiesandhowtosetrelationshipsbetweenthem.They
alsolearnhowtotransformtheentitiesandrelationshipsintotables,fieldsandkeysinordertoform
arelationalschema.

Oneofthemainchallengesnovicemodelersfaceduringthedesignphaseistheidentification
of relationships between the entities involved. Novice data modelers find the setting of
relationshipsbetweenentitiesas theirmainchallenge,mostlywhennon-binary relationships
areinvolved(Batra,1994).

Thisarticle,originallypublishedunderIGIGlobal’scopyrightonApril1,2020willproceedwithpublicationasanOpenAccessarticle
startingonJanuary21,2021inthegoldOpenAccessjournal,InternationalJournalofInformationandCommunicationTechnologyEduca-
tion(convertedtogoldOpenAccessJanuary1,2021),andwillbedistributedunderthetermsoftheCreativeCommonsAttributionLicense

(http://creativecommons.org/licenses/by/4.0/)whichpermitsunrestricteduse,distribution,andproductioninanymedium,providedthe
authoroftheoriginalworkandoriginalpublicationsourceareproperlycredited.
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However,existing research ismainly focusedon theoretical rather thanempiricalaspectsof
datamodeling.Thatis,therehasbeenlittleexplorationofempiricaldatagatheredfromnovicedata
modelers.Suchempirical findingsmight shed lighton thecausesof thedifficultiesnovicedata
modelersencounterduringthedesignphase,andhelpinstructorstoimprovetheirpractice.

Theaimofthisstudyistoexplorethedifficultiesnovicedatamodelersencounterasnovicedata
modelersregardingrelationshipsbetweenthreeentities.Forthispurpose,studentswhohadcompleted
adatabasecoursewereaskedtofilloutaquestionnaireincludingtwoproblemsdealingwithvarious
requirements,necessitatingthattheirsolutionsusebothbinaryandternaryrelationships.

Theresearchquestionsderivedwiththeaboveaimare:

1. Whatarethetypesoferrorrelatingtotheuseofternaryrelationships?
2. Whataretheunderlyingreasonsfortheseerrors?

THEoRETICAL BACKGRoUND

Inthissection,wepresentabrieftheoreticalsurveyofdatamodelingcomplexity,ternaryrelationships
andstudents’difficultiesindatamodeling.

Data Modeling Complexity
Buildingadatamodelforaninformationsystemisacomplextask,especiallyfornovicedatamodelers
(Topi&Ramesh,2002).Novicesencounterdifficultiesmainlyinmodelingrelationshipsbetween
entities(Batra&Antony,1994).Themainsourceoferrorsindatamodelingbynovicesisattributed
tocognitivecomplexity(Batra,2007).Cognitivecomplexity,inthecontextofdatamodeling,refers
toallthefactorsthatmakeitdifficultforonetograspandunderstandallaspectsoftheproblemat
hand.Thesedifficultiesdependontheproblem’sstructureaswellasontheknowledgeandprevious
experienceofthedesigner.Fourmajorsourcesofcognitivecomplexitywereidentified:problem
solvingprinciples,designprinciples,informationoverload,andsystemstheory(Batra,2007).Though
thesepapersrefertoextensivefactors,wefocusonlyonthoseaffectingdatamodeling,withspecial
focusonternaryrelationships.Astoproblemsolvingprinciples,theonesthatarerelevanttoour
researchareconnectivityandtimedelay.Thefirstreferstoahighdegreeofinterrelatednessbetween
theentitiesinvolved.Thelatterreferstothetimegapbetweenthedesignofthedatamodelandits
use.Timedelayresultsinalackofimmediatefeedback,thereforeonlyuponusecanoneunderstand
thequalityofthedesign.Astodesignprinciples,theonesthatarerelevanttoourresearcharethegap
betweentheproblemspaceandthesolutionspace,noflexibilityforerrors,andalackofknowledgeof
normalizationrules.Thegapbetweentheproblemspaceandthesolutionspacereferstotheabilityto
prunetoaminimumtherelationshipsdescribedintheproblembytheverbalconstraints.Noflexibility
forerrorsreferstothefactthatonlyone‘right’solutionexistsaccordingtothenormalizationrules.
Alackofknowledgeofnormalizationrulesreferstothelackofexperienceofnovicedatamodelers
asregardstonormalizationrulesandtheirconsequences.Astoinformationoverload,theonlyfactor
thatisrelevanttoourresearchisnoise,whichreferstothepresenceofirrelevantinformation(Batra,
2007).Intheprocessofanalysisandevaluationoftheresultsobtainedinthepresentstudy,weuse
thefactorslistedabove.

Ternary Relationships
Theentity-relationshipmodel(ER)(Chen,1976),iscommonlyusedtodesigndatabases(Lenzerini
&Nobili,1990).AnERmodelconsistsofentity-setsandrelationshipsbetweenthem,representing
real-worldobjectsandtheirconnections.Entity-setsincludeattributesoftheobjects,andspecifyan
identifyingkey.Relationshipsconnecttwoormoreobjects.Theconnectionsstandforarelationship
representingareal-worldassociationbetweentheobjects.However,notallreal-worldassociations
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betweentheinvolvedobjectsmustbepresentinthedatamodel,onlythosenecessarytosupportthe
systemrequirements.Binaryrelationshipshavemultiplicityconstraintsrepresentinglimitationson
theparticipationofanobjectintherelationship.Multiplicityconstraintscanbeoftype1:1,1:N,
orN:M.Moreover,relationshipsmayincludeadditionalattributesdescribingtheconnectionitself.

ThepurposeofanERmodelistocapturethebusinessrequirementsandtoconstructanadequate
relationaldatabasetosupportthebusinesstransactions.Asetoftransformationrulesenablesthe
translationofanERmodelintoanormalizedrelationaldatamodel(Chen,1976).Theentity-sets
andtherelationshipsbetweenthemaretransformedintodatatables.Eachoneincludesdatafields
(attributes), storing records (objects) identified by a primary key. As to relationships, some are
convertedintotableswhileothersareexpressedusingakeypassedtooneofthetables(foreignkey).

Thecardinalityof a relationshipcanbebinary (e.g., lecturer teachescourse)orn-ary (e.g.,
physicianwriteaprescriptiontoapatient).Abinaryrelationshipconnectstwoobjects,whilean
n-aryrelationshipconnectsthreeormore(n)objects.Inthisstudywefocusontheunderstandingof
novicedatamodelersregardingternaryrelationship(n=3).

Related work
Indatabasedesign,relationshipsinvolvingmorethantwoentitiesareconsideredrareand,therefore,
havenotreceivedadequateattention(Deyetal.,1999).Thepresentpaperprovidesageneralframework
fortheanalysisofrelationshipsinwhichbinaryrelationshipssimplybecomeaspecialcase.This
frameworkhelpsadesignertoidentifyternaryandotherhigher-degreerelationshipsthatarecommonly
represented,ofteninappropriately,aseitherentitiesorbinaryrelationships.Generalizedrulesarealso
providedforrepresentinghigher-degreerelationshipsintherelationalmodel.Thisuniformtreatment
ofrelationshipsshouldsignificantlyeasetheburdenonadesignerbyenablinghimorhertoextract
moreinformationfromareal-worldsituationandrepresentitproperlyinaconceptualdesign.

Batraetal.(1990)foundthatnovicedatamodelersencounterdifficultiesinmodelingrelationships
betweenentitieswhiledesigningdatamodelviaanERmodel.Themostcommonerrorswererelated
tothedegreeofarelationshipandtheselectionofthetypesofentityparticipatinginarelationship
(Batra&Antony,1994).

Bothdegreeandconnectivityerrorsarefoundfrequentlyinnovicesolutions.Mostnoviceerrors
aredegreeerrors;usually,theformofthiserroristhatthenoviceisunabletodecidewhichentities
participateinarelationship(Batra&Antony,1994).AprotocolstudybyBatraandAntony(1994)
foundthatnovicedesignersaresatisfiediftheentitiesinanapplicationaresomehowrelatedtoeach
other; theyrarelyconsider theconsequencesof theirdesign.Forexample,aheuristiccommonly
used inERdesign is that if there is a sentence relating twoentities, then there is a relationship
betweentheminthesolution.However,anindiscriminateuseofthisheuristiccanleadtoerrors.For
instance,ifcustomersbuyproductsviaorder,nodatabaserelationshipexistsbetweenCustomers
andProductstablesevenifthephrase“customersbuyproducts”isintherequirementsdescription,
therightsolutionwouldsetarelationshipbetweenCustomersandOrderstables,andanotherone
betweenOrdersandProductstables.

The Study
Inthissection,wepresentdataaboutthestudyparticipants,theresearchaimandderivedresearch
questions,thetasktheparticipantshadcarryout,thedatacollectionmethods,andtheanalysistools.

The Study Participants
Eighty-twosecondyearstudentsstudyingforaB.Sc.degreeintheInformationSystemsdepartment
participatedinthestudy.Theresearchwasconductedrightaftercompletingthecourse‘Introduction
toDataBases’.Theparticipantswereprovidedwithataskwithtwophases.Inthefirstphasetheyhad
todrawupentity-relationshipdiagramsandthecorrespondingrelationaldatamodelsaccordingto
givenbusinessscenarios.Then,theywereaskedtowriteSQLqueriesbasedontheirownsolutions.
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The Task
Toaddress the researchquestions,wehaveconstructed twoproblemswhosesolutionshould
shedlightonthestudents’understandingofternaryrelationships.Theproblemsrelatetothree
differententitiesandtheirrelationships.Thesolutionofthefirstproblemrequirestheuseofa
ternaryrelationshipbetweenthreeentities,whereasthesolutionofthesecondproblemrequires
theuseof twobinaryrelationships.Theaimof thesecondproblemwas toexaminewhether
studentsareable to identify thecircumstances inwhicha ternaryrelationshipbetween three
entitiesisnotrequired.

Twocommercialbusinessscenarioswerepresentedtothestudyparticipants;eachrequiresitsown
entity-relationship-diagram,andthederivedrelationalmodel,includingtables,fields,andprimary
keys.Thescenariosdealwithproducts,thecountriesinwhichtheproductsaredistributed,andthe
distributorswhodistributetheproducts.

Thefollowingscenariosrefertoglobalcommercialcompanies;eachholdsadifferentpolicy
regardingthedistributionofitsproductsaroundtheglobe.Thecompaniesdefinethedistributors,
products and countries as follows: the distributors are identified by distributor number and
characterized by name. Countries are identified by country number and characterized by name.
Productsareidentifiedbyproductnumberandalsocharacterizedbyname.

Thestudentsweredirectedtokeeptheirrelationalmodelssimple,andavoidredundanttables,
attributesandkeys.

Company A – Global Competition
CompanyAmanufacturesvariousproducts,whicharedistributedbydistributorsaroundtheworld.
Accordingtothecompanypolicy,eachdistributorispermittedtosellthecompany’sproductsineach
country.Yet,thecompanyallowsmultipledistributorstosellproductsinthesamecountry,andeach
maysetadifferentpriceforeachproducttype.

Company B – Exclusive Distributor
CompanyBmanufacturesvariousproducts,whicharedistributedbydistributorsaroundtheworld.
Accordingtocompanypolicy,eachcountryhasonedistributorwhodistributesallthecompany’s
products exclusively.Adistributor is allowed todistribute inmanycountries.Thepriceof each
productissetdifferentlyforeachcountry.

SQL Query
InadditiontoERDiagramsandrelationalmodels,thestudentswerealsorequestedtowriteSQL
queriestopresentthepricelistoftheproducts.Ifaproducthasdifferentprices,allprices,sorted
alphabeticallybycountriesanddistributors,weretobedisplayed,includingproductname,distributor
name,price,andthecountryiftheproducthaddifferentpricesindifferentcountries.

Data Collection and Analysis Tools
Thepresentstudyisaqualitativeoneandusesaninterpretiveparadigmwhichallowsobserving
situationsfromthestudyparticipant’sperspective(Merriam,2009).

Theresearchdataincludedthestudent’ssolutionsforcompanyAandcompanyB.Afterclassifying
theirsolutionsaccordingtotheirlevelofcorrectness,openinterviewswereconductedwith15students.
Foreachtypeoferroridentified,threestudentswereinterviewed.

The interviews transcripts were analysed through a gradual process of content analysis
(Krippendorff, 2004; Neuendorf, 2002) and analytic induction (Taylor & Bogdan, 1998) in
ordertoidentifycategoriesandtypicalpatternsfocusingontheunderlyingreasonsformaking
thedesignerrors.
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RESULTS AND DISCUSSIoN

Reviewingthestudents’solutionsto theCompanyAproblemfoundthat39students(outof82)
providedacorrectsolution(Figure1).Weidentifiedthreetypesoferrors.

Erroneous Solutions of the Company A Problem
Two Binary Instead of One Ternary Relationship
Thirty-fivestudents(outof82)providedthesolutionforCompanyB(Figure2),oravariation,
as thecorrect solution forCompanyA. In thiskindof solution, insteadofusinga ternary
relationship(Figure1)tocapturethecorrectconnectionsbetweenthethreeentitiesinvolved,
the solution includesonly twobinary relationships,omitting important information. In the
variation presented in Figure 2, relationships are set between country and distributor, and
between country and product (including price). The problem with this solution is that for
eachpair<country,product>onlyonepriceisset,contradictingtherequirementthateach
distributorcansetadifferentprice.Thissolutionalsomakesthedistributorofaproductin
acountryuntraceable.

Inanothercommonvariation,relationshipsaresetbetweencountryanddistributor,andbetween
distributorandproduct(includingprice).Theproblemwiththissolutionisthatonlyonepriceper
productissetforeachdistributor,contradictingtherequirementtoallowthedistributortosetdifferent
pricesforagivenproductindifferentcountries.

Figure 1. Company-A solution

Figure 2. Company-B solution
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Three Binary Relations Instead of One Ternary
Eightstudents(outofeighty-two)providedthesolutionshowninFigure3.Inthissolution,thestudents
usedthreebinaryrelationshipstocaptureallconnectionsbetweenthethreeentity-setsinvolved.From
thissolutiononecanextractwhichproductsaredistributedbyeachdistributor,andwhichproducts
aresoldineachcountry.However,onecannotextractthepriceeachdistributorsetforaproduct,as
onlyonepriceper<product,country>exists,contradictingtherequirements.

Company A: Discussion
Figure4presentsthedistributionofCompanyAsolutions.Thirty-ninestudents(outofeighty-two)
managed to provide the correct solution (Figure 1). However, more than half of them provided
erroneoussolutions(errors1and2).

Figure 3. Three binary relationships

Figure 4. Distribution of solutions - company A
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Inwhatfollows,wepresentrepresentativeexcerptsfromthesolutions:

My solution was created gradually, after reading each sentence; I tried to figure out which 
model component fits. For instance, when I came across a distributor who distributed products, 
I created two entity-sets, and constructed a binary relationship between them. Then it was said 
that the distributor could distribute in any country, and I added the binary relationship between 
distributor and country. In retrospect, I had to go back to the question to make sure that my 
solution addresses all the constraints.

Fromtheaboveexcerpt,onecanseethatsomestudentssingledoutandmappedtheobjects
to themodel components, then figuredout the relationshipsbetween theseobjects, but they
continuedonwardwithout reflectingon theobtainedresults.Theyavoidedgoingback tore-
examinethesolutioninlightoftheproblemrequirementstoverifyitscorrectnessandintegrity
viaexamplesofdataandqueries:

If I had the chance to run the query I wrote against real data I believe I would immediately get the 
design error and fix it. But when the solution is “on paper” it’s harder for me to detect such errors.

Althoughthestudentswereaskedtoplantherelationalschemaandformulateaquerybased
onit,theystillwerenotconfrontedwiththeirfaultydesignbecausetheycouldnotviewthequery
outcomes.ThisisinlinewithBatra(2007),whoreferredtotimedelayasoneofproblemsolving
principlesinfluencingcognitivecomplexityindatamodeling.

Inthestudents’reflectionsaftersolvingthegivenproblems,anotherissuecameup.Hereisa
representativeexcerpt:

I understand ternary relationship theoretically, but I find it difficult to implement. The common 
relationships are of binary type; therefore, we were less exposed to other types of relationships, 
although they are more difficult to understand. Specifically, the cardinality issue is quite confusing. 
I must admit that I do not understand thoroughly the difference between two binary relationships 
and a ternary relationship, and I still believe that my solution can also be accepted as a good one.

We learned how to plan a data model and I tried my best to do so. In retrospect, if we had received 
examples of wrong data models, and would have been asked to detect the errors, I think it may have 
been more useful. I learn better from mistakes...

Fromthefirstpartofthefirstexcerptwecanlearnaboutthereasonunderlyingthestudents’
difficulties in identifying ternary relationships, which stems from too few examples and a non-
exhaustivediscussionofthedifferencesbetweenthetypesofrelationships.Thesecondpartofthefirst
excerptshowsthatthestudentsdidnotinternalizethefactthattheproblemofdesigningaschemahas
asinglesolution(Batra,2007).Thismaybeattributedtothefactthatinmathandcomputerscience
problems,thereisusuallymorethanonewaytosolveaproblem,andstudentsareaskedtolookfor
morethanonemethodofsolutionandexamineitsimplications.

Batra(2007)presentsfourmajorsourcesofcomplexity.Webelievethatthereisanadditional
source,experienceindatadesign.Frombothexcerpts,wemaylearnthatstudentsfeelthattheyare
notexperiencedenoughindesigningadatamodel,sinceitrequiresskillsthataregainedonlyvia
experienceacquiredovertimewhileworkinginthefield.Beingnovicedatamodelerstheyusenaïve
heuristicsthatmayleadthemtoanerroneousdesign.Experienceddesignersuseadvancedheuristics
gainedviaengagementinsimilarproblems(Purao,Storey&Han,2003).

Thefollowingexcerptraisesanadditionalissue:
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I’m not familiar with the field of commerce. Concepts such as distribution and exclusivity are not 
sufficiently clear to me. Hence, I apparently did not understand the nuances in the text referring to the 
commercial relationships embedded in the problem and their implications on the desired data model.

Fromtheaboveexcerpt,wemaylearnthewhenstudentsareintroducedtoaprobleminadomain
thatisnotfamiliartothem,thecomplexityoftheproblemisgreater.Thismaycausemisinterpretations
oftheconceptsembeddedintheproblem,whichmightresultinafaultysolution(Hollandetal.,1986).

Erroneous Solutions of the Company B Problem
Reviewingthestudents’solutionstotheCompanyBproblemrevealedthat34students(outof82)
providedacorrectsolution(Figure1).However,weidentifiedthreetypesoferrors.

Ternary 1:N:M Instead of Two Binary Relationships
Thirty-sevenstudents(outofeighty-two)providedaternary-basedsolution.Twentystudentsprovided
thesolutionshowninFigure1(error1),andseventeenstudentsprovidedthesolutionshowninFigure
5(error2).Thedifferencebetweenthesetwosolutionsisthe‘1’multiplicityconstraintconnecting
thecountrytotheternaryrelationship.Bothsolutionsareerroneoussincetheydonotcomplywith
therequirementofoneexclusivedistributorpercountry.ThesolutionshowninFigure1supports
multipledistributorsperproductineverycountry.ThesolutionshowninFigure5preventsmore
thanonedistributorperproductinacountry;however,itdoesnotpreventotherdistributorsfrom
distributingotherproductsinthatcountry,contradictingtheexclusivenessrequirement.Moreover,
thelattersolutionalsoenablesadistributortoactinmultiplecountries,contradictingtherequirement
ofavoidinghavingdistributorsdistributeinmorethanonecountry.

Three Binary Relationships
Elevenstudents(outofeighty-two)providedsolutionssimilartotheonespresentedinFigure3(error
3).Addingredundantrelationshipscancauseadiscrepancyinthedata.Forexample,ifJohnisthe
soledistributorinEnglandanddistributesProductX,itwillappearintheDistributestable(which
connectsproductsandcountries).However,productXmightnotbeincludedintherelationshiptable
betweendistributorsandproducts(theredundantrelationship),andhencemightcauseadiscrepancy.
Inaddition,thereisnoinformationinthisredundantrelationshipthatcannotberetrievedfromthe
other two relationships.Moreover, the studentswereexplicitly instructed toavoid repetitiveand
redundantelementsintheirsolutions.

Figure 5. 1:N:M Ternary solution
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Company B: Discussion
Ourresearchconcernstheunderstandingandimplementationofternaryrelationships.Forthatpurpose,
weexploredthefollowingsituations:(1)whenaternaryrelationshipisrequired(thecompanyA
problem);(2)whenitisnotrequiredyetisbeingused(thecompanyBproblem).

Figure6presentsthedistributionofCompanyBsolutions.Thirty-fourstudents(outofeighty-
two)managedtoprovidethecorrectsolution(Figure2).However,morethanhalfofthemprovided
erroneoussolutions(errors1-3).

Confrontingstudentswiththeirfaultysolutionsyieldedthefollowingrepresentativeexcerpts:

I thought the purpose of the second problem was to check if my solution is consistent with the first 
one. I thought that both problems have the same solution although they were phrased differently. I 
still believe that my solution addresses them well.

I thought that this question is a variant of the previous one. Since I used a ternary relationship in the 
first problem, I thought it fits here too, adding a small change in the constraints. I did not notice that 
the solution did not meet the exclusivity requirement of the distributor in the country. I assume that 
if I was given the second problem before the first one, I would not fall into this trap.

Fromthefirstexcerpt,welearnthatsomestudentsassumedthatthegoalofthequestionswas
notonlytoexaminetheirabilitiestoprovidecorrectsolutionstodesignproblems,butalsotoexamine
theconsistencyoftheirsolutions.Inotherwords,insteadoftryingtodealwithsolvingthesecond
problem,thestudentsfocusedtheireffortsonkeepingconsistencywiththeirfirstsolution.

Fromthesecondexcerpt,welearnthatsometimesstudentsmakepriorassumptionsbeforethey
trytosolveagivenproblem.Inthiscase,sincethisproblemwasgiventothemaftertheysolvedthe
CompanyAproblem,inwhichaternaryrelationshipwasrequired,someofthestudentswhosolved
correctlythepreviousproblemassumedthatthecompanyBproblemwasavariationofthecompanyA
problem.Asaresult,theytriedtoadapttheprevioussolutiontofitthenewrequirementsbychanging
thecardinalityconstraintsoftheternaryrelationshipinsteadofstartingthedesignfromscratch.They
actuallyusedanaiveheuristicthatresultsinanerroneoussolution(Polya,1985).

Figure 6. Distribution of solutions - company B
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Thestudentswhoprovidedthreebinaryrelationshipssolutionsassertedthat:

I modeled every entity and relationship I found in the text, the way we were taught. I did not understand 
that one of the relationships is redundant, and I believe that it is not problematic anyway.

All three binary relationships are of equal importance, and I don’t know how to choose among them. 
I can’t understand how one is redundant, since each captures unique information.

Again,weseefromthefirstexcerptthatanaiveheuristic(Tversky&Kahnemann,1974)isused
bynovicedatamodelers.Fromboththefirstandsecondexcerptswecanseethatnovicesfollowthe
strictrulesofdesign,andarenotsensitivetonuances.Withoutbeingimmediatelyfacedwiththe
consequencesoftheirbaddesign,theylacktheabilitytoavoiderrorsandunderstandthem.Data
modeldesignisnotalwaysstraightforward,andaprofoundunderstandingoftheinter-relationships
betweenthemodelconstituentsisrequired.

oVERALL DISCUSSIoN AND IMPLICATIoNS FoR INSTRUCTIoN

Theprocessofsolvingadata-modelingproblemisacomplextaskthatrequirescognitiveactivities
suchastranslation,mappingobjectsfromrealityintoabstractentitiesinthemodel,aswellascontinual
validation that the result obeys the problem requirements. The difficulty increases with ternary
relationships.According toBatra (2007), there are fourmajor sources for cognitive complexity:
problem-solvingprinciples,designprinciples, informationoverload,andsystems theory.Aswas
mentionedbefore,webelievethereisanadditionalsource,whichmayaffectsomeothersources:
professionalexperience.

Gainingprofessionalexperienceindatamodelingmeans,amongotherthings,confrontingthe
consequencesoferroneousmodels.Thisprocessusuallyleadstotheunderstandingthatcontinual
reflectiononthebuiltmodelmustbecarriedout,andthattheobtainedmodelshouldbeexamined
againstthedataandqueries.Professionalexperiencealsomeansthedevelopingofproblemsolving
andcriticalthinkingabilities,aswellasbeingsensitivetothenuancesembeddedinvarioussituations.

Inthisstudy,wefoundthatmanystudents,whoareconsiderednovicedatamodelers,donot
reflect on their solution process. They approach modeling problems making prior assumptions
withoutexaminingthemagainsttheproblemrequirements.Partofthestudentsassumethat,asin
other related areas (e.g. programming, mathematics) a problem can have more than one correct
solution(Batra,2007).

Hence,wesuggestthefollowingrecommendationsfordatamodelinginstruction:

1. Werecommendextendingtheprocessoflearningdatamodelingprinciplestoreachits
implementation.Thatis,immediatelyafterthestudyofmodelingprinciples,studentswill
beaskedtobuildtherelationalmodelandrunqueriesontheobtainedmodel.Thisway,
theycanbeexposedtotheconsequencesofincorrectmodelingandavoidtheproblemof
‘timedelay’(Batra,2007);

2. Thestudentsshouldengagewithdifferenttypesofmodelingproblems.Namely,notonlythe
standardproblemstheyusuallyget,whichinvolvethemodelingofagivensituation,butalso
differentkindsoftasks.Forexample,toprovidethemwithanerroneousmodel,andaskthem
tocheckthemodel’s‘quality’throughexaminingitsderivedrelationalmodelandtheexecution
ofdifferentqueries;

3. Thestudentsshouldcarryoutcomparisontasksinwhichtheywillhavetoexaminetwodata
models,onecorrectand theothererroneous,against theproblem’s requirements inorder to
developtheirawarenessofthemeaningofeachrequirementintheproblem;
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4. Thestudentsshouldbeprovidedwithtasksinvolvingpeerwork.That is,onestudenthasto
designthedatamodelandhandittoaclassmate.Theclassmatehastoconstructarelational
modelandrunqueriesonitusingthatdatamodel.Incaseofencounteringdifficultiesdueto
erroneousmodeling,thatclassmatehastoprovidefeedbacktotheoriginalstudent;

5. Alltheaboverecommendationsshouldbefollowedbyclassdiscussionsinwhichstudentsare
exposedtoproblemstheirclassmatesencountered,soastoavoidtheminthefuture.
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