
DOI: 10.4018/IJICTHD.2017070101

International Journal of Information Communication Technologies and Human Development
Volume 9 • Issue 3 • July-September 2017


Copyright©2017,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



Gamification and Interdisciplinarity:
Challenges in the Modern Knowledge Society
Christine Meschede, Heinrich Heine University Düsseldorf, Düsseldorf, Germany

Kathrin Knautz, Heinrich Heine University Düsseldorf, Düsseldorf, Germany

ABSTRACT

Theenhanceduseofinformationcommunicationtechnologiesintheknowledgesocietyhasahuge
impactonhowpeoplelearnanddoresearch.Ineducation,thetrendtopicGamificationhasappeared,
tryingtofulfiltheneedsofdigitalnatives.Likewise,researchersarechallengedbynewformsof
collaboration. Interdisciplinary projects become more and more important. This article aims at
combiningthesetwotrendingtopicsoftheknowledgesociety.Thus,theimportanceofGamification
inthescientificworldintermsofdisciplinarydiversitywillbemeasured.Thegoalistoidentify
predominantdisciplinespublishingonthetopicandtodetectcollaborationsintermsofmulti-and
interdisciplinarity.Wefirstlygiveanoverviewonthedifferentresearchfields.Further,weintroducea
waytomeasuredisciplinarydiversityofGamificationandclassifytheissueaccordingly.Gamification
presentsitselfasamultidisciplinarytopicwithanaverageof4.2referencesofdifferentdisciplines.
Intermsofinterdisciplinarityatotalvalueof31%alsorepresentsastrongoutcome.
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INTRoDUCTIoN

Today’s knowledge society is shaped by an enhanced use of information and communication
technologies.Besideanimmensetechnologicalandscientificprogressnewchallengesarisethatthe
modernworldhastoface.Twosectorsinwhichthesechallengescometotheforeareeducationand
scientificresearch.Scholarlycommunicationhasitsoriginsinantiquitywhereinterchangingofideas
tookplaceorally(Ball,2011).Atthelatestwiththeinstitutionalizationofscholarlycommunication
themainformofscientificcorrespondencewaswrittentexts.Thewayscientificoutputiscreated
haschangedimmenselyinthepastyears.DuetoBall(2011,p.10)it“willbecharacterizedbythe
simultaneityoforal,written,anddigitalscholarlycommunication”.EnhancedScience(E-Science)
therebyleadstoanewformofnetwork-based,cooperativescientificworkwherecommunication
technology enables researchers to work jointly together and to rely on information from a huge
varietyofdata.

Moreandmorecollaborationsbetweendifferentresearchfieldscometotheforeinthiscontext.
Ameaningfulaspectinthisregardistheconceptofdisciplinarydiversitywhichisoftenlabeledas

1



International Journal of Information Communication Technologies and Human Development
Volume 9 • Issue 3 • July-September 2017

2

interdisciplinarity.Sometimesseenasthesolutionformodernscientificandculturalproblems(Wang,
Thijs,&Glänzel,2015),alotofprojectsarefundedduetotheirinterdisciplinaryaspects,e.g.by
theNationalScienceFoundation(‘IntroductiontoInterdisciplinaryResearch’,2010).Otherstudies
illustratethatlong-distancedisciplinarydiversityinresearchbreedsanenhancementofscientific
impactintermsofperceptionandcitations(Larivière,Haustein,&Börner,2015).

Methodstomeasurethisdiversityareprovidedbyinformetrics,whichincludesallquantitative
measuresinInformationScience.Onesubfieldofinformetricsisscientometrics,whichisfocused
onscientificinformation(Stock&Weber,2006).Inthiscontext,therealreadyexistindicatorsto
estimatetheinterdisciplinarityofajournal(Leydesdorff&Rafols,2011)oranarticle(Rafols&
Meyer,2010),aswellasmeasuresforthedisciplinarydiversityofdisciplines(Abramo,D’Angelo,&
DiCosta,2012)orinstitutes(vanRaan&vanLeeuwen,2002).Thegoalofthisarticleistoestimate
theinterdisciplinarityofaconcretetopic–Gamification.TheconceptofGamificationwhichhasits
rootsinthegamingindustryanddescribestheuseofgamemechanicsinnon-gamingenvironments
(Deterding,Dixon,Khaled,&Nacke,2011)hasbeenchosenasatrendingtopic.Playingisacultural
factorthathasalwaysbeenimportantinallkindsofsocieties(Huizinga,1955).Peopleplaybecauseit
causesfunandsometimeseventheso-calledflowexperience(Csikszentmihalyi,1988).Nevertheless,
gameshavebeenbannedfromtheclassroomforalongtimedescribedasbeingsenseless.Thishas
changedinthepastyears.Today,Gamificationisamoderntopicattractingincreasinglytheinterest
of companies aswell as researchers.Hamari,Koivisto andSarsa (2014) for instancedetected a
growingnumberofpublicationsontheissue;particularlytheincreaseofpaperscontainingtheterm
‘Gamification’inthetitleisnoteworthy.Thisarticlecombinesthetwotrendingtopicsbyevaluating
thedisciplinarydiversityofGamification.

Firstofall, it isnecessary todifferentiatebetweenvarying levelsofdiversity.Stokolsetal.
(2003)discriminatebetweenfourtypesofdisciplinarydiversity:unidisciplinarity,multidisciplinarity,
interdisciplinarity and transdisciplinarity. Whereas unidisciplinarity is based upon methods and
conceptsofonesinglediscipline,multidisciplinaritydescribesaprocessofresearchersfromdifferent
fieldsworkingindependentlyofeachotherononesharedproblem.Inthisprocess,eachdisciplinehas
itsownperspectiveandmethods.Onthecontrary,iftheresearchersofthedifferentfieldsdirectlywork
togetherononeproblem,thisprocessiscalledinterdisciplinarity.Finally,theremainingconstraintfor
transdisciplinaryworkisasharedconceptualframework,aswellascommonmethodsandtheories.
Mostbibliometricstudiesdonotdifferentiatethesedifferentlevelsofdisciplinarydiversity,whichis
oneaimofthiswork.Here,thefocusissetonmulti-andinterdisciplinarityofGamification.

TherearealotofinvestigationsconcentratingonamappingofGamification,limitingtheamount
ofpublicationsonthetopictoaminimum,whichresultsinasmallsubsetoftheexistingliterature
that canbeevaluated intellectuallywith regards to contents (DeSousaBorges,Durelli,Reis,&
Isotani,2014;Hamarietal.,2014).Thisstudydoesnotaimatafullycontent-relatedanalysis,but
ratherageneralassessmentofthetopicitself.Therefore,apreferablyhugeamountofliteratureis
takenintoaccount.

Thepaperisorganizedasfollows:Insection2themethodsarepresented,particularlyfocusing
ontheindicatorsusedtocalculatemulti-andinterdisciplinarityofGamification.Insection3the
resultsofthiscalculationaregiven.Finally,theoutcomesarediscussedinsection4.Inaddition,a
conclusionismadeandsomeimportantlimitationsarementioned.

MeTHoDS

AllresultsinthisinvestigationarebasedonthesetofpublicationsthatcouldbeaccessedonJune5th
2015viathedatabasesofWeb of ScienceandScopus.Theseinformationproviderswerepickedas
datasources,astheyofferpublicationsfromseveralscientificfieldsandfurtherenableananalysisof
referencesandcitations(Moed,2009).InthedatabasesthefieldsTopic(WebofScience),respectively
Article Title, Abstract, Keywords(Scopus)wereusedtoattainasetofarticles.Thesinglesearch
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termwas“gamification”.NoothertermsarenecessaryastheconceptofGamificationdistinguishes
fromothersimilarconceptslikePlayfulInteraction,SeriousGamesorGame-BasedLearning.After
removingduplicates,856publicationsremained.

Inasecondstepamappingofthemetadatafieldssuchasauthorsanddisciplinesofthetwo
setswasnecessary.Asthereferencesoftheoriginalpublicationplayamajorroleintheanalysis
ofdisciplinarydiversitytheyalsohadtobestoredanddedicatedtoaresearchfield.Togetafirst
impressionontherelationsbetweenthedifferentdisciplinespublishingonthetopic,asinglelinkage
clusteringalgorithmwiththresholdvalue0.3hasbeenapplied.Similaritywascalculatedbymeansof
sharedreferences.Inthecalculationonlydisciplineswithatleasttenpublicationswereconsidered.
Smallfieldsmaydistorttheresultassomepublicationsarededicatedtomorethanonediscipline
andthereforethesefieldssharemostoftheirreferences.

In order to measure disciplinary diversity of the resulting set of publications representing
Gamification,differentmethodswereconsulted.Firstofall,tomeasurethemultidisciplinarityofa
topic,ithastobefiguredoutifresearchersfromdifferentdisciplineswork(independentlyofeach
other)ontheissue.Thecitingbehaviorisawaytodiscoverifresearchersonlyrelyoninformation
oftheirowndisciplineoralsoonothers.Therefore,itisessentialtotakealookatthedifferentfields
thatareassignedtothepublications’references.Themorecitedarticlescanbededicatedtoalotof
differentdisciplines,themoremultidisciplinaryisthetopic.Theindicatorusedhereisamodified
versionof(Ball&Tunger,2005):Foreverypublicationintheoriginalset,thedisciplinesarenoted.
Likewise,thereferencesofthesepublicationscanalsoberelatedtoafield.Themultidisciplinarityof
apublicationisnowformedbycountingthenumberofdisciplinesinthesetofreferencesdiffering
fromthefieldoftheoriginalarticle(multipleoccurrenceofadisciplineisnotcounted).

Table1 illustrates this approach.LetA be apublication from theSocialScienceswith five
references. These references are dedicated to Social Sciences, Computer Science, Psychology,
PsychologyandEngineering.NowthemultidisciplinarityofarticleAcanbecalculatedasshown
inTable1.

AsSocialSciencesconformstothedisciplineoftheoriginalarticle,thisreferencedoesnotcount
inthecalculation.Similarly,thesecondoccurrenceofPsychologyisnotincluded.Overall,wegeta
valueof3forthemultidisciplinarityofarticleA.Theaveragevalueofallpublicationsservesasan
indicatorforthemultidisciplinarityofaresearchfield.Toattainameasureonthemultidisciplinarity
ofGamification,theweightedaverageoverallthesecategoriescanbecalculated.Weightedinthis
casemeanstomultiplybytheratioofthenumberofpublicationsdedicatedtothedisciplineandthe
totalnumberofpublications.

Inordertoevaluatetheinterdisciplinarityofatopic,co-authorshipshavetobeconsidered,as
thedefinitionrequirestheresearcherstoworkjointlyontheissue.Therefore,thedisciplinesofthe
authorshavetobenoted.Thisinformationwasdeducedfromtheaffiliationfieldwhichisprovided
bythedatabases.Tenauthordisciplineshavebeenderivedthatsometimesconsistoftwoorthree
compressedresearchfields.In(Abramoetal.,2012)anapproachtomeasureinterdisciplinarityofa
researchfieldispresentedwhichisexplainedinthefollowing:Foreverypublication,thesetofauthor

Table 1. Exemplified calculation of the multidisciplinarity of a publication

SocialSciences 0 Disciplineoforiginalarticle

ComputerScience 1

Psychology 1

Psychology 0 Secondoccurrence

Engineering 1

Total 3 Multidisciplinarity of A
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disciplinesisdetermined.LetXbethenumberofpublicationsthatareassignedtoadisciplineDand
simultaneouslytoadditionalfieldsdifferentfromD.LetfurtherYbethetotalnumberofpublications
dedicatedtoD.TheinterdisciplinarityofresearchfieldDisthencalculatedbyEquation(1).

Interdisciplinarity(D)=X/Y (1)

Again,anexamplewillexplainthisprocedure.Let’sassumeourdatasetconsistsofonlyfive
documents,depictedinTable2.Everyauthoroftheseisdedicatedtoadiscipline.Inthefirstfour
publications,amathematiciancontributedto(Y = 4),butonlypublication1and3simultaneously
possessfurtherauthorsfromadisciplinedifferentthanMathematics(X = 2).Thus,wecancalculate
the interdisciplinarityofMathematicsbydividingX byY andobtain a valueof 0.5.This value
meansthat50%ofthepublicationswhereamathematiciancontributedtohadfurtherauthorsfrom
adifferentdiscipline.

Followingthisindicator,amethodtoestimatetheinterdisciplinarityofGamificationisdeviated
bycalculatingtheweightedaverageoverallauthordisciplines.Again,weightedmeanstoreducethe
significanceofthevaluesfromthosefieldswithonlyasmallauthors-setandsimilarlytostrengthen
thosewithplentyofdedicatedpersons.

InthefollowingsectiontheresultsofapplyingthepresentedindicatorstothetopicGamification
arebroughtforward.Firstly,somegeneralfindingswillbeshown,thentheconcreteoutcomesof
multi-andinterdisciplinarityareintroduced.

ReSULTS

Intotal,856differentpublicationsonthetopiccouldbeidentified.Firsthitsarededicatedtotheyear
2011.Mostofthepublicationsareconferencepapers(532),journalarticles(217)andreviews(60).
Further,fromthedocumentsintheoriginalset9227referencescouldbeidentified.Mostofthese
publications(1077)areassignedtotheyear2012.

ThelargestnumberofpublicationsintheinitialsethasbeenpublishedinthedisciplinesComputer
Science (617), Social Sciences (203), Engineering (158) and Mathematics (112). Applying the
mentionedclusteringalgorithmontheresearchfieldsthesefourdisciplinesformaclass(seeFigure
1).Yetwithanallocationto72%ofallpublications,thefieldComputerSciencehasthebiggest
shareinthisdivision.PublicationsthatcouldbefoundinComputerSciencecoverseveraltopical
aspects,e.g.theimplementationofgamifiedapplications(Dumitrache,Aroyo,Welty,Sips,&Levas,
2013),approachesforenhancinginformationliteracyskillsofstudentsbygamemechanics(Knautz,
Orszullok,&Soubusta,2013)ortheapplicationofGamificationinInformationRetrieval(Galli,
Fraternali,&Bozzon,2014).

Table 2. Exemplified calculation of the interdisciplinarity of a discipline

Publication Dedicated Author Disciplines

Pub1 Mathematics Mathematics Psychology

Pub2 Mathematics Mathematics

Pub3 Psychology Mathematics Engineering

Pub4 Mathematics

Pub5 Psychology Engineering

X = |{Pub1, Pub3}|=2
Y = |{Pub1, Pub2, Pub3, Pub4}| = 4
Interdisciplinarity(Mathematics) = X/Y = 0.5
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Besidethefourtopcategories,thereisalsoagrowingsignificanceofGamificationinthefields
Business,ManagementandAccounting(54publications)aswellasMedicine(52publications).In
thelatteranincreasinginterestinGamificationwithregardtofitnessorhealthapplicationscould
bedetected(Lister,West,Cannon,Sax,&Brodegard,2014).Twoothercategoriesthatalsoforma
classarePsychologywith30publicationsandArtsandHumanitieswith27relatedarticles.While
studiesoftheformerresearchfieldoftenrefertobehavioranalysisofGamification(Morford,Witts,
Killingsworth,&Alavosius,2014),publicationsinArtsandHumanitiese.g.dealwiththeapplication
ofdigitalgamesindramaeducation(O’Mara,2012).

In total, the publications are spread over 24 different disciplines. The concrete numbers of
publicationsandreferencesofeachfieldarepresentedinFigure2.Note,thatapublicationcanbe

Figure 1. Cluster of the disciplines with at least ten publications; similarity calculated based on shared references

Figure 2. Number of publications and cited publications in each discipline
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dedicatedtomorethanonedisciplinewhichexplainswhythetotalnumberofpublicationsinall
fieldsaddsuptomorethan856.Thisdivisionintothedifferentresearchfieldsalreadyrepresentsthat
severaldiversedisciplinesshowinterestinthetopicGamification.Aswellastheoriginalpublication,
thecitedpublicationsarespreadwidelyonthedifferentresearchfields.Adetailedanalysisofthis
diversityintermsofmulti-andinterdisciplinarityisgiveninthefollowingsubsections.

Multidisciplinarity of Gamification
Asexplainedinsection2,themultidisciplinarityofatopiciscalculatedbymeansofthereferences,
morepreciselybythenumberofdisciplinesinthereferencesetthatdifferfromtheoriginalfield.
InthecaseofGamificationagainmostofthereferencescouldbededicatedtoComputerScience
(2114), followedby theSocialSciences (1665),Medicine (990) andPsychology (942).Articles
fromPsychologyareoftenusedasareferencebecauseofmotivationalandpsychologicalaspectsof
Gamificationandtheso-calledfloweffect(Csikszentmihalyi,1988).Interestinglytherearealsoa
lotofpublicationscitingarticlesfromthedisciplineBusiness,ManagementandAccounting(852),
althoughthereareonly54publications in the initialset.Apparently,a lotofstudiesrefer to the
importanceofGamificationinBusinesswherethetermhasbeencoined.

Fromthe856initialpublication,701couldbeidentifiedhavingreferences.Onaverage,each
of thesepublicationscited13.1furtherarticles.Therefrom4.2disciplinesdifferfromtheoneof
theoriginalarticle.Note,thatmultipleoccurrencesofaresearchfieldinthereferenceswerenot
counted.ThecalculatedvaluesforalldisciplinesarepresentedinTable3.Thosefieldswithatleast
tenpublicationsintheinitialsethavebeenmarkedastheycountmoreinthecalculationthanthose
withonlyfewpublications.

Letustakeadeeperlookintothefourdisciplinesthatcouldbededicatedtoonecluster:Computer
Science,SocialSciences,EngineeringandMathematics.With617publications,ComputerScienceis
themostdominantone.Referencescouldberegisteredin536ofthesedocuments.Eachofthearticles
hadanaverageof17.3referencesfromwhich10.0differedfromtheoriginaldiscipline.Calculating
the multidisciplinarity, which means removing duplicates leads to a value of 3.8 in the case of
ComputerScience.Theinterpretationofthisnumberisasfollows:InComputerScienceonaverage
3.8differentdisciplinesarecitedthatdonotconformtotheoriginalfield.Higherarethevaluesfor
theotherdisciplinesfromthecluster.Engineering,with132publicationswithreferencesand16.2
citedarticlesonaverageattainsadegreeofmultidisciplinarityof4.1.Similarly,inMathematics104
articleswith14.5citedpublicationseach,leadtoavalueof4.2.Thehighestvalueof4.6isreached
bytheSocialSciencestowhich165publicationswithreferenceswerededicated.Inthisfield,an
averagenumberof21.0referenceswasdetected.Calculatingtheweightedaverageoverthesefour
disciplinesweattainavalueof4.0forthemultidisciplinarityofthisclassconcerningGamification,
whichisslightlylowerthantheaverageoverallfields.

TheotherclassoftheclusterconsistingofArtsandHumanitiesaswellasPsychologyintotal
onlyhad34publicationswherereferencescouldbedetected.Theaveragevalueof thisclassfor
itsmultidisciplinarityis6.3whichismuchhigherthanthetotalaverage,butisalsobasedonthe
informationofonlyafewpublications.Also,otherdisciplineswithlessthantenpublicationsreach
evenhighernumbers,upto11.Buttheseresultsshouldnotattachtoomuchvalue,asthecalculation
isbasedononlyafewdocuments.

Disregardingthatamultipleoccurrencedoesnotcountinthecalculationofthemultidisciplinarity,
onecanalsocalculatetheshareofreferencesfromotherdisciplinesinthenumberofallreferences.
Doing so for the abovementioned class consisting of the four top disciplines, an article has on
average17.5references.Therefrom64.8%donotoriginatefromthedisciplineofthepublication’s
ownfield.ThedetailedresultscanbefollowedinTable4.Now,thehighestpercentageisreached
byEngineering(81.5%)andMathematics(80.7%).Again,thevalueforComputerScienceislower
thanthoseoftheotherdisciplines.
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Table 3. Multidisciplinarity of Gamification

Discipline Multidisciplinarity

AgriculturalandBiologicalSciences 8.5

Arts and Humanities 6.0

Biochemistry,GeneticsandMolecularBiology 7.5

Business, Management and Accounting 5.6

ChemicalEngineering 4.0

Chemistry -

Computer Science 3.8

Decision Sciences 4.6

EarthandPlanetarySciences 3.0

Economics, Econometrics and Finance 3.8

Energy 5

Engineering 4.1

EnvironmentalScience 4.3

Health Professions 4.0

ImmunologyandMicrobiology 10.0

MaterialsScience 3.0

Mathematics 4.2

Medicine 5.2

Neuroscience 11.0

Nursing 3.8

Pharmacology,ToxicologyandPharmaceutics 11.0

PhysicsandAstronomy 3.0

Psychology 6.4

Social Sciences 4.6

Weighted Average 4.2

Table 4. Average number of references in the disciplines computer science, engineering, mathematics and social sciences and 
percentage of references from other disciplines

Discipline Average Number of References References from Other Disciplines

ComputerScience 17.3 57.8%

Engineering 16.2 81.5%

Mathematics 14.5 80.7%

SocialSciences 21.0 64.3%

Weighted Average 17.5 64.8%
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Sofar,weonlyknowtowhichdegreeadisciplineiscitingotherresearchfields,butitisalso
interestingwhichotherdisciplinesarecited.Consideringthosefieldswithatleasttenpublications,
thenetworkintermsofreferencesispresentedinFigure3.Thearrowsrepresentthereferencesfrom
onedisciplinetoanotherwhereasthearrowheadpointsonthecitedone.Mostreferencesareset
fromComputerSciencetoSocialSciences(1352),Psychology(876),Business,Managementand
Accounting(669)andEngineering(675).Theotherwayaround,therearealsoalotofdisciplines
citing publications from Computer Science, e.g. Social Sciences (747), Engineering (500) and
Mathematics(413).Thus, theclusterfromFigure1againcomesto thefore.Lookingat theraw
citingnumbersrepresentedinFigure3,itappearsthatthereisaparticularstrongmultidisciplinary
exchangebetweenthesefourfields.Takingalsointoaccountthesizeofthepublicationsetineach
disciplinethesevaluesaremitigatedasshowninTable3and4.Nevertheless,thenetworkofthe
disciplinespublishingonGamificationishuge.

Interdisciplinarity of Gamification
Thenextsteptowardsdisciplinarydiversityformsinterdisciplinarity,whichwasexaminedbymeans
ofco-authorships.Intotal,forthe856initialpublications,2042authorscouldbeidentified.From
theaffiliationfield,informationontheauthor’sorganizationcouldbederivedin1896(93%)cases.
Mostauthorsarededicatedtoacademicfacilities(1643).Further,230personsfromcompanies,18
fromgovernmentalinstitutionsand14fromclinicscouldbeidentified.Amoredetaileddivision
intothedisciplinescouldbeconductedfor832(41%)authors.Again,mostofthesewerededicated
toComputerScienceandEngineering(423).ConsiderablylesspresentedarethefieldsBusiness
andEconomics(80),Education(71),Medicine,FitnessandHealth(65)andSocialSciences(63).

Asdescribedinsection2, thedegreeofinterdisciplinarityofanauthor’sresearchfieldD is
calculatedbytheratioofpublicationswithatleastonefurtherfieldfromDandthetotalnumber
ofpublicationsdedicatedtoD.Consideringthebroadpartitionintotheauthors’institutions,213
publicationswithauthorsofmorethanoneparticularaffiliationwerecounted.With856documents
intotal,thisyieldstoanaveragevalueof0.25forthe“interinstitutionality”ofGamification,regarding
thesefouraffiliations.

Consideringincontrast themoreconcreteauthordisciplines, theresultsof thispartitionare
presentedinTable5.Thehighestvaluewith73%wasattainedbythefieldMathematicsinwhich20
authorscouldbeidentified.Thiscanbeinterpretedasfollows:73%ofthepublicationstowhicha
mathematiciancontributed,hadatleastoneauthorfromafurtherdiscipline.Similarly,theresearch

Figure 3. References of the disciplines with at least ten publications on Gamification in other fields
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fieldsPsychology,Medicine/Fitness/HealthandEducationattaingoodvalueswith67%respectively
51%and50%.ThepredominantdisciplineComputerScience/Engineeringhoweverscoredmuch
lowerwith17%.Possibly,ifthetwodisciplinescouldhavebeenseparatedintheauthor’sclassification,
thevalueswouldhavecomeoffbetter.Calculatingtheweightedaverageoveralldisciplines, the
interdisciplinarityofGamificationis31%.Consideringalsothepublicationyearoftheunderlying
researchobjects,anincreasinglevelofinterdisciplinarycanbenoticedfrom2012to2015.Whereas
theinterdisciplinaritysumsuptoonly12%intheyear2012,itroseto20%in2013,35%in2014
andfinally36%intheyear2015.

Abramoetal.(Abramoetal.,2012)usedthesamemethodtoanalyzetheinterdisciplinarityof
severaldisciplinesindependentlyofaconcretetopic.Theclassificationintoauthor’sdisciplineswas
differentthanthepresentedoneinthisarticle,astheyrestrictedtheirdataonliteraturefromItalian
publications,whereaconcretescientificfieldcanbedeviated.Nevertheless,somecomparisonscan
bemade.In(Abramoetal.,2012),Biologywasrecognizedasthemostinterdisciplinaryfieldwith
avalueof43,9%.ThesecondhighestscorewasattainedbyChemistrywith28.2%whichisalready
lowerthanthecalculatedvalueforGamification.Thefurtherfieldsledtovaluesbetween14.8%and
24.8%.Abramoetal.combinedthedisciplinesComputerScienceandMathematicswhichscoredthe
lowestwith17%.CalculatingtheweightedaverageoverthefieldsComputerScience/Engineering
andMathematicsinthisstudy,avalueof20%isreachedwhichbeatsthevalueoftheaforementioned
category.Ifwefurthercalculatetheweightedaverageofthefourfieldsthathavebeenassignedto
onepredominantclassintheprecedingsection,wegetavalueof21%whichis10%lessthanthe
averageoverallfields.Whereasthefourdisciplineshadamultidisciplinaryexchangeintermsof
referencesregardingGamification,aconcretecollaborationbetweentheauthorsseemstobemissing
comparedtotheotherfields.

Gamificationintotalreachesagoodvalue.Unfortunately,noteveryauthorcouldbeassigned
toadiscipline,whichpossiblyleadstoalowervalueinthisstudy.Inparticular,itisconspicuous
thatintheinitialsetofpublications,112documentswerededicatedtothedisciplineMathematics,
butonly20authorscouldhavebeenassignedtothisresearchfield.Similarly,inSocialSciences
203initialpublications,butonly63authorshavebeendiscovered.Ontheotherhand,newauthor

Table 5. Interdisciplinarity of Gamification

Author Discipline Number of Authors Multidisciplinarity

Business/Economics 80 0.42

ComputerScience/Engineering 423 0.17

Design 39 0.35

Education 71 0.50

Gameindustry 2 0.00

InformationScience 39 0.28

Mathematics 20 0.73

Medicine/Fitness/Health 65 0.51

Psychology 31 0.67

SocialSciences 63 0.32

∑ = 832 ∅ = 0.31
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researchfieldslikeInformationScience,DesignorEducationhavebeenconsideredinthecalculation
ofinterdisciplinaritythatdidnotoccurinthepublications’disciplines.

CoNCLUSIoN

In this study two important concepts of today’s knowledge society have been examined. Away
tomeasuremulti-andinterdisciplinarityofGamificationhasbeenpresented.Mostscientometric
studieslackindifferentiatingbetweenthedifferenttypesofdisciplinarydiversity.Thisworkmakes
afirststepintoamoredetailedclassificationofatopic.Multidisciplinaritywasmeasuredusingthe
researchfieldsofasetof856initialpublicationsandthedisciplinesofthecorrespondingreferences.
Thedegreeofinterdisciplinarityonthecontrarywasestimatedbymeansofco-authorshipsregarding
thediscoveredauthordisciplines.

Theexaminedissue,Gamification,turnsouttobepopularconceptintheknowledgesociety,in
whichalotofdifferentfieldsshowinterestin.EventhoughComputerScienceisthepredominant
disciplinepublishingarticlesonGamification,thereareseveralfurtherpublicationsfromdifferent
fields.Concerningthemultidisciplinarityofthetopic,inapublicationonaverage4.2researchfields
arecitedthatdifferentiatefromtheoriginaldiscipline.Asnoteveryreferencecouldbeassignedto
afield,itisalsosupposablethatthevalueishigherinreality.Thus,Gamificationcanbeconsidered
asamultidisciplinarytopic.Fourresearchfieldstherebyparticularlystickout.Bymeansofshared
references,ComputerScience,SocialSciences,MathematicsandEngineeringcouldbededicated
tooneclass.Besides,theevaluationofthereferencesbetweenthedisciplinesshows,thatalotof
informationflowsbetween thesefields.Therefore, thereseems tobeanotablyhighdisciplinary
exchangebetweenthosefourresearchfields.Nevertheless,theaveragevalueforthemultidisciplinarity
ofthisclassislowerthanthetotalaveragevalueoverallfields.Ifwealsoconsidermultipleoccurrence
ofthevariousresearchfieldsthatarecited,nearly65%ofthereferencesdonotoriginatefromthe
publications’originaldiscipline,whichisstillahighoutcome.

Thenextsteptowardsdisciplinarydiversityistheauthors’collaborationonthetopicGamification.
Thecalculationof thedegreeof interdisciplinarityyields toavalueof31%.Conspicuously, the
averagevalueforComputerScience/Engineering,SocialSciencesandMathematicsturnsouttobe
muchlowerthanthetotalaveragevalueforGamification.Especiallythedegreeofinterdisciplinarity
of Computer Science / Engineering lies behind the other author disciplines. Whereas the fields
ComputerScience,SocialSciences,MathematicsandEngineeringhadalotofreferencesintoeach
other’sdisciplines,aconcretecollaborationseemstolackcomparedwithothersmallresearchfields.
PossiblytheseparationofthedisciplinesComputerScienceandEngineeringwouldyieldtomuch
betterresults.ComparedwiththestudyofAbramoetal.thepresentedvaluesshow,thatGamification
nonethelesscanbeseenasaninterdisciplinarytopic.Concreteconclusionscannotbedrawnbefore
additionaltopicshavebeenexaminedwiththesamemethodology.Anyway,whencomparingthe
interdisciplinarityofGamificationovertheyearsfrom2012to2015,thevaluerisesfrom12%to
36%whichshowsthatinterdisciplinarityisincreasingatleastforthegiventopicandtimeframe.

Oncehavingtheunderlyingdata,itiseasytocalculatemulti-andinterdisciplinarityonthebasis
ofthepresentedindicators.Yet,itisnotalwayseasytoattainthenecessaryinformation.Although
the databases contain several data grouped by different fields, a lot of further intellectual work
hadtobedoneinordertomapalltheinformation.Forexample,itwasnotpossibletodetermine
referencesforallpublicationsasthedatabasesdidnotalwaysprovidethisinformation.Ifthereis
referencedataavailable,thisisoftennotstandardized,e.g.differentspellingsofthetitledoexist.
Thus,allthereferenceshadtobemappedandreviewedintellectually.Further,themostchallenging
taskwastoassignadisciplinetotheauthors.Theclassificationoftheauthorsintotheirresearch
fieldswasconductedwith thehelpof theaffiliation field in theconsulteddatabases.Asnot for
everypublicationusefuldataisprovided,only41%oftheauthorscouldbededicatedtoaconcrete
discipline.Additionally,theclassificationcouldturnouttobemoredetailed,iftheaffiliationfield
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wouldbefilledwithstandardizeddata.Thiswouldalsoleadtoabettervalueoftheinterdisciplinarity
ofGamification.Intheirstudy,Abramoetal.(Abramoetal.,2012)describetheItalianacademic
systeminwhicheveryscientisthastoclassifyhimselfintoexactlyonescientificfield.Duetothis
classification,itissimpletodedicatetheauthor’sdisciplinetoapublicationandthereforetocalculate
interdisciplinarity.Ifsimilarstandardsexistedthroughouttheworld,thecalculationandcomparability
ofinterdisciplinaritywouldbemucheasier.

Insummary,afirststeptowardsabibliometricdifferentiationbetweenthestagesofdisciplinary
diversitywasmade.Also,theexaminationofaconcretetopicbythesemeasuresisnovel.Theadvantage
ofthepresentedindicatorsistheirinterpretability.Onthecontrary,theclassificationofdisciplines
shouldbefurtherdeveloped.Toestimate theconcretedegreeofmulti-and interdisciplinarityof
Gamification,furthertopicsshouldbemeasuredwiththepresentedindicators.Therebytheconcrete
degreeofGamificationcanbeestimated.Buttherefore,asharedclassificationofthedisciplineshas
tobeused.

Inaddition,inthisworkthelaststageofdisciplinarydiversityhasnotbeenfurtherexamined.
There isnotyetan indicator for the transdisciplinarityofa topicorapublication.Butalso, this
stageisaninterestingsubject.Therefore,awaytomeasuretransdisciplinarityshouldbeevolved.
Butifthisispossibleatall,isquestionable.Anapproachcouldusethepublications’keywords.As
transdisciplinarityrequiresasharedconceptualframework,termsthatarededicatedtothedocuments
couldbecomparedinordertogetafirstimpressionofthepublications’concepts.
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