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ABSTRACT

Today, there is no consensus about proper timing and conditions for integration of PowerPoint
presentationsintotheeducationalprocess.Butthemodel-basedevaluationcanmakeadecision-making
processeasierwhenitcomestousingpresentations.Thepurposeofthisstudyistobuildaformal
modeltoevaluatepresentations.Inordertobuildaformalmodel,theauthorssuggestemploying
hierarchicalstructureconsistingofaggregationoperators,suchastheweightedaveragingoperator,
minimumoperator,andfuzzyChoquetintegral.Theproposedformalmodelshowsexperts’knowledge
oftheinterdependenciesbetweenthecriteria.Theexperimentdescribedinthepaperdemonstrates
theeffectivenessofsuchamodelasitallowstoformalizeexpertpreferencesgradually,whichmay
includeinterdependenciesbetweenthequalitycriteriaofapresentation.Thus,thismodelwillallowto
store,analyze,andcomparepresentationspropertiesthatarenecessaryfortheirsuccessfulapplication.
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1. INTRodUCTIoN

MSPowerPoint(PP)asaninstrumentwasinitiallydesignedforMacintoshin1984andthenitwas
purchasedbyMicrosoft(Gaskins,2012).Overtheyears,thenumberofeducatorswhousePowerPoint
presentations(PPP)forteachinghasbecomeoverwhelmingbecausePPhasbeenthemostfamous
meansofmakinguppresentations.Indeed,PPisinstalledonmorethan1billioncomputers(Brock,
2017).

However,noconsensushasbeenreachedifpresentationsareworthemployingineducational
process.
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Ontheonehand,(Fedisson&Braidic,2007)describesanexperimentdedicatedtoevaluation
ofPPPeffectiveness.TheresultsofthisexperimentprovethattheuseofPPPincreasesthestudents’
levelofcomfortand,subsequently,improvestheirperformance.

Ontheotherhand,(Kedareetal.,2019)describedanexperimentwherestudentswhocompleted
thecourseusingthetraditionalteachingmethod(chalk,blackboard,lecture)showedbetterresults
comparedtotheircounterpartswhousedPowerPointpresentations.Thisstudyconfirmstheideathat
conventionallecturecanbeevaluatedasmorecomprehensibleandinformative,sincesuchlectures
maycreateinteractivelearningenvironmentsinwhichpiecesofslidesareexcluded(Cosgun,2017).

Recentmeta-analysis (Bakeretal.,2018)hasshownthat therewashardlyanydifference in
learningresultswhenemployingPPPornot.In(Kernbachetal.,2015)identifiessomedeterrent
measuresforPPP.Inparticular,fulllengthsentencesarehardtobeputonthePPPslidestoholdthe
sence(Farkas,2009)andunderstanding(Yates&Orlikowski,2007).Popularbulletlistsfosteran
illusionofclarityanddonotshowthewholepicture(Gabriel,2008).Meanwhile,(Jenkins,2012)
studiesthedebatesabouttheneedtoapplyPPP.

Therefore, instead of contemplating on whether to use this tool, it appears that we should
concentrateonhowandwhenitshouldbeusedtohelpstudentsinthelearningprocess(Jourdan&
Papp,2013).Besidesthesetwoimportantissues,theissueofwhatkindofpresentationitshouldbe
tohelpstudentsinlearningthebestwayisnottheleastimportant.

Forexample,PowerPointcanbeverybeneficial,but thematerial that isnotpertinenttothe
lecturesubjectisharmfultostudentslearning(Bartsch&Cobern,2003).Andtheriseofformover
contentspoilsthepresentation(Grech,2018).ThiscorrespondstoMayermultimedialearningtheory
(Mayer,2002).In(Hallewell&Crook,2019)thelecturesstylesisanalyzedanddrawsaconclusion
thatthepresentationofthematerialshouldbeconsistentandcoherentdespitetheindividualstylesof
lecturers.AlsotheeducatorsmustusePowerPointpresentationsinsuchawaythatstudentsunderstand
thatthepresentationissupplementarytoclassattendance,notareplacementforit(Crawley&Frey,
2008).OnewaytotackletheissueistocreateinteractivePowerPointpresentations(Boyas,2008).

ThereisawiderangeofstudiesofPPPapplicationsinvariousareas:physics(Erdemir,2011),
medicine(Grech,2018);(Bamne&Bamne,2016),accounting(Sugahara&Boland,2006),astronomy
(Miller&James,2011),sociology(Hilletal.,2012),educationofforeignlanguagestudents(Gordani
&Khajavi,2019).EachofthedisciplinesneedsPPPtomeetitsparticularrequirementstomake
studentslearninthemosteffectiveway(Garrett,2016).

TofindoutpossiblewaystoimprovePPP,thesoftwareengineerscanbeguidedbyscientific
researchcarriedout invarious fieldsof activity,on theonehand, andby the students feedback
(Williamsetal.,2016)andstudentssurveys(Cullenetal.,2018),(Szabo&Hastings,2000)onthe
otherhand.

Suchsurveysareusuallycarriedoutamongstudentstofindouttheiropinionaboutacertain
PPP(Appersonetal.,2008).TheresultsofsuchsurveysarethePPPqualitycriteriavaluesaveraged
overthestudents.ThatcriteriacorrespondtovariousPPPqualities.In(Basturk,2008),theauthor
liststhefollowinggroupsofqualitycriteriaforapresentation:“content”and“design”.Thesegroups
correspondtothesamecompositecriteria,which,inturn,aretheresultsoftheconvolutionofcriteria
intherespectivegroups.TocomparePPPandgivepreferencetooneofthem,thelessformalized
expertsevaluationisapplied(Appersonetal.,2008,Akella,2017,Bridges&Luks,2016).

However,suchanapproachisconstrainedbythefactthatitdoesnotletsomeoftheexpertssee
clearlyandinformaldetailsthereasoningoftheotherexperts.Moreover,theapplicationofsimple
averageforaggregationofcertainPPPqualitycriteria,thereisnochancetotakeintoaccounttheir
possiblemutualinfluencethat,initsturn,makestheevaluationofPPPinexact.

ThisbringsustothecryingtaskofdevelopingaformalapproachtoevaluatePPPsthatwould
allowtheidentificationoftheexpertsreasoningandtakingintoaccountpossiblemutualinfluence
ofPPPqualitycriteria.
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To make an educated decision backed up by experts’ opinion, this paper suggests a formal
evaluationofpresentationsthatreliesonqualitycriteria.Themainprincipalissimilartotheevaluation
ofwebinterfacesonthebasisofusercriteria(Alfimtsevetal.,2016).Todevelopsuchamodel,it
isnecessarytosetthecriteriaofpresentationqualityfirstandthen,withthehelpofexperts,setthe
criteriaaggregationoperator.Afterthemodelisdeveloped,itcanbeusedfortheevaluationofa
particularpresentation.

Thispaperisorganizedasfollows.Section2describestheproposedapproachtodevelopinga
modelforevaluatingPPPquality.Inparticular,insubsection2.1,thecriteriaforthequalityofPPP
arestated;insubsection2.2,theproposedformalmodelforevaluatingthepresentationisshown;in
subsection2.3,astep-by-stepprocedureforevaluatingthePPPisdescribed.Section3containsthe
experimentsandtheirresults.Inparticular,insubsection3.1,presentationsselectedfortheexperiments
aredescribed;insubsection3.2,theproposedevaluationprocedureisimplemented;subsection3.3
interpretstheresults.Section4presentsconclusionsdrawnfromtheexperimentresultsregardingthe
applicationoftheproposedapproachandsuggestssomedirectionsforfurtherresearchofthisproblem.

2. PRoPoSEd APPRoACH

2.1. Criteria of Presentation Quality
Criteriaforpresentationqualitycanbesetoutindifferentways.In(Appersonetal.,2008,Akella,
2017,Bridges&Luks,2016),anumberofsimilarcriteriaarediscussed.

Inparticular,in(Bridges&Luks,2016),possiblereasoningofanexpertregardingthecontent
ofthepresentationisdescribed.Formalizationofsuchreasoning,wedenote“qualityofcontent”by
thecriterionG

1
. In turn, it canbeobtainedas a resultof aggregationof the followingcriteria:

g
1
1—“breadthofconsideredproblem”,g

2
1—“focusontheproblem”,andg

3
1 —“qualityofthelistof

references”.
Criteriag

1
1–g

3
1 areevaluatedbyanexpertbya10-pointscale.Ifthereisnolistofreferencesor

tableofcontents,thecriteria g
2
1 andg

3
1 areimpossibletoevaluate.Inthiscase,thecontentquality

ofsuchapresentation isalsonotevaluated.Thecriterion g
4
1 denotes thepresenceof the listof

references,and g
5
1—thepresenceofthetableofcontents.Thesecriteriaarebinaryandtakevalues

fromtheset{0,1}.Theintroductionofthecriteria g
4
1 and g

5
1 impliesthenecessityofatableof

contentsandlistofreferencesinagoodpresentation.
Thequalityofthepresentationalsodependsonitsdesign.Thereareseveralqualitycriteriafor

design.Oneofsuchcriteriais“thedegreeofstructureofindividualslidesandthepresentationin
general”(Akella,2017,Bridges&Luks,2016).In(Appersonetal.,2008),thepresenceofsoundin
a presentation was determined by students to be significant (69% of respondents preferred a
presentationwithsoundtothesameonewithoutit).Otherdesignqualitycriteriaarefontparameters
(size,charactercolor,colorcombination(contrast;background;colorchoices);qualityofanimation,
graphs,andtables.Theabovecriteriawillbemergedintotwoabstractcriteria: g

1
2 —“design”(font

parameters,colorcombination,animationquality)and g
2
2 —“presentationandslidestructure.”The

criteriag
1
2 andg

2
2 arealsoevaluatedbyanexpertbya10-pointscale.Asinthecaseofthecriterion

G
1
“qualityofcontent,”thelackofintroductioninthepresentationwillmakeitimpossibletoevaluate

thequalityofthedesignduetoitsimpactonthepresentationstructure.Therefore,thepresenceof
the “presentation and slide structure” criterion g

2
2  makes sense only if the binary “presence of

introduction”criterion g
3
2 is1.LetG

2
denotethecompositecriterion“qualityofdesign.”Inturn,

G
2
willberesultingfromtheaggregationcriteriag

1
2 –g

3
2 .
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Nowweshallconsiderthemutualinfluenceofthedenotedcriteria.ThecompositecriteriaG
1


“qualityofcontent”andG
2
“qualityofdesign”canbeevaluatedseparatelysincethedesignand

contentofthesamepresentationcanbedonebydifferentpeople,anditwillnotaffectthequalityof
thepresentation.CriteriawithinrelevantindependentG

1
andG

2
groupscaninfluenceeachother.

Considertheappropriaterelation.Thecriteria g
1
1 “breadthofconsideredproblem”, g

2
1 “focuson

topic”,andg
3
1 “qualityofthelistofreferences”correlatepositivelywitheachother,asitisobvious

thatthebreadthofconsideredproblemdirectlydependsonbothlistofreferencesusedandnotstraying
fromthetopic.Inaddition,thecriteriag

1
1 “breadthofconsideredproblem”andg

2
1 “focusontopic”

areinterdependentand,inasense,interchangeable.Meetingthecriterion g
2
1 canhavealmostthe

sameeffectontheevaluationresultasthemeetingofboththecriteriag
1
1 andg

2
1 duetothefactthat

ifthecontentofthepresentationcorrespondstothetopic,evenifthedesignatedproblemisnotfully
considered,thepresentationismostlikelygoodfromtheinformationalstandpoint.Thecriteria g

1
2 

“design”andg
2
2 “presentationandslidestructure”correlatepositively˗high-qualitydesigncanbe

achievedonlyifthepresentationfeaturesahigh-qualitystructure.Inthiscase,itislogicaltogive
preferencetog

2
2 overg

1
2 becausethestructureismoreimportantintermsofinformationperception

thandesignwhenitcomestopresentations.Theinfluenceofthebinarycriteria g
4
1 ,g

5
1 and g

3
2 on

theothercriteriaisdescribedearlierinthispaper.

2.2. Formal Model for Presentation Evaluation
Theargumentsconcerningthepresentationqualitycriteriafromtheprevioussectioncanbeformalized
usingthehierarchyofthecorrespondingaggregationoperators.Anaggregationoperatorisafunction
thatdependsoninputcriteriaandfeaturesspecifiedproperties(Beliakovetal.,2016).Thecriteria
themselvesandtheresultoftheaggregationaredeterminedandtakevaluesfromtheunitinterval
[0,1],andtherefore,inthemodelofaformalqualityevaluationforpresentations,allthecriteria
shouldbereducedtotheinterval[0,1].Theycanbereducedbydividingthecorrespondingratings
ona10-pointscaleby10.InordertoobtaintheoverallevaluationofthepresentationqualityΩfrom
thevaluesoftheinitialcriteriag

1
1 ,…,g

5
1 ,g

1
2 ,…,g

3
2 ,theaggregationoperatorsshouldbechosen.

Theselectionofsuchoperatorsisnotanobvioustask.Thedifferencesbetweentheoperators
andthemethodsofsettingoutthecorrespondinghierarchiesareduetothespecificsofthetasks
beingsolved.Theexamplesofsuchapplicationareintegratedevaluationofstudentperformance
(Magadum&Bapat,2018,Maneetal.,2014),engineeringriskassessment(Rozhok&Tatarinov,
2019),evaluationofthetechnologicalprocessstate(Sakulinetal.,2017),estimationofweakclassifiers
inpatternrecognition(Samorodov,2016)orevaluationinforensicmedicine(Andersonetal.,2010).

Themostcommonandrelativelysimpleoperatorsareminimum(min),maximum(max),and
weightedaveragingoperators.However,usingonlythemmakesitimpossibletotakeintoaccount
anyinteractionbetweenthecriteria,includingcorrelationandinterchangeabilitydiscussedearlier.In
ordertoformalizeexpertknowledgeofdependentcriteria,discreteChoquetandSugenointegralsare
used(Samorodov,2011).ThemaindifferencebetweenthetwoisthattheChoquetintegralisbased
onlinearoperators,whiletheSugenointegralisbasedonnonlinearoperators(minandmax).The
Choquetintegralissuitableforquantitativeaggregation,whiletheSugenointegralismoresuitable
forordinalaggregation.Thequalitycriteriaofthepresentationarequantitative,andthechangein
eachofthemshouldinfluencetheresultoftheevaluation.Therefore,theChoquetintegralwaschosen
asanaggregationoperatorforthedependentcriteria.

InordertousetheChoquetintegral,theidentificationoffuzzymeasureisneeded.Fuzzymeasure
expressesthesubjectiveweightorimportanceofeachsubsetofcriteriaandcanbedefinedasfollows
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(Grabischetal.,1998):Fuzzy(discrete)measureisafunctionµ : [ , ]2 0 1J → ,where2J istheset
ofallsubsetsofthecriteriaindexsetJ H= { ,..., }1 ,whichsatisfiesthefollowingconditions:

1) µ µ( ) , ( )∅ = =0 1J ;
2) ∀ ⊆ ⊆ ⇒ ≤D B J D B D B, : ( ) ( )µ µ .

Thevalueoftheµ( )D measurecanbeinterpretedas“weight”orcombinedimpactofthecriteria
includedintothesubsetD ofthecriteriaindexsetJ H= { ,..., }1 .Intheconsideredproblem,the
presentationqualitycriteriaaretheChoquetintegralcriteria.

TheaboveconsideredinterdependenciesbetweenthecriteriacanbeformalizedbytheChoquet
integral(Marichal,2000).

Correlationisthebestknownofthedependenciesbetweencriteria.Twocriteria i j J, ∈ are
positively(negatively)correlatedifexpertscanobserveapositive(negative)correlationbetweenthe
contributionsoftwocriteriatotheaggregationresult.Positivecorrelationwillbeexpressedbythe
inequation I i j( , )< 0 ,butnegativeone–byI i j( , )> 0 .Incasethecriteriai and j donotcorrelate,
wecometotheequation I i j( , )= 0 .

Substitutiveness(complementarity)isanothertypeofdependence.Theideaofformalizingthis
type of dependencies using fuzzy measures was proposed by (Murofushi &Soneda, 1993). For
example,ifwehavetwocriteria i j J, ∈ andcansupposethattheexpertbelievesthatmeetingonly
onecriterioncausesalmostthesameeffectasmeetingofboth.Heretheimportanceofapairof
criteriaisclosetotheimportanceofeachofthemindividually,evenifothercriteriaarepresent.In
thiscaseweseethatthecriteriai and j almostsubstitutiveorinterchangeable.Theinequationslike
theonesforexpressingpositiveandnegativecorrelationcriteriacanbeapplied toexpress these
dependenciesbyfuzzymeasuresandtheChoquetintegral.

Theidentificationiscomplicatedbythenecessitytosetameasurevalueforeachsubsetofthe
criteriathatshowsexpertspreferences,whichisimpossibletoimplementinpractice(Grabisch,1997).
Therefore,suchidentificationiscarriedoutusingvariousindirectmethods(Grabischetal.,2008).

TousetheChoquetintegral,wehavetoidentifyafuzzymeasureonthebasisofexpertknowledge.
Thisidentificationiscomplicatedbyexponentialincreasingcomplexityinthesensethatitisnecessary
tosetavalueoffuzzymeasureforeachsubsetofcriteria.Settingthevaluesofall2J coefficientsof
thefuzzymeasureµ( ),D D J⊆ isverydifficultorevenimpossiblefortheexpert.Notethateven
incaseofthreecriteriatodeterminethefuzzymeasure,itisnecessarytoobtain2 83 = coefficients.
DespitethiscomplexitytheChoquetintegralstillcanbeappliedinpractice.ForthisGrabischproposed
theconceptofκ -orderfuzzymeasureorκ -additivefuzzymeasure(Grabischetal.,2008).This
order κ canbelessthanthenumberofaggregatedcriteria, κ < =J H .Theessenceofthe κ -
additivityconceptliesinsimplificationofthetaskoffuzzymeasuresdeterminationbyexcludingthe
dependenciesbetweenmorethan κ criteria.Accordingtothat,wechosethree-additiveChoquet
integral. To identify the fuzzy measure for the model, we chose the method of least variance
(Kojadinovic,2007).Thismethodallowsustoobtainauniquefuzzymeasureornoneifitcontradicts
expert preferences; it also provides the objectivity as a result of aggregation in addition to the
subjectivityofanexpert’sopinion.

Let’sbuildupahierarchyintheformofatreeofaggregationoperatorstoevaluatethequality
ofpresentations.Thechoiceofoperatorsthetreeconsistsofwillbebasedontheinfluenceofthe
criteriaoneachotherandontheresultasawhole.

ThecompositecriteriaG
1
“qualityofcontent”andG

2
“qualityofdesign”areindependentof

eachother.Forthatreason,weuseasimpleweightedaveragingoperatorAGG G G wG w G( , )
1 2 1 1 2 2

= + ,
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wherew
1

andw
2
areweightsdeterminedbyanexpertdirectlyorindirectly.TheFishburn’sscheme

isapplicabletoobtainthevaluesw
1

andw
2
(Fishburn,1970).

Duetothementionedinterchangeabilityofthecriteriag
1
1 “breadthofconsideredproblem”and

g
2
1 ”focusontopic,”wecanapplytheChoquetintegralfortheiraggregation.Atthesametime,itis

necessarythatwetakeintoaccounttheimpactofthecriteriag
4
1 “presenceofthelistofreferences”

and g
5
1  “presenceof introduction”on thecompositecriterionG

1
 “qualityofcontent”described

earlier.Todothis,weusetheminimumoperator,whichwillreducethevalueofcriterionG
1
tozero

ifatleastoneofthecriteria g
4
1 , g

5
1 takesazerovalue.Sincethecriteriafor g

1
2 “design”and g

2
2 

“presentation and slide structure” are interdependent, the Choquet integral is applicable as an
appropriateaggregationoperator.Sometimesexpertsstruggletoanswercertainquestionsfromthe
questionnaire.Forthatreason,weintroducedtheoption“Ifinditdifficulttoanswerthisquestion”.
Tocopewiththis,wewillapplytheKolmogorov-Nagumotheoreminourevaluationmodel(Nagumo,
1930,Kolmogorov,1930).Accordingtothistheorem,ifthereisnovalueforanycriterion,itcanbe
replacedbytheaveragevalueoftheremainingcriteria,whichwillslightlyaffecttheresult(Dujmović
&Tré,2011).

ThewaywereceivedthecriterionG
1
,wewillobtainthecriterionG

2
throughtheminimum

operator,whichwillnullify thecriterionvalueof criterionG
2
 if there isno introduction in the

presentation(nullificationoftheg
3
2 “presenceofintroduction”criterion).Theresultinghierarchyof

theaggregationoperatorsisshowninFigure1.
Inaccordancewiththehierarchyabove,theevaluationofthepresentationquality Ω canbe

expressedwiththeformula:

Ω = +w g g C g g g w C g g g
1 4

1
5
1

1
1

2
1

3
1

2 1
2

2
2

3
2

1 2
min[ , , ( , , )] min[ ( , ), ]µ µ  (1)

Here, the Choquet integralsC g g gµ1 1
1

2
1

3
1( , , )  andC g gµ2 1

2
2
2( , )  together with the corresponding

minimumoperatorsareusedtocalculatethevaluesofthecompositecriteriaG
1
andG

2
.

Figure 1. Hierarchy of aggregation operators
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2.3. The Procedure for Assessing The Presentation Quality
Presentationevaluationbasedontheproposedmodelconsistsofthefollowingsteps.

Step 1.Provideexpertswithselectedpresentationsandaskthemtorateeachpresentationbythe
scalefrom0to10accordingthequestionnaire:

1. Isthetopicofthepresentationfullyconsidered?
2. Howrelevantisthecontenttothedesignatedtopic?
3. Evaluatethereliabilityofthesources.
4. Isthereanintroduction?(0—no,10—yes)
5. Istherealistofreferences?(0—no,10—yes)
6. Assessthedesign(graphics,soundelements,animation,colorcombination,fontreadability).
7. Assessthestructureofthepresentationandindividualslides.
8. Isthereatableofcontents?(0—no,10—yes)
9. Whichismoreimportantforthepresentation,contentordesign?Orboth?
10.Whichpresentationisbetterintermsofdesign?
11.Whichpresentationisbetterintermsofcontent?

Ifanexpertfindsitdifficulttoanswerthequestion,theycanleavethefieldinthequestionnaire
blank.

Step 2.Averagetheratingsobtainedintheprevioussteponquestions1–8byfindingthearithmetic
meanforeachcriterion.Iftherewereanyblanksinthequestionnaire,theaverageoftheexisting
ratingsfortherelevantcriteriashouldbeputthere.Theaveragedratingsaredividedby10for
themtofittheinterval[0,1].

Thestepshouldresultinobtainingthevaluesofthequalitycriteriag
1
1 ,…,g

5
1 ,g

1
2 ,…,g

3
2 forthe

presentations.

Step 3.Averagetheanswerstoquestion9byselectingthemostcommonexpertresponse.Theresult
ofprocessingtheanswerstothisquestionwillbepresentedasaratiointheset{content,design}.
Forexample,content~designmeansthat,accordingtotheexperts,thepresentationcontentis
justasimportantasitsdesign.

Answerstoquestions10and11shouldbeaveragedbychoosingthebestpresentationbasedon
therelevantexpertsratings.Theresultsofprocessingexperts’answerstothesequestionswillbe
presentedasrelationshipsofpartialnon-rigorousorderbetweenpresentations.Forexample,g g

1
1

2
1� ,

where� meansthat,accordingtotheexperts,thepresentationg
2

isbetterthanthepresentationg
1


intermsofcontent.

Step 4. Formalize the relationship between the criteria identified in Section 2.1 in the form of
correspondinginequalitiesusingtherepresentationoftheinteractionoftheChoquetintegral.

Step 5.Applytheentropymaximizationmethodtoidentifyfuzzymeasures µ µ
1 2
, basedonthe

resultsfromSteps3and4withtheKappalabpackage(Grabischetal.,2008).Obtainthevalues
oftheweightcoefficientsw

1
andw

2
withtheFishburnweightsscheme(Fishburn,1970).
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Step 6.Applythevaluesfromtheprevioussteps g
1
1 ,…,g

5
1 , g

1
2 ,…, g

3
2 andfuzzymeasuresµ µ

1 2
, 

toformula(1)toobtaintheresultintheformoftheoverallqualityevaluationsΩ foreachof
thepresentationsusingtheKappalabpackage.

3. EXPERIMENTS ANd RESULTS

3.1. Presentations Used for The Experiments
The evaluation procedure was applied to two publicly available presentations. The first is an
introductorypresentationfromtheCSFcourseonbasicmachinelearningconcepts(Figure2)by
StanfordUniversity(SU)(Re&Ma,2019).

Figure 2. SU presentation on machine learning

Figure 3. MIT presentation on computer thinking and data science
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Thesecondpresentationisanintroductorylectureoncomputerthinkinganddatasciencebythe
MassachusettsInstituteofTechnology(MIT),whichisdevotedtooptimizationproblems(Figure3)
(Guttag,2019).

3.2. Implementation of The Procedure
Wechose30first-yearpostgraduatestudentsfromtheUniversityasourexperts.

Step 1.Theexpertsreceivethequestionnaireandanswerthequestions.
Step 2.Weaveragedtheobtainedanswerstoquestions1–8.Youmayfindtheaveragedresultsofthe

surveyintheformofnormalizedcriteriavaluesinTable1.

Bothpresentationshavecontent,introduction,andalistofreferences(unitvaluesinthetable).
Thevalueofthecriterion g1

1 “breadthofconsideredproblem”isthesameforbothpresentations.
Thetopicsareexploredtosomeextentinbothpresentations,buttherearesomeflawsaccordingto
theexperts.Themaindrawbackof theMITpresentation isexcessof information,while theSU
presentationsuffersfromthelackofit.Asforthecriterion g

2

1 “focusontopic,”theSUpresentation
hasahigherratingastheinformationisveryconsistentwiththetopicthroughoutthepresentation.
TheMITpresentation,ontheotherhand,hastheinformationthatisirrelevanttothemaintopic.The
listofreferencesinMITpresentationcontainsalistofscientificandeducationalliterature.Theone
oftheSUpresentationincludesthelinkstoInternetresourcesthatmaynotbereliable.Therefore,
thevalueofthecriteriong

3

1 “evaluationofthelistofreferences”inthepresentationofMITisgreater.
FromTable1,itbecomesclearthatthecriterion g

1

2 “design”intheMITpresentationisofalesser
valuethantheoneintheSUpresentationpossiblyduetoaninsufficientnumberofgraphicelements

Table 1. Averaged results of experts ratings

Criterion MIT (g1 ) SU (g2 )

g
1
1 0.8 0.8

g
2
1 0.8 0.9

g
3
1 0.9 0.7

g
4
1 1 1

g
5
1 1 1

g
1
2 0.7 0.8

g
2
2 0.7 0.8

g
3
2 1 1
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(images,tables,graphs)intheMITpresentation.Thevalueofthecriterion g2
2 “presentationand

slidestructure”isequalforbothpresentations.

Step 3.Theanswerstoquestion9ofthequestionnairerevealedthatmostexpertsconsiderbothdesign
andcontentequallyimportantforpresentations.Inourcase,whichisfairlysimple,theweight
coefficientsw1 andw2 canbeobtainedwiththeFishburnmethodasfollows:

w w
1 2

0 5= = ,  (2)

Theanswerstoquestion10ofthequestionnaireshowthattheMITpresentationissuperiorto
theSUoneintermsofthecriterionG1 “qualityofcontent”.Thisexpertspreferenceisexpressedas
arelationbetweenthecorrespondingimplementations:

g g
1

1

2

1
  (3)

Here g1
1 denotestheimplementationofthecriteria g g

1

1

5

1
,..., fortheMITpresentation,and

g
2

1 —theimplementationofthesamecriteriafortheSUpresentation.Basedontheanswersto
question11ofthequestionnaire,wecanconcludethat,accordingtothemajorityofexperts,theSU
presentationhasbetterdesign(G2 )thantheMITpresentation.Thisexpertpreferenceisexpressed
asarelationbetweenthecorrespondingimplementations:

g g
1

2

2

2
  (4)

Here g
1

2 denotestheimplementationofthecriteria g g
1

2

3

2
,..., fortheMITpresentation,and

g
2

1 —theimplementationofthesamecriteriafortheSUpresentation.

Step 4.TheinterdependenciesbetweenthecriteriafromSection2.1areformalized.Thepositive
correlationofcriteria, g1

1 ,..., g
3

1 ,canbeformalizedusingthesignoftheinteractionindexof
therelevantcriteria:

I�
1

1 2 3 0( , , ) �  (5)

Heretheindexµ1 indicatesthattheinteractionindex(5)referstotheintegralC g g gµ
1

1

1

2

1

3

1
( , , ) .

Thepositivecorrelationbetweenthe g
1

2 “design”and g2
2 “presentationandslidestructure”criteria

isformalizedusingthesignoftheinteractionindexoftherelevantcriteria:

I�
2

1 2 0( , ) �  (6)



International Journal of Information and Communication Technology Education
Volume 17 • Issue 1 • January-March 2021

11

Heretheindex µ2 indicatesthattheinteractionindex(6)referstotheintegralC g gµ
2

1

2

2

2
( , ) .

Theexpertsreasoningstatesthat,whendeterminingthevalueofthecriterionG2 “qualityofdesign”,
thecriteriong2

2 “presentationandslidestructure”ismoreimportantthanthecriteriong
1

2 “design”.
LetusformalizeitusingthecorrespondingShapleyindices:

� �� �
2 2

1 2( ) ( )�  (7)

Step 5.Basedon theresultsofSteps3and4, thefuzzymeasures µ1 and µ2 are identifiedas
inequalities(2–7).Foridentification,weappliedamethodforminimizingthedispersionoffuzzy
measuresundergivenconstraints,whichisimplementedinaspecializedKappalabpackage.In
accordancewiththismethod,preferencerelations(3,4)aretranslatedintoinequalities:

C C c� �
��

1 1

10 8 0 7 0 9 0 8 0 8 0 5( . , . , . ) ( . , . , . )� �  (8)

C C c� �
��

2 2

20 9 0 8 0 7 0 5( . , . ) ( . , . )� �  (9)

Here� �
c

1 ,� �
c

2 areexpertsindifferencethresholds.Criteria g
4

1 , g
5

1 and g
3

2 ,whenconverting
preferencerelations(3,4)intoinequalities(8,9),arenotconsideredastheyhaveunitvaluesanddo
notaffecttheresultsofaggregationintheformofvaluesofthecompositecriteriaG1 “qualityof
content”andG2 “qualityofdesign”.

Inequalities(5–7)areconverted,respectively,intoinequalities:

� � � �1 1 2 3 1I I( , , ) � �  (10)

� � � �1 1 2 2I I( , ) � �  (11)

$ g $ g $( ) ( )
2

2

1

2
2� � � �  (12)

Here� �
I

1 ,� �
I

2 ,� �
$

2 ,� �
c

1 ,� �
c

2 areindifferencethresholdssetbytheexpertstoidentifyrelevant
fuzzymeasures.Allinputcriteriaaredefinedwithin{0,0.1,...,0.9,1},whiletherestrictionson
indifference thresholdvaluesareset topreventselectionofvaluesforwhich thefuzzymeasures
identificationproblemdoesnothaveasolution.Basedonthis,thefollowingvaluesofthesethresholds
wereset:� �

I
1 0 005� , ,� �

I
2 0 005� , ,� �

$
2 0 02� , ,� �� �

c c
1 2 0 055� � , .
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Theidentificationresultsintheformoftheparametersofthecorrespondingintegrals(interaction
indicesandShapleyindices)areshowninTable2.Theproblemofweightcoefficientsw1 andw2 
wasaddressedearlier(2).

InStep 6,basedonthevaluesofthecriteria g1
1 ,…, g

5

1 , g
1

2 ,…, g
3

2 andthefuzzymeasures
µ µ
1 2
, intheformofthecorrespondinginteractionindicesandShapleyindices,thevaluesofthe

ChoquetintegralsC g g gµ
1

1

1

2

1

3

1
( , , ) andC g gµ

2
1

2

2

2
( , ) for g1 , g2 areobtained.Thesevaluesare

showninTable2alongwiththevaluesoftheoverallevaluationΩ forthereviewedpresentations.
Letussupposethat,forsomereason,wecouldnotgetfromtheexpertsthevalueofthecriterion

g
2

1 “focusontopic.”Inthiscase,inaccordancewiththeKolmogorov-Nagumotheorem,thevalue
ofthiscriterionisreplacedwiththeaveragevalueoftheremainingcriteriaforeachpresentation.
TheresultsofaggregationforsuchareplacementareshowninTable3.

3.3. Interpretation of The Results

TheresultsobtainedduringtheexperimentsareshowninTable2.Theinteractionindex Iµ
1

1 2( , ) 

takesthevalue−0.0050fromtheinterval[−1;�� �
I

1 ].Thisexpressestheinterdependenceofthe
criteria g1

1 , g
2

1 ,whichcorrespondstotheexpertsreasoning.Theremaininginteractionindices
forthecriteriarelatedtoC g g gµ

1
1

1

2

1

3

1
( , , ) areequalto0.Asexpected,theresultsoftheaggregation

reflect the experts opinion formulated in (1–7). The obtained values of the Choquet integrals
C g g gµ

1
1

1

2

1

3

1
( , , ) andC g gµ

2
1

2

2

2
( , ) ,giveninthetable,demonstratetheexpertspreferenceofthe

MITpresentationin termsof thecriterionG1 “qualityofcontent”andtheSUpresentationin

Table 2. The results of criteria aggregation

Φ( )1 Φ( )2 Φ( )3 Iµ
1

1 2 3( , , ) Iµ
2

1 2( , ) g1 g2

Cµ1 0.4975 0.4975 0.005 -0.005 – 0.799 0.7969997

Cµ2 0.5025 0.5025 – – -0.005 0.7 0.85025

Ω – – – – – 0.7495 0.8236248

Table 3. The results of criteria aggregation with partial absence of input data

g1 g2

Cµ1
0.8003502 0.7969998

Cµ2
0.7 0.85025

Ω 0.7501751 0.8236249
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termsofthecriterionG2 “qualityofdesign.”Theresultsoftheaggregationalsoreflecttheexperts
opinionthatthehigherthequalityofthematerialpresented(criteria g1

1 and g
2

1 ),thelowerthe
importanceofthelistofreferencesevaluation(criterion g

3

1 ).Also,asexpected,theevaluationof
thecompositecriterionG1 “qualityofcontent”ishigherfortheimplementationg

2
.Overall,the

SUpresentationisevaluatedhigherthantheMITpresentation,whichisshowninthevaluesof
thefinalevaluationΩ .

Theresultsintheabsenceofinformationfromtheexpertsona g
2

1 criterionvalueareshownin
Table3.TheoverallevaluationoftheSUpresentationremainedrelativelyhigherthanthatofthe
MITpresentation.ThedifferenceinfinalevaluationΩ haschangedby4.9%.Thisconfirmsthatthe
proposedmodelremainssuccessfulandhealthyinthepartialabsenceofdatafromexperts.

Thus,alltheexpertsreasoningaboutthequalitycriteriaofpreferencesweretakencareoffor
theformalmodelofpresentationevaluation.

4. dISCUSSIoN

Bothtechnologiesineducationalprocessandtechnologicalliteracyoflecturersontheirowndonot
alwaysmean theireffectiveapplication.Their integrationand theeffectiveuse require lecturers’
knowledgeandunderstandingofthetheoreticalbasisthatwouldjustifyandsupporttheapplication
oftechnologies(Yang&Skelcher,2019).

Notonly the theoretical basis for the applicationof technologies, but strongbeliefs and
long-heldstereotypesofacademicstaffinfluencetheapplicationofthetechnologies(Tondeur
eal.,2017).Moreover,itisnotonlyimportanttointroducethetechnologies,buttousethem
inanintelligentway.Thereasonabledecisiontouseatechnologyintheeducationalprocess,
informalorweaklyformalizedmethodsofanalysisareemployed.Forexample,(Page,2019)
comparesandcontraststheuseoftactileanddigitalsketcheswhendesigning,(Costa,Teixeira&
Alvelos,2018)analysesthecurrentapplicationofwholescalefreeonlinecoursesatuniversities,
(Tafazoli,María&Abril,2019)analysestheconditionsofthesuccessfulintroductionofintelligent
computer-assistedlanguagelearning,(Tuapawa,2017)bringsoutsomefeaturesofeducational
onlinetechnologiesapplication.

Arecenttendencytoconvergevariousfieldsofexpertisehasnotsparedsuchfieldsofscienceas
pedagogyandeducation,ontheonehand,andformaltheoryofdecisionmaking,ontheotherhand.
Therefore,thereareformalapproachestodecisionmakinginthefieldofeducation.Inparticular,
(Debetal.,2019)discussestheapplicationoffuzzylogictofindpossiblegapsinteachingstudents;
(Singh&Rawani,2019)discussesthefuzzyapproachtoratevariousexpectationsofstudentsof
technicaluniversities;(Yassine,Battou&Omar,2019)describeshowtousefuzzyanalyticalhierarchy
processtodefinetheweightsofopenonlinecoursestoincreasecompletionratesandtodecrease
dropoutrates;(Bendjebar,Lafifi&Seridi,2016)employsfuzzylogicforaformalestimationoftutor
profilestoclassifyonlinetutors.Theresultsofthepracticalapplicationofsuchformalapproaches
haveshowntheeffectivenessandrepeatabilityofthedecisionsmade.

Atthesametime,theapplicationofsuchformalapproachesfacesthechallengesthatinvolvea
lackofmeanstoformalizepossibleinterconnectionsbetweenthecriteriatomakeadecisionaswellas
possiblelackofdata.Methodsofdecision-makingtheoryinpossibleaccountingforinterconnections
betweenthecriteriahasallowedustoformalizeexperts’preferenceswithhighaccuracyand‘fine
tuning’ofthemodel.Oneofthemostpopularapplicationoftechnologiesineducationalprocessis
theuseofPowerPoint.ThereforethemodelwasusedtoevaluatePPpresentations.Themodeltakes
intoaccounttheinterconnectionsbetweenthecriteriaandnonsensitivetoalackofdata.
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5. CoNCLUSIoN ANd RESEARCH PRoSPECTS

Recentachievementsinthetheoryofdecisionmakinghaveallowedustoformalizehumanreasoning
wherethereisuncertaintyand(or)somedataismissed.TheformalevaluationofPPPisbridgedby
suchresearchareasaspedagogy,psychologyandcomputersciences.

ThepaperconsidersamodelofPPPevaluationonthebasisofhierarchyofaggregationoperators
includingtheChoquetintegrals.Thehierarchyistoleranttotheabsenceofinputdataduetothe
applicationoftheKolmogorov-Nagumoapproach.ThismodelallowsPPPevaluationevenifapart
ofexperts’evaluationsismissedandtakesintoaccounttheinterdependenciesbetweenthecriteriaas
well.TheresultsoftheexperimentsonPPPevaluationhaveshowedthatalltheexperts’preferences
weretakenintoaccountbythemodelbuiltbythesuggestedapproach.

Inaddition,suchanapproachfacesanumberofchallengessuchaschoiceofcertainquality
criteriaofPPP,typeofhierarchyforaggregationoperators,choiceofaggregationoperatorsthemselves,
parametersoftheaggregationoperators.Allthisdependsonthepersonalityoftheexpertinacertain
appliedfieldofactivity,ontheirsubjectiveopinion.

Moreover,poorintuitiveunderstandingofsuchaggregationoperatorsastheChoquetintegral
makesexpertsemploysimplifiedmodelsthatdonotallowformalizationofinterdependenciesbetween
qualitycriteria.

Nevertheless,byincreasingrefinementitbecomespossibletodevelopformalmodelsforPPP
evaluationinvariousfieldsofactivity.Iftheconstructionofthedescribedhierarchyisperformedby
severalexpertswhomayhavedifferentopinionsaboutthesubject,theuseoftheconsideredapproach
willhelpthemfindacompromisesolution.Thisispossiblebecauseallconsideredtypesofexpert
preferencescanbepresentedexplicitlyandunambiguouslyintheformofthecorrespondingoperators
incorporatedinthehierarchy.Theprocessofformalizingpresentationevaluationcanbeiterative,
whichimpliesagradualrefinementofexpertspreferences.Aftersuchmodelsaredeveloped,itwill
becomepossibletostorethedataaboutthenecessarypropertiesofPPPinvariousfieldsofactivity.
ThisinitsturnwillallowtoidentifythedifferencesmorecarefullybetweenPPPpropertiesapplying
themtocertainareasofactivityandprovideessentialrecommendationsforPPPdesigners.

Theresearchplansinthisareaincludedevelopingsoftwarewithdeeplearningtoimprovethe
experienceofpresentationevaluationaswellastobuildingautomaticpatternrecognitionmodelsto
evaluatePPP.Besides,toovercomethedifficultiestheexpertsfacewhenworkingwithaggregation
operators, additional research isneeded in the fieldofvisualizationof aggregationoperatorsby
cognitivegraphicstohelptheexpertsinintuitiveunderstanding.
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