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ABSTRACT

ThePreciseConsistencyConsensusMatrix(PCCM)isadecisionaltoolforAHP-GroupDecision
Making(AHP-GDM).Basedontheinitialpairwisecomparisonmatricesoftheindividuals,thePCCM
constructsaconsensusmatrixforthegroupusingtheconceptofconsistency.Thispaperpresentsa
decisionsupportsystem(PRIOR-PCCM)thatfacilitatestheconstructionofthePCCMinthecontext
ofAHP-GDM,andthecalculusoffourindicatorsthatallowscomparisonofthebehaviourofgroup
consensusmatrices.PRIOR-PCCMincorporatesthepossibilityofconsideringdifferentweightsfor
thedecisionmakersandincludesamodulethatpermitstheextensionoftheinitialPCCMwhich
canachievetheminimumnumberofnon-nullentriesrequiredforderivingprioritiesorestablishing
acompletePCCMmatrix.Italsoincludestwocardinalindicatorsformeasuringconsistencyand
compatibilityandtwoordinalindicatorsforevaluatingthenumberofviolationsofconsistencyand
priority.Thepaperintroducessomenewvisualisationtoolsthatimprovecomprehensionoftheprocess
followedforobtainingthePCCMmatrixandallowthecognitiveexploitationoftheresults.These
originalcontributionsareillustratedwithacasestudy.
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INTRoDUCTIoN

Consensusisfundamentalconceptindecisionmakingwithmultipleactors(Moreno-Jiménezetal.,
2005,2008,2016;Choudburyetal.,2006;YuandLai,2011),andthisisespeciallytrueinGroup
DecisionMaking(GDM).Inthescientificliteratureongroupdecisionmaking,thetermconsensus
iscommonlyemployed toreflect the ideaofagreementorcompatibilitybetween individualand
collectivepreferences(Chiclanaetal.,2008;Alonsoetal.,2010;Dongetal.,2010;WuandXu,
2012;Zhangetal.,2017).

Ofthedifferentmulticriteriaapproachesfollowedfordecisionmaking,theAnalyticHierarchy
Process(AHP)(Saaty,1980)isrecognisedasonethatbestcapturesthetwofundamentalissuesinherent
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intheKnowledgeSociety(multipleactorsandtheintegrationofintangibleaspects).AHPallowsthe
applicationofmostperspectives(determinist,stochastic,fuzzyetc.)usedinthescientificliterature
withregardstothesearchforconsensus(Saaty,1980;Jensen,1986;RamanathanandGanesh,1994;
Bryson,1996;Herreraetal.,1996;FormanandPeniwati,1998;Yehetal.,2001;Moreno-Jiménezet
al.,2005,2008;Srdjevic,2007;SaatyandPeniwati,2008;Dongetal.,2010;Zhangetal.,2012,2014;
WuandXu,2012;Renetal.,2016).

AnotherrelevantfeatureoftheAnalyticHierarchyProcessisthepossibilityofevaluatingthe
consistencyofthepairwisecomparisonmatrices(PCMs)usedinordertocapturethepreferencesofthe
DecisionMakers(DMs).Theideaofusingtheconceptofconsistencyingroupdecisionmakingwas
firstproposedbytheauthorsin2002(Moreno-Jiménezetal.,2002,2005)andithasbeenextensively
utilisedinthescientificliterature(Dongetal.,2010;WuandXu,2012;Zhangetal.,2012,2014).

Followingthislineofresearch,theauthorsproposedthePreciseConsistencyConsensusMatrix
(PCCM)(Aguarónetal.,2016;Escobaretal.,2015),adecisionaltoolforAHPmulti-actordecision
makingwhosemainaimistheconstructionofaconsensusmatrixbasedonconsistency.Eachentry
of thenewconsensusmatrix -knownas ‘theConsistencyStability Interval JudgementMatrix -
belongs toall theConsistencyStability Intervals (CSIs)associated toeachdecisionmaker.This
guaranteesthatthemodificationsmadeintheinitialmatrixdonotexceedthemaximumpermitted
levelofinconsistency.

This current work presents PRIOR-PCCM, a Decision Support System (DSS) designed for
constructing the PCCM and calculating behavioural indicators. The work also introduces some
visualisationtoolsthathelptounderstandtheprocessfollowedintheapplicationofthealgorithm
(constructionoftheconsensusmatrix)andaidthecognitiveexploitationoftheresults(Moreno-
Jiménezetal.,2014;Yepesetal.,2015;Moreno-JiménezandVargas,2018).TheDSSoffersthe
scientificcommunityanon-elementarycalculationprocedureforobtainingcollectiveprioritiesin
AHP-GDManditprovidesindicatorsthatallowthecomparisonofproceduresfortheconstruction
ofcollectiveconsensusmatricesinAHP-GDM.PRIOR-PCCMfacilitatesinteractiveexploitation
whichrevealsthecriticalpointsanddecisionalopportunitiesoftheresolutionprocess.Throughthe
visualanalysisoftheresults,abetterunderstandinganddisseminationoftheextractedknowledge
canbeachieved.

Therestofthepaperisstructuredasfollows:Section2(Background)reviewsconsistencyand
AHPgroupdecisionmakingwhilstexplainingthebasicsofthedecision-makingtool(PCCM)and
thealgorithmfollowedforitsconstruction;Section3includesadescriptionoftheDSSdesigned
for theconstructionof thePCCMandpresents thevisualisation tools thatcanprovidegreater
knowledgeoftheprocedure;Section4detailsacasestudywhichillustratestheuseoftheDSS
and visualisation tools; and Section 5 summarises the main conclusions and briefly indicates
possibilitiesforfutureresearch.

BACKGRoUND

The Analytic Hierarchy Process (AHP)
AHP(Saaty,1980,1994)isoneofthemostpopularmulticriteriaapproaches,bothfromtheoretical
andpracticalpointsofview.AHPhasbeencriticised,butitisextensivelyemployed(Moreno-Jiménez
andVargas,2018)because:(1)itisintuitiveandrealisticinscientificdecisionmaking;(2)using
hierarchiesandclusteringitcanintegrate the largeandthesmall; (3) it iscapableofcombining
tangibleandintangibleaspectsofproblemsbymeansofabsolutepairwisecomparisonsthatyield
relativeratioscalesofpriorities;(4)itisflexibleenoughtoconsiderdependenciesbetweenlevelsin
ahierarchywiththeextensionoftheAHPknownasANP(AnalyticNetworkProcess);(5)ingroup
decisionmakingitallowsdecisionmakerstoconstructgroupwelfarefunctionsthatdonotviolate
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