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ABSTRACT

ThispaperdescribestheuseandapplicationoftheTODA(Trade-offDecisionAnalysis)method
throughacasestudy.Themethodusestheconceptoftrade-offappliedtoaprioritizationmatrix
and,todefinetheweights,ittakestheconceptofcausalityintoaccount.Studieshaveshownthat
theTODAachievesthesameresultsasthecompetingAHPmethod.However,itiseasiertooperate.
Themethodologyusedisacasestudyconcerningthechoiceofthetypeofcarforafleetofvehicles
tobedrivenbysalespeople.Togetherwiththesoftwareapplicationprocess,themethodsthataided
theweightingofthecriteriaaredescribedandhowthevaluesofthealternativesareconvertedinto
coefficientsoftheobjectivefunction.Theresultsclearlyshowthatthemethodiseasilyapplied,but
thelimitationsofthecasestudymethodprecludeforminggeneralizations.
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INTRODUCTION

Thedecision-makingprocessisrecurrentinanyorganization,nomatteritssizeortype.Adecision
is“acourseofactionchosenbythedecisionmakerasthemosteffectiveavailabletoachieveagoal
orgoalstosolveaproblemthatworrieshim”(Jones,1964,p.23).Decidingisanactioninthedaily
routineofcompaniesofanysize,tosuchanextentthatauthorssuchasAnsoff(1965)andSimon
(1976)viewitastheessenceofmanagerialactivitiesand,fundamentally,adecision-makingprocess,
whichinturnisaneminentlyhumanactivity.

Theendofthedecision-makingprocessresultsinadecisionthat,accordingtoDrucker(1967),
isasystematicprocessofclearlydefinedelementsthatfollowthefollowingsteps:

1. Classifyingtheproblem;
2. Definingtheproblem;
3. Specifyingtheanswertotheproblem;
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4. Decidingwhatisrightratherthanacceptableinordertomeettheboundaryconditions;
5. Buildingintothedecisiontheactiontocarryitout;and
6. Testingthevalidityandeffectivenessofthedecisionagainsttheactualcourseofevents.

ThepurposeofthispaperistodescribetheuseandapplicationoftheTODA(Trade-offDecision
Analysis)methodbycomparingitwiththeAHPmethodthroughacasestudy.AccordingtoRobbins
andCoulter(2015,p.123),asthedecisionmakerdoesnothavealltheinformationnecessaryforthe
decision,hisrationalityisboundedandtheresultisthat“managerssatisfyratherthanmaximize.
Thatis,theyacceptdecisionsthatare‘goodenough’.

Intheclassicaltheoryofmanagement,linkedtothepositivisttraditionofsocialscience,rationality
isdefinedas“theadequatechoicefromamongalternativesandthesuitablechoiceofameansof
achievingsetgoals”(Oliveira,1993,p.21).Accordingtothisconcept,everydecisionshouldbemade
rationally,basedoncompleteinformationonthecompany’sgoals,plausiblealternatives,theprobable
resultsofthesealternativesandtheimportanceoftheseresultstotheorganization(Cho,2003).

AccordingtoEtzioni(1964),decisiontheory,whichisfundamentallyprescriptive,prescribes
thestepstoarationaldecision.Therehasbeengrowinginterestinlinkingittodescriptivetheories,
whichregisterandanalyzehowandunderwhichconditionsdecisionsaremade.Forachoiceto
berationalfromaneconomicviewpoint,itisnecessaryforittohavethefollowingcharacteristics:

1. Becomplete,meaningthatanindividualmustbecapableofchoosingfromalternatives,e.g.,
shouldbeabletosaywhetherheprefersorAorB;

2. Betransitive,meaningthatifanindividualiscapableofperceivingthatheprefersAtoB,and
BtoC,thenhemustpreferAtoC:(A>B>C→A>C).

Decision-makingcanalsobeviewedasanefforttoresolvethedilemmaofconflictingobjectives,
whichimpedestheexistenceofthe“optimumsolution”andleadstoasearchforthe“bestsolution
thatcanbearranged”(Schmidt,2003).

Adecisionmaycontainone,two,ormorecriteriaforchoosing.Whenthereisonlyonecriterion,
therationalchoiceistomaximizethecriterionvariable(lowestprice,maximumdeadline,lowestcost,
etc.).Whentherearetwoormorecriteria,thedecisionisreferredtoasamultiple-criteriadecision
andtheproblemofchoicehastotaketherelativeimportanceofeachcriterionintoaccount.Making
decisionsbasedonasetofactionsbasedonpotentiallyconflictingcriteriaisknownasmultiple-
criteriadecision-making(MCDM)(Yoon&Hwang,1995).

To aid decision makers facing this type of decision, some multiple-criteria support
methodshavebeencreated.Multiple-criteriamethodsgivedecisionmakers thehelpthey
needtoarriveatthebestsolutionfortheirrequirements.Thesemethodsallowcriteriathat
cannotbetransformedintofinancialvaluestobeevaluated.Theyareusefulforcomparing
alternative projects, policies, and courses of action and for analyzing specific projects,
identifying their levelofglobal impact, themost effectiveactionsand those that require
modifications(Stirling,1997).

MCDMaidmethodscanbedividedintotwomainschools:theFrenchandtheAmerican.
AccordingtoBeltonandStewart(2002),themethodsdevelopedinEuropearejointlyreferred

to as the French School of Multiple-Criteria Decision Aid (MCDA). These methods enable the
preparationofamoreflexiblemodeloftheproblem,notconsideringthecomparisonofalternatives
compulsoryandnotrequiringthedecisionanalyst torankthecriteria inahierarchicalstructure.
Ehrlich (1996) explains that thesemethods, insteadof considering the intensityof apreference,
considertheattractivenessorlackthereof(indifference),rankingsetsofdecisioncomponents.The
mostwell-knownmethodsoftheFrenchSchoolare:
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1. ELECTRE (Elimination and Choice Translating Reality):CreatedbyRoy(1968),producing
concordantordiscordantindexestodeterminethedominanceofthealternativesandcategorize
them(Fülöp,2005);

2. PROMÉTHEÉ (Preference Ranking Method for Enrichment Evaluation):Methodusing
preferenceindicestodeterminetheglobalintensityofpreferencebetweenchoicestoobtaina
partialorcompletecategorization(Fülöp,2005);

3. TOPSIS (Technique for Order Preference by Similarity to Ideal Solution):IsaMCDMmethod
thatisbasedonmeasuringdistancesbetweenalternativesunderconsiderationandtwobipolar
referencealternatives,apositiveandanegativeideal.Thus,thecriteriausedfortheevaluationof
alternativesshouldbedescribedusingstrongscales(Wachowicz&Błaszczyk,2012);

4. MACBETH (Measuring Attractiveness by a Categorical Based Evaluation Technique):A
methodthataddsconceptsfromtheAmericanandFrenchschools(Salomon,2004),inwhich
modelsoflinearprogrammingproblemsareusedtodescribethedegreeofpreferenceofthe
alternatives.ItwasdevelopedbyBana,CostaandVansnick(1997),presentedinCostaandChagas
(2004).Itallowsdiverseassessmentcriteriatobeaddedtoasinglesummarizedcriterionby
attributingweightstothevariouscriteria,respectingtheopinionsofthedecisionmakers;

5. SAW (Simple Additive Weighting):Consistsofquantifyingthevaluesoftheattributes(criteria)
foreachalternative,constructingtheDecisionMatrix,whichcontainsthesevalues,derivingthe
normalizedDecisionMatrix,definingtheimportance(weights)forthecriteriaandcalculating
theglobalcountforeachalternative.Thealternativewiththehighestcountisthenselectedas
thepreferredone(Janic&Reggiani,2002).

ThemainmethodsoftheAmericanSchoolare:

1. MAUT (Multi Attribute Utility Theory):IntroducedbyKeeneyandRaiffa(1976),thismethod
consistsofanaturalextensionoftheUtilityTheory(Fishburn,2000)forthecontextinwhich
eachalternativeisdescribedbyalistofattributes.TheUtilityTheoryassumesthatthedecision
makerwishestomakeachoicethatcorrespondstothehighestlevelofsatisfaction(orutility).The
decisionmaker’ssatisfactionorpreferenceregardingtheriskisrepresentedbyamathematical
functioncalledtheutilityfunction;

2. SMART (Simple Multi-Attribute Rating Technique):Basedontheuseofthelinearutility
functionasthealgebraicmedianweightedtoprioritizethealternatives.TheSMARTtechnique
isbasedonalinearadditivemodel.Thismeansthatanoverallvalueofagivenalternativeis
calculatedasthetotalsumoftheperformancescore(value)ofeachcriterion(attribute)multiplied
bytheweightofthatcriterion(Doran,1981);

3. TODIM (Multi-criteria Interactive Decision-making):Incorporatespreferencepatternsofthe
decisionmakerswhenfacingrisk,basedontheProspectTheory,whichusesvaluefunctionsto
explainriskaversionandriskseekingindecision-making(Rangel&Gomes,2007);prospect
shouldbeunderstoodasagameinwhichthedecisionmakerpreferstogainless,whenfacedby
ariskoflosing,orruntheriskofgaininginthecertaintyoflosing(Clemen&Reilly,2001);

4. AHP (Analytic Hierarchy Process):IncontrastwiththeMAUT,ithasamoresimpledecision
modelling process and its participation in the structuring of the problem. The AHP has an
additionalproceduretoverifytheconsistencyoftheindicatedpreferences.Theconsistencyindex
wasprojectedtowarnthedecision-makingagentofpossibleinconsistenciesinthecomparisons,
beinggivenavalueofzeroforaperfectconsistency.TheAHPmodelallowsaninconsistency
levelof0.10orless.Itisaverypopularmethod,usedinmanypublishedworks,includingthose
ofSaaty(1978),FongandChoi(2000),Dobi,GugicandKancijan(2010),andBalubaidand
Alamoudi(2015);
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5. TODA (Trade-off Decision Analysis):DevelopedbyMeirelesandSanches(2009),thismodel
emergedasanalternativetotheAHPandhasasimplerdecision-makingprocessinthatitavoids
thecomplexproceduretoverifytheconsistencyofpreferences.Thismethodisusedinthisstudy
andhasbeendiscussedandusedinsomeacademicworks,includingthoseofRossoni(2011)
andRossoniandMeireles(2011),Vogtetal.(2015),Donofrio(2015),andHeinetal.(2015).

TODA MULTIPLe-CRITeRION DeCISION MODeL

AccordingtoMeirelesandSanches(2009),whoproposedtheT-ODA,itisamethodthataidsMCDM,
basedonthreeprinciplesofanalyticalthinking:

• Constructionofhierarchiesastheproblemscanbebrokendowntohierarchicallevelsasaway
ofunderstandingandevaluatingit;

• EstablishmentofprioritiesusingaTrade-offmatrixwithacertainfocus(objectivefunction);and
• Observationofabsolutelogicalconsistencythatisinducedbytheprocessofestablishingpriorities.

Accordingtotheauthors,intheconstructionanduseofamodeltoestablishprioritiesbasedon
theTODA,thefollowingstepsaretaken:

1. Specificationofthegoalsofthedecision;
2. Specificationofconsideredalternatives;
3. Definitionofthechoicecriteria;
4. Comparisonofcriteriaforestablishingtheweights;
5. Relativevaluesviatrade-offofthevaluesofthealternatives;
6. Calculationoftheobjectivefunctionandchoice.

Rossoni(2011)showedthattheTODAmethodgeneratessimilarresultstotheAHP,whichis
consideredasthecompetingmodel.TheTODAmethod,however,issimplerinthatitdispenseswith
thecomplexcalculationsthattheAHPmethodusestoobtaintheconsistencyindex.IntheTODA,
thesecalculationsdonotexistandconsistencyisassuredthroughthe“comparisonpivot.”

Theweightingofthecriteriaisafundamentalstageofanymethodthatusesit.AccordingtoHyde
etal.(2004),thefrequentsubjectivity,ambiguity,andinaccuratenatureoftheevaluationsofweights
forcriteriaandperformanceofalternativesrevealuncertaintyintheresultsofthedecisionanalysis.
Theweightofthecriteriaisgenerallytreatedasdeterministicfortheevaluationofthealternatives.
However,theinformationontheprobablemodificationoftheresultsiftheparametersarechanged
isnotalwaysmadeavailabletothedecisionmakers.

AccordingtoWoltersandMareschal(1995),theuncertaintyoftheseparametersinfluencesthe
resultandshouldbetakenintoconsiderationaspartofthedecision-makingprocess.TheTODA
methodestablishesaconsistentcomparisonofallthecriteriausingthetrade-offmethod.

InthestudyofRossoni(2011),whichshowedthattheTODAmethodgeneratessimilarresultsto
theAHP,11caseswereanalyzedusingdocumentresearch,includingarticlespublishedinconference
proceedingsandjournals.TheproblemwasresolvedusingtheAHPandtheTODAmethodandthe
resultsoftheseanalysesareshowninTable1.Thereisnodifferencebetweenthesolutions.Ofthe
elevencases,with38options,36(94.74%)werematched.

TheresultsofRossoni(2011)showthatthereisnosignificantdifferencebetweentheresponses
providedbythetwomethods.TheWilcoxontestshowedthattheranksofbothsamplesdonotdiffer
significantly(p-value:0.9999).

Inthiswork,theTODAmethodispresentedthroughacasestudyusingsoftwareavailableat
www.decisiontoda.com.TheTODAmethodwasusedbecause,althoughitsresultsaresimilar to

http://www.decisiontoda.com
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Table 1. Result of the eleven cases – AHP versus TODA

TODA AHP
=

Value Rank Value Rank

Case1

22.53 3 26.13 2

23.74 2 25.35 3

53.73 1 48.52 1 *

Case2

26 2 26 2 *

53 1 49 1 *

21 3 25 3 *

Case3

4.7 3 3 3 *

30.3 2 30.7 2 *

65 1 66.3 1 *

c4
46.48 1 67.9 1 *

27.52 2 32.1 2 *

Case5

22.84 3 22.65 3 *

33.93 1 32.91 1 *

30.78 2 29.43 2 *

13.45 4 15 4 *

Case6

47.78 1 44.2 1 *

18.65 3 19.2 3 *

30.94 2 29.3 2 *

3.62 4 6.7 4 *

Case7

32.93 2 33.9 2 *

30.34 3 31 3 *

36.73 1 35.1 1 *

Case8

0.156 3 0.143 3 *

0.184 2 0.163 2 *

0.153 4 0.142 4 *

0.258 1 0.19 1 *

0.149 5 0.137 5 *

0.1 6 0.098 6 *

Case9

20.77 3 45.68 3 *

18.74 4 42.95 4 *

25.48 2 53.05 2 *

36.02 1 59 1 *

Case10

35.59 1 37.47 1 *

30.27 3 30.4 3 *

34.14 2 32.13 2 *

Case11

8.95 3 14.65 3 *

64.36 1 57.95 1 *

25.69 2 27.41 2 *

Source: Rossoni (2011).
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thoseoftheAHP,itiseasiertooperateandusestheconceptofcausality,expressedbytheEmach
variabletodefinetheimportanceandfinalweightofeachcriterion.

MeTHODS

Type of Study
This study is an application of the TODA MCDM method. The methodology employed has a
constructivistapproach.AccordingtoRoyandVanderpooten(1997),thisapproachcanbedescribed
bytheeffortsofresearchersorientedbyconcepts,models,axioms,properties,andprocedures.

Procedures
Following the researchof thecriteriaof thecars,asshown inTable2, theTODAsoftwarewas
downloadedfromwww.decisiontoda.com.

Data Treatment
ThedataweresubmittedtotheTODAtoaidthedecision-makingprocess.Thesoftwarewasoperated
byconsensus,involvingfivesalespeople.Theweightingofthecriteriaandofthealternativescan
beseenbelow.

Limitations and Difficulties
ThisworkdemonstratestheapplicabilityoftheTODAmethodwithinaspecificcontext.
As it is a single application, using the case study method, this work has limitations in
thesensethat,accordingtoYin(1989),theresultscannotbegeneralized.Thedifficulty
inreproducingthecaselies inthedevelopedprocess,consideringthat theweightingof
thecriteriawasdonebyconsensus,whichisnotaguaranteethatasimilarresultwillbe
obtainedinsimilarcases.

ANALySIS

TheanalysiswasinitiallyconductedusingtheTODAmethod,followedbytheAHPforcomparison.

TODA Analysis
ThissectioncontainsadescriptionofaMCDMcasewiththeaidoftheTODAsoftware.

Specification of the Goals of the Decision
ToshowthepotentialoftheTODAmethod,itwasdecidedthatitshouldbeappliedtotheprocess
ofchoosinganeconomycartobeusedbysalespeople.

InBrazil,economycarsareacategoryofvehiclecreatedforpeopleonlowincomes.Thereare
incentivestopurchasethem,suchastaxreductions.Thecaseconsistsofselectingthemostsuitableof
the11carslistedinTable2,consideringthesixcriteria.Thedefinitionofthetypeofcarisimportant
becauseitistobeusedinafleetofcarsforthesalespeople,andtheboardofdirectorsbelievesthat
itisimportanttohavegoodfueleconomyandalargetrunk.

Specification of Considered Alternatives
Initially,theelevenavailablealternativeswereintroduced(thenormalversionofthesoftwarecan
handleupto15alternatives).Theyrefertoeconomycarswithanengineupto1000cc.Thealternatives
thatwereintroducedcanbeviewedinFigure1.

http://www.decisiontoda.com
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Definition of the Choice Criteria
Thesoftwaresolicitsevaluationcriteriaandtherespectivepositiveornegativesignal.Initsnormal
form,thesoftwareacceptsupto15criteria.Inthisexample,sixcriteriaareconsidered(seeFigure2):

1. Pricein$,thehighertheprice,theworse,forwhichthesignalis-
2. Numberofdoors;thecompanymanagersbelievethatwithmoredoorsthecarislesssafeand

requiresmoremaintenance,andforthisreasonthesignalis-

Table 2. Alternatives and criteria for the case study using the TODA method

Make and Type Price 
(R$)

Doors 
(#)

Design 
(Likert 1-5)

Trunk 
(Litres)

Fuel (Consumption 
Litres/100 km)

Motor Power 
(HP)

CheryQQ 31900 2 3 190 7.63 69

ChevroletCelta 34950 4 3 260 5.65 78

ChevroletClassic 34250 4 5 390 7.58 78

FiatPalio 24730 2 3 290 5.85 75

FiatUno 23230 2 3 280 6.41 75

NissanMarch 30990 2 3 265 7.94 77

RenaultClio 35900 2 4 255 6.8 80

RenaultSandero 34070 4 4 320 6.21 80

VWGol 30230 2 5 285 7.19 76

VWTakeUp 30560 2 3 285 6.99 82

YundaiHB20 38900 4 4 300 7.09 80

Figure 1. Introducing the alternatives
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3. DesignonaLikertscale(1-5):thisisasubjectivevalueandwasincludedbecauseitisunderstood
thatitisarelevantcriterionforthecompany’sclients;thehighertheevaluationthebetter,and
forthisreasonthesignalis+

4. Trunkspaceinlitres:animportantfeature,asthesalespeoplewillcarryproductsamples;the
largerthebetter,andthusthesignalis+

5. Fuelconsumptionontheroadinlitres/100kmand,inthiscase,themorelitresrequiredfora
cartodo100km,theworseitis,andthesignshouldbenegative-

6. Motorpower,a requirementof thesalespeople,whoargue thathigherpowermeansgreater
safety;thesignalis+

7. TheWeightcolumnforeachcriterionisautomaticallyfilledafterthe“Consistentcomparison
ofcriteriaforestablishingtheweights.”

Consistent Comparison of Criteria for establishing the weights
The weight of each criterion in the TODA method is defined in the following stage through a
prioritizationmatrix,asshowninFigure3.TheTODAaidsthedecisionmaker,helpingtodefinethe
importanceofeachcriterion.Thesoftwareprovidesamatrixand,byclickingonacell,acomparison
emergesandshouldbemarked.

IntheexampleshowninFigure3,acomparisonismadebetweenthepriceofthecarandthe
numberofdoors.Thefivesalespeoplethatconductedtheanalysis,byconsensus,decidedthatthe
pricewasmoreimportant.Carlietal.(2008),Scarpi(2010),Dongetal.(2010),Vittikh(2015)and
manyotherauthorsrecommendthatthecomparisonoffactors,twobytwo,shouldbeconsensual.
Whenthecomparisonhasbeenmade,thecellisautomaticallyfilledwiththeflipvalue,i.e.,ifthe
priceismoreimportantthanthenumberofdoors(score5),thenumberofdoorsis,logically,less
important(score1/5).Therefore,thedecisionmakeriscalledupononlytocomparetheuppercells
ofthematrix.

Withallthecomparisonscompleted,thematrixispresentedasshownintheexampleinFigure4.
Toknowwhichweightingisattributedtothecriteria,thissub-processshouldbecompletedbyclicking
ontheAnalyzebutton.Figure5showsthefinalweightingofthecriteria.Theanalysisoftheweighting
workswithtwoimportantconcepts:theprioritizationMatrixandtheEmachIndicator.Scarpi(2010)
showshowthePrioritizationMatrixisapplied.TheTODAsoftwareisinthefollowingstages.

Figure 2. Introduction of criteria and respective signals
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Step 1
In this step, theproblemmustbedefinedcorrectly so that thecomparisonof thealternatives is
coherent.Thedecisionmakersmustknowwhatthefunctionis.Inthiscase,itistoselectthebest
carforthefleettobeusedbysalespeople.

Step 2
CompletethePrioritizationMatrix.Intheexample,theprioritizationmatrixisempty,inFigure3.
TheelementstobecomparedareplacedinanNxNmatrix.Astherearesixelementstoprioritize,

Figure 3. First comparison and reverse comparison

Figure 4. Completed prioritization matrix of the criteria
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inthiscase,thematrixis6x6.Itshouldbeobservedthatthediagonal,whichisthemeetingofthe
criterionononelinewiththesamecriterionintherespectivecolumn,isneutralized.Forthispurpose,
thecellsshouldbepaintedwithabrightcolor.

Step 3
Make thecomparisonusing thecomparison formula.This formulacanbeseen inFigure3,and
containsthetextusedtocomparethetwocriteria.Intheexample,thefollowingformulacanbeseen:

CriterionYcontributes
muchmore(10);
more(5);
thesame(1);
less(0,2);
muchless(0,1)

thancriterionX
totheobjectivefunction

The comparison of the criteria in each line with the criteria of each column considers the
contributionofthecriteriontotheobjectivefunction.Forexample,whencomparingthePriceofthe
carwiththenumberofDoors,thefollowingprocedureisused:

ThePricecriterioncontributes
more(5);

thantheNumber of Doors
totheobjectivefunction

Inthiscase,thevalueof5wasplacedinthecellcorrespondingtothecomparedcriteria.Itis
recommendedthatthePrioritizationMatrixshouldbeoperatedwiththeconsensusofthreetofive
peoplewhoarefamiliarwith thecircumstancesof theproblemandwhoarriveatasingleresult
followingevaluation.

Figure 5. Data and analysis for weighting the criteria
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Thesoftwareautomaticallycompletesthecellbelow(ortotheleftof)thediagonal,considering
that in the column the reverse scores arewritten and transposedon the corresponding line.For
instance, the first linehas thevalues (5)(10)(5)(0.2)(1).The first columnwill have the reversed
transposevalues,i.e.,(1/5)(1/10)(1/5)(1/0.2)(1/1)or,insimplifiedform:(0.2)(0.1)(0.2)(5)(1).This
canbeseeninFigure7.

Step 4
Calculatetherankingobtained.Inthisstep,thepointsforeachlineareadded.Itshouldbeobserved
thatallthevaluesareaddedbeforeandafterthediagonal,linebyline.Thisisshowninthecolumn
market“PointstoRow”inFigure5.Theprocessisrepeatedforeachcolumn,addingthevaluesthat
arewritteninthelinemarked“PointstoColumn”.

Step 5
Normalizethesumsofthepoints.InFigure5,thecolumnmarked“NormalizationH0-5”isthe
normalizationofthe“PointstoRow”columninthe0to5intervals.Thelinemarked“Normalization
V0-5”isthenormalizationofthe“PointstoColumn”lineintheintervalof0to5.Thenormalization
ofzerotofiveisachievedbyusingthein-MaxNormalizationformula,ascanbeseeninSaranya
andManikandan(2013):

I p
p =

−
−

5
min

max min


wherepisthenumberofpoints,min thelowestvalueofpointsobserved;max thehighestvalue
observed.Minandmaxare,respectively,inthiscase,forthe“PointstoRow”,0.7and35.

Step 6
WiththenormalizedHandVvalues,thevalueoftheEmachcanbecalculated.Thisisacausal
indicatorusedtoidentifywhichcriterionismostimportantforachievingtheobjectivefunction.For
furtherinformation,seeSanchesetal.(2014).

AsshowninFigure5,foreachcriterionitispossibletoobtainapair(H,V).Forexample,for
the“Price$”criterion,thereisthepair(2.99;0.7);forthe“Doors#”thereis(0.73;3.1).TheHvalue
isconsideredasthecausalunfolding,i.e.,theloadingofthecriteriontorespondto(beresponsible
for)theobjectivefunction.TheVvaluecanbeconsideredasymptom,orunfolding,oftheeffecton
theeventinquestion:Visessentiallyapassivevalue.

WiththeHandVoutputsinthePrioritizationMatrix,thevalueoftheEmachiscalculated
for eachcriterion.Thisvalue,named so in ahomage toErnstMach, is calculatedusing the
followingformula:

Emach V
HHV = +

−
1

1 

TheEmachexpressesthesenseandpowerofthecriterioninacauseandeffectrelationship
(Sanchesetal.2014),wheretheeffectistheobjectivefunction.Causalcriteriahaveanegative
EmachandeffectcriteriahaveapositiveEmach.TheEmachlimitsare-1(rootcause)and
4,principalsymptomofeffect.Figure5showsthatthe“Fuelconsumption”criterionisthe
maincriterion thatcontributes to theobjectivefunction.Thecriterion thatmakes the least
contributionis“Design”.
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Step 7
ConverttheEmachvaluesintoweights.Thecolumnmarked“1-Normalization”containstheEmach
valuesnormalizedbetween0and1.Theformulaforthenormalization,inthiscase,is:

Norm Emach
=

−4
5



Forexample,thenormalizationofEmachvalue-0.82correspondingto“Price$”is:

Norm =
− −

=
4 0 82

5
0 964

( . )
, 

Step 8
Calculate the weight for each criterion. The weight of each criterion is nothing more than the
normalizedvaluemultipliedby10.Thus,with theEmachvalueas theorigin, theweightof the
criterioniscalculatedas:

Weight Emach Emach=
−

= −
10 4

5
2 4

*( )
*( ) 

Thus,therelativeweightsofthecriteriafortheobjectivefunctionareestablished.Theseweights
arepassedtothecriteriawindow,asshowninFigure6.

Thus,thelistofcriteriaandrelativeweightsisobtained,calculatedrationallyviatrade-off,to
aiddecision-making.

Relative Values Via Trade-Off of the Values of the Alternatives
Thenextstepistheintroductionoftherealvaluesforeachcriterion.Forinstance,asshowninFigure
7,thevaluesintroducedarethevaluesobservedinpractice,withoutanytransformation.Thesame
occursfortheothercriteria:theconstantvaluesinTable2areintroduced.

Figure 6. Window of criteria with respective weights
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TheseabsolutevaluesareconvertedintorelativevaluesthroughthePrioritizationMatrix,
whichusesatrade-offprocess,inaccordancewithSteps1to4,describedabove,constituting
thecoefficientsoftheobjectivefunction.Table3showstheresultsforthePricecriterion.The
priceofthemostexpensivecarintheobjectivefunctionhasavalueof0.114,andthecheapest
hasavalueof0.058.

Calculation of the Objective Function and Choice
Onceallthevalueshavebeenadded,clickontheSolvebuttonandthefinalresultwillappear,asshown
inFigure8.Theresultshowstwovalues:maximizationoftheobjectivefunctionandminimization
oftheobjectivefunction.Inthepresentstudy,themaximizingresultsrecommendtheFiatPalio.

ThevaluesoftheobjectivefunctionforeachalternativeareintheResultcolumnofFigure8.The
highestvalue(-0.31)isfortheFiatPalio,whichisrecommendedasthebestalternativebytheTODA
softwareandisfollowedbytheFiatUno,with-0.45points.Inthisanalysis,theleastrecommended
choiceofcarwastheYundaiHB20.

Table4showsasummaryofthecalculationprocessusedbytheTODA.Inline26,ColumnsC
toH,theweightsandsignalsofthecriteriaarelisted(seeFigure6).Thecalculationoftheseweights
isshowninFigure5.

Inlines2to12ofColumnsCtoH,theactualvaluesofthecriteriaforeachalternative
areshown.

Inlines14to24ofColumnsCtoH,therelativevaluesofthecriteriaforeachalternative
areshown.ThevaluesforPrice(Lines14to24ofColumnC)werecalculatedasdescribed
inTable3.Theremainingvalues(Lines14to24ofColumnsDtoH)werecalculatedina
similarfashion.

Lines28to38ofColumnsCtoHshowtheproductofthevaluesofeachalternative(Lines
14to24ofColumnsCtoH)bytherespectiveweightinLine26(ColumnsCtoH).Thevaluesof
eachline(Lines28to38)appearaddedinColumnI.Thisistheresultoftheobjectivefunction.The
highestvalue(-0.403)isfortheFiatPalio;thelowestfortheCheryQQ.

Figure 7. Window for introducing the values of the alternatives for the price criterion
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AHP MeTHOD

This method was originally created by Saaty (1990) in the 1970s, and was developed and used
intensivelyoverthenexttwentyyears.Althoughitwasverypopularandattractedmanysupports,
accordingtoGomesetal.(2003),themethodwasoftensubjecttocriticisms,whichwillbeaddressed
inthefollowingsection.

TheAHPisamultiplecriteriamethodtoaiddecision-making,proposedbySaatyinthelate
1960s.Itseeksstraightforwardsolutionstoproblemsinvolvingcomplexchoices.AccordingtoSaaty
(1990),themethodisbasedonthreeprinciplesofanalyticalthinking:(1)modelingtheproblemas
ahierarchy:intheAHPmethod,theproblemisbrokendownintohierarchicallevelstounderstand
andevaluateitbetter;(2)establishingpriorities:theadjustmentofprioritiesintheAHPisbased

Table 3. Relative values through the prioritization matrix (price)

Price R$
QQ Celta Classic Palio Uno March Clio Sandero Gol Take 

Up HB20
Sum Relative 

Values
31900 34950 34250 24730 23230 30990 35900 34070 30230 30560 38900

CheryQQ 31900 0.91 0.93 1.29 1.37 1.03 0.89 0.94 1.06 1.04 0.82 10.28 0.092

Chevrolet
Celta 34950 1.10 1.02 1.41 1.50 1.13 0.97 1.03 1.16 1.14 0.90 11.36 0.102

Chevrolet
Classic 34250 1.07 0.98 1.38 1.47 1.11 0.95 1.01 1.13 1.12 0.88 11.11 0.099

FiatPalio 24730 0.78 0.71 0.72 1.06 0.80 0.69 0.73 0.82 0.81 0.64 7.75 0.069

FiatUno 23230 0.73 0.66 0.68 0.94 0.75 0.65 0.68 0.77 0.76 0.60 7.21 0.058

Nissan
March 30990 0.97 0.89 0.90 1.25 1.33 0.86 0.91 1.03 1.01 0.80 9.96 0.089

Renault
Clio 35900 1.13 1.03 1.05 1.45 1.55 1.16 1.05 1.19 1.17 0.92 11.70 0.105

Renault
Sandero 34070 1.07 0.97 0.99 1.38 1.47 1.10 0.95 1.13 1.11 0.88 11.05 0.099

VWGol 30230 0.95 0.86 0.88 1.22 1.30 0.98 0.84 0.89 0.99 0.78 9.69 0.087

VWTake
Up 30560 0.96 0.87 0.89 1.24 1.32 0.99 0.85 0.90 1.01 0.79 9.81 0.088

Yundai
HB20 38900 1.22 1.11 1.14 1.57 1.67 1.26 1.08 1.14 1.29 1.27 12.76 0.114

Figure 8. Final results provided by the TODA
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Table 4. Summary of the results (TODA)

A B C D E F G H I

Line 1 Criteria → 
Make and Type ↓

Price 
(R$)

Doors 
(#)

Design 
(Likert 

1-5)

Trunk 
(Litres)

Fuel 
Consumption 

(l/100 km)

Motor 
Power (HP) TODA

Line2 CheryQQ 31900 2 3 190 7.63 69

Actual 
values 
observed

Line3 ChevroletCelta 34950 4 3 260 5.65 78

Line4 ChevroletClassic 34250 4 5 390 7.58 78

Line5 FiatPalio 24730 2 3 290 5.85 75

Line6 FiatUno 23230 2 3 280 6.41 75

Line7 NissanMarch 30990 2 3 265 7.94 77

Line8 RenaultClio 35900 2 4 255 6.8 80

Line9 RenaultSandero 34070 4 4 320 6.21 80

Line10 VWGol 30230 2 5 285 7.19 76

Line11 VWTakeUp 30560 2 3 285 6.99 82

Line12 YundaiHB20 38900 4 4 300 7.09 80

Line13

Line14 CheryQQ 0.092 0.065 0.074 0.059 0.103 0.081

Relative 
values

Line15 ChevroletCelta 0.102 0.138 0.074 0.083 0.074 0.093

Line16 ChevroletClassic 0.099 0.138 0.129 0.130 0.102 0.093

Line17 FiatPalio 0.069 0.065 0.074 0.094 0.077 0.089

Line18 FiatUno 0.058 0.057 0.065 0.081 0.078 0.080

Line19 NissanMarch 0.089 0.065 0.074 0.085 0.108 0.091

Line20 RenaultClio 0.105 0.065 0.102 0.082 0.091 0.095

Line21 RenaultSandero 0.099 0.138 0.102 0.105 0.082 0.095

Line22 VWGol 0.087 0.065 0.125 0.092 0.096 0.091

Line23 VWTakeUp 0.088 0.065 0.074 0.092 0.094 0.098

Line24 YundaiHB20 0.114 0.138 0.106 0.098 0.095 0.095

Line25

Line26 Weightandsignalofthe
criteria→ -0.212 -0.147 0.022 0.188 -0.219 0.212 TODA

Line27 Objective function Result

Line28 CheryQQ -0.019 -0.010 0.002 0.011 -0.023 0.017 -2.169

Line29 ChevroletCelta -0.022 -0.020 0.002 0.016 -0.016 0.020 -2.103

Line30 ChevroletClassic -0.021 -0.020 0.003 0.024 -0.022 0.020 -1.676

Line31 FiatPalio -0.015 -0.010 0.002 0.018 -0.017 0.019 -0.310

Line32 FiatUno -0.012 -0.008 0.001 0.015 -0.017 0.017 -0.449

Line33 NissanMarch -0.019 -0.010 0.002 0.016 -0.024 0.019 -1.487

Line34 RenaultClio -0.022 -0.010 0.002 0.015 -0.020 0.020 -1.381

Line35 RenaultSandero -0.021 -0.020 0.002 0.020 -0.018 0.020 -1.721

Line36 VWGol -0.018 -0.010 0.003 0.017 -0.021 0.019 -0.988

Line37 VWTakeUp -0.019 -0.010 0.002 0.017 -0.020 0.021 -0.878

Line38 YundaiHB20 -0.024 -0.020 0.002 0.018 -0.021 0.020 -2.452
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ontheabilityofahumanbeingtoperceivetherelationshipbetweenobjectsandsituations,making
pairwisecomparisonsthroughacertainfocusorcriterion(paritytreatment);(3)logicalconsistency:
usingtheAHPmethod,itispossibletoevaluatetheprioritizationmodelintermsofitsconsistency.

ThismethodiswidelyknownandananalysisofthepresentcaseusingtheAHPmodelproduced
thefinalresultshowninTable5.Itshouldbehighlightedthatthesamerelationshipsweremaintained
regarding the relative importance of the choice criteria in both models, although the observed
consistencyindex(CI)was0.1726,withaMaximumEigenValue=6.863.

AccordingtotheAHPmethod,thebestresultistheFiatPalio,andtheworstistheCheryQQ.

Comparative Analysis of the TODA and AHP
Table6showsacomparativeanalysisoftheresultsofthetwomethods(TODAandAHP)forthe
caseinquestion.BothrecommendthechoiceoftheFiatPalio,withtheFiatUnoinsecondplace,
considering theadoptedcriteriaandweights.Theoutputsof the twomethods (TODAandAHP
columns)wereconvertedrespectivelyintostochasticvalues:

S x
i

i=
−
−







min

max min


intheinterval[0;1],designatedStochastictandStochastica.Thereisaverysignificantcorrelation
at thesignificance levelof0.05between thevariablesStochastic tandStochastica (Spearman’s
correlationtest,rs=0.6091,p-value:0.0466).Nosignificantdifferencewasobservedatthesignificance
levelof0.05between theRanksof the results for thevariablesRank tandRanka.Rank1was
attributedtotheitempreferredbythemethodandRank11totheleastpreferreditem.Bothmethods
hadlargelysimilarresults(Wilcoxontest,p-valuebilateral:0.8590).

Table 5. Summary of the results (AHP)

Criteria → 
Make and Type ↓

Price 
(R$)

Doors 
(#)

Design 
(Likert 

1-5)

Car 
trunk 

(Litres)

Fuel 
(Consumption 

l/100Km)

Motor 
Power (HP) AHP

Weight and Signal 
of the Criteria → -0.186 -0.042 0.020 0.083 -0.483 0.186

Objective Function Result

CheryQQ -0.017 -0.003 0.002 0.005 -0.049 0.015 -0.0471

ChevroletCelta -0.019 -0.006 0.002 0.007 -0.036 0.017 -0.0350

ChevroletClassic -0.018 -0.006 0.003 0.010 -0.049 0.017 -0.0425

FiatPalio -0.013 -0.003 0.002 0.008 -0.038 0.016 -0.0279

FiatUno -0.012 -0.003 0.002 0.007 -0.041 0.016 -0.0309

NissanMarch -0.016 -0.003 0.002 0.007 -0.051 0.017 -0.0448

RenaultClio -0.019 -0.003 0.002 0.007 -0.044 0.017 -0.0392

RenaultSandero -0.018 -0.006 0.002 0.008 -0.040 0.017 -0.0356

VWGol -0.016 -0.003 0.003 0.008 -0.046 0.017 -0.0383

VWTakeUp -0.016 -0.003 0.002 0.008 -0.045 0.018 -0.0369

YundaiHB20 -0.021 -0.006 0.002 0.008 -0.045 0.017 -0.0443
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Itshouldbehighlightedthattheresultsarespecifictotheaforementionedcriteriaconsidering
theassumedweights.Thus,thereisnovaluejudgement(appreciationordepreciation)withregard
tothemakesofcar.

CONCLUSION

Thisstudy,albeitinsummarizedform,presentsthefoundationsofMCDMusingTODAsoftware,
whichisavailableatwww.decisiontoda.com.It isasimplemethodtoapply,althoughitrequires
theconsensusofdecisionmakerstodefinetheweightsofthecriteria.Thisappearstobethestrong
pointofthemethod,asitusestheconceptofcausality,employingtheEmachindicatortodefinethe
importanceofeachcriteriontotheobjectivefunction.

To Detoni (1996), the weighting of criteria by a determined procedure (direct score, swing
procedure,ortradeoffprocedure)isnotsimple.TheTODAmethodfacilitatestheweightingofthe
decisioncriteria,enablingdecisionmakersatsmallandmicroenterprisestoactintuitively.

Inaccordancewithapreviousstudy(Rossoni2011),nodifferencewasfoundintheresultsof
theTODAandAHPmethodsinrelationtothiscase.Thisaspecthighlightsthepracticalutilityof
thisworkconcerningthediffusionoftheTODAMCDMmethodwhich,giventhefactthatitiseasy
toapply,appearstobeadequateforsmallandmicrobusinessesthatdonothavehumanandmaterial
resourcescapableofapplyingmorerefinedandcomplexmethods.

Table 6. Comparative analysis of the TODA and AHP results

Method → TODA AHP

Alternatives↓ Result t Stochastic t Rank t Result a Stochastic a Rank a

FiatPalio -0.31 1.000 1 -0.028 1.000 1

FiatUno -0.45 0.935 2 -0.031 0.840 2

VWTakeUp -0.88 0.734 3 -0.037 0.529 5

VWGol -0.98 0.687 4 -0.038 0.456 6

RenaultClio -1.38 0.500 5 -0.039 0.408 7

NissanMarch -1.49 0.449 6 -0.045 0.118 10

ChevroletClassic -1.66 0.369 7 -0.042 0.239 8

RenaultSandero -1.72 0.341 8 -0.036 0.599 4

ChevroletCelta -2.10 0.164 9 -0.035 0.630 3

CheryQQ -2.17 0.131 10 -0.047 0.000 11

YundaiHB20 -2.45 0.000 11 -0.044 0.144 9

http://www.decisiontoda.com
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