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ABSTRACT

Performanceevaluationisasystematicwayforcompaniestoanalyzetheircurrentstatusandprogress
toreachtheirgoals.Companiesconstantlyevaluatetheirprocessesinresearchanddevelopment,
purchasing,production,salesandmarketingdepartmentsinordertodeterminenewwaystoimprove
theircapabilities.Inthisstudy,theauthorsproposedanevaluationmodeltoevaluatetheperformanceof
smallandmediumenterprises(SME)whichplayamajorroleincountry’seconomyundergivenhigh
attentionto“ProductionProcess.”Intheproposedmodel,FuzzyDecisionMakingTrialandEvaluation
Laboratory(F-DEMATEL)andFuzzyAnalyticNetworkProcess(F-ANP)methodswereusedto
calculatetheweightsofperformancecriteria.Acasestudyhasbeenconductedinamanufacturing
SMEforempiricalevidence.TheresultsfromthisstudyindicatethatC5.1(newprocessesonthe
currentornewproductsaredevelopedandappliedexpeditiously),C3.3(productsaredeliveredon
time)andC5.3(productsareappropriatetoenvironment,health,safetyandregulatorypolicies)arethe
mostimportantcriteriaforthecompanytowhichthemodelwasapplied.“C5ProcessManagement”
and“C3ProductionPlanning”aredeclaredastwoimportantmaincriteriarelevancetoothers.

KEywORDS
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INTRODUCTION

Manufacturing industryhasan important rolefor theeconomicdevelopmentofcountriesdue to
theempiricalcorrelationbetweenthedegreeofindustrializationandincomepercapita(Herman,
2011).Therefore,manufacturingcompaniesshouldevaluatetheirperformanceperiodicallytherebyto
determinetheirtargetsanddevelopappropriateactionplansfornewwaystoincreasetheircapabilities.
Performance measurement has a crucial role to sustain, efficient and effective management for
manufacturingcompaniesandisapartofcontinuousimprovement(Susilawati,Tan,Bell,&Sarwar,
2013).Astypical,largecompanieshaveenoughresourcestomeasuretheirperformanceprogress.
However, small companiesoften eitherdonot have sufficient understandingofor access to the
resources,technologies,andmanagementpracticesneededtomeetthesechallenges(Walden,2007).
Therefore,solutionsforSMEsdiversefromthesolutionsforlargecompanies.

Intheliterature,Multi-CriteriaDecisionMaking(MCDM)techniquesprovideawiderangeof
solutionsincludingactivitiessuchasselection,rankingandgrouping.Thesetechniqueshavebeen
appliedindifferentproblemsofthepractitionerssuchassupplierselection,rankingofriskfactors,
renewableenergysourcesselection,etc.However,therearefewstudiesthatprioritizeperformance
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criteriawithMCDMtechniquesforperformanceevaluationmodelsintheliterature.Theaimofthis
studyistoproposeadynamic,flexibleandpracticableperformanceevaluationmodelforproduction
processesofSMEs.Themodelconsistsofseveralperformancecriteriaandsubcriteriaforcompanies
toachievetheirobjectivesthatrangefromoperationaltostrategiclevels.Moreover,theproposedmodel
allowscompaniestoadjustthesetofcriteriaregardstotheirobjectives.Therefore,thecompanies
canincludeadditionalcriteriaaswellasretrievingtheredundantones.Inthisway,companiescan
prioritizeperformancecriteriaaccordingtotheirownprioritiesandtheycanutilizethemodelin
ordertoachievetheirstrategicobjectives.

Thecontributionoftheproposedmodelintotheliteraturecanbesummarizedasfollows;

• Themodelisflexibletoincreasethenumberofcriteriainthecriteriasetrespecttotheneeds
ofthecompanies.

• Themodelcanbesynchronouslyupdatedwhilethecompany’spolicyisrevised.
• Themodelconsiders the limited resourcesof smallcompaniesandweaknessesof theother

modelsinliteraturesuchas;tendencytobureaucracy,samespecificperformancecriteriasetting,
requirementofmorehumanresources,timeandmoney.

• Moreimportantly,themodelenablesdecisionmakerstoadjusttheweightsoftheperformance
criteriarespecttotheirprioritiesinordertoachievetheirgoals.

Inbrief,thepowerofthemodelisduetoitsdynamicnaturewhichletcompaniestoadjusttheir
performancecriteriaregardstotheirstrategicplan.Additionally,criteriaweightswhicharedetermined
byMCDMtechniquescanalsobemodifiedandupdatedrespecttothecompaniesneedstobecome
morecompetitiveinthemarket.Forinstance,oncethecompanyaimstoimproveitsmanufacturing
technologyinacertainperiodoftime,investinginnewtechnologiesorautomationsystemsmay
bealternativeapproachforthecompany.Therefore,thecriteria“thedegreeofautomation”should
highlybeweightedcomparingtoothercriteria.

Thisstudyincludessixmainsections.Thefirstsectionfocusesontheaimandthecontribution
ofthestudy.Section2discussestheperformancemeasurementmodelsintheliterature.Theproposed
modelispresentedinSection3.Section4articulatestheMCDMtechniquesusedinthestudy.The
applicationoftheproposedmodelforanSMEisrepresentedinSection5byacasestudy.Thelast
sectionconcludeswiththeresultsofthecasestudyanddiscussesthepossibleextensionsofthestudy.

LITERATURE REVIEw

Intraditionalperformancemeasurementsystemsusedinthe1970s,morequantitative(financial)
indicatorssuchas“profitability”and“growth”areusedtoevaluatetheperformanceofcompanies.
Duetoinadequacyofthetraditionalmeasurementmodels,CrossandLynchdevelopedthestrategic
measurementanalysisandreportingtechniquewhichisalsoknownastheperformancepyramid.The
performancepyramidisbuiltonfourlevelsandshowsthelinksbetweencorporatestrategy,strategic
businessunitsandoperations(Garengoetal.,2005).PerformanceMeasurementMatrix(Keegan,Eiler,
&Jones,1989)isoneofthefirstmodelstostandoutwithitsflexibleandsimpleapplication.The
hierarchicalandintegratedapproachofperformancemeasurementmatrixallowsdefiningstrategic
objectivesandrelatingperformancemeasures.TheBalancedScorecardwhichwasdevelopedby
KaplanandNorton(Kaplan&Norton,1996)isthemostpopularperformancemeasurementmodel
inbothliteratureandpractice.BalancedScorecardmodelisusednotonlyinthemanufacturingsector
butalsointheservicesector.Forinstance,Nisha(2017),investigatedastudyabouthowthebalanced
scorecardisusedforperformanceevaluationinthebankingsectorofBangladesh.

Themodelincludesfourmaincomponents:financial,customer,internalfunctionsandlearning
andgrowth.ThechallengeofBalancedScorecardistheneedforexternalexpertforcriteriaselection
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(Andersen,Lawrie,&Shulver,2000).OrganizationalPerformanceMeasurement(Chennelletal.,
2000)developedspecificallyforSMEsandhasthreeprinciples:alignment,processthinking,and
practicability. Integrated Dynamic Performance Measurement System, Quantitative models for
performance measurement system and Performance prism are the other alternative performance
measurementmodels.Leeetal.(Lee,Ryu,&McKone-Sweet,2013)aimedtotestsaframework
thatidentifiesandrelationshipsamongITresources,complementaryresourcestoe-supplychains,
andperformanceofafirm.

Presentedmodelsfortheperformanceevaluationhavestrengthsandweaknesses.Table1shows
thebriefsummaryofstrengthsandweaknessesofvariousframeworks.Forinstance,relationsamong
thedifferentindicatorscanbeunderstoodinperformancepyramidsystemneverthelessitdoesnot
integrate the concept of continuous improvements. Most of the models are developed for large
companieswhichhavesufficientnumberofqualifiedhumanresources.OrganizationalPerformance
MeasurementmodelisspecificallydevelopedforSMEsbutobjectivesarenotclearlydefinedinthis
model.Theintentofthisstudyistoproposeaperformanceevaluationmodelconsideringthelimited
resourcesofSMEsinordertoovercometheweaknessesofexistingmodelsinliteratureintermsof
tendencytobureaucracy,fixednumberofevaluationcriteria,requirementtomorehuman,money
andtimeresource.

PROPOSED MODEL

TheproposedmodelhasfourmainstepsasdepictedinFigure1.Thefirststepofthemodelistodefine
strategicgoalsandobjectivesforthecompany.Secondstepisaboutcreatingthecriteriasettoreach
strategicgoalsandobjectivesupondecisionmakers’view.Inthecasestudy,weconsiderdecision
makersastheseniorexecutivesofresearch&development,purchasingandproductiondepartments
ofthecompany.Atthisjuncture,companiescanincludespecificcriteriarespecttotheirowngoals
andobjectivesorexcludesomeofthecriteriawhichdonotmatchwiththeirobjectives.Themodel
isflexibletobeappliedfordifferentcompaniesandindustries.

Thethirdstepincludesmathematicaloperationstodecidethecriterionpriorities.Inthisstep,
interactionsbetweenperformancecriteriaaredeterminedbyF-DEMATELmethod.F-ANPtechnique
isusedtoprioritizecriteria(Figure2).

Inthefinalstep,theperformanceofthecompanyisassessedandactionplansaredeveloped
toenhancenewdevelopingdirectionsforthecompanies.Oncethestrategicdecisionsareupdated,
regardingperformancecriteriaareadjustedforthecontinuousimprovementperspective.

METHODOLOGy

Intheproposedmodel,twodifferentMCDMmethodsareused.Firstly;F-DEMATELmethodis
used to analyze the relationships between performance criteria. Following, the weights of these
performancecriteriaaredeterminedbyF-ANPmethod.

The Fuzzy DEMATEL Method
TheDEMATELmethodwasintroducedbyGenevaResearchCentre(Gabus&Fontela,1972,1973).
LinandWu(Lin&Wu,2008)extentthemodeltoincludefuzzylogicanddefinedthenewmethod
asF-DEMATEL.Thelinguistictermsandtheircorrespondingtriangularfuzzynumberswhichare
usedtopairwisecomparisonsinF-DEMATELmethodareshowninTable2.

ThemajorstepsoftheF-DEMATELmethodwereexplainedasthefollowing;
Obtainingtheassessmentsofalldecision-makers;



International Journal of Operations Research and Information Systems
Volume 10 • Issue 3 • July-September 2019

19

Table 1. Strengths and weaknesses of various framework

Model (Author, year) Strengths Weaknesses

PerformancePyramidSystem
(Cross&Lynch,1988)

Structuredonlevels,thustherelations
amongthedifferentindicatorscanbe
understood(Chalmeta,Palomero,&
Matilla,2012).

Itdoesnotintegrateconceptofcontinuous
improvements(Yadav&Sagar,2013)

MalcolmBaldrigeNational
QualityAward(Malcolm
BaldrigePerformance
ExcellenceProgram,1989)

Customeroriented(Nguyen,2010)
MBNQArequiresdocumentationforall
processforthisreasonmaynotbeadopted
bySMEs

PerformanceMeasurement
Matrix(Keeganetal.,1989)

Simpleandflexibleapplication.
Integratedapproachandstrategic
alignment(Chalmetaetal.,2012).

Lackofdifferentpointsofviewand
relationsbetweenobjectivesandindicators
(Chalmetaetal.,2012).

EFQM(TheEFQM
ExcellenceModel,1991)

Strengthenthesenseofqualityand
creatingconditionsforcomparative
analysisofbusinessprocesseswith
externalbusiness(Striteska&Spickova,
2012)

Criteriaarenotspecificwithinthe
company.nopossibilityfordifferentiation
andtendencytobureaucracy(Striteska&
Spickova,2012)

BalancedScorecard(Kaplan
&Norton,1996)

Themostwidelyknownmodelbased
onfoureasilyidentifiableperspectives
(Chalmetaetal.,2012)

Cannotviewtheperformanceat
manufacturinglevel(Susilawatietal.,
2013)
Customersarenotdirectlyinvolvedinthe
process(Garengoetal.,2005)

IntegratedPerformance
Meas.(U.S.Bititci,Carrie,&
McDevitt,1997)

Strengthentoinvolvethecontinuous
improvement(Susilawatietal.,2013)

Uncleartomeasureinalogicalorder
andmanagetherelationshipsbetween
measures(Susilawatietal.,2013)

IntegratedDynamic
PerformanceMeasurement
System(Ghalayini,Noble,&
Crowe,1997)

Ithelpsfordynamicupdatingof
generalareasofsuccessandassociated
performancemeasuresandindicators
(Yadav&Sagar,2013)

Itisextensivelyformanufacturing-based
companiesanditsgeneralizedapplication
isnotdiscussed(Yadav&Sagar,2013)

OrganizationalPerformance
Measurement(Chennelletal.,
2000)

SpecificallydevelopedforSMEs
(Taticchietal.,2008)

Objectivesarenotclearlydefined
(Taticchietal.,2008)

Quantitativemodelsfor
performancemeasurement
system(Suwignjo,Bititci,&
Carrie,2000)

Itallowsthesensitivityofalternative
strategicchoicestobeevaluated
(Chalmetaetal.,2012)

Requiresspecializedknowledge(Chalmeta
etal.,2012)

KanjiBusinessExcellence
MeasurementSystem(Kanji,
2002)

Itcombinesfinancialandnon-financial
measuresandtheassessmentofdifferent
stakeholders(Striteska&Spickova,
2012)

Primarilydesignedforseniormanagers
toprovidethemwithanoverallviewof
performance(Striteska&Spickova,2012)

Performanceprism(Neely,
Adams,&Kennerley,2002)

Itallowsastrategicperformance
measurementsystemandconsiders
wholestakeholders.(Chalmetaetal.,
2012;Striteska&Spickova,2012)

Thedevelopmentofoperationalmeasures
isdealtwithasanoptionalprocess
(Chalmetaetal.,2012).
Partiallystrategyalignment(Garengoet
al.,2005)

Measuringperformanceof
SMEs(GinChong,2008)

Validandreliablemodel(Chalmetaet
al.,2012)

Suggestionsforimplementationare
obtainedratherthanguidelines(Chalmeta
etal.,2012)
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Figure 1. Framework of the proposed model

Figure 2. Prioritizing the performance criteria
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Table 2. The correspondence of linguistic terms and linguistic values

Linguistic Terms Linguistic Values

NoInfluence (0,0,0.25)

VeryLowInfluence (0,0.25,0.50)

LowInfluence (0.25,0.50,0.75)

HighInfluence (0.50,0.75,1.0)

VeryHighInfluence (0.75,1.0,1.0)
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Afterthesestepsdefuzzificationprocessisapplied.Defuzzificationistheconversionofafuzzy
quantitytoaprecisequantity,justasfuzzificationistheconversionofaprecisequantitytoafuzzy
quantity(Ross,2004).Intheproposedmodel,ConvertingFuzzyDataIntoCrispScores(CFCS)
defuzzificationmethod(Opricovic&Tzeng,2003)isused.

The Fuzzy ANP Method
TheANPmethodisageneralformoftheanalytichierarchyprocess(AHP).ANPmethodeliminates
theproblemofinterrelationamongcriteria(Saaty,1996).Dependencyrelationshipsareobtained
fromF-DEMATELmethod.CriteriaweightsaredeterminedbyusingtheF-ANPmethodregards
totherelationshipsamongeachother.TherearedifferentfuzzyformsofANPintheliterature.In
thisstudy,weusedChang’sextentanalysismethod(Chang,1996).Thelinguistictermsandtheir
correspondingtriangularfuzzynumbersareshowninTable3.

Chang’sextentanalysismethodisdescribedbelow.
Let  X x x x
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Table 3. The triangular fuzzy numbers and linguistic variables

Linguistic variables Triangular fuzzy numbers Triangular fuzzy reciprocal 
numbers

EquallyImportant (1,1,1) (1,1,1)

WeeklyImportant (1,3,5) (1/5,1/3,1)

StronglyImportant (3,5,7) (1/7,1/5,1/3)

VeryImportant (5,7,9) (1/9,1/7,1/5)

AbsolutelyImportant (7,9,9) (1/9,1/9,1/7)
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CASE STUDy

TheproposedmodelwasappliedinamanufacturingSME.Asaresultofmeetingswithmanagerial
staff,theproductionprocessisdividedintofivemainevaluationpartswhichareproductioninput,
inventorymanagement,productionplanning,manufacturingtechnologyandprocessmanagement.

Thecompanyannouncedthestrategicgoalas“achieveefficientandagileproductionprocess
in order to manufacture high quality products by focusing on the technological improvement”.
Consequently,5objectivesaredefinedtoreachthestrategicgoal.Theseare;

• Deliveryontimeincustomerneedswhilemaintainingthesamequality
• Efficientuseofproductionresources
• Increaseproductioncapacity
• Modernizationofexistingproductionareasandsufficiencyoftechnicalequipment
• Integrationofnewprocessesintothecurrentsystemwithoutanyqualityproblems.

A criterion set was established in the direction of the objectives and literature. Each main
criterionhasitsownsub-criteriaandthereare18sub-criteriaintotal.Thecriteriasetaregivenin
Table4.Forinstance,productionflows,billofmaterials,standardproductiontimesareclassified
astheproductioninput.Likewise,inventorytrackingsystem,safetystocklevelsareclassifiedunder
inventorymanagement.

InteractionsbetweencriteriaarecalculatedwithF-DEMATELmethodbyusingEquation(1-6).
Thethresholdvalueisdeterminedas0.560bydecisionmakersinthecompany.Valuesofcriteria
whichareabovethepredefinedthresholdvalueareshowninthedefuzzifiedtotalrelationmatrixin
Table5.Forinstance,Criteria1affectsCriteria2(0.621)andCriteria3(0.653)andalsoaffected
byCriteria2(0.610).

Afterdeterminationoftheinteractions,criteriaweightsarecalculatedwithF-ANPmethodby
usingEquations(7-15).Figure3presentsthecriteriaweights.Themostimportantcriteriaarelisted
asC5.1(Newprocessesonthecurrentornewproductsaredevelopedandappliedexpeditiously),
C3.3(Productsaredeliveredontime)andC5.3(Productsareappropriatetotheenvironment,health,
safetyandregulatorypolicies).

TheleastimportantcriteriaaredeterminedasC1.3(Allcomponentsareintegratedwithproduct
serialcode),C4.1(Efficientuseofrawmaterialstechniquesareusedtoreducetheshavingsand
scrap)andC5.2(Totalpreventivemaintenanceisappliedtoreducedowntimeasmentionedbefore).
Sincetheimportanceofeachcriteriachangesrespecttothecompaniesobjectives,resultsdoesnot
statethatcriteriaC1.3,C4.1andC5.2arenotimportantfortheotherSMEsorviceversa.

Maincriteriaweightswhicharecalculatedbasedonsub-criteriaweightsareshowninFigure
4. Dimensions, “C5 Process Management” and “C3 Production Planning” are declared as more
importantthanothers.“C1ProductionInput”and“C4ManufacturingTechnology”aredeclaredas
lessimportantcriteria.

In this case study, the focus of the company is on the production process. Manufacturing
technologyisimportantforbigcompaniessincetheyinvestlargeamountofmoneytoeffectivelyuse
thesetechnologies.Ontheotherhand,SMEsmaynotabletoinvestonmanufacturingtechnologies
asmuchaslargecompaniesduetotheirlimitedresources.

CONCLUSIONS

ThisstudysuggestsahybridMCDMapproachtoevaluatetheperformanceofsmallandmedium
enterprisesundergivenhighattentiontoproductionprocess.Acasestudyhasbeenconductedina
manufacturingSMEforempiricalevidence.Themodelprovidesfollowingadvantages;
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Table 4. Criteria and sub-criteria

Criteria Ref. Sub-Criteria

C1
Production
Input

(Genaidy&Karwowski,2007)
(CanvarKahveci,2007)
(Genaidy&Karwowski,2007)
(Susilawatietal.,2013)

C11:Billofmaterialsandproductionflowsareuptodate

C12:Standardproductiontimesaredetermined

C13:Allcomponentsareintegratedwithproductserial
code

C14:Set-uptimesaredetermined

C2
Inventory
Management

(Genaidy&Karwowski,2007)
(Genaidy&Karwowski,2007)
(Laitinen,2002)

C21:Safetystocklevelsareavailable

C22:Inventorytrackingsystemisavailable

C23:Thelayoutoftheworkshopprovidesefficient
materialflow

C24:Inventorymanagementforcriticalandsparepartsis
carriedouteffectively

C3
Production
Planning

(Genaidy&Karwowski,2007)
(Genaidy&Karwowski,2007)
(UmitS.Bititci,1996)
(Chalmetaetal.,2012)

C31:Annualproductionplanisavailable

C32:Capacityplanningiscarriedout

C33:Productsaredeliveredontime

C4
Manufacturing
Technology

(Genaidy&Karwowski,2007)
(Susilawatietal.,2013)
(Genaidy&Karwowski,2007)
(Chalmetaetal.,2012)
(Susilawatietal.,2013)
(CanvarKahveci,2007)
(CanvarKahveci,2007)
(Chalmetaetal.,2012)

C41:Efficientuseofrawmaterialstechniquesareusedto
reducetheshavingsandscrap

C42:Degreeofautomationishigh(AS-RS,robotic,
CNC,etc.)

C43:Latesttechnologicalinnovationsareusedin
productionprocess

C44:Existingtechnologicalstructureisevaluated
periodically,andperiodicrenewalandmaintenanceis
done

C5
Process
Management

(Genaidy&Karwowski,2007)
(Walden,2007)
(Genaidy&Karwowski,2007)
(CanvarKahveci,2007)
(Chalmetaetal.,2012)

C51:Newprocessesonthecurrentornewproductsare
developedandappliedexpeditiously

C52:Totalpreventivemaintenanceisappliedtoreduce
downtime

C53:Productsareappropriatetotheenvironment,health,
safetyandregulatorypolicies

Table 5. Defuzzified total relation matrix by using CFCS method

Def C1 C2 C3 C4 C5 D R D + R D –R

C1 0.385 0.621 0.653 0.424 0.554 2.637 2.492 5.129 0.145

C2 0.610 0.508 0.774 0.580 0.677 3.149 2.794 5.943 0.355

C3 0.476 0.517 0.475 0.452 0.577 2.497 3.276 5.772 -0.779

C4 0.501 0.543 0.658 0.361 0.605 2.668/ 2.309 4.977 0.359

C5 0.519 0.605 0.716 0.492 0.472 2.803 2.884 5.688 -0.081

R 2.492 2.794 3.276 2.309 2.884

* threshold value:0.560
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• In the proposed model, criteria weights are determined by MCDM techniques. Pairwise
comparisonsofcriteriaaremadebydecisionmakers.Theperformancecriteriaofthecompany
werediscussedindetailandtheconsensuswasreachedduringthemeetingswherethedecision
makersmet.

• Criteriasetinthemodelcanbetailoredtothecompanyneeds.Therefore,themodelcanbe
appliedintodifferentcompaniesandcanbeupdatedaccordingtothecompany’sstrategy.

• Theproposedmodelcanbeusedforspecificperiodswiththesamecriteriaweightstotrackthe
performancethecompany.

Inthemodel,criteriasetsandcriteriaweightsareadjustedregardstotheneedsofthecompany.
Duetothedifferenceineachcompany’sstrategicroadmap,performancecriteriaandcriteriaweights

Figure 3. Sub-Criteria weights percentage

Figure 4. Main criteria weights percentage
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mayvaryonecompanytoanother.Businessenterprisescanimprovetheirorganizationalperformance
bygivingprioritytoactivitiesrelatedwiththeperformancecriteria.

Eventheadvantagespresentedabove,theproposedmodelhassomelimitations.First,theincrease
inthenumberofcriteriacanbeatime-consumingfordecisionmakersduetotheincreasednumber
ofpairwisecomparisons.Second,thechangeonthecriteriasetandtheirweightscauserepetitive
calculations. Moreover, the model is built under the assumption of particularly defined criteria
completelymeettheobjectivesofcompany.

Inthefuturestudies,themodelcanbeextendedtoincludeothermainprocessesofthecompanies
sothattheperformanceevaluationofthecompanycanbefullyperformed.Theevaluationresultsof
themodelcanbecomparedinatimehorizoninordertoseetheprogresstoachievethecompany’s
objectives.Therealtimeintegrationofthemodelwithadatabaseprovidesinstanttrackingofthe
company’sperformancescores.Anotherfuturestudymaybeconductedtoincludeothercasestudies
fromdifferentsectorstoprovidetheflexibilityofthemodelintootherindustries.Increasingthe
numberofSMEsintheservicesectorobligesthemtoimprovetheirservices(Gazemetal.,2017).
Theproposedmodelcanbeappliedinservicesectorssuchasbanking,healthcare,andeducationby
usingappropriatecriteria.



International Journal of Operations Research and Information Systems
Volume 10 • Issue 3 • July-September 2019

29

REFERENCES

Andersen,H.,Lawrie,G.,&Shulver,M.(2000).TheBalancedScorecardvs.theEFQMBusinessExcellence
Model–whichisthebetterstrategicmanagementtool.2GCActiveManagement.MPowerAisa.Retrievedfrom
http://www.mpowerasia.com/pdf/BSCvsBEM.pdf

Bititci,U.S.(1996).Modellingofperformancemeasurementsystemsinmanufacturingenterprises.International 
Journal of Production Economics,42(2),137–147.doi:10.1016/0925-5273(95)00172-7

Bititci,U.S.,Carrie,A.S.,&McDevitt,L.(1997).Integratedperformancemeasurementsystems:Adevelopment
guide.International Journal of Operations & Production Management,17(5),522–534.Retrievedfromhttp://
www.emeraldinsight.com/journals.htm?articleid=849047&show=abstractdoi:10.1108/01443579710167230

CanvarKahveci,T.(2007).The Institutionalization and the Enterprise Modeling in the Manufacturing Firms
[Ph.D.Thesis].SakaryaUniversity.

Chalmeta,R.,Palomero,S.,&Matilla,M.(2012).Methodologytodevelopaperformancemeasurementsystem
insmallandmedium-sizedenterprises.International Journal of Computer Integrated Manufacturing,25(8),
716–740.doi:10.1080/0951192X.2012.665178

Chang,D.-Y.(1996).ApplicationsoftheextentanalysismethodonfuzzyAHP.European Journal of Operational 
Research,95(3),649–655.doi:10.1016/0377-2217(95)00300-2

Chennell,A.F.,Dransfield,S.,Field,J.B.,Fisher,N.I.,Saunders,I.W.,&Shaw,D.E.(2000).OPM:Asystemfor
organisationalperformancemeasurement.InPerformanceMeasurement–Past,PresentandFuture.Cambridge.

Cross,K.F.,&Lynch,R.L.(1988).The“SMART”waytodefineandsustainsuccess.National Productivity 
Review,8(1),23–33.doi:10.1002/npr.4040080105

Gabus,A.,&Fontela,E. (1972).World problems, an invitation to further thought within the framework of 
DEMATEL.Geneva,Switzerland:BattelleGenevaResearchCenter.

Gabus, A., & Fontela, E. (1973). Perceptions of the world problematique: Communication procedure, 
communicating with those bearing collective responsibility.Geneva,Switzerland:BattelleGenevaResearch
Centre.

Garengo, P., Biazzo, S., & Bititci, U. S. (2005). Performance measurement systems in SMEs: A review
for a research agenda. International Journal of Management Reviews, 7(1), 25–47. doi:10.1111/j.1468-
2370.2005.00105.x

Genaidy, A., & Karwowski, W. (2007). The Manufacturing Enterprise Diagnostic Instrument: A Tool for
AssessmentofEnterpriseSystemManufacturers.Human Factors and Ergonomics in Manufacturing,16(1),
61–81.doi:10.1002/hfm

Ghalayini,A.M.,Noble,J.S.,&Crowe,T.J.(1997).Anintegrateddynamicperformancemeasurementsystem
forimprovingmanufacturingcompetitiveness.International Journal of Production Economics,48(3),207–225.
doi:10.1016/S0925-5273(96)00093-X

GinChong,H.(2008).Measuringperformanceofsmall-and-mediumsizedenterprises:Thegroundedtheory
approach.Journal of Business and Public Affairs,2(1),1–10.

Herman,E.(2011).TheImpactOfTheIndustrialSectorOnRomanianEmployment.Journal of Knowledge 
Management, Economics and Information Technology,(6),1-21.

Kanji, G. K. (2002). Performance measurement system. Total Quality Management, 13(5), 715–728.
doi:10.1080/0954412022000002090

Kaplan,R.S.,&Norton,D.P.(1996).UsingtheBalancedScorecardasaStrategicManagementSystem.Harvard 
Business Review,1–14.doi:10.1016/S0840-4704(10)60668-0

Keegan,D.P.,Eiler,R.G.,&Jones,C.R.(1989).Areyourperformancemeasuresobsoletes?Management 
Accounting,70,45–50.

Laitinen,E.K.(2002).Adynamicperformancemeasurementsystem:EvidencefromsmallFinnishtechnology
companies.Scandinavian Journal of Management,18(1),65–99.doi:10.1016/S0956-5221(00)00021-X

http://www.mpowerasia.com/pdf/BSCvsBEM.pdf
http://dx.doi.org/10.1016/0925-5273(95)00172-7
http://www.emeraldinsight.com/journals.htm?articleid=849047&show=abstract
http://www.emeraldinsight.com/journals.htm?articleid=849047&show=abstract
http://dx.doi.org/10.1108/01443579710167230
http://dx.doi.org/10.1080/0951192X.2012.665178
http://dx.doi.org/10.1016/0377-2217(95)00300-2
http://dx.doi.org/10.1002/npr.4040080105
http://dx.doi.org/10.1111/j.1468-2370.2005.00105.x
http://dx.doi.org/10.1111/j.1468-2370.2005.00105.x
http://dx.doi.org/10.1002/hfm
http://dx.doi.org/10.1016/S0925-5273(96)00093-X
http://dx.doi.org/10.1080/0954412022000002090
http://dx.doi.org/10.1016/S0840-4704(10)60668-0
http://dx.doi.org/10.1016/S0956-5221(00)00021-X


International Journal of Operations Research and Information Systems
Volume 10 • Issue 3 • July-September 2019

30

Merve Cengiz Toklu is an Assistant Professor in the department of Industrial Engineering, Sakarya University, 
Sakarya, Turkey. She received the M.Sc. and the PhD. degree in Industrial Engineering from the Sakarya University 
in 2010 and 2016, respectively. Her main areas of research interest are performance management, strategic 
management, multi criteria decision making approaches and fuzzy logic. She had worked as a production planning 
consultant in a manufacturing SME for four years. She has been working in Sakarya University since 2011.

Harun Taşkın is a Professor in the department of Industrial Engineering, Sakarya University, Sakarya, Turkey. He 
received his MBA degree in faculty of Business Administration, department of Production Management from Istanbul 
University, İstanbul, Turkey in 1979. He received his PhD degree in the department of Management Engineering 
from Istanbul Technical University, Istanbul, Turkey in 1984. His main areas of research interest are fuzzy systems, 
manufacturing systems engineering, and philosophy of technology.

Lee,Y.,Ryu,S.-Y.,&McKone-Sweet,K.E.(2013).TheRoleofComplementaryResourcesintheDevelopment
ofE-SupplyChainsandtheFirm’sPerformance:AnExploratoryAnalysisofSecondaryData.International 
Journal of Operations Research and Information Systems,4(2),1–21.doi:10.4018/joris.2013040101

Lin,C.J.,&Wu,W.W.(2008).Acausalanalyticalmethodforgroupdecision-makingunderfuzzyenvironment.
Expert Systems with Applications,34(1),205–213.doi:10.1016/j.eswa.2006.08.012

MalcolmBaldrigePerformanceExcellenceProgram.(n.d.).Retrievedfromhttp://www.baldrigepe.org/

Neely,A.,Adams,C.,&Kennerley,M.(2002).The Performance Prism: the Scorecard for Measuring and 
Managing Stakeholder Relationship.London,UK:PrenticeHall.

Nguyen,T.H.L.(2010).The usefulness of a Self-assessment approach based on o business excellence model.
NewcastleBusinessSchool.

Opricovic,S.,&Tzeng,G.-H.(2003).DefuzzificationWithinaMulticriteriaDecisionModel.International Journal 
of Uncertainty, Fuzziness and Knowledge-based Systems,11(5),635–652.doi:10.1142/S0218488503002387

Ross,T.J.(2004).Fuzzy Logic with Engineering Applications(2nded.).Wiley.

Saaty,T.L.(1996).Decision making with dependence and feedback: The analytic network process.Pittsburgh:
RWSPublications.

Striteska,M.,&Spickova,M.(2012).ReviewandComparisonofPerformanceMeasurementSystems.The 
Journal of Organizational Management Studies,2012,1–13.doi:10.5171/2012.114900

Susilawati,A.,Tan,J.,Bell,D.,&Sarwar,M.(2013).DevelopaFrameworkofPerformanceMeasurementand
ImprovementSystemforLeanManufacturingActivity.International Journal of Lean Thinking,4(1),51–64.

Suwignjo,P.,Bititci,U.,&Carrie,A.S.(2000).Quantitativemodelsforperformancemeasurementsystem.
International Journal of Production Economics,64(1–3),231–241.doi:10.1016/S0925-5273(99)00061-4

Taticchi,P.,Balachandran,K.R.,Botarelli,M.,&Cagnazzo,L.(2008).PerformanceMeasurementManagement
for Small and Medium Enterprises: An Integrated Approach. Journal of Applied Management Accounting 
Research,6(2),57–72.

TheEFQMExcellenceModel.(n.d.).Retrievedfromhttp://www.efqm.org/the-efqm-excellence-model

Walden,C.T.(2007).A taxonomy based assessment methodology for small and medium size manufacturers.
MississippiStateUniversity.

Yadav,N.,&Sagar,M.(2013).Performancemeasurementandmanagement frameworks.Business Process 
Management Journal,19(6),947–971.doi:10.1108/BPMJ-01-2013-0003

http://dx.doi.org/10.4018/joris.2013040101
http://dx.doi.org/10.1016/j.eswa.2006.08.012
http://www.baldrigepe.org/
http://dx.doi.org/10.1142/S0218488503002387
http://dx.doi.org/10.5171/2012.114900
http://dx.doi.org/10.1016/S0925-5273(99)00061-4
http://www.efqm.org/the-efqm-excellence-model
http://dx.doi.org/10.1108/BPMJ-01-2013-0003

