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ABSTRACT

Intoday’sbusinesslandscape,improvingcompetitiveadvantageofmanufacturingcompaniesdepends
ontheircontinuousperformanceimprovement.Thisnecessitatesagenericandmulti-dimensionalview
thatorganisationalandmanagerialprocessesshouldbeassessedbytheunderlyingmicro-foundation
ofdynamiccapabilities(DC)inconjunctionwithenhancednewproductdevelopment(NPD)projects.
ThisstudyaimstoproposeanoperationalisedmodeloftheconceptualDCframeworkincluding
sensing,seizing,andreconfigurationcapacities.Theadvantageofthetwoaforementionedmodels,
whicharebasedonamulti-criteriadecisionanalysis(MCDA)framework, is that theycanassist
managersintheautomotiveindustrytoidentifyimprovementplansandgoalsforsoundandrobust
decisionmaking.Forthispurpose,theevidentialreasoning(ER)approach,whichisrealisedinthe
intelligentdecisionsystem(IDS)softwaretool,isemployedtoperformperformanceself-assessment
fortheselectedmanufacturingcompaniesonDC.Thisstudyprovidesmanagerswithausefultoolto
assesstheircompany’sstrengthsandweaknessesinregardtotheDCcomponents.
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1. INTRoDUCTIoN

Managing innovation is important if organisations are to renew themselves, transform stagnant
businesses,andincreasemarketshare(Hardy,1994).Newproductscanonlybesuccessfullydeveloped
whendepartmentssuchasmarketing,sales,R&Dandmanufacturingareabletoreconceptualiseand
createknowledgeandexpertiseforprocessesthatcutacrossdepartments(Lauetal.,2010).New
productdevelopment(NPD)processonitsownisdynamiccapabilities(DC)sincethesecapabilities
aretodeveloprelevantstrategies,processesandskillsthroughcollaborationwithexternalandinternal
supply chain partners in order to support theNPDprocess and also enhance NPDperformance
(Verona,1999;MishraandShah,2009).Tofacilitatesystematicinnovation,itisnecessarytofocus
onmicro-foundationsofDCthatneedtobeoperationalisedforreinventingbusinessprocessesand
buildingentirelynewmarketsthatmeetuntappedcustomerdemand(Eisenhardt&Martin,2000;
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Teece,2007).Thesemicro-foundationsunderlyingorganizationalandmanagerialprocessesinclude
notonlyinvestmentonR&Dandintellectualpropertyprotection,butalsocomplementaryassets
needed to achieveand sustain competitive advantage (Teeceet al., 1997;Tecce,2007).For this
purpose,companiesneedtofocusonhigherorderorganisationalcapabilitiessuchasDCwhichinvolve
organisationalroutinesandorganisationalintegrationsinordertooutperformcompetitorsandgain
andaccessvaluecapturingandcreatingstrategythoughinnovation(Teece,2018).Although,theDC
basedontheirstrategiessupportNPDprocess,itcanbeusedtoexplaindifferentfirmperformances
(Marsh&Stock,2006).EffectivemanagementofDCcanalsoincreasetheNPDsuccessandlong-
termcompetitiveadvantage(Hullovaetal.,2019).

Teece(2007)definedacomprehensivegenericmodeltocapturenumerousmanagementpractices
inthefieldofDC.TheDCmodelofTeece(2007)hasbeenselectedduetothereasonsthatalleviate
theshortcomingoftheexistingDCmodelsreportedintheDCliterature.Therearesomedrawbacks
surroundingtheexistingDCmodels.Firstofall,thesemodelshavedeficiencytoexplainhowfirms
achievesustainablecompetitiveadvantagethroughmicro-foundations.Secondly,theydonotshow
thecomprehensiveviewofmanagementpracticesthatintegratestrategicandinnovationmanagement.
ManypreviousstudieshavelookedatonlyathinsliceofDCoruni-dimensionalDC.Accordingto
theliteraturereview,thereislackofempiricalresearchtomeasureDCatmicro-foundationlevel.
Althoughalargenumberofcriteriaandindicatorshavebeenidentifiedinmanypriorstudies,many
ofthemdonotprovideintegrationoraggregationinastructuredandquantitativemanner.

Theoriginalityoftheresearchframeworkattributestotheobservationthattherewasshortageof
acomprehensivemeasureofDCdesignedspecificallyfortheautomotiveindustry.Thefocusofthis
studywasplacedonmeasuringDCbytakingbothpresentandfutureconcernsofrelevantpurchasing,
production,andR&Dmanagers.Byrefiningandstructuringrelevantcriteriaandindicators, this
study is the first of its kind to operationalise multi-dimensional DC framework which includes
thethreemaininterrelatedcapacitiesoftheDCmodelofTeece(2007),namely:sensingcapacity,
seizingcapacityandreconfigurationcapacity,withrespecttothemicro-foundationsthatrelatetothe
organisationalandmanagerialprocessfortheNPDprocess.Thestudymainlyfocusonspecifictype
ofDCatsupplychain(SC)relationshiplevelwheresuppliersinvolveinNPDprocessextensively.
TheaimistoproposetheDCperformanceself-assessmentformanufacturingcompaniesusingthe
evidentialreasoning(ER)approachasapowerfulmulti-criteriadecisionanalysis(MCDA)toolthat
isusefulfordealingwithbothquantitativeandqualitativeinformationwithsubjectivejudgmentsof
ambiguity.TheERapproachisimplementedintheintelligentdecisionsystem(IDS)softwaretoolfor
multiplecriteriaperformanceassessment(Xu&Yang,2001).TheproposedMCDAmethodprovides
anoperationalmeanstoassessacompany’sDCperformance.Regardingthenoveltyofmethodology,
theERapproachandtheIDSsoftwareareemployedtogeneratetheaverageperformancescoresof
DC.Thisresearchalsoidentifytherelevantmaindecisionvariablesandrefinedmeasurementitems
throughcasestudiesandtheliteraturereview,whicharerelatedtosuppliers,customersandinternal
functionsinthecontextofNPDprocess,therebycontributingtotheexistingknowledgeintheSC
andNPDliterature.TheMCDAframeworkforcompanyperformanceself-assessmentisvalidated
andtestedinmanufacturingcompanies.

2. LITeRATURe ReVIew

2.1 Dynamic Capabilities
Overthepasttwodecades,theDCapproach(Teeceetal.,1997)hasbecomeoneofthemostinfluential
researchareas in the fieldofstrategicmanagement (Helfat&Peteraf,2015;Schilke,2014).DC
underpinnotonlyvaluecreationbutalsovaluecapturefrominnovation(Teece,2018).Accordingly,the
existingliteraturealsoproposesthatthreetypesofDCincludinginnovationcapabilities,environmental
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scanningandsensingcapabilities,andintegrativecapabilitiesareessentialforecosystemorchestration
(HelfatandRaubitschek,2018).

Acentralpartoftheinnovationprocessconcernsthewayfirmsgoaboutorganisingsearchfor
newideasthathavecommercialpotential(Laursen&Salter,2006).Firm’ssensingcapacityrefers
totheidentificationandcreationofopportunitiesbymeansofenvironmentalscanning,learningand
investmentsinR&Dactivities(Lichtenthaler&Ernst,2012).Scanningalsoimprovesanorganisation’s
capacitytoreacttoorevenpre-emptenvironmentalchangesthatposerisksorprovideopportunities
(Eisenhardt&Martin,2000).Sensingcapability inNPDprojectsmustsense theenvironment to
gathermarket intelligenceonmarketneeds,competitormoves,andnewtechnologies inorder to
identifynewproductopportunitiesformanagers,anddecidetoengageinexploratoryearly-stage
researchactivitiestopursuetheseopportunitieswithnewproductdesignandprototypes(Pavlou&EI
Sawy,2011).Thepriorliteraturereportedthatthreebasicroutinesofthesensingcapabilityare:(1)
generatingmarketintelligence,(2)disseminatingmarketintelligence,and(3)respondingtomarket
intelligence(Pavlou&EISawy,2011).Priorresearchemphasises(supply)marketintelligenceas
oneofthebasicroutinesofthesensingcapacitytoimproveoperationalefficiencyinternally,enhance
serviceeffectiveness,reducecost,andincreasecustomersatisfaction(Handfieldetal.,2009).Astrong
sensingcapacityallowsforachievingstrategicflexibility,firstmoveradvantages,andresponsiveness
tocustomers(Teece,2007).

Sensingcapacityitselfdoesnotensuresuperiorinnovationandfirmperformancebutitprovides
thebasisforsubsequentseizinginnovationopportunities,andthemarginalutilityofstrengthening
sensingcapacityisrelativelylimitedifafirmlacksseizingcapacity(Lichtenthaler&Ernst,2012).
Seizing refers to the organisational strategy and infrastructure for making appropriate decisions
andabsorbingand integratingresources tocreateandcapturevalue fromopportunities (Katkalo
et al., 2010).Once a new (technological ormarket) opportunity is sensed, itmust be addressed
throughnewproducts,processesorservices.Thisalmostalwaysrequiresinvestmentsinintegration
andcommercialisationactivity(Teece,2009).Seizingdimensiondescribes theability toaddress
opportunityandcapturethevalueofdoingsobymobilisingresources(Teece,2012).Seizingcapacity
alsohelpfirmsconstructdecision-makingprotocols,buildtrustandcommitmentthrougheffective
communicationandcontroltheenvironment(Vanpouckeatal.,2014).Seizingcapacityisassessedby
integrationwhichisprocessbywhichanorganisationcoordinatesanddeploysknowledgeresources
(Grant,1991).Thecharacteristicsofseizingcapacitycanbejustified,identifiedanddevelopedinthe
productdesignstageofNPD.Inproductdesignandmanufacturingintegration,variousfunctional
representatives like cross functional communication, which is the main antecedent of internal
integration,mustcooperateinordertominimisegoalconflictandsuccessfullydealwithtechnical
andstrategicinterdependenciesinherentintechnologyadoption(Swink&Nair,2007).Designand
manufacturingintegrationactivitiespromoteandcultivatecross-functionalskillsandagreatermutual
understandingoftechnologycommercialisationtasks(Zahra&Nielsen,2002).Internalintegration,
supplierandcustomerintegrationplayanimportantroleintheseizingcapacitywhereexploitationof
theexitingsupplierandcustomerknowledgebythepurchasingandR&Dteamsofthecompaniesis
characterisedbyalong-termcommitmentbetweenthecollaborators,anopennessofcommunication,
andmutualtrustandpartnersworktogethertoensurehighproductqualityandlowcosts,andshorten
TTM(Ragatzetal.,2002).

Companiesneed toalignand realign their identificationand integrationprocessesbasedon
adaptationmechanisms that represent attributes of aDC lifecycle and coordinationbetween the
acquisitionsofexternaltechnologicalknowledgewithinternaltechnologymanagement(Lichtenthaler
&Ernst,2012).Inadditiontothis,externaltechnologyadaptationcanbecarriedoutbytheinternal
explorationactivities(Perolsetal.,2013).ThisdefinitionimpliesthatcontinuousNPDperformance
requiresreconfigurationcapacitythatinvolvesrepeatedcyclesoforganisationallearningtomake
changes in operating routines (Anand et al., 2009). In the NPD context, because operational
capabilitiesaresupra-individualanddonotresideinanyspecificindividual,NPDunitsmustintegrate
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theirindividualknowledgeandpatternsofinteractionintoacollectivesystemtodeploythenew
configurationsofoperationalcapabilities(Koufterosetal.,2010).Thisnecessitatetheimportanceof
coordinatingcapabilitythatenablesreconfigurationbyassigningresourcestotasks,appointingthe
rightpersontotherighttask,identifyingcomplementaritiesandsynergiesamongtasksandresources,
andorchestratingcollectiveactivities(Pavlou&EISawy,2011).Teece(2007,p.1338)arguedthat
“inshort,bothinnovationandreconfigurationmaynecessitateco-specialisedassetsbeingcombined
bymanagementinorderfor(systemic)innovationtooccur.”Tostimulateleaningandknowledge
accumulationandreadjustmentcyclesastherelationshipsevolve,investmentsinskillsandroutines
adaptedtotheexchangeandthedevelopmentofsocialrelationshipamongpartnersandexperience
withapartnerwouldbeimportant(Krauseetal.,2007).InthestudyofMishraandShah(2009),co-
specialisationassetsarethe‘‘collaborativecompetence’’includingthesupplier,customerandcross
functionalteaminvolvementinNPDwhichmodelledassecond-ordermodelandimpactsonNPD
performance,positively.Customerssharetheirknow-howaboutproductimprovementpossibilities,
newproductfunctions;assessmentofprototypes,andfutureproducttrendsandcustomerscanalso
providediverseknowledgethatcanspeedupthelearningprocess,leadingtoagreaternumberof
newproducts (Lauetal.,2010).The involvementof suppliers in the reconfigurationcapacity is
alsoassociatedwithtransactioncosts,suchascontracting,monitoring,andenforcement(Dyer&
Singh,1997;Williamson,1985),aswellasotherrelatedcosts,suchascoordinationcosts(Daset
al.,2006).Mayer(2006)emphasisedthatsupplierinvolvementmaygenerateadditionalspill-over
effectsthatextendbeyondthedirectcostsandbenefitsofthesuppliercontract.Supplierinvolvement
alsoprovidestechnicalknowledge,orknow-howthatisappliedintheproductionenvironmentto
improveanorganisation’sabilitytoprovideproductsandservices.Accordingtotheliterature,internal
involvementinNPDprocessisrelatedtotheheavyweightproductdevelopmentmanagementrole
which includes real authorityofproductdevelopmentmanagersoverpersonnel; the final say in
budgetdecisions,enoughinfluencetomakethingshappen,andinfluenceacrosstheorganisation
(Clark&Fujimoto,1991).

2.2 Micro-Foundations of Dynamic Capabilities
2.2.1 Sensing Capacity
In our new performance assessment model, we therefore include the following three areas for
assessing a firm’s sensing capability: search for new technology, voice of customer forum, and
supplierinnovation.Thereisagenericwayscompaniesacquirenewtechnologieswhichissearch
fornewtechnologies(Teece,1986;Pisano,1990;HayesandWheelwright,1984citedinPenget
al.,2008).ThesuccessofNPDprojectsistrulydependsonunderstandingofuser/customerneeds.
CustomerinvolvementinNPDprocessensuresthatthefeedbackofcustomersishighlyimportant
intheinnovationprocesswithinanorganisationatanearlystageofNPDprocess(Lauetal.,2010).
Frontlineemployeesputeffortsinfrequentinteractionwithpotentialcustomersonadailybasis(Swink
etal.,1996).Inmanyindustries,buyingfirmsdonotonlyrelyonthemanufacturingcapabilitiesof
theirsuppliers,butalsorecognisethat“suppliershavebecomeanincreasinglyimportantsourceof
productandprocessinnovation”(Azadegan&Dooley,2010,p.488).Theimportanceofsupplier
innovation necessitate the auto manufacturers to motivate their suppliers to share essential land
requiredtechnologicalknowledge(Wagner&Bode,2014).

2.2.2 Seizing Capacity
OurnewDCperformanceassessmentmodelintendstoassessseizingcapacityfromthefollowing
areas:inter-organisationcommunication,trust,managingcomplementsandplatforms,andproduct
architecture.Effectivecommunicationisfacilitatedthroughtheuseofopen,informalchannelsof
communicationfordevelopingandleveragingtacitknowledgewhichleadsfirmstogainsustainable
competitiveadvantage(Nonaka&Tekeuchi,1995;Badiretal.,2009).Theeffectivecommunication
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istheresultofopenly,timely,accuratelyandsensitivetransformingformalandinformalinformation
andtacitknowledgebetweenSCandNPDstrategicpartnersthatimprovethequalityoftheirproducts,
reducecustomerresponsetime,andincreasecostsavings(Chenetal.,2004;Paulrajetal.,2008).
Trustasdecisionisahighlevelattributebetweenasupplier,andmanufacturerismeasuredinterms
ofco-location,personalrelationship,auditingthesupplychainforcontinuityofsupply,capacity,
qualitystandardsandprocesscapability,andcomplainthandling(Goffinetal.,2006).Moreover,trust
inthisstudyismeasuredbytheco-locationwhichmeansthatsupplierswillhaveateaminplaceat
acustomer’sR&Dcentres,workingsidebysidewiththedevelopmentengineers.Theco-location
hasshort-termandlong-termbenefitsincludingcurrentNPDactivitiesandsustainablecompetitive
advantage,respectively(Ragatzetal.,1997;Chenetal.,2010).Trustisalsoassessedbypersonal
relationshipsuchasanintensiveandfamiliarcontactbetweenthesupplierandmanufactureatthe
humanlevelorformal, impersonalandsuperficialbetweensupplierandmanufacturer(Goffinet
al.,2006).Finally,trustismeasuredbythecomplainthandling,whichmeansthatsuppliersaccept
faultsinaproductandreactquicklyorslowly,andthemanufacturerhastoconvincethesupplier
thattheproductisfaulty(Goffinetal.,2006).Complementaryassetisabundleofknow-howand
facilitatesthesuccessfulcommercialisationofatechnologyinnovationthatallowsorganisationsto
captureprofits(Teece,1986).Tomanagefirm’sboundariesandcomplements,theimportanceof
outsourcingdecisions(make/pseudomake/buydecisions)needtobetakenintoaccount.Oneclass
ofspecialisedcomplementaryassetssuchasdesignformanufacturer(DFM)isusedforreducing
productchangeovercostsandprocessvariability,therebyimprovingbothproductivityandproduct
quality(Swink&Nair,2007).Thecalibratingassetspecificityexplainedbythespecificationsofassets
isaproductionengineeringrequirementinmanufacturing,whichgenerallyhasconsiderationssuch
ascomponentsize,machiningparametersandprocesscapability.Thecontrollingbottleneckasset
isassessedbytheloadversuscapacitystrategiesthatareusedtoanalysecustomerdemandagainst
plantassetcapacity.Theadaptationofadvancemanufacturing technology(AMT) in theprocess
innovationsislikelytobegovernedbytheappropriabilityregimewhichdependsonthefeatures
ofpreviouscoreexperienceandtacitknowledgeinprocesscapabilities(Teece,etal.,1997).The
productmodularityhelpacompanytocreatevalueforcustomersandinturnmakeprofit.Ulrich
definesproductarchitectureas‘‘theschemebywhichthefunctionofaproductisallocatedtophysical
components’’(Ulrich,1995,p.419).Productmodularitydealswithanumberoffeaturesofproduct
components,includingcommonality,reusabilityandstandarisation(Lauetal.,2009).

2.2.3 Reconfiguration Capacity
Internallearningreferstothetrainingofemployeesatdifferentfunctionallevels(Huangetal.,2008).
Thelearningreferredtotheprocessthatprojectteamgenerateorobtainknowledgeinperforming
NPD activities through acquiring, processing, and assimilating information (Chen et al., 2010).
Furthermore,creatingastrongnetworkidentityfacilitatesmultidirectionalknowledgeflowsusing
supplierassociation,consultingteams/problem-solvingteams,voluntarylearningteamsandinter-
firmemployeetransfers(LawsonandPotter,2012).Thelevelofincentivesformotivatingmembers
toparticipateinNPDactivitiesandopenlysharevaluableknowledgewhilepreventingundesirable
spill-overtocompetitorsandefficientlytransferknowledgebothexplicitandtacitisusedtoassess
knowledgesharing(Dyer&Nobeoka,2000).OneofthewaystotransferknowledgeinNPDprocess
isjobrotationspecificallyrotatingmanagersthatutiliseaknowledgesharingmechanism(Pagell,
2004).Finally,teamdedicationisanotherwayofknowledgesharingthatteammembersarecommitted
toconductNPDactivities,contributingtomeasuringtheknowledgesharing(Chenetal.,2010).
Governancemechanismisanenablerofknowledgesharingthroughresourcesharing,goalcongruence
andnon-disclosureagreementsinordertoeasethetechnologicalknowledgetransferwhileprotecting
intellectualpropertyrightsfromspill-overeffects((Luo,2000;Teece,2007;Cao&Zhang,2011).
Resourcesharingismeasuredbyusingcross-organisationalteams,sharingtechnicalsupportsand
equipment(e.g.computers,networks,machines)andpoolingfinancialandnon-financialresources
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(e.g.time,money,andtraining)betweencompanyandSCpartners(Cao&Zhang,2011).Resource
sharingisalsoassociatedwithsignificantcostadvantageandcompetitiveadvantagethroughcost
positionordifferentiation(Porter,1985).Goalcongruenceisassessedbythegoalsandagreement
ontheimportanceofcollaborationandimprovementthatbenefitcompanyandSCpartnersthrough
workingtowardsthegoalsoftheSC(Cao&Zhang,2011).Autonomyreferstodecentralisationof
decision-makingpowertothosewhowillactuallycarrythroughthework,andalsorepresentsthe
abilitytodeviatefromadetailedplan(Das&Joshi,2007).Theseniormanagementstyleandauthority
ismeasuredbythelevelofinvolvementofseniormanagersthatdealdirectlywiththeworkforcerather
thanhavesupervisorsandteamleadersinplace,andalsothelevelofengagementandmotivation
offirm’semployeesandNPDteammembers.Teamempowermentisevaluatedbythedegreeofa
projectmanager’spowertomakedecisionsregardingresourceallocation,interimscheduletargets,
andotherproject-relatedmatters(Chenetal.,2010).

2.3 MCDA
MCDAhasbeenwidelyusedforvariousapplicationofbusinessmanagementthatcanbeappliedfor
performanceassessmentanddecisionmakingundermultiplecriteriaand/oralternatives(Sen&Yang,
1998;Xu&Yang,2001).MostoftheMCDAproblemsareassociatedwitharangeofalternatives
andsetofcriteriawithdifferentunitsandmeasurements(Xu&Yang,2003).MCDAtoolswhichare
commonmethodsforperformanceanalysisintheliteratureareexplainedtoanalysemulti-dimensional
performances.AmongMCDAmethods,simpleadditiveweighting(SAW)isreportedasoneofthe
mostpopulartechniquesbecauseofitstransparencyandeaseofimplementation(Velasquez&Hester,
2013).ThemainconcernsurroundingtheSAWisthatthismethodisopentocompletecompensability
andthelossoforiginalinformation(Belton&Stewart,2002).Weightedgeometricmean(WGM)
isanotheraggregationmethodthatovercomestheshortcomingoftheSAWmethodbyassigninga
greaterpenaltytotheaggregatedvalueofanalternativewhenthereisalowscoreassignedtoitforat
leastonecriterion(Velasquez&Hester,2013).However,acriticalassumptionoftheWGMmethod
isthateachcriterionhasanabsolutepowertodecidetheexistenceofanyalternative(Velasquez&
Hester,2013;Zhouetal.,2010).InAHP,theproblemisdefinedintoahierarchicalstructurebyhaving
thegoalatthetoplevel,criteria(andsubcriteria)attheintermediatelevels,anddecisionalternatives
atthelowestlevel(Saaty,1980;Sen&Yang,1998).However,asignificantlimitationofAHPis
therequirementforpairedcomparisonbetweentwoalternativesforeachcriterion/indicator(Sen&
Yang,1998).Sincetheaimofthispaperisnottoexplorethemosthighperformancecompanyon
DCortorankseveralcompaniesregardingtheirDCbuttheaimistogenerateapracticalassessment
methodtoenableacompanytoconductaself-assessmentandforthispurpose,theAHPmaynotbe
apracticalmethodwithoutanalternativeforcomparison(Sen&Yang,1998;Velasquez&Hester,
2013).Dataenvelopmentanalysis(DEA)isanonparametricfrontierestimationmethodologybased
onlinearprogrammingformeasuringtherelativeefficiencyofasetofcomparabledecisionmaking
units(DMUs)thatpossesssharedfunctionalgoals(Zhouetal.,2008;Velasquez&Hester,2013;Wong
etal.,2009).However,therearesomelimitationsforDEAthatincludethesignificanceoftheresults
whichdependsonwhethertheDMUsinthepeergroupsupporttherealbestperformersornot.This
isthecriticalissuethatavoidapplyingforDEAforDCassessmentwhichdependonalargenumber
ofcriteriasincegatheringalltherelatedinformationfromalargenumberofcompaniesisdifficult
(Velasquez&Hester,2013).Additionally,theassumptionofDEAthatoutputswillbeincreasedwhen
addingmoreinputsintotheprocessmaynotalwaysbecorrect.SimilartoAHP,DEAmaynotbea
practicalmethodforaself-assessmentwithinacompanywithoutotheralternativesforcomparison
(Velasquez&Hester,2013).TOPSISisanotherprevalenttechniquethatcanbeappliedforalarge
scaleproblemincludinglargenumbersofcriteriaandalternativestoscoreandrankalternativesbased
onselectingthealternativehavingtheshortestdistancefromthepositiveidealsolution(PIS)and
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thelongestdistancefromthenegativeidealsolution(NIS)(Velasquez&Hester,2013;Sen&Yang,
1998).Therearelimitationsconcerningthismethodthatincludetheinabilitytodealwithqualitative
criteriawhicharedifficulttoquantifyexactly(Huang&Li,2012).Finally,similartoAHPandDEA,
thecompositeresultissensitivetothegroupofalternativesbeingcomparedandtherefore,itmight
beapplicableforrankingalternativesbutnotforself-assessmentwithinasinglecompany.

Intheliterature,therearedifferentMCDAmethodswhichincludenon-compensatory,which
donotallowanykindoftrade-offsbetweentheattributesandcompensatorywhichallowstrade-offs
(Sen&Yang,1998).ERapproachisonethecompensatoryMCDAmethodsinwhichanattributeof
analternativeisbasedonthebeliefstructureandusedtohandleuncertaintieslikeabsenceofdata,
incompletedescriptionorrandomnatureofanattributeintheMCDAproblem(Xuetal.,2006).The
ERapproachhasbeensuggestedasaneffectivetooltoreasonablyintegratequalitativejudgements
with quantitative measures in complex and uncertain situations. Compared with other methods,
ERapproachusesabeliefdecisionmatrixforadistributioninsteadofasinglevaluetoshowan
alternative’sperformanceonanattribute.

2.4 Developing the DC Assessment Framework
Figure 1 illustrates the MCDA model of multi-dimensional DC assessment of manufacturing
companies,whichevolvesprimarilyfromandisintendedtooperationaliseaconceptualDCmodel
proposed by Teece (2007). This model is also the result of systematic analysis of the literature
reviewsonoperationmanagementscholarsinordertoshowthepreciseandcomprehensivecriteria
andmeasurementitemsforassessingtheDClevelofcompanies.ThisoperationalisedDCmodel
istestedonmultiplecasestudiesforthepurposeofperformanceself-assessmentofmanufacturing
companiesonDC.

Figure 1. MCDA model on DC assessment
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3. ReSeARCH MeTHoDoLoGy

ERapproachasthepowerfultoolinMCDAisconductedtocreatedataforcapturingtheperformance
scoreofDC.Thismeans that thedatageneratedasaverageperformancescores(%)forsensing,
seizingandreconfiguration.Assigningweightsandassessmentgradestotheattributesenablesthe
companiestoberankedandasensitivityanalysisoftherankingsisconductedtoverifytheeffectof
changeinweightsforeachcapacityandtheirrelevantattributes.Sincetheperformanceassessment
ofthecompaniesonDCusingMCDAneedtheweightsforeachcriterion,thequestionnairehasbeen
preparedusingLikertscaleforgeneratingweightsofeachDCcriteria.Thefirstpartofquestionnaire
forDCassessmentisrelatedtodeterminationoftheweightsofthecriteriausingtheLikertscalefrom
1to5toratetherelativeimportanceofitemsanditsrelevancetothetopattributes.Thetranslation
ofthescaleisdescribedbelow:

Scale1=Verylow/Notapplicable
Scale2=Low
Scale3=Medium
Scale4=High
Scale5=Veryhigh

The second part is to assess the relevant items for the DC assessment of the companies in
conjunctionwithdifferentNPDprojectscompletedduringlastthreetofiveyears.Thequestionnaire
wassenttotherelevantpractitionersinindustriestoexpresstheirjudgmentsfortherelativeimportance
ofcriteriaandsubcriteriaforthesakeofaggregatingdataforDCassessment.Itiscommonthat
eachattributeisofdifferentimportancetoitsupperlevelattribute.Theresultsfromtherespondents
concerningtheweightsofeachcriterioninsertedintoIDSinthesectionofweightelicitationusing
visualscoringmethod.Table1showsthatrespondentsordecisionmakerswiththeknowledgeofSC,
NPDprojectsandperformancemeasurementsystemsparticipatedinthesurveyandtheiranswers
werecollectedandanalysedinordertoprovidedatainIDSsoftwareusingvisualscoringmethodto
calculaterelativeimportanceofsensing,seizing,reconfigurationcapacities.Theweightelicitation
processwasconductedonApril2015.

The relevant respondents completed the surveysonApril andMay2017 for thepurposeof
performance assessment of companies on DC framework through MCDA. Their answers were
extractedandanalysedthroughrulebasedtransformationtechniqueandinsertedinIDSsoftware
fortheassessmentresults.TotalresponsesforDCassessmentthroughonlinesurveyis7.However,
anothersetofresponseswasatadifferentperiodoftimewhichwasFebruary2017andApril2015
whichprovidedotherresponsesthroughemailcommunication,intotaltherewere25responsesfor
DCassessment.Fortheself-performanceassessmentofthecompanies,theonlinesurveythrough
SurveyMonkeyhasbeendesignedandsentouttothem.Theautomotiveindustriesareoneofthose
industrieswheretheroleofthesupplierinconceptandengineeringdesignasthemainphaseofNPD
processesissoimportant.Whilethesetwophasesincuronly5-8%ofthetotalproductdevelopment
costs,thesetwoactivitiescommitor‘locked-in’in80%ofthetotalcostoftheproductanddecisions
madeearlyinthedesignprocesscanhaveasignificantimpactontheresultingproductquality,cycle
timeandcost(Ragatzetal.,1997).Allselectedcompanieswithdifferentcultureandstructurefor
managingtheirNPDprojectsbelievethatDCdevelopmentasastrategycouldbeimplementedto
assistthemtoenhancetheircompletiveadvantageandalsoimproveperformancemeasurements.In
additiontothis,thecompaniesaresimilaronfactorssuchastheimportanceofinnovationinmaterials,
productanddesignandachievingsustainabilitycompetitiveadvantagethroughDC.

TheIDSpackagethatfacilitatetheERapproachisusedforthecomprehensiveDCassessmentof
companiesthatprovidesastructuredknowledgebasetohelpdecisionmakersatthetoplevelofthe
companytomakejudgementsconcerningthestrengthandweaknessandalsotheareaofimprovement.
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TheIDSisaWindowsbasedsoftwaretoolbasedontheERapproach.Itisanevidence-basedprocess
andusesbeliefstructurestoprovidetheperformanceassessmentsofselectedcompaniesagainstDC
criteriaunderlyingqualitativejudgmentsandquantitativemeasuresunderuncertaintiesandsubjectivity
(Yang,2001;Xu&Yang,2005).Ifthesubcriteriaarestilltoogeneralandabstracttobemeasured,
theyshouldbebrokendownfurtheruntiltheyaremeasurable.Theprocessleadstotheformationof
acriterionhierarchy.IDSprovideuserfriendlyinterfacestodocumentthealternativesandconstruct
thecriterionhierarchyasdepictedinthefigure2.

IntermsofattributesandtheirassessmentgradesinIDS,thedefinitionoftheattributeincludes
thefollowinginformation:itsname,whetheritisqualitativeorquantitative,ifqualitativehowmany
gradeswillbeusedtoassessitandwhatarethenames,meaningsandutilitiesofthegrades.This
hierarchicalstructurecanbechangedwhenevernecessary;existingattributescanbedeletedandnew
attributesaddedanywhereasrequired.Dependingonpracticalappropriateness,differentattributes
mayusedifferentgrades.FortheOverallDCcriteria,thefollowingfiveevaluationgradesareused
{Worst,Poor/Bad,Average,Good,Best}.

ElicitationofpreferenceofdecisionmakersisanotherstageinIDSwhichisconcernedwiththe
preferenceorriskattitudemeasurementofdecisionmakerstowardstheperformancesofanalternative
oneachcriterion(Yang,2001;Xu&Yang,2001).Themeasurementisconductedbyusingacommon
scale,normallybetween0and1,where0referstotheleastand1themostpreferredlevelsofa

Table 1. Positions of respondents of manufacturing companies for weight elicitation

Decision Makers (DMs) Positions

DM1 R&DManagerfromCumminsInc.,USA

DM2 ExecutiveDirectorfromCumminsPowerGeneration,USA

DM3 GeneralManager,ProductPlanninggroupCumminsPowerGeneration,USA

DM5 ExecutiveVicePresident-Quality&ContinuousImprovement-Rolls-Royce(R-R)
AerospaceDivisionGlobalSupplyChainfromRolls-RoyceAerospace,UK

DM6 ProductionEngineeringManager,PowertrainManufacturingEngineering,Jaguar
LandRover,UK

DM7 ToolingEngineer,JaguarLandRover,UK

DM8 ManufacturingEngineer,JaguarLandRover,UK

DM9 Principal,JaguarLandRover,UK

DM10 ManufacturingEngineerMachining,JaguarLandRover,UK

DM11 PrincipalEngineer–Gauging,Jaguar,LandRover,UK

DM12 ProcessEngineering,JaguarLandRover,UK

DM13 ForwardPlanningEngineer,JaguarLandRover,UK

DM14 ProjectCoordinator,JaguarLandRover,UK

DM15 ToolingEngineer,JaguarLandRover,UK

DM16 ManufacturingProcessEngineer,JaguarLandRover,UK

DM17 SeniorProductionController-supplychainmanageratNissanMotorManufacturing
Ltd.,UK

DM18 DirectororManufacturingEngineeringatLamResearchcompany,USA

DM19 ProductionManagerfromGMNAerospace,USA

DM20 GeneralManagerfromVolvoConstructionEquipment,USA

DM21 GroupTechnologyManageratTheManufacturingTechnologyCentre(MTC),UK
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performance,respectively.Suchacommonscaleisreferredtoasutilityfunctionindecisiontheory.
Throughtheuseofutilityfunctions,alternativeoptionscanbeassessedoneachcriterionusingits
ownmostappropriate scale firstand then theassessmentsare transformed to thecommonscale
(Yang,2001).IDShassuchinformationtransformationproceduresbuilt-intoensurethat,although
differentassessmentgradesareused,decisionmakers’preferencesareequivalentlypreservedinthe
transformationprocessesandproperlypresentedintheaggregatedoutcomes(Xu&Yang,2001).

Inevaluationgradesystemandconvertgrades,thethreesetsofgradesaredifferentinnumbers
andwordings.WhenIDSdetectssuchdifferencesingradedefinitionsbetweentwolevelsofattributes,
itwillprompttheusertoconvertthegradesoflowerlevelattributestothoseoftheassociatedhigher
levelattribute(Xu&Yang,2003).Theconversioncanbeconductedusingtheruleorutilitybased
informationtransformationtechniques(Yang,2001).Iftheuserdoesnotwishtoconducttheconversion
himself,theIDSwillconducttheconversionbasedontheassumptionthateachsetofthegradesis
evenlydistributedintheutilityspace(Xu&Yang,2005).Therulebasedtransformationtechnique
intheIDSsoftwarehasbeenappliedinordertoconvertthedefinedandappropriateevaluationgrade
foreachDCcriteriaandsub-criteriaintotheoriginalevaluationgradesystemthatareusedas{Worst,
Poor,Average,Good,Best}.Eachevaluationgradeoftherelevantcriteriainthequestionnairehas
beendefinedwith respect todefinition,nature and the interviewee’s evidence.Thisprocesshas
beendefinedforeachcriterionintheIDSsoftware.Alltheresponsesthathavebeencollectedfrom
DCsurveys,havebeenanalysedandextractedintoExcelsoftwareforthesimplicityandthenthe
transformationhasbeenconductedintheIDSsoftware.

For example, to assess investment in new technological development, the involvement of
suppliersatanearlystageofproduct-proceedingtechnologicaldevelopmentasDCsub-criteriahas
beenevaluatedwiththreeevaluationgradesofextensivelyusedthatisequivalenttobest,usedto
someextentwhichisequivalentto0.2poor/badand0.8averageandfinally,notusedisequivalentto
worst.Inthedefinitionofevaluationgradeassessment,theutilityvalueofeachgradeintheIDShas
alsobeendefinedas1forextensivelyused,0.5forusedtosomeextentand0fornotused.InIDS,
themeaningofeachmeasurementitemneedstobeclearlyspecifiedbythepractitionersorliterature
reviewinordertoassigntheappropriateevaluationgradeandtransformation,aswell.Themain
issuesurroundingthelimitationofIDSthatemployERapproachisthatthemainassumptioninthe
MCDAanalysisusingIDSisthatassessmentsoncriteriaareindependentofeachother.However,
generalinterdependencybetweencriteria,otherthanindependencyprovideadeeperinsideforDC
assessmentofcompanies.

Figure 2. IDS main window and the DC approach criteria hierarchy
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4. ReSULTS AND DISCUSSIoN

4.1 Relative Importance of DC Attributes
Figure3showsacomprehensiveviewoftherelativeimportanceofallDCattributes.Inthisfigure,
thesensingcapacitywith3.8outof5istheareathatneedstobetakenintoaccountforimprovement.
Therelativeimportanceofseizingcapacityandreconfigurationcapacityisatabalancedlevelwith
4outof5.Inthesensingcapacity,themostimportantcriteriaarethevoiceofcustomerandsupplier
innovationwithsignificantimportanceofengagementofthefrontlineemployees.Fromtheother
side,thesupplier’scapacityandflexibilityreceivedaminimumvaluefortheweightof3.54.Inthe
seizingcapacity,managingcomplementandplatformandthenthelevelofproductmodularityis
onthehighestlevelofimportancewith4.2and4respectively.However,inspiteofthesignificant
importanceoftrustandcommunication,thesetwocriteriaareontheminimumlevelofimportance.
Thesurprisingpointwouldbethehighestlevelofimportanceofcompanyhandlingthatbelongsto
measuringtrustwith4.45.Inthereconfigurationcapacity,thenon-disclosureagreementthatisused
forassessinggovernancemechanismshasthehighestvalueofrelativeimportancewith5outof5.
ThegovernancereceivedthelowestweightcomparedwithotherDCattributesinthemodel.Finally,
knowledgesharingisthemostimportantcriterionwithsignificantattentionontheroleofinternal
andexternallearningfollowingwithteamdedication.

4.2 Performance Analysis on DC Assessment
Inthissection,thevigorousself-assessmentresultsthroughIDSsoftwaretool,ensurecompaniesthat
theassessmentoutcomesarereliableandrobustandtheresultscanbeinterpretedatanyleveland
onanycriterion.Suchanassessmentprocessalsoenablecompaniestoidentifytheareaofstrength
andweaknessforcontinuousperformanceimprovement(Xuetal.,2006).Inthefollowingfigure
andtables,CompanyAisAmerican(motormanufacturing,vehicleandenginemanufacturingand
providesengineforindustrialtransportation,heavytrucksandequipmentformovement);Company

Figure 3. Weighted DC assessment framework
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BisEuropean(motormanufacturing);CompanyCisJapanese(motormanufacturing);Company
D is European (Aerospace and manufacturing) and Company E is American (Aerospace and
manufacturing).ThefollowingsectionsincludethediscussiononperformanceimplicationofDC,
itsdimensionsandbeliefdistributionassessmentofDConselectedmanufacturingcompanies.Each
sectionsummarisesthekeylearningpointsfollowingwiththerelevantevidencescollectedbythe
respondentsofeachcompanytoexplainandinterpretthevaryingMCDAresultsonDCassessment.

Accordingtothecomparisonoftheresultsdepictedinthetables2,3,4and5,theACompany
ishighestonseizingcapacitywiththebelieddegreeof73.65percentagebestcomparedwithsensing
andreconfigurationcapacities.Thecompanyisweakonreconfigurationcapacitywith2.88percentage
worstandthisistheareaofimprovement.Similarly,theothercompanynamedBishighestonseizing
capacitywiththe45.51percentagebest.However,thiscompanyisthehighestinsensingcapacitywith
52.13percentageaverage.Theareaofimprovementforthiscompanyissensingcapacityalthoughthe
CCompanyishighestonsensingcapacitywiththebeliefdegreeof33.88percentage,thiscompany
hasthe51.56percentageworstonthiscapacitywhichtotallyshowsthatareaofimprovementfor
thiscompanyissensingcapacity.Inadditiontothis,theCishighestonseizingcapacitywith46.83
percentageaverage.Dcompanyisstrongonsensingcapacitywithadegreebeliefof42.48percentage
best.Moreover,theDishighestonseizingcapacitywith61.32percentageaverage.Therefore,the
areaofimprovementforthiscompanyisreconfigurationcapacity.Finally,theEcompanyishighest
onsensingcapacitywith35.27percentagebestonsensingcapacity.Intermsofaverage,thiscompany

Figure 4. Performance scores of DC on selected manufacturing companies

Table 2. MCDA results on DC assessment (%)
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ishighestonseizingcapacitywitha76.79percentagebeliefdegree.Thiscompanyneedstoleverage
itsresourcesandinvestheavilyinreconfigurationcapacity.

Ashighlightedbythecompany’srespondent,‘‘High volume of NPD / NPI and manoeuvrability’’
iscommonplaceandkeyfactorwhichshowshighlevelofDCforAwhichhasbeenillustratedinthe
table2.Sensingandseizingcapacityhavebeenachievedhighscoresasgenerally‘‘overall volumes 
are static and there is a high correlation between ‘new OEM build volume’ and ‘After Market volume’. 
Full time team allocation to NPD due to volume of projects and on-site test facilities, assembly 
processes and CAD modelling technology which give a high level of autonomy in NPD are the main 
reasons that whyAis high on NPD performance (Effectiveness and Efficiency)’’.Accordingtothe
table1,sensingcapacityinAishighbecausethereisaneedforalargeamountofcapitalandfunds
todevelopproductproceedingtechnology(PPT)forinvestinginnewtechnologyinordertoaddress
solutionsfornewtechnologies.Infact,manufacturingcompanieswillbeabletoachievecompetitive
advantagebyhowmuchtheyinvestinresourcestodevelopnewproductsinshortperiodoftime.

Table 3. Belief distribution assessment of selected companies on sensing capacity (%)

Table 4. Belief distribution assessment of selected companies on seizing capacity (%)

Table 5. Belief distribution assessment of selected companies on reconfiguration capacity (%)
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Accordingtotherespondent’sviewofA‘‘…we do it right at the first time, at the right cost and with 
the right quality’’.TheimportanceofupfrontPPTtechnologydevelopedbyAforfuelconsumption
reduction,noiseattenuationanddurabilityisanotherkeylearningpointthatunderpinnedthehigh
levelofsensingcapacity.Aisalsostrongonsensingcapacityduetoidentificationandanalysisof
theriskandfailuresstatedbytheexistingcustomersandmeetthelatestcustomerrequirementsin
anearlydesignstageofNPD.AsexpressedbythechiefexecutiveofA,‘‘…Our customers were the 
US Army soldiers and they were frequently involved by helping us to define the design requirements 
as well as to help us figuring out the typical failures they experienced with their previous product. 
Also learning upfront their critical needs helped us to propose a design that would pass their 
requirement at the early stage of the design’’.ThecompanyalsomakesuseofVOCforumstobuild
sensingcapacity.AccordingtotheevidencecollectedbyoneofrespondentsofA,‘‘the company 
always keeps the design team members updated on changing customer tastes and requirements and 
reduces the high degree of uncertainty accompanying new applications in the industry’’.Thelevel
ofsensingcapacityinAishighduetodevelopingprototypetestingprogramsandinvolvesuppliers
earlyintheprocess.Ashighlightedbyrespondent,‘‘...involving Vendors early in the process was 
extremely important for the success of the program’’.

Accordingtothetable2andfigure5,Aisalsostrongonseizingcapacitybecauseofhighlevelof
inter-organizationalcommunication.Thereisevidencethat‘‘...more modern communication systems, 
video conferencing plus engineering tools to do more simulation and less real tests (too expensive) 
...was the constant communication process amongAand the Army reviewing the program, its progress 
and outcome. This was the way to avoid surprises in both sides’’.Furthermore,Aisstrongonseizing
capacityastherearealwaysclearpartnershipupfronttransparency,systemsintegrationcapability
andpeople’scapabilityandethics.Also, there isalwaysa levelof interdependencybetween the
twoentitieswhichmakealongtermrelationship.Accordingtotable2,thelevelofreconfiguration
capacityinAishighwhichcanbeexplainedbythehighlevelofinternalandexternallearningand
trainingespeciallythroughE-learningcoursestoemployeesandchannelpartners.Furthermore,the
companymainlyfocusonclearperformancemanagementsystemmonitoringemployeeperformance
andtheirindividualdevelopmentrequirements.Therebyhavingprogrammesinplacetodeveloppeople
dependsontheirskillsandcapability.Accordingtotheviewofoneofrespondents,‘‘the company 
has a structured NPD process, with key deliverables, metrics and management gates’’.Finally,the
levelofencouragingemployeestomakedecisionsandsuggestionsforimprovementofprocessand
productsishigh.‘‘Employees also identify areas of improvement as part of kaizen technique, and 
other improvement programs’’.

Asshowninthetable2,theperformancescoreofBontheDChasreceivedthesecondranking
of65%whichisquiteclosetoD’sscoreof64%.Intermsofsensingcapacity,futuresuccesswill
bebasedonacontinuousprocessofanticipatingnewmarkettrends.Inadditiontothis,thestrategic
planandproprietaryscenario-mappinghelpthecompanytoidentifythebiggestandfastest-growing
opportunities in the industry.Thecompany is alsocustomer focused,whichmeansbringing the
VOCintothebusinessbyaskingmorecustomersthaneverbeforetogivetheirfeedbackandby
implementingarecordnumberofnewdevelopmentsasaresultoftheirinput.Customersareengaged
throughouttheproductcreationanddevelopmentprocessestoensurethatallproductsmeettheirneeds
andexpectations.IntermsofseizingcapacityinB,thespeedofadoptionofnewtechnologieswill
dependontheinteractionbetweenconsumerdemandandregulation,leadingtogreateruncertainty.
IntermsofreconfigurationcapacityinB,theassimilationofbestpracticesfrompriorexperience
andexternalbenchmarking,facilitatingcontinuousimprovementyearon-yearisanotherimportant
aspectofreconfigurationcapacity.InreconfigurationcapacityinB,everyemployeehasbeenaskedto
contributeandtogenerateideastoimprovehoweveryoneworks.Accordingtotheviewofcompany’s
respondent,theconsiderationofmarketsegmentanditsimpactontheTTMisveryimportantfactor.
Infact,themarketsegmentfollowingwithtypeoftechnologycyclethatneedtobeappliedforNPD
projectsexplainthevaryingresultsandwhatdifferentiatethecompanywithothercompetitors.As
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highlightedbytheBcompany’srespondent,‘‘70-80% of vehicle technology can be generic with often 
a small amount specific to the company or model. Car companies routinely have core platforms that 
generate multiple models. I.E. a small car platform and a large car platform. This is the strategy we 
use atBand many other automotive companies’’.Goodcompaniesaretheonesthathavelongterm
technologicaldevelopment.CulturalelementisanotherkeyfactorthatdistinguishestheEuropean
companiessuchasBwithothercompetitorslikeCasJapanesecarmanufactureronDCandNPD
performanceresults.Indeed,Japanesecompaniesfocusonmarketingandcustomersatisfactionheavily.
ThiscanbeareasontoshowthehighlevelofNPDeffectivenessofC.Theotherkeydifferentiator
factoristheapproachthathowmuchresourcescompaniesneedtoapplytotheNPDprogramme
development.Asexpressedby respondentofBcompany, ‘‘...Western companies likeDuse this 
approach quite often to have upfront investment to get it right rather than spending so many times at 
each NPD gate which effect on cost, time and quality negatively’’.Therearemorekeydifferentiator
factorswhicharebasedontechniquesbetweenWesternandJapanesecompaniesincludingKeretsu;
Kentou;andSimultaneousEngineering.AsexpressedbytherespondentofBcompany,‘‘in practice 
western companies endeavour to copy these techniques but have never achieved the integration that 
the Japanese have’’.

Asillustratedinthetable2,theperformancescoresoftheseizingandreconfigurationinCare
higherthansensingcapacity.ThismeanthatCisalsostrongonreconfigurationbecausecontinuous
improvementinthisJapanesecompanyisquitestrong.CisthelowestonDCandthereasonhas
beenexpressedbythecompany’srespondentthat‘‘as project changes are minimal unless vehicle 
safety EURO NCAP is compromised. Project changes often affect external supply chain greatly as 
bought out parts (BOP) in automotive is very high, therefore a project change can impact multiple 
suppliers which can compromise trial and start of production (SOP) timings’’.Accordingly,sensing
andseizingcapacityscoresarelow.Thisisduetothisfactthat‘‘as volumes and market trends are 
very volatile and company business models strives towards build to customer order’’.CCompanyhas
thelowestscoreof46%ontheDCperformanceasdepictedinthetable2.Thiscanbealsoexplained
bythefactorssuchasitslowerlevelofR&Dinvestmentthanothers,asChasmostlyfocusedonthe
engineeringprocessandtoomanyofitsresourceshavebeendevotedtotheengineeringprocess.
Accordingly,oneofrespondentsexplainedthat‘‘Cfocus more on engineering and manufacturing 
process and less time is devoted on focusing on marketing and new model instruction.Furthermore,a
lackofsignificantdirectcontactwithcustomers,andlowlevelsofcommunicationandcoordination
betweenengineeringandproduction sometimes lead toproblemsofdesignmanufacturability in
C(Clark&Fujimoto,1991).AccordingtotheevidencecollectedfromC,‘‘there are no external 
customer involvement and only internal employees as customers at vehicle trial stage. WithinC,the 
target customer range is very wide on any platform size. However, the vehicle offering is very narrow 
on small, medium and large vehicles’’.

AccordingtotheTable2,theDcompanyhastherelativelyhighlevelofsensingcapacitywith
ascoreof77%andthenseizingcapacitywithascoreof65%.ThereconfigurationcapacityinD
isaveragewithascoreof52%.Inthesensingcapacity,Disalignedtoanadvancedmanufacturing
resourcefacilitytotapprocessesanddevelopmentsinexogenousscienceandtechnology.Moreover,the
companymakesuseofVOCforumsstronglyinordertogetexternalmarketfeedbackandperformance
criteriaagainsttheprototypeproduct.Dhasarelativelysmallpoolofexistingendusercustomers;
however,thesehavemanyrangesofairframesizestoofferproducts.Asstatedbyonerespondents,
‘‘usually new customers already fit within the scope of an existing product frames size.’’Thestrong
marketposition,highlyfocusedonresearchanddevelopment,diversifiedrevenuesandwide-spread
geographicpresence,arethekeyfactorsinfluencingthestrengthoftheDonsensingcapacityand
seizingcapacity.InD,mid-rangescoreonDChasbeenexplainedbythecompany’srespondentfrom
internalsupplychainperspectives.‘‘The company is low volume production in comparison toCand
A.Dynamic movement on projects usually entails a change in a new piece of technology, i.e. machine 
tool functionality however, additional cost are amortised against a relatively low volume of products. 
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NPD projects that are born out of engine efficiency improvements (majority are for aerospace), may 
change during the CAD modelling or production trial phase, where design for manufacture is not 
100% guaranteed until parts have started to be produced’’.Astable2andfigure5show,sensingand
seizingcapacityscoresarebetterthanC.Thisisexplainedbytherespondentthat‘‘as volumes are 
fairly stable in aerospace, in the project phase the lead-time between concept and mass production 
is lengthy. As new products tend to give significant efficiency benefit to the engine and given the 
lead-time and associated costs of developing a new product, there are many stringent phases to the 
trials processes to ensure the project deliverables are achievable’’.

AccordingtotheTable2,theEcompanyhasachievedtheaverageperformancescoreof49%that
showsthelowlevelofitsDCbuthigherthanC’slevelofDC.Thiscanbeexplainedbythestrength
andweaknessofE.The levelof thebroadportfolioofproductsandservicesand thecontinued
focusonR&Dforthecompanyarelowerthanothercompanies.TheweaknessesofEarecustomer
concentrationandincreasedbusinessrisk,makingthecompanylowonDClevelcomparedwith
otherselectedcompanies.However,thecompanyhasastrongfocusonR&Dwhichstrengthensthe
sensingcapacity level.Thecompany’s focusoncustomer trust,collaboration,andexecutionhas
allowedthemtoincreaseopportunitiesbyaddressinganincreasingportionofcapitalspendingand
deliveringenhancedvaluetocustomers,employees,andstockholders.Thisincreasesthelevelof
seizingcapacityinthecompany.Finally,Ecompanyneedstofocusmoreontheknowledgesharing
routines, governance mechanism and autonomy inorder to increase the level of reconfiguration
capacity.However,thecompany’ssuccessdependsonrewardingpartnershipsthecompanyhasbuilt
withitscustomersandsuppliers,theachievementandcommitmentofemployeesworldwide,andthe
valuedsupportofstockholders.

Figure5showsthatAisthe1stbestwhichcanbeexplainedbytheevidencecollectedfrom
companythat‘‘Not surprised by the outcome withAscoring highest, as mentioned aboveAhave full 
time departments managing NPD and the flexibility / dynamic capability during NPD projects has 
more agility thanCandD.In terms of the product, this also lends itself to a more dynamic ability 

Figure 5. Belief distribution assessment of selected companies on DC



International Journal of Strategic Decision Sciences
Volume 11 • Issue 4 • October-December 2020

17

in terms of testing when compared toCandD.The validation of life cycle longevity of product in a 
Turbo Charger can be simulated in a matter of days however; testing the end product of an actual 
vehicle of gas turbine engine requires significant cost and resource to test’’. ‘‘Full time teams set up 
to work on NPD projects, dynamic capability for NPD / NPI projects is standard work within Turbo 
Charger business’’.

AccordingtotheFigure5,Cisthe3rdbestbutalsohighestworstscore.Aspreviouslymentioned,
‘‘Ctend to stay rigid with a project. They can bring a product to market quickly once the supply chain 
is set, but the dynamic capability is low’’. ‘‘No surprise at this scoreCand the automotive industry 
tend to stick with the NPD project, with only minor changes such as software upgrades and slight 
dimensional tolerancing changes.ThelevelofflexibilitywithintheprojectislessthanAorD,as
theproductsareinterlinkedwithmultipleexternalsuppliers.‘‘Ctend to regard a dynamic change 
with NPD as a new project, rather than flexibility within a current project’’.

AsillustratedintheFigure5,Disthe4thbestbuthighestaverageevaluation.Ashighlighted
byoneofrespondents,‘‘alternatives considered withinDthat drive dynamic capabilities are at a 
manufacturing level rather than a component level. The design is the design and will not be changed 
quickly. The manufacturing parameters, methods and processes can have alterations based upon results 
during the NPD project at trial production phases. So I would concur that D rank in betweenAand
Con this analysis’’. ‘‘Secondments teams set up for NPD projects. Ability to change a project mid-
flow is difficult because of the design integrations (effects on other components) and additional costs 
are amortised over a relatively low volume of components, therefore payback period is protracted’’

4.3 Sensitivity Analysis
Here,thesensingcapacityisgiventhelowerweightof3.80comparedwithseizingcapacityand
reconfigurationcapacityweights.Infact,thesensingcapacityisveryimportantforthecompanies
andthiscanbeaccountedasthemostimportantdimensionofDCforimprovingperformanceof
companies.Forthispurpose,astheweightsforthesensingcapacityincreasefromthegivenweight
(3.8)tomuchhigherweight,thentheaverageperformancescorefortwolargercompaniessuchas
DandEincreasesignificantly.Thismeansthat theareaofimprovementfortheseEuropeanand
Americanaviationmanufacturingsectorsneedstobeconsideredbasedonthemanagementpractices
thatrelatetothesensingcapacity.Astherelativeweightforseizingcapacitychangefromthegiven
weightof4 tomuchhighervalues,nosignificantchangesoccurredon theaverageperformance
scoreofalternativesonDC.Astherelativegivenweightof4forreconfigurationcapacityincrease
tomuchhighervalues,theaverageperformancescoreofthetwoselectedcompaniesofDandE
decreasesignificantly.Thismeansthattheareaofknowledgesharing,governancemechanismand
autonomyneedtobestrengthened.Basedontherelativeimportanceofthecriteriaobtainedfrom
therelevantrespondents,thekeyareasthatneedtobefocuseduponaresearchfornewtechnology
insensingcapacity,buildingtrustinseizingcapacityandautonomyinthereconfigurationcapacity.

5. CoNCLUSIoN

ThestudydevelopedacomprehensiveframeworkfortheassessmentofDCbyusingthemultiple
casestudiesinautomotivesectors.Theframeworkwasdevelopedandvalidatedbyinterviewswith
seniormanagersandchiefexecutivesandsupportfromrelateddocumentsandliterature.Theresearch
frameworkwasdevelopedbasedonspecificobjectives,concerns,andcharacteristicsoftheautomotive
companiesagainstmanagingNPDprojects.TheMCDAmethodandresultscanhelpmanagersto
gainmoreinsightandknowledgeaboutwhyfailurerateissohighinNPDprojects.Thepresented
DCmodelispowerfulformanagingNPDprojects,projectoverruns,anddefectrates.Themethodcan
providemanagerswithausefultoolwithwhichtoassesstheircompany’sstrengthsandweaknesses
inregardtotheperformancelevelofsensingcapacity,seizingcapacityandreconfigurationcapacity.
ThevalidatedMCDAframeworkcanhelppurchasingandR&Dmanagerstoleveragetheresources
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andknowledgeoftheirsuppliersandcustomersformanagingNPDprojects.TheMCDAmodelonDC
canalsoengagethemtointegratesuppliersintoNPDprojectseffectively,efficientlyandproactively.
TheoutcomeoftheMCDAmodelsonDCcanenablemanagerstoidentifytheareasofimprovement
formanagingNPDprojects,andachievesustainablecompetitiveadvantage.Thisstudyalsoattempts

Figure 6. The effects of change weights of sensing capacity on DC

Figure 7. The effects of change weights of seizing capacity on DC

Figure 8. The effects of change weights of reconfiguration capacity on DC
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toenhanceknowledgeonhowthesuccessofmanufacturingcompaniesinconjunctionwithNPD
projects/programmescanbeimproved.Theimportantmanagerial implicationis theability to let
seniormanagersaccess,select, integrateandcoordinateemergentlatest technologicalknowledge
intoexistingproductandprocessknowledgethoughmicro-foundationsofDC.

ThisstudyproposedtheDCassessmentmodelsasaholisticoperationalizedapproachthatcan
assistcompaniestoexplainhowtheyorganizetoexploittheirresourcesviasupplychainlinkagesto
delivercompetitiveadvantage,andalsohowcompetitiveadvantageiscreatedandsustained,especially
inrecentrapidlychangingbusinessenvironments.Theresearchfindingsprovideseveralguidelines
formanagers,particularlyintheautomotiveindustry,fortheeffectiveplanningandexecutionoftheir
NPDactivities.Thisstudyprovidesmanagerswithausefultoolwithwhichtoassesstheircompany’s
strengthsandweaknessesinregardtothethreeDCcomponents.Theproposedmeasuresprovide
abasisfordeterminingwhereadditionalinvestmentshouldbemadetoimproveacompany’sDC
componentsforthepurposeofperformanceimprovement.Managerscancreativelyleveragetheir
companies’DCcomponentsbyconceivingdifferentwaystointegratetheseDCcomponents.

Theanalysisofcompanies’strengthsandweaknessescanalsobedonelogicallythroughtheER
modelandthehierarchicalframework.Alogicalprocessofperformanceanalysiscanhelpmanagers
identifytheareaofimprovement.ItalsofacilitatesdecisionmakingrelatingtoDCassessment.The
modelscanbeappliedtoanycasesofmultiplecriteriaassessmentregardingDCdevelopmentand
firmperformanceatdifferentcontext.ThedevelopmentofDCthroughsupplychaincollaboration
whichisaggregatedviaamultidimensionalframework,canleadseniormanagersofmanufacturing
companiestoleveragingtheresourcesandknowledgeoftheirsuppliersandcustomers.Oneofthe
mainachievementsofthisstudyistheapplicabilityandvalidityofthetwogenericmulti-dimensional
DCandNPDperformanceassessmentmodelsformanufacturingcompaniestoconductperformance
self-assessment.

6. LIMITATIoNS oF THe STUDy AND SUGGeSTIoNS FoR FUTURe ReSeARCH

TheDCassessmentframeworksthataredevelopedandtestedinthemanufacturingcompaniesare
theplatformandfirststepforperformanceanalysisandimprovementofmanufacturingcompanies.
Further research needs to be conducted to consider DC assessment from all aspects of social,
technicalandenvironmentaldimensions.Thecomprehensiveandmulti-dimensionalaspectsofDC
helpcompanies tomakebetterdecisionsformanagingNPDprojects. It is important toconsider
much wider communication with different R&D managers and purchasing managers who have
knowledgeinNPDprojectsandSC.DuetotheimportanceofDCinperformanceassessmentfor
companiesatdifferentlevels,includingstrategic,tacticalandoperationallevels,respondentscanbe
groupedintohigherandlowerlevelsofpositionandresponsibilities.Infuture,performanceself-
assessmentshouldbeconductedatlargescaleinthesensethatmorerespondentswithknowledgein
DCperformanceassessmentshouldbeincludedinDCsurveytoachievemorerobustandaccurate
resultsforexaminingthecomplexinterrelationshipbetweenDC.Inadditiontothis,therelationship
betweenmicro-foundationsofDCshouldbetestedthroughlargescaledatacollectionandanalysis
usingstatisticalmethods.
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