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ABSTRACT

Thispaperintendstocapturetheattentionoftheleanresearcherstowardsashiftofprioritiesofthe
varioustechniquesimplementedinleananditsjourneyof40yearsintheglobalscenario.Inparticular,
thepaperfocusesontheimplementationofleantechniquesinIndiaunderthebannerofsustainability.
Thepaperfocusesonthreeindustries,atextileindustryrepresentingindustrialrevolution1.0,an
automotivesparepartsindustryrepresentingindustrialrevolution2.0,andanelectrical/electronics
industryrepresentingindustrialrevolution3.0,named‘A’,‘B’,and‘C’,respectively,andanalysesthe
prioritiesoftheeightbesttechniquesofleaninthesustainabilityphase.ThetechniquesareKaizen,
Poke-Yoke,5S,Kanban,Just-in-Time,Jidoka,Takt-Time,andHeijunka.Theindustries‘A’and‘C’
havePoke-Yokeasthemostcriticaltechniqueandhavebeenrankedonewhereasinindustry‘B’5S
emergesasthemostprolifictechniqueintheIndiancontextoftheseindustries.
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1. INTRoDUCTIoN

Themethodologyandoperationalaspectsofproductionintheindustrialworldhaschangedovertime.
Withthetransitionfromhandproductionmethodstonewmachinesandprocesses,thefirstindustrial
revolution(1760-1840)markedthedominanceoftextileindustriesintheworldscenario.Thesecond
industrialrevolutionbeganin1850’swiththeadventofsteel.(Firstformofmassproduction).The
industrialrevolution3.0(1969)sawtheemergenceofnuclearenergy,electronics,telecommunication
andcomputers.Theindustrialrevolution1.0improvisedwaterandsteamtoimproviseproduction,
thesecondintroducedelectricitytoinvokemassproductionandindustry3.0automatedproduction
byincorporatingelectronicsandinformationtechnology.Duringthesecondindustrialrevolution,
automotiveindustryalsocameintopicturebeginningwithcraftproductionfollowedinsuccession
bymassproductionimprovisedbyHenryFordaround1900.
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In1937,Toyotamadeitswayintotheautomotivesectorbutsoonfailedtoestablishitselfdueto
severalindigenousproblemsandconstraints,onebeingthenucleardestructionofWorldWarII.To
solvetheproblemofthisJapaneseautomotivecompanyitsownerSakichiToyodaandhisproduction
geniusTaiichiOhnostartedasimpleapproachtosolvetheirproblems.Thesesetofsmartruleswere
perfectionizedinover30yearsofshearhardworkanddiligencewhicheventuallycametobeknown
as‘LeanProduction’(JohnKraafcik,1988).Thisnewgenerationoperationphilosophyconsistedof
itsowntools,techniquesandpracticesblendingitintoanarttodotheworkwithbestperformance,
qualityandproductivity.Figure1illustratesthetoolsandtechniquesframeworkindeveloping‘Lean’.
Since1990,withthepublishingofthebook“TheMachinethatchangedtheworld”[Womack,Jones
andRoos]leanhastransformedworkstylesandlifestylesthroughouttheworld.Undertheparadigms
ofsustainabilityinvolvingthepillarsofsocial,economicandenvironmentaldimensions,leancanbe
agamechangertobringoutthebestofthesecriticaldimensionsofsurvivalthatgoverntheindustrial
world.Leancanbeappliedtoreducehumaneffort,inventory,workspaceandsimultaneouslyincrease
thevarietyanddiversityofproductswithaveryshorttimeframe.Thefeatureofleanasthe“warrior
philosophy’”canbringaboutthechangewithlimitedresourcesandworkforcewithmagicalelegance
to transformationofclean,greenandprosperoussocietyofmodern times.Thispaper intends to
concentrateontherankingofthebesteighttechniquesinprevioussixphasesofleanwithrespectto
theseventhphasecalled“Sustainability”usingtheGreyRelationalAnalysisTechnique.

Thepaperisorganisedintosevensections:ThesecondsectioncomprisesLiteraturereviewwhere
anindepthliteraturereviewdepictingthesevenphasesofleanwithdeepimplicationsandemphasis
onidentifyingtheeightbesttechniquesforleanimplementation.Theframeworkthatfollowsshow
thepositionoftechniquesinthescientificmethodparadigmandhelpstovisualizethestructureof
strategies,principlesandpracticesinaccordancewithlean.Themethodologyused,beingthefourth
section, is representedand thescaleused ismentioned.The fifthsectionof surveyandanalysis
comprisestheexpertopinionsandrankpredictionisestablished.Inthesixthsectionofresultand
discussion, theranksandtheir implicationsin thechosenindustriesA,BandCarehighlighted.
Thepaperconcludesprovidinganoveralldiscussionofresults,limitationsofthepaper,managerial
implicationsandfuturescopeofresearch.

1.1 Literature
Thoughtheprocessofleanproductionstartedin1950’s,yetittookfifteenyearstoestablishitself
tomaturitythroughrelentlessandconsistenteffortintheToyotaautomotiveindustry.Theliterature
wasnotgivenadriveuntil1971whenPeterDruckerdelvedintotheJapanesemanagementprinciples
inhismanuscript.ItwasageneralviewonJapanesework-philosophiesanddidnotspecificallydeal
withleanproduction.In1990,Womack,JonesandRoosforthefirsttimecameupwithabook“
TheMachinethatchangedtheworld”whichexplainedleanworkphilosophyanditscompetencein
crisissituationandhowitcanbeagamechangerinturningacompanyintonumberonestatusinthe
automotiveindustry.Thebookwasaresultoffiveyearsofresearchofalltheautomotiveindustries
aroundtheworldatthatpointoftimeandthecomparativeaccountoffadingmassproductionto
emergingleanproductionwasclearlyevident.Theterm“lean”alsowassuggestedbyaresearcher,
JohnKraafcik(1988)inMIT’sInternationalMotorVehicleProgram(IMVP).Itconferredtheideaof
“lessofeverything”intermsofworkspace,humaneffort,speedofproduction,quantity,qualityand
varietyofproductsproducedandresourcesutilizedinachievingtheseattributes.Thisliteraturereview
filtersallresearchpaperswhichcontaintheinvolvementoftechniquesinvariousdimensionsoflean.

1.1.1. Phases of Lean
Over the last forty years, lean has been studied and implemented in various dimensions called
phases.Tilldate,sevenphasesareidentifiedwiththeseventhonecontinuing.Wehaveconsidered
twentyeightscholarlyarticlestofindoutthebesteighttechniquesofLean.Theliteraturesurveyed
istabulatedinTable1.
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1.2. Discovery Phase (1970-1990)
Drucker(1971)wasthefirsttobringJapaneseworkmanagementcultureintolimelightalthough
methodswerenotelaborated.Withhispaper,aneedandscopetounderstandtheJapanesework
culture emerged. The effectiveness was still a question as methods were not known and the
underlyingphilosophywasyettobeunderstood.TheJapanesemanagementtendtomakedecisions
byconsensus,withcapabilitiestoadapttomultidirectionalsituationaldemands.Itreflectsonthe
diversifiedbalanceindecision-makingandflexibilityofthestrategy.Developingyoungpeople,job
enrichmentandinformalapproachbeingthekeyhighlightsofimplementationprocess,itsresults
wereoverwhelming.Sugimorietal.(1977)threwlightontheToyotaproductionSystemandKanban
systems.Theyhighlightedtheconceptsof‘JustinTime’and‘respectforhuman’.Onlynecessary
products,atnecessarytime,innecessaryquantityneedtobeproduced.Thepracticewaschallenging
asithasbeenmasteredbythecreatorsthemselveswithdiligentworkforovertwentyyears.Cultural
adaptabilitywasatimeconsumingandhecticprocessfortheworkforce.Themyththatproductivity
andqualitylevelsaredeterminedbyplantslocationwasbustedbyKrafcik(1988).Hecameupwith
afreshconclusionthatleancanbeimplementedinanyplantlocationwithoutbargaininquality,
productivityandperformance.Themajorhindrancewas thecomplexityof leanand theworkers
psychology to resist to themoredynamicworkcultureofdisciplineand skill.He identified the
primaryindicatorsofplantperformanceasproductivity,qualityandflexibility.Theplantsthatmost
effectivelybalanceproductivity,qualityandflexibilitytosuittheirparticularmarketnicheshavea
decidedadvantage.Corporateparentageandculturedoappeartobecorrelatedwithplantperformance;
theleveloftechnologydoesnot.

Table 1. Phases of Lean and best 8 techniques identification literature used

Lean Phases Period Literature

PhaseofDiscovery 1970-1990 Kraafcik(1988a)
Drucker(1971)
Sugimorietal.(1977)

PhaseofDissemination 1991-1996 WarneckeaandHuser(1995)
Berkley(1992)
WomackandJones(1997)

PhaseofImplementation 1997-2000 Kippenberger(1997)
CappeliandRogovsky(1998)
Green(1999)
Yinglingetal.(2000)
SpearandBowen(1999)

PhaseofEnterprise 2001-2006 FairrisandTohyama(2002)
Hines(2004)
Liker(2004)
DoolenandHacker(2005)

PhaseofPerformance 2006-2009 Takeuchietal.(1986)
Graff(2007)
Bainesetal.(2006)

PhaseofQuantification 2009-2014 Vinodhetal.(2012)
Achangaetal.(2012)
Ramachandranetal.(2013)

PhaseofSustainability 2014-2019 Cherrafietal.(2016)
Hartinietal.(2015)
Vanichchinchai(2019)
Basharetal.(2019)
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1.3. Dissemination Phase (1991-1996)
Berkley(1992)discussedtheimpactofmaterialhandlingbystudyingvariousmodelsforKanbanbuffer
capacitiesandperiodicmaterialhandling.Itprovidedthefinerideaofoperations,onecanalleviate
thelimitingtrade-offsincostandeffectiveness.AsstatedbyWarneckeaandHuser(1995),leanis
anintellectualapproachconsistingofasystemofmeasuresandmethodstobringacompetitivestate
inacompanyThesesetofstandardsneedtobemodifiedaseveryorganisationhasdifferentgoalsto
achievewithexistingset-ups.Inthelightofthechangingcircumstances,thepaperprovidesafood
forthoughttorestructuretheoutdatedproductionindustries.Thefeasibilityistheonlyobstruction
becauseofhighcostsorinherentlimitations.Anotherchallengeisworkerpsychologyasflexibility,
qualityandteamworkismisunderstoodascontrol,exploitationandsurveillancerespectively.

1.4. Implementation Phase (1997-2000)
Kippenberger(1997)reflectsleanthinkingasanantidoteto‘muda’orwastebutitsimplementation
istoodifficultinitscompleteshape.Aglobalscopetoleanthinkingisembodiedinhiswork.
Theonlydilemmaisitsacceptancelevelsandfearoffailureinnewscenarioofactivities.Cappeli
andRogovsky(1998)emphasizesthatemployeeinvolvementdrivestheindustrytoanewcurve
ofculturalfreedom.Inthehustleandbustleofdecisionmaking,successrateofgooddecisions
may be poor but immaterial as long as it improves for the better. Further, individuals will be
enthusiasticaboutdecision-makingpowerswhichcultivateasagentsofchangeandcontinuous
improvement.Incertaininstances,decisionsofsamescopemightbroilaconflictininterestwhich
mightdeterioraterelationshipsforwhichprofessionaldecorumwillcommandrespectwithinthe
organization.Yinglingetal.(2000)developedmathematicalmodelstoimprovethesystemsand
usedsimulationtoassessthebetterpotentialsagainstexistingones.Althoughmodelsarebased
oncertainassumptionswhose reflectionsarean idealstate, still thechances topredict for the
enhancedproductivity,qualityandperformanceincreases.Duringthisphase,difficultywasfound
inmasteringtheshop-floorprinciplestosuccess.

1.5. enterprise Phase (2001-2006)
FairrisandTohyama(2002)integratedindustrialrelationstoleanproduction.Theysuggestedlean
productionresponsibleforlabourmanagementco-operationandproductiveefficiencyofindustrial
relations.Amidstlackofinstitutionalmechanismsandreducedsafetyandhealthissuesasresistive
forces,workersjobenrichment,satisfaction,innovativelifestylepropelledthemtocontributetothe
wheelofprogressintheindustry.Hines(2004)emphasizedonthedevelopmentandlocalisationof
leanconcept.Lackofhumanintegrationandlimitedapplicabilityoutsidehighvolumerepetitive
manufacturingenvironmentswasevident.Toencouragevalueandcost,tacticaltostrategicdecisions
wereintegratedtosupplychainandnewproductdevelopmentendeavours.Liker(2004)highlighted
thepartnershipstobethelifebloodofsupplychainsofthescaledriven,technologyintensiveglobal
economy.Theemphasiswastobuildtrust,transparencyandloyaltytoachievetherelationshipgoal.
Leaneconomicgoalwastosetthetargetpricebasedonareason,notbymerewantsandneeds.Doolen
andHacker(2005)developedasurveyinstrumenttoassesstheimplementationof leanpractices
withinanorganisation.Itwaswellinferredthatchallengingconditionslimittheapplicabilityoflean,
sotheneedofasystemofevaluationwhichwouldactasabaseforconductingsurveyswascritical.

1.6. Performance Phase (2007-2009)
Takeuchietal.(1986)dealtwiththespeedandflexibilityinproductdevelopmentwhichrequiredhigh
effortfromtheprojectteam.LeanProcessandProductDevelopment(LPPD)isapropellingdesign
toenhancethespeedandflexibilityaspectsofproductdevelopment.Sometimes,contradictorygoals
withinthesameproductorprocessmaybeahindrancetothedevelopmentprocessalongwithits
adaptability.Graff(2007)concentratedonleanorganisationsandtheuseof“lessofallresources”
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thanthatusedbytheirtraditionalcounterparts.Itwasnevereasytoachieveandsustainintegrated
coherence.Workersalsolostfocusandthevisionofintegratedformat.Butitwasconfirmedthat
integratingandharmonisingthetotalimplementsofanorganisationcreatesthecompetitiveadvantage.
Bainesetal.(2006)suggestedthatnewproductdevelopmentis“thestateoftheart”ofleantoproduct
design,engineeringanddevelopment.Theresponsibilitiesofdesigncanbesegregatedintochunks
bycompetentindividualsforbetterinnovation.Humantendenciestowearoutandlackofpacein
workcannullifytheimpactoflean.Asaremedial,aChiefEngineershouldbeanableanddynamic
personalityofinfluencewhocantakebolddecisions.

1.7. Quantification Phase (2010-2013)
Vinodhetal.(2012)emphasizedtheuseofstructuralequationmodellingtodeterminethecritical
factorsinleanpracticestowardssuccess.Themodelsarebasedonassumptions(idealconditions),
sointerpretationshavetobeadjustedinpractice.Leanhasgotenormousnumberofprinciplesand
practiceswhichcanbeconvertedintoequations.Equationmodellingmostlyisindustryspecificor
processspecificandmaynotbesuitableuniversally.Achangaetal.(2012)developedadecision
support tool: The Fuzzy-Logic advisory system. Although the validation is difficult, the costs,
readinessstatus,levelofvalue-addtobeachieved(impact/benefits)studiedyieldsbettercontrol.In
thispreliminaryquantificationphase,heuristicrulesisimplementedwhichmaycreateambiguityin
furtherresearch.Ramachandranetal.(2013)solvedcomplexproblemsbytheuseofmulticriteria
decisionmaking.Everyaspectofhumanbehaviourandprocessescanbeputintothismethodof
decisionmaking.Itissubjecttothetrade-offthatamathematicaloutputmaycontradictahuman
conscienceinmakingaparticulardecision.

1.8. Sustainability Phase (2014-2019)
Hartinietal.(2015)studiedandanalysedvariousframeworkstobringaboutaclearconnectionbetween
leanandsustainabilitywithimprovedperformance.Theyfeltastrongandcompletearticulatedpicture
ofleanisyettobeproposed.Directionalinvestigationcanbecarriedoutonthetopicbasedonthis
analysis.Astrongissuemaybethevalidityandreliabilityissuesinactualoperatingenvironmentsof
suchtheoreticalframeworks.Cherrafietal.(2016)overviewedtheintegrationoflean,sustainability
andsixsigmamanagementsystems.Thisanalysisidentifiestimegapswhichwouldpropelresearch
innewandproperdirections.Theuncertainlargescaledomainofleanandsustainabilityisyettobe
revealed.Vanichchinchai(2019)exploredtheleanandsupplychainrelationshipsasanovelattempt.
Thesupplychaindynamicsmaychangewithdemandpatterns.Vastareasexisttobeexploitedinto
freshdimensionsofresearchinthisfield.

Theeightbest/ frequentlyused techniquesarechosen topredict their rank in threedifferent
industriesimplementingleanpractices(Table2).LeanwasdevelopedbyToyotaautomotivecompany
andhenceitstechniques.Inthispaper,wehaveselectedtheeightmostfrequentlyusedtechniques
asdepictedbyitscreatorslikeTaiichiOhnoandleanexpertslikeJ.K.Liker(2004)inhisbook“The
ToyotaWay”andPascalDennis(2016)inhisbook“LeanproductionSimplified”followedbyresearch
articlesusedforsurveyofliteratureregardingtechniques.

ThesetechniquesareasshowninTable2.

1.8.1. Framework
Theframeworkdepictsastructuredviewofevolutionofleanpracticesfromthesphereofscientific
method.Leanstrategiescomprisesoftwocomponents:toolsandtechniques.Toolsaredeveloped
fromthescientificapproachthatpropelthesystemtoeffectiveandefficientprocesses.Whentools
arevalidatedandbecomereliable,twoormoretoolsmaycombinetogiveastructuredworkmodule
calledatechniquespecifiedtoperformacertaintask.Proveninlong-termthesetoolsandtechniques
arereferredtoasPrinciples.Theapplicationandexecutionoftheprinciplesisnotalwayspossibledue



International Journal of System Dynamics Applications
Volume 10 • Issue 1 • January-March 2021

21

tovarietyofchangingcircumstances.So,principlesaremodifiedtohaveapracticalorientationtobe
termedaspractices.Thesepracticesenhancetheperformance,qualityandproductivityofthesystem.

ThebesteighttechniquesidentifiedforfirstsixphaseswereKaizen,poke-yoke,5S,Kanban,
Just-in-time,TakttimeandHeijunka(Figure1).Thispaperisanattempttorankthesetechniques
withrespecttotheseventhphaseofLeani.e.LeanandSustainabilityusingtheanalysistechnique
calledGreyRelationalAnalysis.

Table 2. Techniques and their meanings

SL Technique Meaning

1. Kaizen Continuousimprovementofworkpracticesandpersonal
efficiency.

2. Poke-yoke Mistake-proofingorabilityofmachinestodetectmistakes

3. 5S(sort,set-in-order,shine,
standardize,sustain)

Astabilizingstandard

4. Kanban Avisualtool/cardusedtoachievejust-in-timeproduction

5. Just-in-time Toproducerightitematrighttimeinrightquantity.

6. Jidoka Intelligentworkersandmachinesidentifyingerrorsandtaking
quickcountermeasures.

7. Takt-time Theactualtimetoperformaprocessorhowfrequentlywemust
produceaproduct.

8. Heijunka(Productionlevelling) Distributingtheproductvolumeandmixevenlyovertime.

Figure 1. Position of techniques in the paradigm of scientific method
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2. ReSeARCH MeTHoDoLoGy

2.1 Mathematical Method Used: Grey Relational Analysis
GreyRelationalAnalysistechnique(Deng,1982)isaneffectivemethodusedtosolveuncertainty
problemswithdiscreteinformation.ItissuperiortootherMultiCriteriaDecisionMaking(MCDM)
techniqueswhileanalysingqualitativeattributesconvertedintoquantitativescalevalues(Likertscale)
whicharetobenormalizedtodeterminetherelativeperformanceofattributes.Theopinionsinthe
problemofthisresearchproblemarediscretevaluesnumberedinLikertscale(1to7)whichareto
betransformedintomeaningfulinsightsunderuncertainty.Moreover,thetechniquesselectedfor
opinionsarequalitativeconstructswhicharetransformedintoquantitativeequivalentsusingscale
valueswithacertaindegreeofunpredictability.ThesefeaturesofGreyanalysisjustifyitssuitability
tobeselectedasthemethodforanalysingtheconcernedproblem.TheprocedureofGreyRelational
Analysisisasfollows:

STEP 1:Tabulatethe7-pointLikertscalevalues/opinionsoftheexperts(columns)andthetechniques
(rows)obtainedthroughastructuredquestionnaireabouttheimplementationofleantechniques
inindustriesA,BandC.

STEP 2:Addeachtechnique’sLikertopinionsindividuallyforalltheeighttechniques.(∑Xi(i=1
to12)).

STEP 3:FindtheGreyNumber.

GreyNumber=(∑Xi/n)

where‘n’isthenumberofexperts.

STEP 4:DividetheGreyNumberbymaximumscalevalue(7)toobtainthemaximumvaluein
scale(fromseven){Gijmax}.

STEP 5: Find thenormalizedvalue{Gij*=Greynumber/Gijmax). for all the techniques in a
particularindustry.

STEP 6:PredicttheRankbyobservationofthenormalizedvalue.(Highestvalue=Rank1;then
descendingdowntotheeighthwithlowestvalue).

STEP 7:Repeattheprocedurefordataofeachindustryunderconsideration.

TheGreyMethodissummarizedas:

∑XirepresentsthesumofalltheopinionsbasedonLikertscaleoutof84(max;7*12)
Gijisgreynumber(=∑Xi/12)
Gijmaxisthemaximumvalueinscale=7
Gij*=Normalizedvalue(=Greynumber/Gijmax)

AGreynumberisdefinedasthevalueofthesummationofall theopinionsforaparticular
techniquedividedbythenumberofobservers.Greynumberdividedbymaximumvalueofscale
givesnormalizedvalue.Thenormalizedvaluemultipliedbyweightageofeachexpertgivesthevalue
ofthe“technique”usedtopredicttherank.Here,asallexpertshavetenyearsandaboveexperience
theweightageofeachis1.Thus,thenormalizedvaluescandirectlybeusedtopredicttherank.

2.2 Scale Used: LIKeRT “7-Point” Scale
The Likert scale (Flynn et al.1990, Dawes 2008) is selected to address the problem as the data
requirementsareofintervaltype.Further,thereisaneedtosummateittopredicttherankofthe
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attributesforwhichthescalevaluesareassigned.TheLikertscaleinvolvesopinionsandthevalue
assignedtothem.VeryPoorwasvalued‘1’followedbyPoor’2’,Mediumpoor’3’,Fair‘4’,Medium
Good‘5’,Good‘6’andVeryGood‘7’.Thisscalewasusedtoextractqualitativeopinionsfromexperts.

2.3 Survey and Analysis
Twelve experts with more than ten years experience of lean adaptation and practices in Indian
manufacturingindustrygavetheirvaluableopinionwhichformsthedatabaseforthegreyanalysis.
Threeindustriesviz.a)Textile,b)Automotivesparepartsandc)ElectricalandElectronicsindustries
wereconsideredintheeasternIndiarepresentingthefirst,secondandthirdindustrialrevolutioneras
anditsadaptabilitytowardstheleantechniquesandhencedegreeofembracingleanstrategyinthe
seventhgenerationoflean.TheindustrieshavebeennamedasA,BandCrespectively.A,BandC
reflecttheIR1.0,IR2.0andIR3.0whenwedelveintotheoriginoftheseindustriesintheworld.
Moreover,thefeasibilityoffindingtheseindustriesinthevicinitywasanotherplausiblereasonfor
theirselection.Further,theleanpracticesthatwereimplementedinthesecompanieshasaspecial
charmpertainingtothepresentstateoftheseindustriesofsuchrichhistory.Theexpertsarenot
relatedtothechosenindustriesandhencetheopinionsaregenuine(Tables3-8).

Table 3. INDUSTRY A: The textile industry

Techniques Experts

1 2 3 4 5 6 7 8 9 10 11 12

Kaizen 5 6 4 5 6 6 6 7 7 6 6 5

Poke-yoke 7 7 6 6 7 6 6 5 6 6 6 7

5S 7 7 7 7 7 6 6 6 6 6 5 4

Kanban 3 4 4 5 6 6 4 4 6 5 4 5

Justintime 3 4 5 5 3 4 6 6 7 7 6 6

Jidoka 6 6 6 6 5 4 3 2 6 6 6 6

Takttime 2 3 3 3 3 4 3 2 2 3 4 4

Heijunka 5 6 6 6 6 6 7 7 6 6 6 6

Table 4. Rank prediction

Technique ΣXi
(i=1 to 12)

Gij={ΣXi/12} Gij 
(max)

Gij*{=Gij/Gij(max)} Rank

Kaizen 69 5.75 7 0.82 4

Poke-yoke 75 6.25 7 0.89 1

5S 74 6.16 7 0.88 2

Kanban 56 4.66 7 0.66 7

Justintime 62 5.16 7 0.73 6

Jidoka 62 5.16 7 0.73 5

Takttime 36 3.00 7 0.42 8

Heijunka 73 6.08 7 0.86 3
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Table 5. INDUSTRY B: The automotive spare parts industry

Techniques Experts

1 2 3 4 5 6 7 8 9 10 11 12

Kaizen 5 6 7 6 5 6 7 6 6 5 5 6

Poke-yoke 5 6 6 5 6 5 6 6 5 4 5 6

5S 7 6 7 7 6 6 7 6 7 6 7 6

Kanban 5 5 6 5 6 7 6 5 4 5 6 6

Justintime 3 4 3 5 4 4 5 5 4 4 5 6

Jidoka 4 3 4 4 5 4 5 4 6 5 6 5

Takttime 5 6 5 6 6 5 4 5 6 7 6 4

Heijunka 4 5 6 6 5 6 7 7 6 5 5 4

Table 6. Rank prediction

Technique ΣXi
(i=1 to 12)

Gij={ΣXi/12} Gij 
(max)

Gij*{=Gij/Gij(max)} Rank

Kaizen 70 5.83 7 0.833 2

Poke-yoke 65 5.41 7 0.773 6

5S 78 6.50 7 0.928 1

Kanban 66 5.50 7 0.785 3

Justintime 52 4.30 7 0.619 8

Jidoka 55 4.50 7 0.642 7

Takttime 65 5.41 7 0.773 5

Heijunka 66 5.50 7 0.785 4

Table 7. INDUSTRY C: The electrical and electronics industry

Techniques Experts

1 2 3 4 5 6 7 8 9 10 11 12

Kaizen 6 6 5 6 5 5 6 5 7 6 7 6

Poke-yoke 7 6 6 7 5 6 5 5 6 5 6 7

5S 4 5 5 4 4 5 6 6 5 5 6 5

Kanban 5 6 5 5 6 6 6 5 6 7 6 7

Justintime 4 5 4 5 3 4 5 6 5 5 6 5

Jidoka 5 5 4 5 6 6 5 4 5 4 4 5

Takttime 2 3 4 4 4 5 4 5 5 4 4 5

Heijunka 4 5 4 5 5 5 4 6 6 4 5 4
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3. ReSULTS AND DISCUSSIoN

FromTable9,the“importanceofthebesttechniques”ofleaninSustainabilityphaseis:

Poke-yoke(0.89)>5S(0.88)>Heijunka(0.86)>Kaizen(0.82)>Jidoka(0.73)=Justintime
(0.73)>Kanban(0.66)>Takttime(0.42)

Poke-yokeormistakeproofinghasemergedasthemostimportanttechniqueinthesustainable
phase of lean implementation. As clearly visible, mistakes lead to waste which deteriorates the
sustainableaspectsorpillars-social,economicandenvironmental.The5Stechniqueemphasizes
thecultureofworkandthenstandardisationofprocedureswhichaptlyfollowsmistake-proofing.
ThethirdtechniqueofimportanceisHeijunkaorproductionlevelling.Thecomplexityofindustrial
processeshasmadethistechniqueofenormousimportance.Thefourthtechniquecalledkaizenis
‘incrementalcontinuousimprovement’whoseintegratedapproachisafundamentalaspectoflean
philosophy.Jidokaorautonomation(=automationwithhumantouch)isthefifthrankedtechnique
amongtheeightbestconsidered.Workcultureisfinelyingrainedwiththistechniquealongwith
thecountry’stechnologicalfrontiers.ThesixthrankisactuallyatiewithfifthandiscalledJust-in-
time.Ithasclosecorrelationwithjidokaandworkcultureofthenation.Kanban,whichwasone
ofthepioneersofearlyleanmanagementerahasdroppeddowntoseventhposition.Thelastbest

Table 8. Rank prediction

Technique ΣXi
(i=1 to 12)

Gij={ΣXi/12} Gij 
(max)

Gij*{=Gij/Gij(max)} Rank

Kaizen 70 5.83 7 0.833 2

Poke-yoke 72 6.00 7 0.857 1

5S 60 5.00 7 0.714 4

Kanban 70 5.83 7 0.833 3

Justintime 57 4.75 7 0.678 6

Jidoka 58 4.83 7 0.690 5

Takttime 49 4.08 7 0.583 8

Heijunka 57 4.75 7 0.678 7

Table 9. INDUSTRY A: The textile industry

Techniques Rank

Poke-yoke 1

5S 2

Heijunka 3

Kaizen 4

Jidoka 5

Justintime 6

Kanban 7

Takttime 8
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techniqueinthelistisTakt-timeorcycletimewhichhasbecomeasecondnatureinthegrowingera
ofadvancedtechnology(Tables9-10).

Thus,the“importanceofthebesttechniques”ofleaninSustainabilityphaseis:

5S(0.928)>Kaizen(0.833)>Kanban(0.785)=Heijunka(0.785)>Takttime(0.773) 
=Poke-Yoke(0.773)>Jidoka(0.642)>JustinTime(0.619).

5Sswipesthefirstspotinautomotivesparepartindustry.5Srepresentssort,setinorder,shine,
standardizeandsustain.ItisfollowedbykaizenandKanbaninsecondandthirdspotrespectively.
HeijunkaequalsKanbanandhasthefourthspotfollowedbyTakttimeandpoke-yokehavingsame
degreeofimportanceatfifthandsixthspotrespectively.TheseventhspotisacquiredbyJidoka,
whilejustintimeendsupintheeighthspot(Table11).

Thus,the“importanceofthebesttechniques”ofleaninSustainabilityphaseis:

Poke-yoke(0.857)>Kaizen(0.833)=Kanban(0.833)>5S(0.714)>Jidoka(0.690)>Justintime
(0.678)>Heijunka(0.678)>TaktTime(0.583)

Table 10. INDUSTRY B: The automotive spare parts industry

Techniques Rank

5S 1

Kaizen 2

Kanban 3

Heijunka 4

Takttime 5

Poke-yoke 6

Jidoka 7

Justintime 8

Table 11. INDUSTRY C: The electrical and electronics industry

Techniques Rank

Pokeyoke 1

Kaizen 2

Kanban 3

5S 4

Jidoka 5

Justintime 6

Heijunka 7

TaktTime 8
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Mistakeproofingagaintopsthechartofmostpopulartechniquesofleaninelectrical/electronics
industry.KaizenorcontinuousimprovementrankssecondwithequalprioritytoKanban.Itisfollowed
by5S,Jidoka,Justintime,HeijunkaandTakttime.

4. CoNCLUSIoN

Thepresentanalysismarksaclearshiftintrendofleantechniquesinsustainabilitywithrespectto
previousphasesandidentifiesthebestsetoftechniquestorealignthemodeofoperationsinthe
presentcontextofthreeindustrieseachrepresentingthethreephasesofindustrialrevolutioni.e.IR
1.0,IR2.0andIR3.0respectively.TheindustryA(Textileindustry)withoriginfromIR1.0has
implementedleantechniqueswheremistake-proofing,5Sandproductionlevelling(Heijunka)tops
thelist.Itsignifiesthattheabilityofmachinestodetectmistakesistheadvancementintechnologyin
thisindustry.Thestandardisationprocess,5Smarksthatmakingsystemssustainableisthekeygoal
oftheindustryaswell.Asevident,productionlevellingisalwaysacornerstonetobalancecapacity
anddemandwhichjustifiesthethirdspoteffectively.TheindustryB(Automotivespareparts)has
standardisationtechnique5Sinrank1whichsignifieshowpartmakingisdonethroughusinglean
techniquesforbatchproduction.ItisfollowedbyKaizenwhichdemystifiestheconceptofcontinuous
improvementinoperations.ThethirdmostimportanttechniqueisKanbanwhichprioritizeswhich
worktobeprocessedinwhatorderthroughcolouredcards.Italsoshowstheindustry’s’transittoJIT
production.TheindustryC(Electrical/Electronics)representsIR3.0inoriginwherepoke-yokeor
mistakeproofingemergesasthemostimportanttechnique.Itreflectsthattheindustryproduceserror-
freecomponentslikechipsetc.onalargescale.ItisfollowedbyKaizen(JITtransitinproduction)
andKanban(visualaidtoprioritizeworkflow)respectively.

These results justify the qualitative techniques that are quantified through the use of Grey
RelationalAnalysistechnique.Thisanalysishasaveryfragrantperspectivetothemanager/decision
maker.Theshiftintrendscanbeobservedand4M’s(Men,Machine,Material,andMethods)canbe
channelizedintherightdirectionattherighttime.Itwouldhelpinstreamliningoperations,reducing
resistance to market complexity (fluctuating demands), reduce costs and improve competitive
advantageof industries.Thescopeof theanalysiscanbeextendedtovariousregionsovermore
numberoftechniquestofindthepresenttrendsofsustainableleantoacquirethemodernshiftin
trendsofleanphilosophy.
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