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ABSTRACT

There are numerous processes used to implement quality, such as TQM, 6 Sigma, and Lean.
For these quality processes to remain effective, a continuous improvement model is required
andimplementedfromtimeto time.Someof thesemodels includeDefine,Measure,Analyse,
ImproveandControl(DMAIC);Plan,Do,Check,andAct(PDCA);Identify,Measure,Problem
Analysis,Remedy,Operationalize,Validate,andEvaluate(IMPROVE);andTheoryofConstraint
(TOC).Furthermore,continuousimprovementtoolsneedtoremaineffectivethroughtheuseof
optimizationtechniquestoproducethebestpossibleoutcomes.Thisarticlediscussessomeofthe
currentutilizationofthesetoolsandproposesdifferentoptimizingtechniquesandvariationsto
makerobustqualityimplementationtools.
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INTROdUCTION

Background
Oneoftheweaklinksinqualityissustaininggoodquality.Itiseasytoassumethatonceaquality
systemisimplemented,itwilloperateatthedesiredandexpectedqualityforanextendedperiod.
However,thisishardlyrealistic.Aqualityimprovementprojectneedstobecontinuouslymonitoredand
tweakedtoproduceandmaintainthedesiredlevelofquality.Onewaytoachievethisisacontinuous
improvementmodel.Therefore,thispaperseekstodiscusssomeofthewaystooptimizethetools
andtechniquesusedtoimproveandmaintaingoodqualityinprojects.Sometoolsforacontinuous
improvementmodelinclude:

• Define,Measure,Analyse,ImproveandControl(DMAIC)
• Plan,Do,Check,andAct(PDCA)
• Identify,Measure,ProblemAnalysis,Remedy,Operationalize,Validate,andEvaluate(IMPROVE)
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Therearespecialeventsknownintheindustryasthe“KaizenEvent.”Thisiswhentheabove-
statedtoolsgetutilizedbyemployinganoptimizingtechnique.Thismaintainsandfurtherimproves
thequalityofaprocess.

RESEARCH OBJECTIVE ANd PROBLEM STATEMENT

TheproblemwithcontinuousimprovementprocessoptimizationbeginswhentheDMAICprocess
isrepeatedcontinuouslywiththeexpectationsofachievingthesamelevelofsuccessgainedprior.
Thismayleadtofailureoftheprocess.Thispaperdiscussessomeimplementationtechniquesof
continuousimprovementmodelstoenhancethetools’successratesincethereisafalseexpectation
thatthesetoolswillproducethesamesuccessfulresults.

Research Gap
Theexistingliteratureexemplifieswhatgapexistsinthecurrentresearch.Althoughmuchliterature
demonstratesthepivotalroleoptimizationhasconcerningcontinuousimprovementprojects,there
isagaprelatingtohowthisoptimizationenablesasmoothprogressionincontinuousimprovement
projects.Asaresult,thisstudyfocusesonthegapsexistinginrelatedliterationregardingoptimization
andcontinuousimprovementprojects.Thestudyevaluatestheelementsandapplicabilityofmodern
optimizationtoolsaswellasconceptsinregardtocontinuousimprovementprojects.Thus,thisstudy
seekstofillinthegapsinexistingliterature.

Originality
This study seeks tocontribute toexisting literatureconcerning theeffectivenessofoptimization
methodsincontinuousimprovementprojects.Byfocusingonassessmenttools,thisstudyprovides
acomparisonofprojectoptimizationmethodswithothercontinuousimprovementenvironments.
Combining data from different studies helps present this study’s analysis and findings in an
understandingmanner.Furthermore,thestudyisbasedonoriginalresearchconductedtocheckthe
overallhypotheses.

The study incorporatesviewpoints fromvarying researchers to recommend innovativeways
to resolve the issues arising in continuous improvement environments. The study discusses the
methodologyusedtoresearchalongwiththeoverallfindings.Adesign-science-investigatestrategy
was implemented to permit for identifying both reasonable and hypothetical applications and
developingavalidassessmentmodelofcontinuousimprovementenvironmentsinconjunctionwith
optimizationmethods.Thestudyprovidesanoutlineofdevelopmentmodelsbyfocusingonevaluation
instrumentstotestthehypothesisandreachconclusions.Resultsfrommeetingsduringtheresearch
arealsoprovidedintheanalysis.Initialdiscoveryandsuggestionsarethenprovidedintheconclusion
whichfurtherannotatesinvestigativelimitationsandfutureresearchideas.

Finally,thispaperisavitalcontributiontotheprofession.Itaddstothegapsinexistingliterature
regardingcontinuous improvementenvironmentsandoptimization tools.Findingsdescribingthe
benefitsof thiscombinationarediscussed,aswellas thepitfalls thatmayoccur, shouldproject
managementnotseekintegrationofoptimizationandsustainability.Thestudyemploysreal-world
examplestohighlightthevalueofapplyingthisstudy’sreasoninginthecontextofrealbusiness
environments.Thestudystressesthatthereissignificantvalueinthestudyofcontinuousimprovement
practiceswithanemphasisonoptimization.

OneoftheguidingprinciplesofSixSigmaisthatthesigmalevels(tolowerdefects,i.e.,parts
permillionopportunities,orDPMOorPPM)aredifficulttoachieveasoneprogressesdownthepath
ofqualityimprovement(seeTable1).

Therefore,settingimprovementbenchmarkswithoutaccountingforthisphenomenonleadsteams
toexperiencelowerconfidencefornotbeingabletoachieveexpectedresults.Furthermore,itgives
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thefalseimpressionthatthefollowingtwoprocesses,onewith6,000defectsandthesecondone
with500defects,arethesamewithfoursigmalevel(seeTable1).Thus,reducingtheexpectationof
improvementbyacertainamountisawayofaccountingforthisphenomenon.Thisway,theteam
canachievetheexpectedresultsandbeinclinedtorepeatthecontinuousimprovementprocessto
achieveothergoals.

Contribution to the Industrial Engineering Profession and Research Field
ThisstudycontributestotheIndustrialEngineering(IE)professionandresearchfield.Itprovides
engineerswiththeopportunitytolearnhowtosavetheirtime,sotheycanmoreeffectivelywork
onachievingtheirgoals.Engineersmaybenefitinlearninghowtobetterorganizeandmaintain
asystembyemployingcurrenttechnologies.Overall,benefitstoengineersincludebutarenot
limitedtosavingtime,materials,machinetime,money,energy,workhours,andotherresources
thatimpactproductivity.Inprovidingallthesebenefits,engineersoughttoseeanimprovement
intheirproductivityandqualityoftheoverallwork.Furthermore,thesebenefitstrickledown
intotheorganizationlevelasithelpstheorganizationlearnhowtomakemoreinnovationsand
becomeamoreefficientorganization.

Regardingtheresearchfield,thisstudyhelpseducateindustrialistsandgeneralreaders.The
easytounderstandvocabularyandwritingstyleisgearedtoaccommodatealltypesofreaders.
Thestudyalsodemonstratesnewsizestooptimizationmethodsaboutcontinuousimprovement
environments,thussheddinglightonthemanybenefitsavailabletothoseintheindustryandthe
generalreader.Thisstudymayalsobeusedasareferenceforfuturestudies.Itmayprovehelpful
toorganizationsseekingtoimprovetheirperformanceandachievemoreofacompetitiveadvantage
intheglobalmarketplace.

Finally, this paper examines real-world examples to see how the continuous improvement
processbenefitsfromoptimizationtechniquessuchasgraduallyloweringorincreasingbenchmarks
toaccomplishsimilarorbetterresults.Itfurtherpermitsresearcherstocreatevaryingmodelsthat
incorporateoptimizationtechniquesregardlessofthefieldofimplementation.

Thispaper isorganizedasfollows:sectiontwopresentsahigh-level literaturereviewof the
currentliteratureinthesefieldsofresearch.Sectionthreepresentstheresearchmethodologyutilized
toexecutetheresearchstudywhilesectionfourpresentsfindingsanddiscussionofthetwoconcepts.
Finally,sectionfiveoutlinestheimplicationsofthesefindingsforthepractitioner,suggestionsfor
futureresearch,limitationsoftheresearch,andgeneralconclusionsoftheresearchstudy.

LITERATURE REVIEw

Thepaperemphasizescontinuousimprovementmodelsindifferentfieldstoseehowitisutilized
bothinthepresentandthepast.

Table 1. Sigma level and PPM levels

Sigma Level PPM Defects

1 691,462

2 308,538

3 66,807

4 6,210

5 233

6 3.4
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Production and Manufacturing Field
(Jevgeni,Eduard,&Roman,2015)Talksaboutthenecessityofhavingaframeworkthatallowsfor
continuousimprovementforthereliabilityofproductionprocessesandrequiredkeyperformance
indicators (KPI). This framework allows engineers to locate the problematic processes and find
causesquickly. (Jevgeni,Eduard,&Roman,2015) researched threeareas tocreateacontinuous
improvementframework:

1. Failure Classifier (FC):Capturesthecausesoffaults/problems.Theprimarygoalofusingthis
frameworkistodefineproblemswhichcanoccurduringanyoperationalphaseofproduction
processes.Onceaproblemisidentified,correctivemeasurescanbedefinedaccordingly.

2. Failure Mode and Effect Analysis (FMEA):Identifyandpreventsproblemsbeforetheyoccur
byassigningRiskPriorityNumbers(RPN).RPNiscreatedtodeterminetheeffectsoffailure.
Theformulaisasfollows:

RPN=S*O*D

where:

S=severity(theconsequenceofthefailurethatmightoccurduringtheprocess)
O=occurrence(probabilityorfrequencyofthefailureoccurring)
D=failurebeingdetectedbeforetheimpactoftheeffectisrealized

3. Theory of Constraint (TOC):Allowsustothinkatasystemslevelbyidentifyingtheconstraint
inthechainorprocess.

(Khayrullina,Kislitsyna,&Chuvaev,2015)Introducesthediscussionofcombiningtotalquality
administrationandleanassembling.AthoughtofcoordinatingtheTheoryofConstraintswithLean
Manufacturinghasbeenidentifiedasitappliesinmanypracticeareas.

Throughputimprovementisconsideredtheprimarygoalofoperationsmanagement.Specifically,
the TOC focuses on Buffer Management; Drum-Buffer-Rope methods, and Dynamic Buffer
ManagementPrioritization.Leanfocusesonthefollowing:valuecreationstream;Just-In-Timeprocess
implementation;productiontimeandinventoryturnoverimprovement,andkanbanimplementation
(Galli,Kaviani,Bottani,E.,&Murino,2017).Theexplorationhasdemonstratedthattheproposed
executionofcoordinatedTOCandLeanapparatusesand techniques isasensibleandpromising
thought.ThisishighlightedinTable2.

Statistical Process Control
Gejedos(2015)talksaboutcontinuousqualityimprovementbyusingstatisticalprocesscontrol.Gejdos
(2015)statesthatifcustomerexpectationsaredefinedinanysystem,itiscriticalthoseexpectations
besatisfiedsoonerratherthanlater.Additionally,processvariations,whichpreventusfrommeeting
customer’sexpectations,mainlyarisefromtwoareas:

• Randomcauses
• Definablecauses

(Wisner)discussesstatisticalprocesscontrolforqualityimprovementasoneoftheindispensable
tools for total quality management (TQM) in both manufacturing and services. (Wisner) Also
talksaboutprocesscapabilityanalysistechniques,whichgaugetheabilityoftheprocesstomeet



International Journal of Applied Industrial Engineering
Volume 6 • Issue 1 • January-June 2019

50

requirements.WisneralsocombinesthiswithTaguchiLossFunction,whichstatesthatallvariations
haveacost.Statisticalprocesscontrolprovidesamethod formonitoringandevaluatingprocess
variationsbeforeitistoolatetorespond.

Medical Hospital Field
(Uriarte,Zuniga,Moris,&Ng,2017)havelookedintothecontinuousimprovementinahospital’s
emergencydepartment,ahighlydynamicandunpredictableenvironment.Theydiscussusing
DiscreteEventSimulation(DES),simulation-basedmulti-objectiveoptimization(SMO),and
dataminingtechniquestooptimizetheER.ThesimulationusedbenchmarkssuchasTimeto
Triage(TTT),TimetoFirstmeetingwithDoctor(TMD)andLengthofStay(LOS)togaugethe
effectivenessandvalidityofsimulationresults.Thesimulationsturnouttobeanindispensable
toolinthecontinuousprocessimprovementmodelbecauseonecanrundifferentvariationsin
thesimulationandgainageneralideaofwhattoexpectbeforedisruptingtheexistingprocess
(Uriarte,Zuniga,Moris,&Ng,2017).

(Williams,2016)IntroducesacontinuousimprovementsystemcalledIMPROVE.Itisintended
toprovideanorganizedwaytodealwithpersistentchange.Itisawell-orderedprocessforcentral
leadershipandcriticalthinkingthatgivesquantifiableandpracticalchanges.Thissystemwasutilized
asapartofpatientsecurityconditionstodecreasedangersandoperationalcosts(Galli,Kaviani,and
Margulis,2017).Aconsequenceofactualizingthismodelisacultureofprogress,whichpersuaded
stafftosearchforregionsofprogress.IMPROVEstandsfor:

I=Identifyaproblem
M=Measuretheimpact
P=Problemanalysis
R=Remedy
O=Operationalize
V=Validateimprovement
E=Evaluateovertime

Table 2. General comparision of lean and theory of constraints

Characteristic TOC Approach Lean Approach

Origin E.M.Goldratt,1980-s T.Ohno(Toyota),1950-s

Processsteps

Step1.Identifytheconstraint
Step2.ExploittheConstraint
Step3.SubordinateandSynchronizeto
theConstraint
Step4.ElevatePerformanceofthe
Constraint
Step5.Repeattheprocess

SpecifyValue
Designamapforvaluecreationstream.
ValueFlowthroughtheValueStream.
PulltheValuefromtheValueStream
StriveforPerfection.

Focus Managingconstraints Eliminatingwaste

Environment Complexstream Naturallystablestream

Methodologyframework Cause-effectrelating/conflict
management Valueflowmapping

Whattobechanged Managementrules Processflow

Keyconcept/improvement
tool Bufferscontrol TheKanbansystem

Source: (Khayrullina, Kislitsyna, & Chuvaev, 2015)
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Finally,(HealthInformationTechnologyResearchCenter,2013)researchedcontinuousquality
improvement in the Electronic Health Records (EHR) implementation lifecycle using Lean, Six
Sigma,andBaldridgeQualification.

Systems Engineering Field
(Redding,Cannata,&Haynes)Discussthemethodologyoftheplan,do,check,andact(PDCA).
This technique relies on the authoritative “ability” to fuse eagerness and “conviction” to
hierarchicalobjectives.Thisphilosophywasutilizedasapartofatutoringconditiontotestsystem
consequences. “Ability”alludes tomodifyingcurrentpracticesandoperations. “Conviction”
referstoauthoritativeinformationdevelopment.Utilizingtheseassociationsleadstoproposing
advancementstoresolveissues.

(Gomes & Trabasso, 2016) Discuss a method for continuous improvement in discrete
manufacturing.Duetoitscompleximplementation,thestudyalsomentionsasimulationprocess,
which gives responses to change caused in the simulated real system. Melhoria Auxiliada Por
Simulacao(MAPSorsimulatedaidedimprovement)isalsoonetoolusedincontinuousimprovement
modeloptimizingtechniquesresearchedby(Gomes&Trabasso,2016).Themaintenanceoptimization
model,asavalue-addingactivity,mainlyfallsintothefollowingthreecategories(Sharma,Yadava,
&Deshmukh,2011):

• Preventivemaintenance
• Correctivemaintenance
• Predictivemaintenance

(Tesfaye&Kitaw,2017)Discussacoordinatedstructureof Just-in-time (JIT)andTotal
qualitymanagement(TQM)(seeFigure1).Thegeneralapproachofthisnewmodelreplicates
the proposed TQM and JIT incorporated model and has TQM and JIT builds/rehearses
(Estrada,Shunk,&Ju,2017).Thegoalofthemodelistobringaboutorganizationalsuccessby
implementingcontinuousimprovement.

Education Field
TheNationalCenteronScalingUpEffectiveSchools(NCSU)developedanothermodelforeducational
systemstoscaleuppracticesofviablesecondaryschools.Themodelfordistinguishing,creating,
testing,andexecutinganartisticpracticeatscalehasisolatedeachstage.Theworkhasordinarily
occurredinparticularareas.PDCAisamodelforchangethatrequiresrecognizingthepointofa
specificchange,testingthechangeandthought,andcheckingwhetherthescrutinizedchangesprompt
theproposedchange.

Finally, (Sahni, Piepel, & Naes, 2009) discuss the continuous improvement model
optimizationtechniqueinamixtureprocessforlow-fatmayonnaiseinthreedifferentsituations
usingbootstrapregressions.(Biegler)talksaboutadvancedoptimizationtechniquesfordynamic
chemicalprocessoperations.

RESEARCH METHOdOLOGy

Thispaperorganizesexistingliteratureabouttherelationshipbetweenoptimizationtechniquesand
continuousimprovementmodel.Atraditionalliteraturereviewwasimplemented(CardandKrueger
1995). The research strategy followed a previous approach taken by Stuck et al. (1999), which
consistedofsearchinguniversaldatabasesforrelevantliterature.Amongsomeofthedatabasesare
EBSCOandPro-quest.



International Journal of Applied Industrial Engineering
Volume 6 • Issue 1 • January-June 2019

52

Additionally, experts were asked for their recommendations on the collected and reviewed
literature.Toensureasampleofhigh-qualityfindings,thefocuswasonpeer-reviewedarticlesand
chapters in thebook.Several keywords, including continuous improvementmodel, optimization
techniques,DMAIC,PDCA,Kaizenevents,andsoforthwereused.Resultingfromthesesearches,40
piecesofliterature(N=40)wereidentified.Ameta-analysiswasusedtofiltertheidentifiedliterature.
Whenthesaturationpointwasmet,thesearchwasterminated.Thesaturationpointwaswhenthe
literatureidentifiedwasthesameaswhatwaspreviouslycollected.Thenextstepwastoperform
searchesusingtheauthornamesaskeywords.Searchfiltersmadethisprocessmoreefficient.In
otherwords,Booleanalgebrawasutilizedtoformrelationshipsbetweenthesearchablewordsthose
functionsemployedwereAND,OR,andNOT.

Anadditionalsearchfilterbalancedsensitivitywithprecision.Sensitivityregardstheabilityto
identifyallrelevantmaterial.Precision,ontheotherhand,involvestheabilitytorejectunrelated
material.Ifafilerhasatoohighemphasisonsensitivity,lessrelevantmaterialmightresultwhereasif
thereistoohighemphasisonprecision,potentiallyrelevantinformationismorelikelytobeobjected.
Atfirst,wehadahighlevelofsensitivity,butthenadjustmentsweremadeuntiltheoptimallevelof
precisionwasobtained.Thestudyincorporatedsomewildcardtermsinthefiltertohelpdefinethe
levelofsensitivitytoprecision.Finally,reviewingcommoncategoriesofforeignmaterialsbenefiting
inadjustingthefilter’sprecisionlevel.

Unfortunately, the filter results were not the most beneficial in identifying grey literature,
or literature that’snotcommerciallypublished.Thatcategory includesworkingpapers,business
documents,government,educational,andinstitutionalreports,dissertations,technicalreports,and

Figure 1. Overlap and coordination of Just-in-time and Total Quality Management (TQM)
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conferenceproceedings.Toidentifythissortofgreyliterature,manualsearchesoughttobeconducted
onbooks,referencelists,andonlinesearchengines.

Byconductingsuchasearchstrategy.WereducedtheNof40studiestoasizeof20(n=20).In
otherwords,50%ofthetotalliteratureidentifiedthenservesasthebasisforperformingasubsequent
analysis.Thenextstepwastoconductatextualanalysistoidentifycommonthemesandconcepts
better.Textualanalysishelps identifyall traits in the literature tomapanddescribe thecontent,
functions,andstructureofall identifiedliterature.Oneoftheconventionalmethodsthenusedis
contentanalysis,inwhichresearchemploysliteraturetoidentify,process,enumerateandanalyzethe
specificidentifiedthemesandcharacteristicsembeddedinthechosenliterature.Finally,aqualitative
contentanalysiswasimplementedtosuggestmeaningsassociatedwithmessagesandthefrequency
thatspecificmessagesoccurred.

Following theseanalyses, resultscouldbemoreeasilycategorized into specific themesand
patternsviaanaffinitydiagram.Suchcategorizationservedasabasisforidentifyingthesections
markedinthisstudy.Asmentioned,thecompletesearchprocedurereducedthetotalof40papers
downto20(50%oftheoriginalpopulation).Compilingthese20piecesofliteraturehelpedusrealize
fromthenarrativeandtraitperspectivethattherelationshipofethicsincontinuousimprovement
modelswithoptimizationtechniquesinvolvesthreethemes/traits.Theseinclude:“Define,Measure,
Analyse,ImproveandControl(DMAIC)”,“Plan,Do,Check,andAct(PDCA)”,Identify,Measure,
ProblemAnalysis,Remedy,Operationalize,Validate,andEvaluate(IMPROVE),and“DesignforSix
Sigma(DFSS)”.Finally,fromtherelationshipandcasualperspective,weidentifiedthatthe20pieces
ofliteratureanalyzedimprovementmodelsandoptimizationtechniquesthroughtheuseofdifferent
statisticalmethods.Statisticalanalysishelpedimprovethevalueanddepthoftheconclusionsdrawn
fromthisstudy.Thus,thisentireprocedurehelpedusconstructonedataset.Withthisdataset,we
wereabletoproceedintotheresearchandanalysisphases.Thefollowingsectionpresentsthefindings
oftheemployedresearchmethodregardingthethemesandtopicsdiscussedinsubsequentsections.

FINdINGS ANd dISCUSSION

Now,timetotakeacloserlookateachphaseoftheDMAICprocessinthreerealprojectsandtryto
identifyoptimizationtechniques.Thefirstprojectis(Bereskie,Haider,Rodriguez,&Sadiq,2017)
whotriestousecontinuousperformanceimprovementinSmallDrinkingWaterSystem(SDWS).
Theydosobybenchmarkingwaterqualityindex(WQI)againstothersystemsandimplementing
newtechnologiesandinnovation.

Thesecondprojectisby(Ras&Visser,2015)whotrytousecontinuousprocessimprovement
inanAfricanmineralbeneficiationplant.Lastly,thethirdprojectisby(Arslankaya&Calik,2016)
whodiscussthecontinuousimprovementandoptimizationofproductionprocessesfortrialtiresby
reducingunproductivetasksandsteps.Now,lookatthedifferentphaseswheretheDMAICtoolwas
implementedandoptimizedusingdifferenttechniquesinthethreeprojects.

define-M-A-I-C Phase
IntheDefinephasefortheSDWSproject,(Bereskie,Haider,Rodriguez,&Sadiq,2017)started
bysettingabusinesscaseandindicatingthatsmalldrinkingwatersystems(SDWS)arenotwidely
studiedincomparisontosomeofthelargewatersystems.(Bereskie,Haider,Rodriguez,&Sadiq,
2017)Alsomentionthatoutofapproximately2,000drinkingwatersystemsinCanada,almost80%
aresmalldrinkingwatersystems.Theyalsoconductedsomeprocessmappingtocomeupwitha
listofdatatocollect,accuratelymeasure,andanalyzetoreachthegoalofimprovingwaterquality.
Someofthedatatheywantedtocollectwasatthesourcewater,aftertreatment,andatmultiplepoints
withinthedistributionnetwork.

IntheDefinephaseofthemineralminingproject,(Ras&Visser,2015)statethattheSouth
AfricanFerro-alloys smelterdidnot achieve itsproduction targets.Thus, itwas selected for the
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DMAICtoolapplicationtocomeupwithanimprovedprocess.(Ras&Visser,2015)mentionthat
miningcontributestoroughly8.8%oftheGDPin2011,providingjobsfor500,000people.

In theDefinephasefor the tiresproductionproject, (Arslankaya&Calik,2016)discuss the
productionoftrialtirestoevaluatethetires’performanceandseeiftheyarewithinqualitystandards.
Sincethebenchmarksfromthesetiresareusedtomeasureandanalyzefutureproductiontires,itis
essentialtosettheprocessandlimitationstofollow.

d-Measure-A-I-C Phase
IntheMeasurephasefortheSDWSproject,(Bereskie,Haider,Rodriguez,&Sadiq,2017)usethe
collecteddatatocomeupwithawaterqualityindex(WQI),whichisaunitlessnumber.Theywould
thenusetheWQIagainstotherSDWSWQIstocomparetheirsystemperformancetootherCanadian
SDWS.Thisbenefitsfuturedecisionmaking.

IntheMeasurephaseofthemineralminingproject,(Ras&Visser,2015)demonstratethatthe
plantwasstrugglingtocontrolandmanagethetappingcyclesofthesubmergedfurnaces(SAFs).
Itwasdecidedthroughhistoricalandcomparisondata thatan improvement to theadherence-to-
tappingcycleswouldresultinimprovedyield.Themeasurementwasdoneona24-hourbasisover
twoweeks(Ras&Visser,2015).Furthermore,processmappingidentifiedvitalvaluedrivers(KVD)
andauniversalkeyperformanceindicator(KPI)(Ras&Visser,2015).

In the Measure phase for the tires production project, (Arslankaya & Calik, 2016) discuss
collectingall defects and inconsistencies from the trial tiresproduction run to analyze later and
reduceanynon-conformances.Furthermore,variouschartsandtableswereusedtocapturehowthe
currentbatchvaries.

d-M-Analyse-I-C Phase
IntheAnalysephasefortheSDWSproject,(Bereskie,Haider,Rodriguez,&Sadiq,2017)compare
thecurrentWQItothebenchmarkofacomparablesystem.Ifitisseenthattheirsystemperforms
belowthebenchmark,thenimmediateactionisrequiredtomakethenecessaryimprovementsto
bringthewaterqualityindexuptoacceptablelevels.However,iftheWQIisperformingabovethe
benchmark,then(Bereskie,Haider,Rodriguez,&Sadiq,2017)neededtolookatthebenchmark
selected.Ifthebenchmarkselectedislessthanthemaximumvalue,thenmaybetheyneedtoseta
higherbenchmarkmanually.

In the Analyse phase for the mineral mining project, (Ras & Visser, 2015) compared their
performanceagainsthistoricaldataandbenchmarkeditagainstsimilarplantsandprocessesinthe
industry.UpondoingaParetoanalysis,itwasdiscoveredthattheadherence-to-tappingscheduleswere
extremelypoor.Furthermore,slagandmetalanalysisshowedvariableresults.Itwasfurthernoted
thatthetappingprocesswasnotwell-controlled.Therewasalackoftrainingforthetappingcrew.

IntheAnalysephaseforthetiresproductionproject,(Arslankaya&Calik,2016)highlightthat
ifthedatafromtheproductiontrialtiresarewithinthestandards,itwillbedecidedtoproducetires
andsendthemtothemarket.However,iftherearevariations,theywillfirstneedtobeworkedout
untilaconformingtirecanbeproduced.

d-M-A-Improvement-C Phase
IntheimprovementphasefortheSDWSproject,(Bereskie,Haider,Rodriguez,&Sadiq,2017)looked
atthedifferentimprovementsneededinthesystemandwheretomakethemgetthemaximumreturn
oninvestment.

Intheimprovementphaseofthemineralminingproject,(Ras&Visser,2015)statethatemphasis
wasplacedontappingcyclestoachievesteadyoutputsbetweentaps.However,toimprovetheprocess,
itwasdecidedtotapthefurnaceatfixedtimeintervals,insteadoftappingatpowerinputs.New
trainingandprocedureswerewrittenforthenewmethodoftappingforworkerstofollow.
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Intheimprovementphaseforthetiresproductionproject,(Arslankaya&Calik,2016)statethat
oneofthesignificantissuesfortrialtireswasthelossofproductiontimessincemanymeasurements
wereneededateachstep.Furthermore, (Arslankaya&Calik,2016)note that theadjustmenton
themachine’sdrumwherethecompoundwouldbeplacedneedmanualmeasurementsbecausethe
currentlightsystemisaroughapproximate.Ifthelightsensingsystemwouldbeupgradedtosignal
rightatthemomentthecompoundexceedsandshutsoff,anexactamountofcompoundwillresult
inthelossoftime.

d-M-A-I-Control Phase
IntheControlphasefortheSDWSproject,oncetheimprovementhasbeenimplemented(Bereskie,
Haider,Rodriguez,&Sadiq,2017)restartedtheDMAICprocess,untiltheWQIreachedthemaximum
value.WhenthedesiredormaximumWQIwasachieved,(Bereskie,Haider,Rodriguez,&Sadiq,
2017) then focused on other objectives, such as maintaining service reliability and focusing on
customersatisfaction.

IntheControlphaseofthemineralminingproject,(Ras&Visser,2015)statethatnewlyautomated
tappingindicatorswereputinplacetocontrolthenewprocess.Therewasalsoanimprovementteam
createdtomonitortheprocessforsixmonthsanddocumentimprovements.

IntheControlphaseforthetiresproductionproject,(Arslankaya&Calik,2016)proposedto
haveaweeklytrialruntomakesuretheproductiontimewasmaintainedandthequalityoftheraw
materialdidnotadverselyaffectthequalityoftheproducedtrialtires.Furthermore,(Arslankaya
&Calik,2016)statethatthenewlightsystemwillreduceoperatorinducedproductionerrorsand
reducewaste.

The Implication to the Field of IE/EM/PM
Thecontinuousimprovementmodelhelpstoimproveasystemovertimetomakeitcontinuously
performoptimally.Becauseof thisbasicfunctionality,optimizing techniques integrated into this
modelwouldhelporganizationsimproveevenmore.Suchoptimizingtechniquesshouldaccountfor
thedifficultyinreducingoveralldefectsthatmayariseasanorganizationmovesupthesigmalevel,
asindicatedinTable1.ThefindingsofthisstudyhighlightedthenotionthattheDMAICprocess
isarobusttoolthatadaptstovaryingenvironments.However,anorganizationmustrememberto
account forvariationsor even introduce somevariationsonoccasion to identifyhow robust the
existingcontinuousimprovementmodelis.

Applications to the Field of IE/EM/PM
Optimizingtechniquesareeasilyappliedtoorganizations,especiallyasnewdataanalysistoolsbecome
availableandeasiertouse.Applyingthetechniquestoanyfieldimprovescontinuousimprovement
modelsinmanufacturing,medical,education,customerservice,andmanyotherindustries.Because
technologyisrapidlymaturingandbecomingmoreaffordable,processsimulationtechniquesmay
replacethoseoptimizationtechniquessincecomputerprogramsmayrunsimulationsthataccountfor
anyarrayofissuesthatmayarise.Runningthesesimulationsinrealtimeorasadesigntoolhelps
createabetterdesignandqualitysystemthatisspecificallydesignedtomaintainqualityandreduce
variationsthatmayarise.

Implications and Applications for Project Management 
and Engineering Management
Itisknownthatoptimizationmethodsandcontinuousimprovementarecoretomostprojects.One
ofthemostsignificantissues,however,isthatusuallytheengineersandtechnicalprofessionalsare
outofbounds.Inthepast,anengineerwasonewhosolvedproblemswithtechnicalknowledgeand
mathematicaltools.Sincethemarkethaschanged,thescopeofanengineer’srolehaschangedtobe
someonewhoprovideseconomicallyviablesolutionstosolveproblemsalongsideusingtechnical
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knowledgeandmathematicaltools.Thus,optimizationmethodsalongsidecontinuousimprovement
arecriticalforengineeringdecisionmaking.Thevariablescomprisingthetwohelpengineersachieve
viabledecisionsthatmustbemaderightatprojectinitiationtohaveasmoothimplementationatevery
projectstage.Itisimportantforengineersunderstandbusinessmanagementandmaturitymodelsto
enhancethedecisionstheymustmakeintheirjob.

Engineeringisscientificallybasedoncauseandeffectrelationships.Managementconceptsare
alsoscientificallybased.So, there isastrongcorrelationbetweenmanagementandengineering.
Whenthetwoworkinconjunction,theycanbenefiteachother’sfields.Overthepastseveralyears,
engineeringhasdisregardedtherolemanagementplacesinmaturitydecisionsandprojectsuccess.
Therefore,thisstudyexplainsthemodelsthatcanbeadaptedtobenefitprojectsinbothbusinessand
engineeringperspectives.Itwillhelpengineersandalltypesofprojectmanagersscreendifferent
projectsalongsideoptimizationtechniquestosolveproblemsandhaveallaroundsuccessfulprojects.

Aspreviouslymentioned,thestudyisbasedonanalysedexistingliteratureaboutoptimization
methodsinconjunctionwithcontinuousimprovementmodels.Thepurposeistopresentthebest
practiceoptimizationmethodsfororganizationstoimplementaswellastoeducategeneralreaders
abouttheintegrationofoptimizationmethodswithcontinuousimprovementmodels.

ResearchdemonstratesthatthebestwaytocreateadifferentenvironmentintheIE/EMprofession
isthroughtheapplicationofoptimizationmethodsandcontinuousimprovementmodels.Itisnecessary
tocreateastrategicwaytoformulatethenecessaryoptimizationtogeneratetheintendedproject
goals.Thus,theoverlappingrolesofoptimizationmethodsandcontinuousimprovementcannotbe
ignoredasprojectmanagementbecomesacriticalfeatureinmanyorganizations.Thefindingsin
thisstudyhelpstakeholdersmaximizetheroleofsystemengineersinprojectmanagementtoensure
successfulimplementationofanyproject.

Althoughthereissignificantliteratureaboutoptimizationandcontinuousimprovementmodels,
thereisminimalliteratureaboutthecombinationofthetwo.Thatiswherethisstudyfillsthegapby
exploringhowoptimizationcanimpactcontinuousimprovementdevelopment.

CONCLUSION

General Implications
Itiscrucialthatoptimizationmethodsandcontinuousimprovementapproachareutilizedtogether
toachieveultimateprojectgoals.Thus, there isaneed to invest inoptimizationandcontinuous
improvementbeforethinkingofthetypeoftechnologythatwillbeemployedinprojectmanagement.
Inotherwords,suchaninvestmentsignifiestheimportantofatop-downandbottom-upapproach
toleadershipandstrategicplanningregardingprocessimprovement,continuousimprovement,and
systemsengineering.Asaresult,thisstudydisplaystheimportantofintegratingoptimizationmethods
withcontinuousimprovementtoachieveallprojectgoalsandefficiency.

Thisstudyfurtherdemonstrateshowoptimizationmethodsandcontinuousimprovementimpact
differentaspectsofanorganization.Asaresult,managementandleadershipmustunderstandhowto
managethevaryingaspectsofanorganizationimpactedbythetwomethodsworkinginconjunction.
If leadership has the appropriate tools and knowledge to manage the two methods, then overall
organizationperformancecanimprove.

Contribution and Relevance
Asmentioned,thereareevidentgapsinexistingliteraturebetweencontinuousimprovementmodels
andoptimizationmethods.Thisstudyattemptstclosethegap,thuscontributingtomanybodiesof
knowledge,includingsystemsengineering,continuousimprovementprojectmanagement,leadership,
teamdynamics,capabilitylevels,andrisk.Becauseofthisthoroughstudy,wehaveabettergraspof
theadvantagesanddisadvantagesofcombiningcontinuousimprovementmodelswithoptimization
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techniques.Finally, this studycontributesnew ideas for future research in theareasof research.
Practitionersmayalsobenefitfromthisstudyandbringtheideasdiscussedhereintoimplementation
inareal-worldcontext.

Final Conclusion
Thispaperhighlights theuseofoptimization techniques to improveoldprocesses.Furthermore,
astechnologiesevolve,sowilloptimizationtechniqueswhichwillincreasetheeffectivityofthese
continuousimprovementmodelsandmakethemmorerobust.Itisalsomisleadingtothinkthattwo
projectswithdifferentperformancesanddefectslevelwithsignificantvariations(seeTable1)can
experiencethesamesigmalevel.

Limitations
Thisstudywaslimitedduetoseveralresearchlimitations.Themainlimitationwasthattherewasa
limitedsamplesizewhichresultedinstudyingfewerkeyfactors.Asaresult,theremaybebiasbehind
thefindingsandconclusions.Suchalimitationcanbeovercomebystudyingalargersamplesize.
Anotherlimitationinvolvedexaminingonlyafewcriticalfactorssothattheresultsarespecificto
thosekeyfactorsandenvironments.Asaresult,theapplicabilityofthefindingstootherindustries
maybemorelimited.

Recommendation for Future Research
Futureresearchersmayexploreavarietyofdifferentareas.Theinvestigationcanbemadeintothe
factorsandrelationshipsdiscussedhereinthecontextofotherindustriesandmanagerialsettings.
Itwouldbeinterestedinanalyzethestrengthofcontinuousimprovementandoptimizationmethods
inthesecontextsaswellaswhatotherfactorsinfluencethem.Anotheravenueofresearchmaybe
toexplorethesefactorsandtheirrelationshipsfromorganizational,strategic,andculturalpointsof
view.Doingsomayhelpresearchersunderstandthedegreeoftheimpactsuchfactors,including
culture,strategy,humanresources,andoperationsmayhaveonsuccessincombiningcontinuous
improvementmodelswithoptimizationtechniques.
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