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ABSTRACT

ThisarticleinvestigatedmeasurementsystemanalysisandsystemthinkinginSixSigma,aswellas
thefactorsthatinfluencetheseactions.Ifthemeasurementsystembeingusedtoaccumulatedata
fromtheprocessdeliversdependableandaccurateresults,themeasurementsystemanalysisregulates
it.Processimprovementinitiativescanbederailedbyfaultymeasurementsystems.Also,managers
whohavereadfaultydatacanbemisledintomakingwrongdecisions.Tocollecttrustworthydata,a
reliablemeasurementsystemisestablishedwiththisprocess.Amethodtoassessanorganizationasa
systemandinterpretitspracticesasawholewithSixSigmaissystemthinking.Also,fixingasystem
asawholehelpstoidentifytherealcausesofissuesandtoknowwheretoaddressthem.Thisarticle
addressedthecontributionofthesetwomethodstoanoverallsuccessofanorganizationoperating
SixSigma.Themostcurrentvariables,concepts,andmodelswerestudiedwithinoperationsand
projectmanagement.Byusingadesign-science-investigatestrategy,thisstudyapprovedofavaluable
growthrevealforreasonableandhypotheticalapplication.Thisstudyallowedustogenerateafitting
assessmentmodelthatwillfilltheresearchvoid.Also,thisstudycontributedtotheengineeringfield
withimprovedprojectsuccessratesandteamcommunication.
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INTRoDUCTIoN

Sincedataisthedrivingforceintoday’ssociety,itimpactseverythingindailyliving.Dataisusedby
organizationsinmillionsofways,suchascollectingdatainmassiveloadstomeasureandinspect.Since
organizationsbasetheirdecisionsonmeasurements,theyareimportant.Also,inanyestablishment,
measurementsystemsareimportant.Thequantificationofspecificcharacteristicsisenabledbythis
systemthatrelatesmeasures.Tovalidateaparticularunitofmeasure,gages,software,andpersonnel
arerequired.Measurementmethod,measurementprocess,measurementinstruments,andreference
standardsareincludedinthesystem.Decisionsregardingtheservicesprovidedbyanorganization
arebasedonmeasurementvalues.Withunreliablemeasurements,mistakesandbaddecisionsare
made.Moreaccuratemeasurementsmeanfewererrorsthatwilloccurinfutureprocesses.Toassure
accuratedata,processeshavetobesuitabletotheirapplication(Little,2001;Galli,2018c;Milner,
2016;Detert,2000;Zelinka&Amadei,2019).

However,measurementsystemsarefromperfect,andtherecanneverbeasystemcompletely
freeoferror.Therecanbesmallerrorsthatwillbemostlyinsignificantandbigerrorsthatcanbe
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uselessbecausetheyareunreliable.Process,suchasatestmethod,personnelincludingoperators
andtheirskill level,equipment’sgagesandtheircalibratedsystem,itemsmeasuredtheirsample
plan,andenvironmentalfactors,suchastemperatureandhumidityaredifferentsourcesofvariation.

Amethodof determining the amount variation that existswithin ameasurement process is
measurementsystemanalysis.Theoverallprocessvariabilityisdirectlycontributedbymeasurement
process.Thesystem’saccuracy,precision,andstabilityareevaluatedbythemethodthatcertifiesthe
systembasedonitsfindings.ComponentsofmeasurementsystemvariationareoutlinedinFigure1.

Amethodologythathelpstoimproveanorganization’sprocessesbyusingstatisticalanalysis
isSixSigmabytranslatingoperationalproblemsintostatisticalproblems.Tosolvetheseproblems
andtotransformtheresultsintopracticalactions,statisticaltoolsareused(Pourdehnad&Robinson,
2001;Andersen,2014;Galli,2018b;Loyd,2016;Nikabadi&Hakaki,2018).Withadata-drivenand
greatlymethodicalapproach,defectsareeliminated.Thismethodcanbeusedonanyorganization
processinanyfield.Also,todeterminewhatcanbedefinedasaSixSigmadefect,clientspecifications
areused.Diminishingtheinconsistenciesinanorganizationprocessesisthetarget.Toachievetrue
SixSigma,34millionopportunities is themaximumtobekeptbyorganizationalprocesses.Six
Sigmaisabusinessstrategythatseekstoidentifyandeliminatecausesoferrorsordefects-defined
asanythingthatcouldleadtocustomerdissatisfaction(Azar,2012;Antony,2004;Al-Kadeemetal.,
2017a;Galli,2018a;Nabavi&Balochian,2018).AveryimportantreasonwhyestablishmentofSix
Sigmaissignificantisreducingdefects.

Toidentifyproblemareasandrecurringissuesthataffectqualityexpectation,employeesuse
certaintechniques.WithpropertrainingofSixSigma,employeeshavetheskillstoidentifyproblems
thataffectproductionorperformance.Inturn,thishelpstoidentifyareasforimprovementandcan
beworkedoncontinuously.WithSixSigma,thevariationsandwastethatappearafterimprovement
ideascanalsobeeliminated.

Whenthegoalistoresolveaproblemimmediately,SixSigmaisbest.Sinceitsfocusisclosing
inonproblemsinaprojectenvironment,thereisnoperspectiveofthebiggerpicture.Rootcauses
arenotthemainfocus,sotheproblemsremain.Becauseofthis,organizationsandstakeholdersare
notfullysatisfiedbecauseexpectationsoflong-termsolutionsarenotmet.InorderforSixSigmato
becomefullysatisfying,itmustincorporatesystemanalysistogetabroaderperspectiveanddevelop
long-termsolutions.

Withcompetitionintheworldcontinuallyincreasing,organizationshavebeenforcedtoadapt.
Focusingonqualityimprovementandanticipatingcustomerexpectationsisnecessary.Furthermore,

Figure 1. Components of measurement systems
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continuallyadjustingthemselvesandadaptingtothefeedbackfromtheenvironmenttoimprovethe
qualityoftheirservicesisneededtothriveintoday’smarket(Mole,2004;Ahern,Leavy,&Byrne,
2014;Shenhar&Levy,2007;Omamo,Rodriguez,&Muliaro,2018).Thus,itiscriticaltoimplement
systemanalysis,asfocusingonsystemsasawholehelptoidentifytherootoftheproblemandto
preventfuturecomplications.

Therewasawealthofliteraturethatshowedthecrucialrolethatthesevariables,theirconcepts,
andmodelsplayinprojectmanagementandperformance.However, therewasanevidentgapin
knowledgeregardinghowthesevariables,theirconcepts,andmodelsenabledthesmoothprogression
ofprojectmanagementandperformance.Thisresearchstemmedfromtheknowledgegapsthatexisted
withintherelatedliteratureonthesevariables,theirconcepts,andmodels.Thefocusofthisstudy
wastoevaluatetheelementsandapplicationsofthemostcurrentthesevariables,theirconcepts,and
models.Thestudysoughttoexaminetheoverlapsanddisparitiesofthesevariables,theirconcepts,
andmodelstounderstandthedifferencesandsimilaritiesbetweenthem.Fromthere,thisstudysought
toproposeaframeworkthatencompassesthebestpracticesandelementsofthecurrentmodelto
proposea“universal”frameworkforallformsofproject,operations,andperformanceinallindustries/
businesssectors.Theresearchfocusedonprovidingevidence-basedanswerstotheprimaryquestions
thatexpertsinthesevariables,theirconcepts,andmodelsask.Forexample,itwasstudiedhowto
maximizeontheexpertiseofthesevariables,theirconcepts,andmodelstoachievethegoalsand
objectivesofprojectmanagementandperformance.Additionally,thefindingsoftheresearchprovided
aplatformforbuildingfurtherresearchrelatingtothesevariables,theirconcepts,andmodels.

Thecurrentliteraturehighlightedthegapinresearch.Whiletherewasawealthofliteraturethat
showedthecrucialrolethatthesevariables, theirconcepts,andmodelsplayedinoperationsand
projectmanagement,therewasanevidentgapofinformationonoperationsandprojectmanagement.
Thefocusofthisstudywastoevaluatetheelementsandapplicationsofthemostcurrentvariables,
theirconcepts,andmodelsintheareaofoperationsandprojectmanagement.Thestudysoughtto
examinetheoverlapsanddisparitiesofvariables,theirconcepts,andmodelsinordertounderstand
thedifferencesandsimilaritiesbetweenthem.

Necessarydecisionsneedtobemadebyeveryengineeringmanager,andthisisonlygoingto
becomemoreimportantinthefutureofboththeprojectmanagementandengineeringprofessions.
Fortheengineeringmanagementpractitioner,thispaperiscritical.Thispaperprovidedadiscussion
onthefutureofthesetopics,howitfitsintoengineeringmanagement,andhowengineeringmanagers
needtoeffectivelyaccountforthisintheiroperationsandprojectmanagementlifecycleanddifferent
projectmanagementenvironments.Also,thepaperdiscussedwhatthefutureofthesetopicsand
factorswilllooklikeandtheroletheengineeringmanagerwillplayinthatfuture;thisresearchalso
outlinedtherelevanceandcontributiontotheengineeringmanagementfield.Thestudydescribed
andexplainedthecriticalimplicationsofthesefindingsatdifferentorganizationallevels,including
corporatelevel,manageriallevel,andprojectteamlevel.Theengineeringmanagementpractitioner
canusetheconclusionsofthisstudytoimprovecapitalizingonthesefactorsandrelationshipsnot
onlyatdifferentlevelsoftheirprojectenvironments,butalsoonoperations.

Thisstudy’saimwastoaddtoandexpanduponliteraturethatdiscussestheefficiencyofthese
variables,theirconcepts,andmodels.Italsoevaluatedthelikenessesanddifferencesbetweenthe
assessmenttoolsofthesevariables,theirconcepts,andmodels.Multiplestudiesthathavetestedthis
paper’shypotheseshavebeencombinedtocontributedatatothispaper.

Differentresearchperspectivesandideaswereadaptedinthisstudytoproposenewsolutions
tocurrentproblems.Thestudyandhypothesesof thisstudywereexplained.Firstly, itutilizeda
design-science-investigatestrategy.Secondly,itapprovedavaluablegrowthrevealforreasonable
andhypotheticalapplication.Lastly,itcreatedasuitableassessmentmodelofthesevariables,their
concepts,andmodels.Whileconcentratingonevaluationinstrumentsasaresponsetotheexamination
question,thispapersuppliedanoutlineofdevelopmentmodels.Additionally,therewasareviewof
theevaluationinstrumentandanexplanationabouttheoutline’sapproach.Theanalysisfeaturedan
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outlineoftheconsequencesofthemeetings,aswell.Theconclusionmentionedinitialdiscoveries
andsuggestionsthatorganizeinvestigativelimitationsandplansforfuturestudies.

Sincethisstudymadeasubstantialcontributiontothelimitedamountofliteratureonapplying
these variables, their concepts, and models to project management and operations management,
italsosignificantlycontributedtotheprofession.Thefindingsillustratedtheadvantagesofusing
thesevariables,theirconcepts,andmodels,butitalsoshoweditslimitationswhenperformanceand
sustainabilityarenotconsidered.Thetrue-to-lifeexamplesinthisstudydemonstratedhowimportant
itistoapplythesetheoriestorealworldsituations.Practicingthesevariables,theirconcepts,and
modelsisasensibleavenueformanybusinessestouse,andthisstudyexaminedthesesubjectsin
boththeoryandpractice.

Furthermore,thisstudyconcentratedonthesedifferentvariables,theirconcepts,andmodels
becausepre-existingliteraturedoesnotexploretherelationshipsbetweenthesevariables.Thestudy
soughttoexaminethesedifferentvariables,theirconcepts,andmodelsandpresentedaproposed
unifiedframework,aswell.Notstudyingtherelationshipbetweenthesevariableshasleftavoidin
research,whichcouldjeopardizeandconfuseresearchesthatstudythesevariables.Therefore,the
studyprovidedclarityinthissubject.

Sincethisstudyfeaturedaspectsofmanysubjectsfromthebusinessworld,itsresultscanbe
appliedtoandcanenhancethesedifferentsubjects.Thisfilledaresearchvoidbyaddingtoanypre-
existingresearch.Studyingtherelationshipbetweenthesevariablescanensurethatadvantagesand
disadvantagescanbeunderstood,sothesevariablescanservemoreefficientpurposes.

Thestudycontributedtoeachbodyofknowledgebyestablishingsomenewideasandpossibilities
forupcomingresearch.Simultaneously,thisstudysoughttodiscoverandunderstandtherelationships
betweendifferentvariables.Italsoaimedtofindnovelperspectivesonhowtoviewthefactorsunder
study.Apractitionercouldalsofindthisstudybeneficial;understandingthesevariablesandtheir
relationshipbroughtaboutmoreeffectivestrategiesforapractitionertoutilize.Thus,apractitioner
couldbetterunderstandtheimplicationsandrelationshipbetweenthesevariables.

Additionally,thisstudyprovidedasignificantcontributiontoIndustrialEngineering(IE)research,
asitexpeditesanengineer’sworkprocesstoachieveanygoalsmorequickly.Engineerscanbeaided
intheorganizationandmaintenanceofthesystembyusingthelatesttechnology,butitalsohelps
engineerstosavetime,money,materials,energy,workhours,machinetime,andotherproductivity-
hinderingresources.Becauseofthisresearch,anengineer’sproductivitywillimprove,asthismodel
providesinnovativeideasfororganizations’productsandotherbeneficialideasforpractitioners.

Thisstudyishelpfultotheresearchfieldbecauseitprovidedvaluableinformationtoreaders,
suchasindustrialists.Sincethisstudyiswrittenwithsimpleandcomprehensivevocabularythat
showshoweffectivethesevariables,theirconcepts,andmodelsareforcompanies,itisaccessible
toallreaders.Additionally,acleartheoreticalframeworkmadeadditionalandrelevantinformation
accessibleinthisstudy,sothiscanactasareferenceforanyfuturereader.Itisapparentthatthisstudy
actsasanimportantcontributiontotheIEprofessionandresearchfieldthatcanhelpcompaniesto
gainacompetitiveedge.

Thispaperwasorganizedasfollows:sectiontwopresentedahigh-levelliteraturereviewofthe
currentliteratureinthesefieldsofresearch.Sectionthreepresentedtheresearchmethodologyutilized
toexecutetheresearchstudy,whilesectionfourpresentedthefindingsfromthestudyandanalysis.
Finally,sectionfiveoutlinedtheimplicationsofthesefindingstothepractitioner,suggestionsfor
futureresearch,limitationsoftheresearch,andgeneralconclusionsoftheresearchstudy.
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LITeRATURe ReVIew

Measurement System Analysis
Decisionsbasedonmeasurementsrelysolelyonhowgoodthosemeasurementsare.Thehighernumber
oferrorsinthemeasurementsmeansthattherewillbemoreerrorsindecisions.TheMeasurement
SystemAnalysisaimedtoprovidemoreaccurate,precise,andstabledata.Currently,measurement
data isusually thebasis forwhich thedecision toadjustmanufacturingprocesses(AIAG,2010;
Besner&Hobbs,2012;Schwedes,Riedel,&Dziekan,2017;Aslani,Akbari,&Tabasi,2018).Itis
importanttodetermineifthemeasurementsystemisqualifiedtoreliablymeasuretheprocessyield.

Characterizingameasurementsysteminvolvesfiveways.Whenasystemcanyieldthesame
valuesovertimewhenmeasuringthesamesample,thisisstability.Themeasurementofdistance
betweentheaveragevalueofmeasurementsandthe“true”valueofthesampleisbias.Also,ameasure
ofregularityofbiasovertherangeofthemeasurementmethodislinearity.Toappraisewhetherthe
sameevaluatorcanmeasurethesamesamplemultipletimeswiththesamemeasurementdeviceand
getthesamevalueiscalledrepeatability.Lastly,toappraisewhetherdifferentevaluatorscanmeasure
thesamesamplewiththesamemeasurementdeviceandgetthesamevalueiscalledreproducibility.

Thecomponentssegmentedfromobservingthevariationwhenmeasuringanythingareshown
inFigure2.

Withthisanalysis,thepercentofvariationthatiscausedbythemeasurementsystemisexamined.
Measurementsbetweenoperatorsandbetweentwoormoremeasurementinstrumentscanbecompared.
Newinstrumentsmusthaveacceptablecriteriabeforebeingplacedinaproductionenvironment.
Evaluationofsuspectedandrepairedinstrumentsmustbetakingplacethroughanalysis,aswell.

Themeasurementsystemanalysisevaluateswhetherornotasystemissuitablewiththetaskwith
whichitispresented.Therisksassociatedwiththemeasurementofaprocessanddecision-making,as
wellastheriskoffalsealarmsandmissedopportunities,isbothreducedwithMeasurementSystem
Analysis.Theanalysisisnotonlyusefulforauditingcurrentmeasurementsystems,butitalsocan
findthemostsuitablesystemfornewmeasurementundertakings(Dasguptaetal.,2001;Badi&
Pryke,2016;Zhangetal.,2016;Easton&Rosenzweig,2012;Gafi&Javadian,2018).Controlling
andanalyzingthestability,bias,linearity,repeatability,andreproducibilityandofasystemaimsto
assureahigherdegreeofmeasurementdatagoalswithpositiveinfluencesontheoverallorganizations
management.

Thevariationfromtwosources;actualprocessvariationandmeasurementvariationisshown
inFigure3.

Toevaluatethelevelofuncertaintywithinameasurementsystemoninstrumentsthatcollect
variablecontinuousdata,GageRepeatabilityandReproducibilityisused.FortheGageR&Rtobe
performed,aninstrumentisselectedandthefollowingstepsareneeded.First,atleasttenrandom

Figure 2. Measurement system analysis
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samplesofpartsmanufacturedthroughoutanormalproductionrunmustbeacquired.Then,three
personnel that consistently complete the specific inspection must be acquired. Every oneof the
personnel must measure the sample portions and document the information. The measurement
proceduremustberepeatedthreetimeswitheachpersonnelusingthesametools.Next,theaverage
analysesandtherangeofthetrialaveragesforeachofthepersonnelarecomputed.Thedifferenceof
eachpersonnel’saverages,averagerange,andtherangeofmeasurementsforeachsampleportionused
inthereportiscalculated.Repeatabilityisalsocalculatedtoestablishtheamountofgagevariation.
Reproducibilityisthencalculatedtodeterminetheamountofvariationintroducedbythepersonnel.
Finally,thevariationintheportionsandtotalvariationpercentagesiscalculated.

Determining if thegage isacceptable relieson thesecalculations,whicharemadewith the
followingrules.IftheGageR&Rscoreisbelow10%,thenthemeasurementsystemisacceptable.
If theGageR&Rscoreisbetween10%-20%,thenthemeasurementsystemmaystillbedeemed
acceptabledependingonrelativeimportanceoffactors.Also,iftheGageR&Rscoreisgreaterthan
30%,thenthesystemneedsimprovement.

System Thinking
Toanalyzesystems,systemthinkingIused.Ittakesabackseatfromlookingatisolatedeventsand
theircauses,anditfocusesonthewholeandhoweverypartinteractswitheachother(Kirkwood,
1998). The studied subject is examined for interactions between segments of the system rather
individualpieces.Anorganization’sthinkingofitsperformancemustshift.Problemsareperceived
tohavelargepatternsthatareinterconnectedonceviewedfromalargerperspective.Focusingon
patternsofrelationshipsandhowitinteractswiththerestofthepartsinthesystemisthebasisof
systemthinking(Aronson,1996).Tofindsimilaritiesinpatternsbetweentwoormorevariablesof
interestwhentheyarechanged,behaviorsinvarioussituationsareassessed.Tryingtomakeachange
inanysingleeffortwillnotworkbecauseitisimpossibletoknoweverythingonwhichtodecidethe
isolatedsolution.Thismeansthatchangingoneelementwillaffecttherest,soviewingthesystem
asawholeiswhatisneededtosuccessfullyimplementthechange(Cao,Clarke,&Lehaney,2000;
Arumugam,2016;Xiongetal.,2017;Labedz&Gray,2013;Gholizadetal.,2017).Themeansto
testasystems-thinkingdefinitionforsystemicfidelityareshowninFigure4.

The application of system thinking incorporates diagramming. The problem is reproduced,
whichprovidesmanagementwiththestructureofthecomplexsystems.Thisallowsmanagementto
implementsolutionsthatwillhavethebestresultsintermsofreachingtheorganization’sgoals.The
analyzationprocessforaproblemcontainsfivephases.

Withmostmethods,theidentificationoftheproblemisthefirststep.Thisinvolvesfindingall
entitiesaffectedbytheissueandallthoseindirectlyaffected.Theconnectionbetweenthetwomust

Figure 3. Observed process variation - the Gage R&R study
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thenbestated(Anderson&Johnson,1997;Gallietal.,2017;Xue,Baron,&Esteban,2016;Elloumi
etal.,2017).Afeedbackloopdiagrammustbeconstructedshowingtherelationshipbetweenallof
thevariables.Simulationsofchangesarethentakenplacetoexamineimplicationsthatmayoccur.
Behaviorsoftheorganizationarestudiedtorevealconsequencesofthechangemadeinthesystem.
Thisismadepossiblewiththedevelopmentofamodelofbusinessissues.Scenarioplanningisrun
bytheorganizationtoallowmanagementtoviewdesignedsolutionsapplication.Lastly,changesthat
aredeemedsuccessfulandwillsharetheseoutcomeswiththeirconstituentswillbeimplemented
byanorganization(Jackson,2003;Marcelino-Sádabaetal.,2014;UsmanTariq,2013;Memon&
Meyer,2017).Itissuggestedthatsystemthinkingrequiresseveralthinkingtrackssimultaneouslyto
builduponthepreviousthinkingskilldoneinanorder(Richmond,1997;Parast,2011;VonThiele
Schwarz,2017;HoonKwak&Dixon,2008).

• Dynamic thinking:Thisisessentiallyamentalapplicationofthebehavior.Anissuecanbe
framedintermsofapatternofbehaviorovertime.Itmeansthatoneneedstoputacurrent
situationinthecontextoftimescale;

• System-as-Cause thinking: The determination of reasonable explanations for the behavior
patternsacknowledgedwithdynamicthinkingispermittedbythisthinking.Furthermore,this
perspectivemeansobservingasystem’sbehaviorastheoutcomeofthesystemsand,assuch,
underthecontrolofdecisionmakers;

• Forest thinking:Thisisseeingthewholepicture;

Figure 4. The system test
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• Operational thinking:Thistriestoidentifycausationtodeterminehowthebehaviorisproduced;
• Closed-loop thinking:Itmaintainsthatcausationdoesnotruninjustonedirection,butrather

an“effect”usuallyfeedsbacktoinfluenceoneormoreofthe“causes”,andthatthe“causes”
themselvesaffecteachother(Richmond,1997;Todorovićetal.,2015;Yunetal.,2016;Ibrahim,
Abdallahamed,&Adam,2018).

ReSeARCH MeTHoDoLoGy

Research Focus
TofurthercomprehendhowmeasuringSystemAnalysisandSixSigmarelate,aswellastounderstand
SystemThinkingandSixSigmawithinprojectenvironmentsistheaimofthisstudy.Withinthe
projectatmosphere,thisresearchfocusedonexaminingthefactorsthataffecttherelationship.Thus,
therewasbetterknowledgeofthewaythatprojectleaderscouldpositivelyutilizethesefactorsto
maketheirprojectsmoreefficient.Tohighlighttherelationshipsoftheseconcepts,thisstudylooked
athowtheseconceptsareappliedintwodifferentcasestudyscenarios.

Turbo Charger Components Manufacturing Company
AnorganizationinRomaniameanstoimplementanewinstrumentformeasuringthediameterof
thecentralhousingforturbocharger,whichis4.0-4.2mm.Additionally,performingaGageR&R
studyistheaimoftheorganization,whichwillverifytheconsistencyandaccuracyofthemeasuring
system(Simion,2015;Svejvig&Andersen,2015;Winteretal.,2006a;Lamaakchaoui,Azmani,&
ElJarroudi,2018).

Thethreeselectedevaluators,designatedasA,B,andC,sampletenhousingsthroughoutevery
majorsourceofvariation.Forexample,themachine,time,shift,andjobchangeareallsourcesof
variation, and theevaluatorsmeasureeverypart three timesand in randomorders.Tocalculate
Repeatability&Reproducibilityfortheanalyzedcaliper,thisstudyusedMinitab16computersoftware
(Simion,2015;Parker,Parsons,&Isharyanto,2015;Zwikael&Smyrk,2012;Sadgui&Benchekara,
2018).ThegeneralrulesforgageR&RacceptabilityareshowninFigure5.

The Introduction of a Systems Thinking Approach in Housing/Council Tax Benefits
ThecouncilofBlaenauGwentCountyBoroughserved68,400citizenswithabudgetof£131,758,000,
whichwasapproximately$178,479,518.00.Asof2010, thedemandforhousingandcouncil tax
benefitsincreasedsignificantly.TheSystemThinkingMethodologyneededtounderstandcustomer
demand,whichhelpedtheteamtogenerateonepurposeforthehousing/counciltaxbenefitsserviceas
perthecustomer’sviewpoint.Suchhousingbenefitswenttoprivatetenants,suchasprivatelandlords
andhousingassociations,owner-occupiers,andcounciltenants.Forthissituation,the“Check,Plan,
Do”improvementcyclewasselected(Zokaeietal.,2010;Brown&Eisenhardt,1995;Sutherland,
2004;ElHissietal.,2018).TheCheckmodelforsystemsthinkingisoutlinedinFigure6.

Onemustunderstandthedemandtosupplycustomerswithwhatisneeded.Thus,phonecalls
wereexamined,sothattheteamcouldfindsufficientinformationaboutthedemand,suchas:the
letters thatweresent tocustomerswerenotunderstood; thecustomerssupplied the information,
whilefrequentlybeingaskedformore;customersfrequentlychasedupanddevelopmentontheir
claims;customersweregivenaninsufficientamountoftimetoanswerthequeryletters(Zokaeiat
el.,2010;Galli&Hernandez–Lopez,2018;Davidetal.,2017;D’Emilia,Gaspari,&Galar,2018).

Asaresult,theteamdiscoveredthatvaluedemandwas44%,andthefailuredemandwasthe
remaining56%,whichcausedtheautomatedphonesystemtoundergoafullreview.Forallofthe
compileddata,therewere107questionsdevelopedandclassifiedintoninethemes.Threeofthose
themessignifiedvaluedemand.Thesix-failuredemandisillustratedbelow.
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Figure 5. General rules for Gage R&R acceptability

Figure 6. Check model for system thinking
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ValueDemand:
◦ HowdoI/CanI?
◦ Mysituationhaschanged
◦ Iwanttopay

FailureDemand:
◦ Haveyoureceivedit?
◦ Moreinformationbeingsupplied
◦ WhenwillIreceiveit?
◦ Ineedinformation/Canyougivedetails?
◦ Whyareyouasking?
◦ Notforus/thecallisforanotherdepartment(Zokaeietal.,2010;Gimenez-Espin,2013;

Papke-Shields&Boyer-Wright,2017)

Studyingthe50benefitcasesledtheteamtodiscoverthatthe“newclaims”processtimewas45
days,whileittook35.3daysforthe“changeofcircumstance”.Additionally,thisresearchillustrated
manyproblems,asseenbelow,whichshowedtheneedforadrasticchangetothecurrentsystem:

• Thesystemlackedcaseownership,socustomerswerejuggledbetweenpeople;
• Fullapplicationsneededtobecompletedforthesimplechangeofcircumstances;
• Customersgavesuperfluousinformationandoccasionallyrepeatedinformation;
• Therewasamechanisminthesystemtosyntheticallyhaltaclaim,sotheclaimantsneededto

applyagain;
• Mostbackdatingrequestsweredeclined.

Customerswererequestedtogiveinformationthatcouldhavebeengivenbyothersources.Most
significantly,therewereinaccurateend-to-endtimesfromthecustomer’sviewpoint(Zokaeietal.,
2010;Nagel,2015;Eskerod&Blichfeldt,2005).

FINDINGS

Turbo Charger Components Manufacturing Company
Fromthe%Contribution,%StudyVariation,%Tolerancecolumns,andthenumberofcategories,this
studydistinguishedthattheacceptabilitycriteriaisnotintheacceptedzone.Withthisinformation,it
wassafelyinferredthatthedigitalcaliperwasnotsufficientenoughtomeasuretheinternaldiameter.
Thus,themeasurementsystemisnotacceptable.Moreaccurategagemustbeacquiredtomeasurethe
parts.Onceanewpartisacquired,thecompanywouldneedtoperformameasuringsystemanalysis
todetermineifthatpartisdeemedacceptable(Simion,2015;Xue,Baron,&Esteban,2017;Sharon,
Weck,&Dori,2013).Figure7outlinedthesessionwindowoutputfortheexperiment.

The Introduction of a Systems Thinking Approach in Housing/Council Tax Benefits
Agroupoffivememberswereassembledtoredesignandtoimplementabettermethodofworking.
Themainobjectivesofthisimproveddesignwereasfollows:doingwhatmatterstoeachclaimant,
verifyingaccordingtoknowledge,takingeachcaseonitsmerits,doingtherightthingonceatfirst
pointofcontact,beingassafeandlegalasyouneedbutnomore,andattainingexpertise-don’trefer
on(Zokaeietal.,2010;Cova&Salle,2005;GalliandKaviani,2018).

Amembertookfullownershipofaclaimfrombeginningtoend.Anup-skillwasneededfor
themembersandeventuallyeveryoneinvolvedinthecases.Customerinteractionandprocessing
ofclaimsskillweredevelopedthroughexperiencewiththenewsystem.Memberswerepairedwith
moreexperiencedmembersandtaughttheropesofthenewsystem.Thenewsystemtookafew
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monthstoreapmaximumbenefitsandmembersactivelyrotatefromcustomerservice,telephoning,
processingclaimsdepartments,whileclaimingownershipofclaimsbeginningtostart.Theprocess
ofnewclaimswasreducedto12.3days.

DISCUSSIoN

Asprofessionalsinahugelycompetitiveworld,deliveringtoconsumersisthenumberoneobjective.
Tokeepanorganizationfromdeliveryqualityservicetoitscustomers,therearemanyfactors.The
basicsofoperatinganorganizationarethebuildingblocksforeverythingelsethatcomeafter,and
themeasurementsystemofacompanyisoneofthesebuildingblocks.Therearecountlessdecisions,
especiallyinmanufacturing,basedonmeasurements.Asdiscussedinthispaper,ameasurementcan
beaffectedbyanumberoffactors.Makingcertainthatthereisacapablesysteminplacewillensure
thatanorganizationwillmakecorrectdecisionsbasedonthem.Anexceptionaltechniquethatisa
morethanadequatemethodtodetermineifameasurementsystemissufficientornotismeasurement
systemanalysis.Thecombinationofexperimentsandtrialstodeterminevariationaccuratelyprovide
undisputabledatatoacceptorchangeameasuringsystem.

SystemThinking is likewise fundamental to anorganization’s success.Aswasdiscussed in
thepaper,itwasmorebeneficialtoaddressproblemsatitsrootratherthandoingquickfixes.By
thinkingofasystemasawholeandexamininginteractionsbetweendifferentparts,problemsand
preventionaresolvedonamuchgreaterscale.Solutionsthattaketheserelationshipsintoaccount
achievemuchbettersuccessversusthosethatdonot.Fororganizationsthatneedtoaddressissues,
SystemThinkingshouldbetheidealmethodforallthebenefitsitbrings.

Figure 7. Session window output for Caliper / Xbar-R method
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Turbo Charger Components Manufacturing Company
Thequalityofthemeasuringsystemdictatesthesuccessofthequalityimprovement.Also,foran
acceptablemeasuringsystemandprocesscontrol,measuringequipmentiscriticalwhentheyare
workinguptothestandardssetforth.AusefultoolinmeasurementsystemanalysisisGageR&R.
Reduction of measurement variation and improvement of gage repeatability and reproducibility
ratioswillmakeiteasiertodistinguishbetweenpartsthatareinspecificationandthosethatarenot.
Withthisimprovement,itissimplerwhendecidingtoacceptorrejectapart(Raffaldi&Kappele,
2004;Hartono,Wijaya,&Arini,2014;Leeetal.,2013).Thisisthemaingoaltobeattainedfrom
thistechnique.

The Introduction of a Systems Thinking Approach in Housing/Council Tax Benefits
TheprevioussystemofBlaenauGwen’shousingandcounciltaxbenefitswascentrallyitemized.This
centralapplicationwasdiscoveredtobethemaincauseofwasteandpoorservicetoitsresident.System
Thinkinghadmarvelouseffectsbothontheprocessasawholeandwiththestaffimplementingit.
Oneofthedirectorswentsofarastosaythe“approachofre-designingservicesfromthecustomer’s
perspectivehasprovedthatSystemsThinkingworks,withafarbetterservicetoourresidentsand
farsuperiorperformancethanthatwhichwaspreviouslyachieved.Systemsthinkinghasenormous
potentialinre-shapingpublicsectorservicesatatimewhenchangeisnecessaryduetothedifficult
financialclimatetheCountryfindsitself”(Zokaei,etal.,2010;Burnes,2014;Medina&Medina,
2015).

organizational Implications
Byresearchingtheacquiredskillandmanagementstrategies,ithasbeenfoundthatthesevariables,
theirconcepts,andmodelsarenecessaryforconductingbusinessprojectsandforprojectmanagement.
Furthermore, the variables, their concepts, and models brought about successful company and
projectgoalsbydevelopingspecificskillsfromateam,whichiswhytheyshouldbeemphasized
foraprojectorformanagement.Theresultsparticularlyshowedthatstrategicplanningisrequired
fromleadership,alongwithatop-downandbottom-upapproach.Suchaleadershipapproachwas
mostimportantforcertainelementsofprojectmanagement,operationsmanagement,andprocess
improvement.Thus,thisstudyillustratedhowcriticalthesevariables,theirconcepts,andmodels
aretoleadershipapproaches.

These variables, their concepts, and models also influenced many aspects of a business. A
business’leadershipandmanagementbothrequiredcertaintrainingandskillsformanagingtheir
projectmanagementandperformanceandthebusiness’generalgrowth.Thisstudyrevealedthatany
currentissuesforprojectmanagementandoperationalperformanceinabusinessarefrominsufficient
leadershipskills.Thebottomlineapproachillustratedtoyieldmanyissuesbecauseitonlyfocuseson
profitsandcosts,butcertaintoolshelpedtooverseeprojectmanagementandoperationalperformance
toimprovethebusiness’performance.

Thecentralfindingfromthisstudywasthatthevariables,concepts,andmodelselementgoes
ignoredbecause finances seem tobe apriority forbusiness leaders. In the long run, abusiness
cansufferfromthisapproach;financesonlyaffecttheshort-term.Supervisingmultipleelements
(operations,projectmanagement,financials,performance,strategy,humanresources,etc)isgood
long-term leadership approach.Thus, theneed for all of thesebusiness elements toguarantee a
successfulpresentandfuturecanbeconfirmedbyleadership.

Managerial and Team Implications
Therewereseveralimplicationsfromthisstudy.However,theprimaryonewasthattheresultstook
adifferent approach in assessing thevariables to fill avoid researchgap.Theperformance and
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effectivenessofabusinesscouldbedirectlyimpactedbythesefactors,soonemuststudyandutilize
them,aswellasthefactorsbetweenthem.

Anoutlineforprojectsandperformancesofbusinessescanalsobederivedfromthisresearch.
Throughthisoutline,sothateveryonewithinthebusinesscanimproveonanyshortcomings,there
canbemoreproductivementoringandmanagerialconstructs.Also,topinpointtheircauses,teams
canfindshortcomingswithintheirownperformances.Thus,tobettermeetprojectanddepartmental
goals,teamscanusethesetools.

Lastly,theimplicationsshowedhowbeneficialitwastoprovideamorecomprehensivetraining
programthatcanyieldprojectandorganizationsperformanceandeffectiveness.Also,projectteams,
projectleadership,andorganizationalleadershipcanbegiventrainingtoevaluateateam,projector
organization’sperformancealongsidestandardandindustryacceptedmodelsandconcepts.Leadership
methodscanalsobemodifiedbythistrainingbyeducatingteamsandleadersonhowtheyaffectthe
performanceandreliabilityofprojectperformanceandteamperformanceandeffectiveness.Overall,
therewillbeanimprovementinperformanceandeffectiveness.

Implications and Applications to Fields of Project 
Management and engineering Management
Clearly, having these variables, their concepts, and models is necessary for projects. However,
the engineers and technical professionsneedmore attention.An engineer used tobedefined as
someonewhousedtechnologyandmathematicaltoolsforproblemsolving,butanengineerisnow
known as someone who offers economically viable solutions with their problem solving. Thus,
elementsofengineeringarealsoaffectedbythesevariables,theirconcepts,andmodels,aswell.
Themanufacturingofaprojectisthebasisofit,soitneedstobeeconomicallyviableforprofitsand
performancetoimprove.Theproperchoicesmustbemadewheninitiatingaprojecttoavoidfuture
errors.Toguaranteethattheirtechnicalknowledgecanbenefitinvestors,engineersneedknowledge
onbusinessmanagementandmaturitymodels.

Management and engineering concepts are both scientific, which is why there are different
managementschoolsofthinking.Engineeringreflectsthescientificideaof“causeandeffect,”so
managementandengineeringcorrelate.Thus,combiningbothconceptscanbeabenefit toboth
of them. The role of management in performance and operational-related decisions for project
successwasnotstudiedenough,whichiswhyengineeringimprovesmanyofitsprojectsthrough
management.Itwasexplainedinresearchthatthemodelsthatcanidentifytheproject’selements,
whichwastraditionallydescribedfromabusinessperspective.Asaresult,thisstudyillustratedthe
needtoknowthesemethodsbyusinganengineeringperspectivetodescribethem.Also,thisstudy
addressedpureengineeringfiledtechniques,suchasbudgeting,equipment,andpurchasingmaterial.
Thisstudyallowedengineersandprojectmanagerstogaindecision-makingmethodsforengineering
problems,aswellashelpedwithscreeningprojectsfortheirviability.

Thisresearchwasbasedonscholarlyinformationonthesevariables,theirconcepts,andmodels;
itdeeplyanalyzedthemandhowtheycanaffectprojectmanagementandoperationalperformance.
Thisanalysiswasmeant topinpoint theproperpractices for thesevariables, their concepts, and
modelsforfuturereference.Also,itprovidedvaluableinformationaboutprojectmanagementand
operationalperformance,aswellasmanagingtheseelements.Thisstudy’sresearchalsofocused
onhelpfulliteratureformanagingprojectsandimprovingthepre-existingmanagementstandards.

ProjectmanagementandoperationalperformanceisneededbytheIE/EMprofessionandresearch
field.Since thesevariables, theirconcepts,andmodelsfeature thebestconceptsforprojects,all
problemsmaynotberesolvedwith lean thinking.However, thestructuralorientationofascope
canmaketheIE/EMplayersgeneratethenecessaryscopesofinterestatanylevel.Togeneratethe
performancethatcanleadtothesameresults,amoretacticalapproachisneeded.

Furthermore,thisstudycontributedtoindustrialengineeringandengineeringmanagement,asall
businessfieldsneedprojectmanagementfornewproductsandservicestosucceed.Thisstudyalso
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featuredinformationforstakeholdersaboutapplyingmaturitytoprojectmanagement.Furthermore,
stakeholders,suchassystemengineersorprojectmanagers,willbeinspiredtobestutilizethesystem
engineeringandprojectmanagementrolestoensurethatbusinessprojectswillsucceed.

Literaturedidnotcontainenoughinformationaboutthesevariables,theirconcepts,andmodels,
eventhoughtheyareusedbybusinesses.Thus,studyinghowprojectmanagementandoperational
performancedevelopmentwereaffectedcoveredsomenewterritory.Usingsystemsthinkingwith
newproductdevelopmentgoalswasuseful,asitcanmakeproductsmoreprofitable.Thisstudypaved
thewayformoreresearchonhowsmallcompanies,withoutmanyestablishedprocesses,canmake
newproducts,astheproductunderconsiderationwasthecompany’ssecondproduct.

Limitations
Thereweresomelimitationstothestudyandresults;mainly,thestudyhadalimitedsamplesizethat
onlystudiedkeyfactors.Somebiasandvalidityforthefindingsandconclusionscouldhavearisen,so
therecouldhavebeenalargersamplesizetoavoidthis.Additionally,thisstudyonlyassessedthekey
factorsandtheirrelationshipwithinaprojectenvironment.Thus,theconclusionsandanalysiswere
exclusivetoprojectenvironments.Thefindingscouldnotreallybeappliedtootherarenas(supply
chainmanagement,operationsmanagement,strategicmanagement,etc.).Asaresult,onecouldnot
reallyarguethatthefindingsareapplicabletootherindustriesormanagerialsettings.

Future Research
Afewareasthatshouldbeexploredinfutureresearch,suchashowthesefactorsandtheirrelationship
workinotherindustriesandmanagerialsettings.Thestrengthsandweaknessesofthesevariables
andtherelationshipinthesesettingscouldbeassessed,aswellashowthesettingsinfluencethese
factorsandtheirrelationship.Additionally,thesefactorsfromanorganizational,strategic,orcultural
perspectivecouldbeexploredtoshowhowtherelationshipisseeninmanydifferentviews.Thus,
howculture,strategy,humanresources,andoperationsaffectthekeyvariablesandtheirrelationship
canbefurtherunderstood.
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