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ABSTRACT

Thisstudyinvestigatedtheapplicationofsystemsengineeringtoprojectmanagement.Thereisan
increasingcomplexitytomodernprojects,andlifecycle-focusedprojectmanagementdisplaysthe
inabilitytomanagetherisksassociatedwithincreasedprojectcomplexity.Amoreadequateapproach
totheseissuesispresentedinthesystemsengineeringprocesses.Itwasproposedthattheapplication
ofsystemsengineeringconceptswillallowimprovethemanagementofcomplexprojectsandthe
mitigationofrisks.Additionally,qualitativeresearchconductedviathecollectionandanalysisof
credibleinformationyieldeddatathatsupportedthisproposition.Sincesystemsengineeringprocesses
areadaptable,theyaresuitedtomanagecomplexproblems.Itwasconcludedthatapplyingsystems
engineeringtoprojectmanagementwasbeneficial,andtheintegrationofmethodologieswasvaluable
tothesuccessfulcompletionoflargescale,complexprojects.
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INTRoDUCTIoN

Background
Theuseofprojectsandprojectmanagementasameanstoaddvaluetoanorganizationwasproven
essential to thegrowthanddevelopmentofmodern industry.To improveoperations, to react to
opportunity,and tomanage thechallenges thatarisewithinabusinessenvironment,projectsare
required.Contrarytoprocessesoroperations,projectsareuniqueandmustbetreatedindividually.
Whilenotwoprojectsarethesame,theyshareasetofpropertiesthatqualifythemassuch.There
arespecifiedobjectives,durations,budgets,andgeneralconstraintsthatallprojectshave.Projects
aremultifunctional,spanningacrossnumerousindustries,sectors,ordepartmentsandtheuseofboth
humanandnonhumanresourcesarerequired.Oneofthemostdefiningpropertiesofaprojectis
thatithasdefinedstartandenddates,soitisalwaysfinite.Projectscanbeconsideredastemporary
endeavors that offer unique solutions. Also, it should be noted that there are many differences
betweenprojectsandprocesses.Repetitiveorongoingactivitiesthatutilizewell-establishedsystems
andpracticeswouldbethedefinitionofprocesses.Furthermore,thereisahighcertaintyofsuccess
andalowriskoffailurewhenperformingprocesses.Whileprocessesservetosupportthestatus
quo,projectstendtoviolateestablishedpracticesandupsetthestatusquo.Althoughhigherriskis
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associatedwithprojectsthanprocesses,projectstendtoyieldgreaterrewards(Pinto,2019;Ahern,
Leavy,&Byrne,2014;Badi&Pryke,2016;Azar,2012).

A necessary tool to mitigate risk and to ensure that a project is completed to specification
withinitsconstraintsisprojectmanagement.Bydividingaprojectintosmaller,moremanageable
tasksandsubtasks,projectmanagerscanmaintainahigherlevelofcontrolovertheirprojects.By
recognizingthatallprojectshavefinitelifecycles,thiscanbeachieved.Furthermore,therearefour
mainpointstoaprojectlifecycle.Theinitialphaseoftheprojectlifecycleistheconceptualization
phase.Duringthisphase,theinitialgoalsandspecificationsofaprojectaredeveloped.Projectscope
beginstotakeshape,andkeystakeholdersarerecognizedatthisstage.Theconceptualizationphase
isthenfollowedbyaplanningphase.Duringplanning,specificationsbecomemoredetailed,and
projectscopebecomesbetterdefined.Todevelopplanningdocuments,suchasschedule,budget,
andschematics,theseelementscanbeused.Afterthecompletionofplanning,projectexecutioncan
begin.Theexecutionphaseseesproject-relatedworkbeingperformedandcompleted.Onceworkis
completed,theprojectterminationphaseisinitialized.Duringtheterminationphase,finalproducts
are transferred to thecustomerorstakeholders,andresourcescanbereassigned.Essentially, the
terminationphaseiscompletedwiththeclosingofaproject.Theaspectsofaprojectlifecycleprovide
abilitiesthatarevitalforprojectcontrol.Also,thewaypointsbywhichprojectcompletioncanbe
measuredarelifecyclestages.Thereisalsoameansforvisualizingtheactivitiesrequiredforproject
completionsprovidedbylifecycleaspects,aswellassomeofthechallengesthatagivenprojectmay
face(Pinto,2019;Al-Kadeem,etal.,2017a;Eskerod&Blichfeldt,2005;Zelinka&Amadei,2019).

Primarily,therearemanyshortcomingsattributedtotraditionalprojectmanagement.Theability
totrackandmaintainapre-specifieddurationandbudgetisoneofthemostimportantaspectsof
project management. In projects today, increased rates of project failure are commonly derived
fromcostoverrunsanddelays.Also,consistencybetweentasksand/orwholeprojectsislackingin
projects.Itisbeingshownthatthecurrentpracticesofprojectmanagementarebecominglessable
tomanageprojectrisks.Atthecoreofthesenotabledeficienciesistheinabilitytomanageincreased
complexity.Todealwiththerisksassociatedwithincreasedcomplexity,anewapproachtoproject
managementshouldbetaken,asmodernprojectsaregrowinglargerandmorecomplex.Thefield
ofprojectmanagementhasthepotentialtomakeimprovementstoitspractices:enterthefieldof
systemsengineering.

An interdisciplinary approach to the realization of successful systems is referred to by the
term“systemsengineering”.Toclearlydefinecustomerrequirementsearlyindevelopmentandto
proceedwiththedesignandvalidationofsystemsisthefocusofsystemsengineering.Meanwhile,
theoverarchingproblemthatistobesolvedisalwaysconsidered.ItisstatedbyTheInternational
CouncilonSystemsEngineering(INCOSE)that:

Systems Engineering integrates all the disciplines and specialty groups into a team effort, forming 
a structured development process that proceeds from concept to production to operation. Systems 
Engineering considers both the business and the technical needs of all customers with the goal of 
providing a quality product that meets the user needs. (INCOSE, 2018)

Inattemptingtounderstandthefieldofsystemsengineering, it iscrucial tofirstunderstand
systems.AsystemhasbeendefinedbyaconsensusofINCOSEFellowsasaconstructorcollectionof
differentelementsthatproduceunobtainableresultsbytheelementsalone.Fromnumerousdifferent
disciplinesandresourcesfrompeopletofacilities,software,anddocuments,systemsutilizecertain
elements.Toaddvaluethatisgreaterthanthevalueofitsindividualpartstobusinessandtechnical
fieldsalike,asystemprovidesitsservice.Thebenefitofutilizingsystemstoachievegoalsisthat
systemslevelresultscanbeexpected,suchascontrolfunctions,performance,behavior,andquality.
Moreover,thereisadaptabilityandcomprehensibilitytosystems.
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Thefieldofprojectmanagementiscurrentlystrugglingtomanagetherisksassociatedwiththe
increasingcomplexityofmodernprojects.Throughtheapplicationofsystemsengineeringprocesses
andconcepts,projectmanagementmethodologiescanbeimprovedtobettermitigaterisksandto
manageincreasedcomplexity.Thispaperpresentsandanalyzessomeoftheshortcomingsoftraditional
projectmanagement.Italsohighlightsanumberofadvantagesofsystemsengineeringconcepts,as
wellashowtheycanbeappliedtoprojectmanagement.Theresearchwasconductedviaaqualitative
approach,butquantitativedatawasalsotakenintoaccount.Theapplicationofsystemsengineering
toprojectmanagementmayremedysometheissuescurrentlyfacedbymodernprojects.Ifsystems
engineeringprocessescanbeappliedtoprojectmanagement,thenthefieldofprojectmanagement
servestobenefitfromtheseapplications.

Thoughliteratureusuallyaddressesthecrucialroleofthesevariables,theirconcepts,andmodels
inprojectmanagementandperformance,moreinformationisrequired.Forexample,literatureshould
addresshow thevariables causea smoothprogression inprojectmanagement andperformance.
Thus,thisstudywasderivedfromthisresearchgap,asitaimedtoassessthemostrecentelements
andapplicationsofthevariables,theirconcepts,andmodels.Additionally,thisstudyaimedtoassess
anyoverlapsanddisparitiesbetweenthesevariables,concepts,andmodels.Asaresult,anobjective
wastoproposeaframeworkthatfeaturesthebestelementsofthecurrentmodel,whichwilloutlinea
“collective”frameworkforanyproject,operation,orperformance.Furthermore,theresearchaimedto
supplyevidence-basedanswerstoprominentquestionsfromexpertsonthesevariables,theirconcepts,
andmodels,suchasthebestmethodsinapplyingthem.Futureresearchaboutthesevariables,their
concepts,andmodelscanbuildupontheresearchfindingsandactasaplatform.

Furthermore,itwillbecomemoreimportantforthefutureofprojectmanagementandengineering
managerstomakegooddecisionsinengineering.Becausethisstudyaddressesthefutureofthese
topics,itisimportantforengineeringmanagementpractitioners.Thisstudyalsooutlinesitsrelevance
andcontributiontotheengineeringmanagementfield.Thecriticalimplicationsfromthefindings
arealsoexplainedfromdifferentorganizationallevels(i.e.,corporate,managerial,andprojectteam).
Lastly,theconclusionsofthisstudycanbeusedbyengineeringmanagementpractitionerstoimprove
capitalizingonthesefactorsandrelationshipsatdifferentlevelsofprojectenvironmentsandoperations.

Thisresearchwasmeanttoaddresstheefficiencyofthesevariables,theirconcepts,andmodels,
aswellastheirlikenessesanddifferences.Datahasbeenaddedfromvariousstudieswiththesame
hypotheses as this paper. This study adapted various research perspectives and ideas to suggest
newsolutionsforcurrentproblems.First, thisstudy takesadesign-science-investigateapproach.
Second,itapprovesavaluablegrowthrevealforreasonableandhypotheticalapplication.Finally,
itgeneratesasuitableassessmentmodelforthesevariables,theirconcepts,andmodels.Thisstudy
focusesonevaluationinstrumentstorespondtotheexaminationquestion,aswell.Intheanalysis,
theconsequencesofthemeetingsareoutlined,andtheconclusionaddressesinitialdiscoveriesto
recommendideasforfuturestudies.

This study not only contributes to the limited research on applying these variables, their
concepts,andmodelstoprojectmanagementandoperationsmanagement,butitalsocontributesto
theprofession.Inthefindings,thereal-worldexamplesshowtheneedtoapplythesetheoriestotrue-
to-lifesituations.Essentially,thesedifferentvariables,theirconcepts,andmodelsarefocusedonto
contributetocurrentliteratureandtoproposeaunifiedframework.Ignoringthistopichascreateda
researchgapthatcanbeconfusingforfutureresearchers.Thus,bystudyingandunderstandingthe
relationshipbetweenthesevariables,theresearchvoidwillbefilled,whichwillenhancethemethods
forapplyingthem.

Additionally,thisstudycontributestoIndustrialEngineering(IE)researchbecauseitaccelerates
theworkprocessforanengineer.Thoughthelatesttechnologycanhelpengineersinmaintainingthe
system,itcanalsohelptosaveonproductivity-hinderingresources,suchastime,money,materials,
energy,andmachinetime.Thus,becausethismodeloffersnewideasforproductsandforpractitioners,
productivitywillimprove.
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Sincethisstudyfeatureshelpfulinformationforreaders,theIEresearchfieldcanbenefit.Also,
thisstudyusessimplevocabularytoillustratetheeffectivenessofthesevariables,theirconcepts,and
models.Thereisacleartheoreticalframeworkthataddshelpfulinformationinthisstudytoserveas
areferenceforfuturereaders,aswell.

Overall, thestudyfollowsthisformat:sectiontwocontainsahigh-levelliteraturereviewfor
currentlyavailableliteratureintheseresearchfields.Forsectionthree,theresearchmethodologyis
explainedtoexecutetheresearchstudy.Sectionfourshowsthefindingsandanalysis.Lastly,section
fiveoutlinesanyimplicationsforthepractitioner,suggestionsforfutureresearchavenues,illustrates
researchlimitations,andprovidesgeneralconclusions.

LITERATURE REVIEw

Project Management
Project management was defined by the Project Management Body of Knowledge (PMBoK) as
theapplicationofknowledge,skills,tools,andtechniquestoprojectactivitiestomeettheproject
requirements.Thefieldofprojectmanagementandthetechniquesutilizedbyprojectmanagershave
provencrucialtothegrowthanddevelopmentofmodernindustry.Thestudyofprojectmanagement,
aspertheProjectManagementInstitute,focusedonobtainingspecifiedgoalsthroughexpertlevel
managementofbudgets,schedules,andconstraints.Furthermore,thePMBoKdefinitionofproject
successwasstatedasaccomplishing“projectobjectiveswithinscheduleandwithinbudgettosatisfy
thestakeholderandlearnfromexperience”(PMBoK,2018;Hartono,FNWijaya,&M.Arini,2014;
Marcelino-Sádabaetal.,2014;Parast,2011).Thus,theprojectmanagementfieldisessentialtothe
successofprojects.

Atthecoreofprojectmanagementistheconceptofprojectlifecycles.Therearefourcritical
phasesofprojectsintheprojectlifecyclethatmustoccurforaprojecttobeconsideredcomplete:
Conceptualization, Planning, Execution, and Termination. In Project Management: Achieving a 
Competitive Advantage, JeffreyK.Pintostates that these“stagesare thewaypointsatwhich the
projectteamcanevaluatebothitsperformanceandtheproject’soverallstatus”(Pinto,2019;Xiong
etal.,2017;VonThieleSchwarz,2017;UsmanTariq,2013).Hehighlightedthattheprojectlifecycle
isonlyapplicableafterthecommencementofaproject.Theabilityforprojectmanagerstomeasure
progressisanessentialelementofaproject’ssuccess.Projectmanagementprofessionalsalsocan
generate a useful visualization of potential challenges to be faced through the project lifecycle.
Additionally,Pintodrewattentiontosomeofthecommonsourcesofchallengesduetochangethat
occurredduringaproject.Hestatedthatclientinterestsoftenshiftedduringtheprojectlifecycle.
Acustomer’slevelofenthusiasmorconcernabouttheprojectwasoftenthesourceofclient-based
change.Projectstakewasalsoacommonfactorbecause“thelongerthelifeofaproject,thegreater
theinvestment”(Pinto,2019;Xue,Baron,&Esteban,2016;Zwikael,&Smyrk,2012;Nikabadi&
Hakaki,2018).Thecommitmentofresources,thedegreeofinnovation,andthelevelofuncertainty
wereallotherrelevantsourcesofchange.Overall, thesesourcesofchangecanoccur invarying
degreesthroughouttheprojectlifecycle.

Aspects of project management have been used for centuries throughout the world. The
constructionofthegreatpyramidsinEgypt,theColosseuminRome,andWestminsterAbbeyin
Englandcanbeassociatedwithprojectmanagement aspects.However,projectmanagementhas
onlyenteredthemainstreamasafieldofstudywithinthelastfiftyyears.AccordingtoDoctorTom
SeymourofMinotStateUniversity,therearefourperiodsofprojectmanagementthatspanthelast
century.Thefirstperiodwasreferredtoas“priorto1958,”whichaccountedfortheinventionofthe
GanttChart,jobspecifications,andotheraspectsthatsetthebasisformodernprojectmanagement.
TheHooverDamandInterstateHighwaysweresomeexamplesoflarge-scaleprojectscompletedin
thisperiod.Thesecondperiodofmodernprojectmanagementwasanintervalbetween1958and1979,
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whichsawtheintroductionofmanagementscience.Duringthistime,thePERTsystemandCritical
PathMethodwerealsointroduced,andtheProjectManagementInstituteisfounded.Additionally,
thethirdperiodofmodernprojectmanagementcamewiththeintroductionofpersonalcomputers.
Thisperiodlastedbetween1980and1994,whichincreaseduseoftechnologyinprojectmanagement
operationsandprovidedagreaterabilitytomultitask.Withtheincreasedusageoftechnologyalso
cameanumberofsoftwaremodelsandtheoriestoimprovetheabilitiesofprojectmanagers.Finally,
thecurrentperiodofprojectmanagementbeganin1995andhasseenimprovementstoprevious
technologiesandmethods,suchastheintroductionofMicrosoftProjectandtheCriticalChainPath
Method.

The current applications of traditional project management are far from limited. Numerous
sectors and industries utilize project management techniques for various reasons. The common
connectionbetweenthesediversefieldsistheneedtoachieveagoal,whateveritmaybe.Onearea
whereprojectmanagementhasprovenbeneficialistotheconstruction/renovationindustries.Apiece
writtenbyNaomiKachokaandRuthHoskinshighlightedtheuseofprojectmanagementinmanaging
renovationoperationsduringaprojectatChancellorCollegeLibrary.Thewritingstatedthat the
numberofrenovationprojectsbeingconductedisincreasingandthatprojectmanagementtechniques
arebeneficialtothesuccessoftheseprojects.Furthermore,KachokaandHoskinspointedoutthat
thelackofprojectmanagementdirectlyaffectstheabilitiesofrenovationprojectstobecompletedon
timeandwithinbudget.KachokaandHoskinsweremembersofateamtaskedwiththerenovation
ofaschoollibrary.TheystudiedtheprojectsuccessbasedonPMBoKstandardsandconcludedthat
themajorweaknessesoftheirprojectwereasfollows:

Some of the observable weaknesses in the management of the floor covering renovation project were: 
failure to identify a project manager, poor communication channels, lack of proper documentation, such 
as a project plan, a communication plan, a staffing management plan, a budget plan, a procurement 
plan and a project report, lack of proper monitoring and quality control mechanisms to ensure that 
planned targets were being met, poor risk management, poor cost estimations and cost control, and 
poor procurement planning. (Kachoka & Hoskins, 2017; Zwikael, & Smyrk, 2012; Yun et al., 2016; 
Nabavi & Balochian, 2018)

Furthermore,theteamconcludedthattheprojectcouldhavebenefitedsubstantiallyfromthe
utilizationofPMBoKconceptsandprocesses.TheyrecommendedthattheUniversityofMawali
shouldadoptstandardizedPMBoKmethodologiestoobtaintheadvantageofprojectmanagement
inthefuture.

Also, the ability of project management to mitigate the high level of risk associated with
mostprojectsisessentialtothesuccessofprojects.Dr.DanVescuoftheUniversityofBrasovin
Transylvaniaprovidedanoutlineofnumerousprojectrisksandmitigationpractices.Thisoverview
cameatatimewhenRomaniawaslackinginthecompletionofcredibleandefficientprojects.Dr.
Vescustatedthatwithinprojectlifecycles,twocategoriesofriskexist.Thefirstcategoryisinternal
riskandincludesrisksrelatedtoambiguity,imprecisedefinitionsofscopeandresponsibility,and
technology.Theexternalriskfactorsarethesecondcategory.Politicalandregulatorycircumstances,
environmentalandnaturaldisasters,andsocialandeconomicrisksareallincludedwithexternalrisk
factors.Furthermore,Dr.Vescudisplayedafewofthetechniquesavailabletomitigateprojectrisks.
Theassumption,monitoring,avoidance,andoutsourcingofriskareallallowedwithtraditionalproject
managementpractices.Theoverviewalsoprovidedaproposedsetofguidelinesformitigatingrisks.
First,thesourceoftheriskshouldbelocated,followedbyanevaluationandanalysisofthecauses.
Thefourthsteprequiresthedecisionofaleveloftoleranceofrisk.Then,correctiveorpreventive
measurescouldbeputinplacetomitigaterisks.Finally,projectcontrolcouldbeassumedandbalanced.

AstudyconductedbyS.C.HlopheandJ.K.VisseroftheUniversityofPretoriaDepartmentof
EngineeringandTechnologyManagementattemptedtodeterminewhetherprojectriskmanagement
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playsafactorinprojectsuccess.Thefocusofthisstudywastheprojectscarriedoutduringoutage
periodsofcontinuouslyoperatedplants.Thestudywasconductedvia61questionnairessurveying
13SouthAfrican coal firedpower stations.The research concluded that themajority of outage
projectsfailduetoanon-adherencetoprojectriskmanagementpractices.Thestudyalsorevealed
thatwhileprojectriskmanagementpracticeswerewidelyrecognizedasafactorinthesuccessof
projects, the levelofcompliance to thesepracticeswassubpar.HlopheandVisser (2018)stated
that“Understandingtheprobabilityofrisksoccurring,andbeingabletoevaluatetheirprobability,
severity,andcriticalityrequiresagreatdegreeofexperienceandknowledge”(Winteretal.,2006a;
Papke-Shields&Boyer-Wright,2017;Omamoetal.,2018).Hlophe&Visseralsoconcludedthat
moreadequatetrainingwouldensuretheeffectivenessofprojectriskmanagementandthesuccessof
projects.Notonlydidthisstudypresentanapplicationofprojectmanagement,butitalsoportrayed
oneofthemanybenefitsofprojectmanagementmethodologies.

Furthermore,aseparatestudyhasbeenconductedbytheUnitedStatesAirForceconcerned
withtheissuesofcostandscheduleoverrunsaffectinglargescaleprojects.Thestudywasconducted
andthefindingsrecordedbyCaptRyanTrudelle,USAF,EdwardD.White,LtColClayKoschnick,
USAF,LtColJonathanD.Ritschel,USAF,andLtColBrandonLucas,USAF.Thestudyfocusedon
theabilityofprojectmanagerstoutilizestatisticaltechniquestomitigatetheriskofcostandschedule
overruns.Thestudyshowedthatwhenacontingencyhasanintervalbetween15%and25%,the
riskofcriticaloverrunsbecomesminimized.Thedataalsoshowedthatasetoffivevariablesplace
projectsatriskofoverrun.Includedinthislistofvariableswereprojectdurationandsize.Projects
thathaddurationsgreaterthan58monthsfromthecompletionofa“B”milestonewereatriskof
overrun,aswereextremelylargeproject,generallywithbudgetsexceeding$17.5billion,illustrating
thatstatisticaltechniquesareimportantinqualitycontrolandprojectmanagement.

Whileprojectmanagementpracticeshaveproven their importance inachievinggoals, there
aremanyprevalentshortcomingsassociatedwiththediscipline.AnarticlepublishedintheSouth
AfricanJournalofIndustrialEngineering’sNovember2017issueshedsomelightonafewofthese
issues.Thearticlewasbasedonthefindingsofastudyonlargeinfrastructureprojects(LIPs)inSouth
Africa.Thestudyfocusedmainlyontheissueoflargeinfrastructureprojectsoverrunningbudgets
andmissingcriticaldates.FindingsshowedthattheamountofinfrastructurespendingintheSouth
Africanregionisincreasing,butsowasthenumberoffailedLIPs.“Infrastructureexpenditurein
Sub-SaharanAfrica(SSA)isexpectedtoincreaseby10percentonayear-to-yearbasis,fromUS$
70billionin2013toUS$180billionby2025,withSouthAfricaandNigeriaaccountingforthe
bulkofthisexpenditure”(Mabelo&Sunjka,2017;Milner,2016;Gallietal.,2017;Galli,2018c).
Thepairarguedthattheprojectlifecycleisinadequateforthemitigationoflargescaleprojectrisks
becauseoftheincreasinglevelsofcomplexityassociatedwithLIPs.

AnotherarticlewasalsopublishedbytheSouthAfricanJournalofIndustrialEngineering,andit
highlightedafewoftheproblemscommonlyfacedduringtheexecutionphaseoftheprojectlifecycle.
Thestudyshowedthatastakeholder’sleveloftrustintheirprojectmanagerschangeswithrelation
toprojectscheduleperformance.Essentially,whenprojectsfailtomeetcriticaldates,thenclients
losefaithintheirprojectmanagementteam.Thisbecomesanissuewhenpairedwiththefindingsof
MabeloandSunjka;projectsaremissingcriticaldatesinalarmingnumbers.Thisstudy,conducted
byA.M.ChitangoandL.Pretorius,hasmadeitclearthatwhenstakeholderslosetrustintheproject
managementteam,thentheyoftenimplementvaryinglevelsofprojectcontrols.Thesecontrolshave
beenshowntoaffectaprojectmanager’sabilitytoensurethesuccessofaproject:

demanding more project progress reports; conducting more progress meetings; conducting more 
progress inspections; delaying approval and payment of the engineering consultant’s invoices; and 
applying delay-damages penalties. These controls were found to be aimed at putting pressure on the 
engineering consultant to work faster and increase project work completion. (Chitango & Pretorius, 
2018; Galli & Kaviani, 2018; Brown & Eisenhardt, 1995)
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Furthermore, increased project controls that were implemented by stakeholders could be
detrimentaltoprojectmanagementoperations.Theincreaseduseofprojectcontrolsrequiredmore
work to be performed by project management professionals. Progress reporting, approvals, etc.,
required the timeandattentionofprojectmanagers.Asa result, therecanbedecreases inwork
completionratesandgeneralworkforceproductivity.Theteamconcludedbyrecommendingamore
dynamicsystemsapproachtoprojectmanagement.

TheUniversityofPretoria inSouthAfricaarguedthatadefinitivefactor in thesuccessand
failureofprojectswasthecommunicationofinformationbetweenprojectmanagementteamsand
elements.Thus,therolethatprojectmanagementofficesplayintransferringprojectknowledgeis
essentialtoprojectcompletion.Theresearchteamimpliedthattheshort-term,finiteviewsofproject
lifecyclesencourageddeficienciesintraditionalprojectmanagementprocesses.Thestudypresented
aconceptualmodelthatcouldbeusedbyprojectmanagementorganizationstoassistinmanaging
projectknowledgetransfer.Theconceptualmodelemphasizedtheabilitytomanageknowledgetransfer
notonlyduringshorttermendeavors,butalsoduringlongtermprocesses.Theshortcomingsand
deficienciesoftraditionalprojectmanagementarebecomingmoreprevalentwiththeincreasedsize
andcomplexityofmodernprojects.Thisgeneralincreaseinprojectcomplexitycreatesthepotential
forimprovementtotraditionalprojectmanagementpractices.

Anintroductiontoprojectcomplexityandtherolethatitplaysinprojectmanagementhasbeen
publishedonawebsitefromtheProjectManagementInstitute(PMI).Accordingtothepiece,the
complexityofprojectsspanningallindustriesisincreasingandwillcontinuetointhefuture.ThePMI
alsorecognizestheinabilitiesoftraditionalprojectmanagementtodealwithincreasedcomplexity.
Someofthecitedissueswithprojectmanagementarelinearapproachestoprojectlifecycles,illusions
ofcontrol,andtheunpredictabilityofhumannature(Cooke-Davies,2018;David,David,&David,
2017;Galli&Hernandez-Lopez,2018).Thearticlealsostressedtheneedforprojectmanagersand
teamstounderstandsystemsandsystemsengineeringconcepts,astheyprovideviablesolutionsto
theproblemsassociatedwithincreasedcomplexity.

Systems Engineering
The InternationalCouncilofSystemsEngineering,or INCOSE, referred to the fieldof systems
engineering as “an interdisciplinary approach and means to enable the realization of successful
systems”(INCOSE,2018;Galli,2018a;HoonKwak,&Dixon,2008;Schwedes,Riedel,&Dziekan,
2017;Aslani,Akbari,&Tabasi,2018).Asimplifiedviewofsystemsengineeringisasasystems-
thinkingbasedapproachtoproblem-solving.Theviewofawholeasthesumofitsparts,asopposed
toasingularevent,isthecoreconceptofsystemsthinking.INCOSEnotesthatthevalueaddedbya
systemisgreaterthanthevaluecontributedbyitsindividualpartsbecauseoftherelationshipcreated
betweenthem.Amethodologicalviewofproblemorprojectelementsisrequiredbythesystems
engineeringapproachtoproblemsolving.

Essentially, similar processes to the field of project management are utilized by systems
engineering.Unlikeprojectmanagement,systemsengineeringprocessesdonottakeafiniteapproach
toproblem-solving.Thebasisofafiniteprojectlifecycleandtheviewofprojectsastemporaryare
seenwithintraditionalprojectmanagementprocesses.TheSIMILARProcess(State,Investigate,
Model,Integrate,Launch,AssessandRe-evaluate)isutilizedbysystemsengineering.Asoutlined
bytheSIMILARProcess,thefirstphaseofproblem-solvingistostatetheproblem.Thedevelopment
phaseofaprojectlifecycleiscomparabletothisphase,asproblemsandgoalsaredefinedandoutlined.
Thereisastatementofmandatoryrequirements,aswellasthedevelopmentofaproblemstatement.
Onceaproblemstatementhasbeencreated,systemsengineeringteammemberscantheninvestigate
alternativesolutions.Intheinvestigationphase,researchandexperimentsareperformedtoensurethat
thesystemprovidesthebestsolutiontothespecifiedproblem.Attheconclusionofinvestigations,
theproposedsystemcanbemodeled.Analogs,analyticequations,blockandflowdiagrams,and
computersimulationsshouldbewhatmodelsconsistof,accordingtoINCOSE.
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TheabilitytocreatedynamicPERTchartsandtostudyschedulingchangesbeforetheyoccuris
providedbysystemmodels.Aftermodeling,integrationcanbegin.Duringtheintegrationphase,to
worktowardsalargergoal,subsystemsareutilizedcomprehensively.Theintegrationofsubsystems
allowforasystemtobecreatedandoperatedusingefficientmeans.Onceasystemislaunched,outputs
areproduced.Allowingasystemtooperateinthemanneritwasdesignedisessentiallylaunchinga
system.Systemoutputscanthenbecollectedandanalyzed,andtoassesssystemperformance,output
dataisused.Formitigatingriskandmeasuringproductivityandefficiency,performancemeasures
arevaluable.OneofmostimportantaspectsoftheSIMILARProcessisthere-evaluationphase,as
feedbackfromassessmentdataisutilizedtomodifyoradjustthesystem.Re-evaluationshouldbe
acontinualprocessandshouldalsoworkparallelwiththesystem.Althoughitisusuallypresented
inalinearmanner,SIMILARProcessphasesarefreetobearrangedinanyorderthatthesystems
engineeringteamseesfit,sotheyarenon-linear.Onthecontrary,thelinearandfiniteprojectlifecycle
areadheredtobyprojectmanagers.

Asidefromtheadaptabilityofcoreprocesses,systemsengineeringholdsanumberofother
advantages over traditional project management practices. According to research conducted by
HanumanthraoKannan,ChristinaBloebaum,andBryanMesmerofIowaStateUniversityandthe
UniversityofAlabama,theincorporationofvalue-basedsystemsengineeringcanproduceincreased
consistencyinLargeScaleComplexEngineeredSystems(LSCES).Furthermore,theteamexplored
theabilityofsystemsengineeringpracticestomitigatetheriskofcostoverrunsanddelays.Kannan
etal.(2017)referredtoLSCESinthecontextoflarge-scalesystemsdesign,butthecharacteristics
ofanLSCESdonotboundtoasingledisciplineorindustry(Nagel,2015;Xue,Baron,&Esteban,
2017;Todorovićetal.,2015).Todescribelargescaletransportation,infrastructure,andconstruction
projects, the term large scale complex engineered system can also be used. The requirement of
multidisciplinaryresourcesanddiversesubsystemsarecommonfeaturesofLSCES,anditwillalso
generallyspanmultiplegeographiclocations(Kannanetal.,2017;Medina&Medina,2015;Lee
etal.,2013).Many innovationsfor increasingsystemconsistencyhavecomefromresearch,and
increasedconsistencyisassociatedwithanumberofimplicationsthatwillbefurtherdiscussedin
subsequentsections.Thestudyconcludedthatadaptabilityandcontrolwerekeyfactorstoincreasing
consistency.Italsodemonstratedthatthereisavaluegapbetweentraditionalprojectmanagement
andsystemsengineering.

InrelationtothepreviousworkbyKannanetal.(2017),astudythatfocusedontheapplications
ofsystemsengineeringtocurrentnuclearenergyproductionprocessesalsoexploredtheadvantageof
integratingvalue-basedsystemsintodesignanddevelopmentphases(Gimenez-Espin,2013;Detert,
2000).Manycharacteristicsoflarge-scalecomplexengineeredsystemsareoftenfeaturedinnuclear
energyprojects,sotheycanbenefitfromtheadvantagesofsystemsengineeringapplications.The
studywasconductedbyDanWolff,RichardBrown,PaulCurson,RobEllis,TanyaGalliara,and
MattHarris,andwaspublishedintheMay2018editionofIEEETransactionsonPlasmaScience.
Wolffandcompanyinvestigatedtheapplicationsofsystemsengineeringtothedesign,integration,
andmaintenanceofnuclearfusionplants.Duetotheassociatedcomplexityandsizeofmostnuclear
energyprojects,traditionalprojectmanagementpracticesarefailingtokeepprojectsincontrol.It
wasproposedthatSIMILARprocessescouldaidinmitigatingrisksassociatedwithnuclearenergy
projects.Anemphasisonthemodeling,integration,andre-evaluationelementsofsystemsengineering
isalsomade(Wolffetal.,2018;Andersen,2014;Cova&Salle,2005;Galli,2018b).Theauthors
concludedthatthepotentialbenefitsofsystemsfocusedprocesses,bothshortandlongterm,justified
awideradoptionofsystemsengineeringinthenuclearenergyindustry.

Anotheradvantageofsystemsengineeringoverprojectmanagementisinriskmanagement.The
abilityoftraditionalprojectmanagementtomitigateriskissubjecttouncertaintyandlimitedbyan
arrayoffactors.AbdelBadrioftheUniversityofQuebec’sSchoolofIndustrialEngineeringcites
thesefactorsasprojectcomplexity,projectvariety/diversity,interdependencewithinprojects,and
organizationalcontext.Badri’sarticleattemptstoshedlightonthecomplexityofriskmanagement
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intraditionalprojectmanagement.Thearticlealsoshowedtheadvantagesofutilizingasystems-
engineering-basedapproachtoprojectriskmanagement.Theresearchconcludedthatthelinearproject
lifecycleisnotadeptatmanagingrisksasprojectsgrowmorecomplex.Badrirecommendedthe
implementationofariskmanagementcyclethatcontinuouslyevaluatesriskandhighlightsmitigation
strategies.Thus,agreaterabilitytomitigateriskcouldbeprovidedbysystemsengineeringwiththe
emphasisonre-evaluationintheSIMILAR.

A study performed by Islamic Azad University School of Engineering found that potential
changesincurrentprojectmanagementpracticescoulddecreasebothcostandanalmostvariance.
Furthermore,applyingsystemsengineeringanddynamicsconceptstotraditionalprojectmanagement
practicesincreasedprojectcontrol,decreasingbothcostandvariance.Theseresultswerebasedon
simulationsandmodelscreatedduringthestudy(Kianietal,2018;Easton,&Rosenzweig,2012;
Labedz&Gray,2013;Gafi&Javadian,2018).Theteampointedouttheimportanceoftheirfindings
totheconstructionmanagementindustry,buttheapplicationofsystemsengineeringanditsprocesses
tothefieldofprojectmanagementcouldbeofequalimportancetonumerousotherindustries.

Theuseofsystemsengineeringprocessesandconceptsisadvantageoustothecurrentbusiness
landscape,asfirmscontinuetoundertakeprojectsatincreasingrates.Anadaptablefieldthatcanbe
usedforanalmostinfinitenumberofapplicationsissystemsengineering.Fortheimplementation
ofsystemsengineeringprocesses,projectsthatinvolvecomplexorganizationsandorganizational
structuresareprimecandidates.AcasestudyconductedbyDawnGilbertandMikeYearworthof
theUniversityofBristolintheUnitedKingdomsetouttoinvestigatetheeffectsoforganizational
complexityontheabilityofprojectmanagerstomeetdeliveryexpectations.Thestudycompared
traditionalprojectmanagementmethodologiestoamoresystems-focusedapproach.Also,theteam
presentedtheideathatorganizationscanbeviewedascomplexadaptivesystems.Thetraditional
“reductionist”approachtoprojects that involvecomplexorganizationswasbasedonasimplistic
“causeandeffect”viewsofproblem-solving.Thisencouragedapositivistresearchapproachthat
“drawssuperficially(ifatall)fromanyrecognizabletheoreticalposition”(Gilbert&Yearworth,2016;
Arumugam,2016;Besner&Hobbs,2012;Burnes,2014).Thestudyconcludedwiththepositionthat
traditionalprojectmanagementmethodologiescouldbenefitfromtheadditionofsystemsengineering
processeswhendealingwithcomplexorganizations.

Overall,ithasbeenshownthatsystemsengineeringprocessescanalsobenefitthedesignphase
ofproject lifecycles. In systemsengineering, theSIMILARprocesshighlighted the importance
of themodelingand integrationof systems. In their article“DesignVerification throughvirtual
prototypingtechniquesbasedonSystemsEngineering,”RicardoMejiaGutierrezandRicardoCarvajal
Arangopresentedananalysisoftraditionaldesignverificationactivities.Thesubjectofstudywas
theintegrationofsoftwaretoolsintoexistingproductdevelopmentprocesses.Thepairmadethe
argument that thedesignstageofcomplexproductdevelopmentprojectscouldbenefit from the
implementationofmodelingandintegrationprocesses.Also,theydrewattentiontotheimportance
ofmodelinginthedevelopmentofnewproductsandinnovations.Thedatacollectedfromsystem
modelingcouldbeanalyzedandcouldaidintheverificationofdesigns.GutierrezandArangoalso
presentedanargumentfortheintegrationofdevelopmentsoftwareintoexistingdesignprocesses.
TheintegrationofsystemswasanintegralpartofthesystemsengineeringSIMILARprocess.By
integratingdesign,modeling,andcostingsubsystems,designscanbeverifiedandfeasibilitycanbe
decidedwithahigherdegreeofcertainty.

Systemsengineeringapproachestoproblem-solvingarebecomingmoreprevalentacrossthe
modernbusinesslandscape.Onesectorwheresystemsengineeringisincreasinginpopularityisthe
medicalindustry.AnarticlebyDoctorAmyeJ.Tevaarwerk,DoctorJenniferR.Klemp,andother
AmericanCancerSocietyassociatedpersonnelpresentedasystems-engineeringapproachtohealth
managementofcancersurvivors.Theteamstated:
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Maintaining their health requires communication and coordination among and between specialists, 
primary care, and survivors to deliver necessary preventive and supportive care. Ongoing survivorship 
care can be fragmented by inadequate communication and care coordination processes. This 
fragmentation contributes to inferior health outcomes stemming from a failure to provide necessary 
care and the provision of unnecessary or duplicative services. (Tevaarwerk et al, 2018; Loyd, 2016; 
Gholizad et al., 2017)

They maintained that the communication and coordination of medical care elements was
becomingmoreintensiveduetoincreasingcomplexity.Tomitigatetherisksassociatedwithincreased
complexity,itwassuggestedthatmedicalcareelementsbeviewedassubsystems,asopposedto
resources,andthattheintegrationofthesesubsystemsprovidedabilitiestobettermanagethehealth
ofcancersurvivors.

Asmentionedpreviously,anapproachtoproblem-solvingissystemsengineering,soindustrial
problemscanbemanagedbysystemsengineeringprocesses.Commonly,toproblem-solve,industrial
firmsundertakeprojects.Ideally,tocontrolthesesolutions,thefieldofprojectmanagementshould
besuitable.However,theoverwhelmingmajorityofcitedworksexpressedproblemsthatproject
management faced, including riskmanagement inabilities, inconsistency, andproject failures.A
researchpaperbyDennisA.Perry III,BillOlson,PaulBlessner, andTimothyD.Blackburnof
The George Washington University also drew attention to the troubles of risk and opportunity
managementinindustrialprojects.Theresearchpaperstatedthat“Themanagementofproblems
canbeinconsistent,fromoneprojecttoanother,fromoneorganizationtoanother,andevenfrom
oneprojectmanagertoanotherwithinthesameorganization”(Perryetal,2016;Parker,Parsons,&
Isharyanto,2015;Sharon,Weck,&Dori,2013).Theteamrecommendedthatsystemsengineering
concepts be applied to current industrial problem management landscape. Also, the high stakes
forfailureassociatedwithsubparproblemmanagementcreatedopportunities to improvecurrent
projectmanagementpractices.Perryetal.(2016)concludedbystatingthat“Theroleofproblem
managementinthesystemlifecyclemustbeexplored,andrefinementstothemodelmayconsider
feedbackloopsandknowledgemanagementforcontinuousimprovementofthesystemorprogram”
(Shenhar&Levy,2007;Sutherland,2004).Thefindingspresentedinthisresearchpaperreflected
acommondesireforimprovementtotraditionalprojectmanagementthroughtheincorporationand
applicationofsystemsengineeringconcepts.

RESEARCH METHoDoLoGy

Literature Review Research Approach
Theliteraturereviewwasatwo-stepprocess.First,therewasasearchforrelevantinformation,such
as inputtingkeywords.Thisstepwas lessstructured than thesecondstep,whichwas thereview
process.Init,databasesandsearchstrongwereused,andtablesofcontentsfromtwojournalswere
searchedthrough.

Part 1: Explorative and Unstructured Literature Review
Thisstudyaimedtoreconsidercertainkeywords,sopublicationsthataddressedthekeywordshadto
beexplored.Thus,31journalarticlesand7relatedbookswerecollected.Then,thekeywordswere
assessedwithinthe38publicationstousethemassearchtermsinthestructuredreview.

Part 2: Structured Literature Review
Astructuredandsystematicapproachwasusedtofindmethodsforconductingreviews.Thissection
containsfourphases.First,therewaspreparationandscoping.Second,therewasplanningthereview.
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Third,therewasasearch,assessment,andselectionofliterature.Finally,therewasanevaluationof
selectedliterature.

Forphase(1),thereviewscopeconcentratedonproject-relevantresearchaboutmarketingand
strategicplanningaskeyconcepts inthestudies.Asaresult, itwasanticipatedfor thesearchto
generatesufficientevidenceandjournalsforthestudy.

Phase(2)involvedconnectingotherconcepts(thekeywords,howtheyrelate,howtheyinteract)
tothekeywordsformoreinformation.However,theconceptsofsuccess,evaluation,andimpactwere
toovague,astheydidnotresultinpracticalandfocusedresults.

Inphase(3),relevantresultswerecompiledbysearchingthroughmanydatabases:ProQuest,
BusinessSourceComplete,Elsevier,EBSCO,ABI/InformGlobal,ScienceDirect,etc.Asaresult,
15conferencepapersand25resultswerecollectedthatwererelevanttothejournals.Overall,40
resultsofconferenceandjournalpaperswerefound.

TheendofthesearchinvolvedlookingthroughTablesofContentsfortier1andtier2journals,
whichwouldalsobeacademicandpractitioner-based.Furthermore,itwasensuredthatallrelevant
articleswerefoundwithorwithoutmatchingthekeywords.Anyselectedjournalswereusedaspremier
specialtyjournalsforthekeywords,andthesearchandselectionprocessinvolvedthreestreams(as
seeninFigure1,below):theexplorativeandunstructuredsearch,thestructuredsearchwithsearch
strings,andscanningtheTableofContents.

Performingthethreestreamscondensedtheresultsto42publicationsfortheanalysis.Between
24and18resultswerecollectedintheselectionprocessbyfocusingontheresultsfromacademic
journal articles, literature reviews, conference papers and proceedings, and books. Additionally,
triangulationmethodswereapplied.Thefirstselectionwasdonetoseeiftheresultingpublications
werelinkedtoboththekeywordsandtotheprojectresearch.Thisevaluationwasdonewithasetof
inclusionandexclusioncriteriahighlightingtheabstract,butsomepublicationsincludedtheentire
paperoronlytheintroduction.

Inphase(4),theinformationwasorganizedintoaninductiveanddeductiveanalysis.Then,this
wasdocumentedwithasoftwarepackage.Theuniversityandcountryofeachauthorwasdocumented
inthedeductiveanalysis.Researchgenresweredocumentedasempiricalresearch,theorydevelopment,
researchessaysandliteraturereviews,or“other”.Also,thedeductivecodingwasaddedbyproving
that thepublicationsapplied theoretical frameworks, suchas througha research-basedviewand
contingencytheory.Itwasalsodocumentedifthepublicationfeaturedamodel.

Agroundedtheoryapproachwasappliedfortheinductiveanalysistocodecertainpublications
withopenandselectivecodes.Mostoftheselectedpublicationswerebasedontheaveragenumber
ofcitationsannually.Thus,theolderpublicationswerebalancedwiththenewerones.Also,relevant
literaturereviewswereincludedthatrepresentedevenmorepertinentstudies.Then,certaincurrent
publicationswerealsoincludedthatcontributedtothekeywordsresearch.

Withinphase(4),keythemesweregeneratedbystudyingthelistofopencodestoassemblethem
intoaxialandselectivecodes.ThefirsttwopartsoftheliteraturereviewoccurredbetweenDecember
2018andMarch2019,asthiscorrelatedwithrelatedresearchactivities.Duringthistime,thefinal
evaluationofrelevantmaterialsandtheiroverlapwasassessed,aswell.

Evidently,therewerekeythemesthatthevariablesandconceptssharedfromdescriptiveand
trait perspectives.Statistical analysis and investigatingothervariables/factorsmadeour research
conclusionsmoresignificant,aswell.Table1includesthe42identifiedstudies,andkeythemes
wereaddressed.

Byevaluatingthe42studies,theliteratureevaluatedthekeywordsthroughusingvariousstatistical
methods fromrelationalandcausalviewpoints.Thus, the researchconclusionsweregivenmore
weightandvalue.Table2summarizesthestatisticalmethodsutilizedforthe42studies.Also,Table
3summarizesthenumberoffactorsorvariablesstudiedwithinthejournals.

The findings for these research methods that were based on the themes/topics were from
subsequentsections.
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FINDINGS

Project Failure
Theobtaineddatarevealedthatthemostprevalentissuetoprojectmanagementwastheriskofproject
failure.Thecausesofprojectfailuresvarywidely,buttwofactorswerevitaltothedeclarationof
successorfailure.Thesefactorswerecostandduration,andattentiontocostandschedulemanagement
wasessentialtothesuccessofprojects.DataprovidedbyMabeloandSunjka’sresearchstudyshowed
that traditional project management techniques could not maintain control of project costs and
durations.IntheresearchpaperpublishedbytheSouthAfricanJournalofIndustrialengineering,
theystatethefollowing:

The megaproject market is worth about $9-trillion each year and globally, big builds are in a mess. It 
is rare to have one completed on time and on budget. . .Data from more than 300 global megaprojects 
shows that 65 percent of industrial projects with budget larger than 1 billion in 2010 U.S. dollars 
failed to meet business objectives. In some industrial sectors the failure rate was as high as 75 percent. 
(Mabelo & Sunjka, 2017; Svejvig & Andersen, 2015)

Itisalsomadeevidentthatthefailingsofprojectmanagementtomaintaincontrolandcomplete
projects successfully isdetrimental to theprojectmanagement industry.Thehigh rateof failure
amonghighcostprojectsservedasadeterrenttopotentialstakeholdersorinvestors.Failuresofthat
magnitudecanbankruptfirmsandcandestabilizeentireeconomies.

AnanalysisofastudybyCaptRyanTrudelle,USAF,EdwardD.White,LtColClayKoschnick,
USAF,LtColJonathanD.Ritschel,USAF,andLtColBrandonLucas,USAalsoyieldednoteworthy
dataaboutthefailuresofprojectsandprojectmanagement.Thestudypresentedestimationsofthe
likelihoodofUSDepartmentofDefense(DoD)acquisitionsprojectsremainingbothwithinbudgetand
duration.Theresearchteamutilizedanumberofstatisticalanalysistechniques,includingregression
analysis, toformulateaconclusion.Theresultsof theiranalysisof49DoDacquisitionsprojects
supportedthepositionthatlargescaleprojectswereathighriskoffailure.Thedatashowedthat51%
ofDoDacquisitionsprojectsoverrunbothcostandduration.ItwasalsoshownthatDoDacquisitions

Figure 1. Research approach for literature review



International Journal of System Dynamics Applications
Volume 9 • Issue 1 • January-March 2020

93

projectscostingmorethan$17.5billionhavea77%chanceofexperiencingcostoverruns/schedule
slippageevenwhena15%contingencywasinplace.Whencontingencylevelwasincreasedto25%,
theriskofoverruns/slippageonlydecreasedtoapproximately21%.Furtherresearchandanalysisled
tothediscoveryofacommonlycitedcauseforprojectfailure:increasedcomplexity.

Increasing Complexity
Projectsareinherentlycomplexendeavorsand,untilsomewhatrecently,traditionalprojectmanagement
practicescanaccountforcomplexity.Dataextractedfrommultiplesourcesshowedageneralincrease
inprojectcomplexityisoccurringinprojectsacrosstheprojectmanagementindustry.Anintroduction
tocomplexitypublishedontheProjectManagementInstitutestatedthatof1,500surveyedProject
ManagementCEO’s,79%expectedtoseeprojectcomplexitiescontinuetoincreaseinthefuture.The
surveydataalsoshowedthatnearly50%ofCEO’sdoubtedtheirfirm’sabilitytomanageincreases
incomplexity.Similarly,thestudyperformedbyMabeloandSunjkapresenteddatacomparableto

Table 1. Identified studies from research approach by theme

Theme #1 Theme #2

Ahern,Leavy,&Byrne,(2014)
Arumugam,(2016)
Azar,(2012)
Badri,(2015)
Cova&Salle(2005)
David,David,&David,(2017)
Eskerod&Blichfeldt,(2005)
Galli&Kaviani,(2018)
Gallietal.,(2017)
Hartono,FNWijaya,&Arini,(2014)
Kachoka&Hoskins,(2017)
Mejía-Gutiérrez&Carvajal-Arango,(2017)
Nikabadi&Hakaki,(2018)
Tshuma,Steyn,&Waveren,(2018)
Xue,Baron,&Esteban,(2016)
Xue,Baron,&Esteban,(2017)
Andersen,(2014).
Schwedes,Riedel,&Dziekan,(2017)
Wolffetal.,(2018)

Al-Kadeemetal.,(2017a)
Badi&Pryke,(2016)
Chitango&Pretorius,(2018)
Hlophe&Visser,(2018)
Kiani,Hosseini,&Abdi,(2018)
Medina&Medina,(2015)
Milner,(2016)
Parast,(2011)
Parker,Parsons,&Isharyanto,(2015)
PMBOK®GuideandStandards(n.d.)
Sharon,Weck,&Dori,(2013)
Seymour&Hussein,(2014)
Shenhar&Levy,(2007)
Yunetal.,(2016)
Gimenez-Espin,(2013)
Kwak,&Dixon,(2008)
Nabavi&Balochian,(2018)
Sutherland,(2004)
Zelinka&Amadei,(2019)

Theme #3 Theme #4

AboutSystemsEngineering,(2018)
Cooke-Davies,(2018)
Detert,(2000)
Easton&Rosenzweig,(2012)
Gafi&Javadian,(2018)
Galli,(2018c)
Galli&Hernandez-Lopez,(2018)
Omamoetal.(2018)
Svejvig&Andersen,(2015)
Todorovićetal.,(2015)
Labedz&Gray,(2013)
Leeetal.,(2013)
Mabelo&Sunjka,(2017)
Pinto,(2019)
Trudelleetal.,(2017)
UsmanTariq,(2013)
VonThieleSchwarz,(2017)
Zwikael&Smyrk,(2012)

Aslani,Akbari,&Tabasi,(2018)
Besner&Hobbs,(2012)
Brown&Eisenhardt,(1995)
Burnes,(2014)
Galli,(2018a)
Galli,(2018b)
Gholizadetal.,(2017)
Gilbert&Yearworth,(2016)
Kannan,Mesmer,&Bloebaum,(2017)
Perryetal.,(2016)
Xiongetal.,(2017)
Winteretal.,(2006a)
Loyd,(2016)
Marcelino-Sádabaetal.,(2014)
Nagel,(2015)
Papke-Shields&Boyer-Wright,(2017)
Tevaarwerketal.,(2018)
Vescu,(2015)
Zhangetal.,(2016)
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Table 2. Systematic analysis results by statistical analysis method

Statistical Method Number of Articles (Frequency) Author(s)

Regression 17
(23.29%oftotalarticles)

Azar,(2012)
Cova&Salle,(2005).
David,David,&David,(2017)
Detert,(2000)
Easton&Rosenzweig,(2012)
Gallietal.,(2017)
Gimenez-Espin,(2013)
Hlophe&Visser,(2018)
Kachoka&Hoskins,(2017)
Loyd,(2016)
Nabavi&Balochian,(2018)
Nikabadi&Hakaki,(2018)
Seymour&Hussein,(2014)
Sutherland,(2004)
Wolffetal.,(2018)
Xue,Baron,&Esteban,(2017)
Zwikael&Smyrk,(2012)

ANOVA 15
(20.55%oftotalarticles)

AboutSystemsEngineering(2018)
Ahern,Leavy,&Byrne,(2014)
Badri,(2015)
Brown,&Eisenhardt,(1995)
Cooke-Davies,(2018)
Gafi&Javadian,(2018)
Galli,(2018b)
Galli,(2018c)
Kannan,Mesmer,&Bloebaum,(2017)
Kiani,Hosseini,&Abdi,(2018)
Mejía-Gutiérrez&Carvajal-Arango,(2017)
Nagel,(2015)
Papke-Shields&Boyer-Wright,(2017)
Xiongetal.,(2017)
Yunetal.,(2016)

Q-Test 14
(19.18%oftotalarticles)

Arumugam,(2016)
Aslani,Akbari,&Tabasi,(2018)
Badi&Pryke,(2016)
Gilbert&Yearworth,(2016)
Kwak,&Dixon,(2008)
Labedz&Gray,(2013)
Mabelo&Sunjka,(2017)
Parker,Parsons,&Isharyanto,(2015)
PMBOK®GuideandStandards(n.d.)
Schwedes,Riedel,&Dziekan,(2017)
Tevaarwerketal.,(2018)
UsmanTariq,(2013)
VonThieleSchwarz,(2017)
Zelinka&Amadei,(2019)

t-Test 13
(17.81%oftotalarticles)

Andersen,(2014)
Besner&Hobbs,(2012)
Burnes,(2014)
Eskerod&Blichfeldt,(2005)
Galli,(2018a)
Winteretal.,(2006a)
Hartono,FNWijaya,&Arini,(2014)
Leeetal.,(2013)
Perryetal.,(2016)
Sharon,Weck,&Dori,(2013)
Shenhar&Levy,(2007)
Trudelleetal.,(2017)
Zhangetal.(2016)

Chi-SquareTest 16
(21.92%oftotalarticles)

Al-Kadeemetal.,(2017a)
Chitango&Pretorius,(2018)
Galli&Kaviani,(2018)
Galli,&Hernandez-Lopez,(2018)
Gholizadetal.,(2017)
Omamoetal.(2018)
Marcelino-Sádabaetal.,(2014)
Medina&Medina,(2015)
Milner,(2016)
Parast,(2011)
Pinto,(2019)
Svejvig&Andersen,(2015)
Todorovićetal.,(2015)
Tshuma,Steyn,&Waveren,(2018)
Vescu,(2015)
Xue,Baron,&Esteban,(2016)
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Table 3. Systematic analysis results by number of variables studied

No. Factors Studied Number of Articles (Frequency) Author(s)

1 14
(19.18%oftotalarticles)

Andersen,(2014)
Besner&Hobbs,(2012)
Chitango&Pretorius,(2018)
David,David,&David,(2017)
Galli,(2018b)
Gholizadetal.,(2017)
Kiani,Hosseini,&Abdi,(2018)
Leeetal.,(2013)
Medina&Medina,(2015)
Nagel,(2015)
Papke-Shields,&Boyer-Wright,(2017)
Sutherland,(2004)
VonThieleSchwarz,(2017)
Yunetal.,(2016)

2 13
(17.81%oftotalarticles)

Al-Kadeemetal.,(2017a)
Azar,(2012)
Badri,(2015)
Brown,&Eisenhardt,(1995)
Galli&Hernandez-Lopez,(2018)
Omamoetal.(2018)
Mabelo&Sunjka,(2017)
Mejía-Gutiérrez&Carvajal-Arango,(2017)
Pinto,(2019)
Shenhar&Levy,(2007)
Seymour&Hussein,(2014)
Wolffetal.,(2018)
Xue,Baron,&Esteban,(2016)

3 14
(19.18%oftotalarticles)

Arumugam,(2016)
Badi&Pryke,(2016)
Cooke-Davies,(2018)
Eskerod&Blichfeldt,(2005)
Gallietal.,(2017)
Gimenez-Espin,(2013)
Loyd,(2016)
Marcelino-Sádabaetal.,(2014)
Nikabadi&Hakaki,(2018)
PMBOK®GuideandStandards(n.d.)
Svejvig&Andersen,(2015)
UsmanTariq,(2013)
Winteretal.,(2006a)
Zhangetal.,(2016)

4 11
(15.07%oftotalarticles)

Ahern,Leavy,&Byrne,(2014)
Detert,(2000)
Easton&Rosenzweig,(2012)
Galli,(2018a)
Kwak,&Dixon,(2008)
Labedz&Gray,(2013)
Nabavi&Balochian,(2018)
Parast,(2011)
Todorovićetal.,(2015)
Zelinka&Amadei,(2019)
Zwikael&Smyrk,(2012)

5 11
(15.07%oftotalarticles)

Aslani,Akbari,&Tabasi,(2018)
Burnes,(2014)
Cova&Salle,(2005)
Gafi&Javadian,(2018)
Galli,(2018c)
Hlophe&Visser,(2018)
Kachoka&Hoskins,(2017)
Kannan,Mesmer,&Bloebaum,(2017)
Perryetal.,(2016)
Sharon,Weck&Dori,(2013)
Xue,Baron,&Esteban,(2017)

6 12
(16.44%oftotalarticles)

AboutSystemsEngineering(2018)
Galli&Kaviani,(2018)
Gilbert&Yearworth,(2016)
Hartono,FNWijaya,&Arini,(2014)
Milner,(2016)
Parker,Parsons,&Isharyanto,(2015)
Schwedes,Riedel,&Dziekan,(2017)
Tevaarwerketal.,(2018)
Trudelleetal.,(2017)
Tshuma,Steyn,&Waveren,(2018)
Vescu,(2015)
Xiongetal.,(2017).
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thedataprovidedbythePMI’sintroductiontocomplexity.First,asurveydistributedbyMabelo
andSunjkayieldedthat60%ofprojectmanagementpersonnelagreedthatprojectcomplexitywas
notgaugedattheonsetofaproject.Also,approximately50%ofrespondentsagreedthattheriskof
projectfailureincreaseswiththecomplexity.

Risk Mitigation
Increasesinprojectsizesandcomplexity,aswellasincreasedriskofprojectfailure,substantiates
thepotentialforimprovementtotraditionalprojectmanagementpractices.Thenecessityforupdates
tothefieldofprojectmanagementwillonlyincreaseastimemovesforward.Datarepresentingthe
relationshipsbetweenrisks,costs,andtime,aswellasthepossibilityofmitigatingrisksandproject
completion,hasbeenobtainedfromanarticlebyAdelBadrioftheUniversityofQuebec.Figure2
andFigure3respectivelydisplaythisdata.

Essentially, increased costs from resolving the unmitigated risks are a result of failure. For
identifyingandmanagingrisksassociatedwithcomplexprojects,thelinearfunctionalityofproject
lifecyclesisnotsufficient.

Furthermore,astudyconductedbyS.C.HlopheandJ.K.VisseroftheUniversityofPretoria,
SouthAfrica,presenteddatarelatingtoprojectmanagementprofessional’sabilitytomanagerisk.
Thestudywasconductedviathedistributionandanalysisofasurveytocollectinformationabout
projectlifecycleriskmanagement.Asampleof61completedsurveyswerecollected,asapproximately
90%ofrespondentsagreedthatriskmanagementwasessentialtomanagingaprojectandthatrisk
managementincreasedtheprobabilityofsuccess.Morethan70%oftheserespondentsagreedthat
costoverruns,delays,andscheduleextensionswereresultsofpoorriskmanagement.Thedataalso
showedthatapproximately48%ofthefirmssurveyeddidnotapplyriskmanagementthroughout
thedurationofaproject lifecycle.Finally,over40%ofrespondentsexpresseduncertainty to the
effectivenessoftheirriskmanagementprocesses.HlopheandVisserconcludedthefollowing:

Figure 2. Relationship between risk and cost (Badri, 2015)



International Journal of System Dynamics Applications
Volume 9 • Issue 1 • January-March 2020

97

Most shutdowns fail due to non-adherence to project risk management practices. Understanding the 
probability of risks occurring, and being able to evaluate their probability, severity, and criticality 
requires a great degree of experience and knowledge. Thus, training and experience play major roles 
in ensuring the effectiveness of the risk management process. Organisations should be prepared to 
commit time and money to building capacity in and knowledge of project risk management. (Hlophe 
& Visser, 2018)

Recommendationsmadebytheresearchteamsuggestedthatprojectmanagementfirmsconsider
makingmodificationsandimprovementstothewaythatprojectrisksaremanaged.Theystatedthat
therearecurrentlyinconsistenciesinhowprojectmanagementfirmsmanagerisks.Theycontinued
thatincreasedconsistencyinapplyingriskmanagementwillcreatemorecertaintyandimprovethe
probabilityofsuccess.

Systems Engineering Applications
Tomanagemodernlarge-scaleprojects,systemsengineeringconceptsarealreadybeingapplied.A
guidetotheapplicationofsystemsengineeringinlargeinfrastructureprojectspublishedbyINCOSE
in2012hasalreadybeendevelopedandappliedtotelecommunications,military,manufacturing,
andaerospaceindustries.Furthermore,theINCOSEworkinggrouphascompiledalibraryofcase
studiesrelatingtotheapplicationofsystemsengineeringinlargeinfrastructureprojects.Thesestudies
confirmedthatitisbeneficialtoapplysystemsengineeringconceptstothemanagementofcomplex
projects.Theyalsoconfirmedevidencethatsystemsengineeringconceptsareadvantageouswhen
appliedtoriskmitigation(Mabelo&Sunjka,2017).

Figure 3. Relationship of cost, risk and project life cycle (Badri, 2015)
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Population Parameters
Acompilationofdataobtainedforthisresearchpaperexpressedanumberofconcernsaboutthe
current stateofprojectmanagement.Of the20sourcesobtainedandanalyzed,35%highlighted
shortcomingsandinabilitiesoftraditionalprojectmanagement.Reasoningswerevariedfromsource
tosource,butthegeneralconsensusamongthe35%wasthesame:therewereproblemswithproject
management.65%ofthetotalsourcesanalyzedexpressadvantagesofsystemsengineeringconcepts
andprocesses.Also,25%ofthepopulationexplicitlyproposedtheuseofSIMILARprocessconcepts
whenmanagingsystemsorprojects.Theresearchperformedforthispaperhasshownthattraditional
projectmanagementpracticescanbenefitfromtheapplicationofsystemsengineeringconcepts.

DISCUSSIoN

Implications to the Field of Project Management
Fromtheresearchperformedanddataobtained,itcanbeimpliedthatthecurrentstateofproject
managementisinneedofimprovement.Ithasbeenpreviouslyshownthatprojectmanagementis
becominglessabletoachievestakeholdergoals.Mostnotably,projectsarebeingdeemedfailures
fromnotmaintainingcostanddurationbudgets.Findingshavealsoimpliedthatthereispotentialfor
projectmanagementtobeimprovedbytheapplicationofsystemsengineering.Dataextractedfrom
asourcebyHosseinKiani,SeyedHosseinHosseiniandFarshidAbdiyieldedthattheapplicationof
systemsmethodologiestoprojectmanagementledtoanear10%decreaseincostsanda26%decrease
invariations.TheProjectManagementInstituteaddedthatunderstandingsystemswasnecessaryfor
projectmanagerstodealwithincreasingprojectcomplexity.

Theanalysisandpresentationofdatacompiledforthisresearchpaperhasledtotheconclusion
that systems engineering concepts are applicable to project management practices. Also, the
additionofmodeling, integration,andre-evaluationmeasures toproject lifecyclesallowsfor the
bettermanagementofrisksassociatedwithcomplexprojects.Sourcesindicatethatthemodeling,
integration,andre-evaluationconceptsofsystemsengineeringwerebetterpreparedtomanagecomplex
undertakingsthanthetraditionalprojectlifecycle.Itwasmadeclearthattheadaptableandcyclical
natureoftheSIMILARprocessmakessystemsengineeringconceptsbettersuitedtomanagecomplex
endeavorsbecauseithighlightstheimportanceofmodeling,integrating,andre-evaluatingproject
aspectstothemitigationofrisk.DataobtainedfromthestudybyKannanetal.impliedthatstatistical
designpracticesutilizedinconjunctionwithmodelingandintegrationprocessescreatedincreased
consistencyamongsystemsorprojects.IthasalsobeenshownbyWolffetal.thattheintegrationof
modelingandre-evaluationprocessestodesignphaseswereadvantageoustothemitigationofrisks,
suchasunclearrequirements,costoverruns,andscheduleslippage.

Applications to the Field of Project Management
Overall,researchfindingsexpressedthattheapplicationofsystemsengineeringprocessesandconcepts
tocurrentprojectmanagementoperationscanmitigatesomeoftheriskassociatedwithcomplex
projects.InthearticlebyAdelBadri,informationthatsupportsasystems-engineeringapproachto
riskmanagementandmitigationcanbefound.Badriprovidedamodelforimprovedprojectrisk
managementsthatincorporateselementsofthesystemsengineeringSIMILARprocess.Theauthor
stated that the non-linear, continuous approach to management taken by systems engineers was
superiortotheuseofprojectlifecyclesbecausetheSIMILARprocesswasperpetuallyre-evaluating
andupdatingprocesseswhenidentifyingsourcesofrisk.Thus,thisapproachtoprojectmanagement
ispreferablebecauseitreducestheneedforriskstobeidentifiedduringdevelopment,whichcanbe
nearimpossibleforcomplexprojects.

Researchandanalysishabealsofoundthatriskassociatedwithcomplexprojectscanbemitigated
by increasingconsistency.Dataobtained fromHanumanthraoKannan,ChristinaBloebaum,and
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BryanMesmerofIowaStateUniversityandtheUniversityofAlabamarespectivelyshowedthat
systemsengineeringconceptscanbeusedtoincreasethelevelofconsistencyincomplexsystems.
Kannanetal.demonstratedthatusingstatisticaldesignandqualitycontrolelementsinconjunction
withsystemmodelsleadstomoreconsistentresultsamongsystems.Theincreaseinconsistency
betweensystemsprovidedusefulinferencesaboutsimilarsystems.Increasedconsistencyfromsystem
tosystemreducestheimpactsofunmitigatedrisksbecausedatacanbedrawnandmodeledfrom
consistentsystems,whichleadstofasterandmoreefficientriskmitigation.

Relatingtothesubjectofprojectconsistency,attentionshouldbepaidtothefindingsofDennis
A.Perryandhiscolleagues.Theirresearchfindingshighlightedthepotentialapplicationsofsystems
engineering when managing industrial problems. The management of industrial problems was
generallyinconsistent,lackinginstandardizedpractices,andrecordingmethods.Mostimportantly,
to undertake industrial problems, the project lifecycle is not suited because projects are finite,
and industrial problems are often related to industrial processes and operations. Standardized
methodologies,adaptability,andfocusoncontinuousevaluationandmodificationassociatedwith
systemsengineeringcanimprovetheprojectlifecycle.

Finally,aspreviouslyshownbyMabeloandSunjka, theapplicationof systemsengineering
conceptsalreadydemonstrateitsvalue.Tomanagecomplexprojects,softsystemsmethodologyis
asystemsengineeringconceptthatiscurrentlybeingused.Todefinestakeholderrequirementsand
tocreateacommonunderstandingoftheproject,softsystemsmethodologiesareusedthroughthe
integrationofdesignandmanagementelements.Othersystemsengineeringconceptsthatarecurrently
beingappliedtolargescaleprojectmanagementinclude“requirementmanagement,verificationand
validation,stakeholdermanagement,andassetlifecycleconsiderations”(Mabelo&Sunjka,2017).The
currentapplicationsofsystemsengineeringinthemanagementofprojectshasbeenacknowledged
asbeneficialtothemanagementofrisksandrequirementsthroughouttheprojectlifecyclebythe
INCOSEWorkingGroup.

CoNCLUSIoN

organizational Implications
Itwasfoundwithintheresearchontheacquiredskillandmanagementstrategiesthatthesevariables,
their concepts, and models are required to conduct business projects and project management.
Furthermore,thevariables,theirconcepts,andmodelsencourageteamstoutilizespecificskillsto
helpreachtheirgoals,sothisapproachismorevaluablethantechnology.Theresultsemphasizethat
strategicplanningisneeded,alongwithatop-downandbottom-upapproachtoleadership,especially
withprojectmanagement,operationsmanagement,andprocessimprovement.Also,theresultsshow
theneedtoapplythesevariables,theirconcepts,andmodelstoleadershipstylesandtools.

This study revealed that current issues in project management andoperational performance
werefrompoorleadershipskills.Emphasizingabottomlineapproach(profitsandcosts)willonly
givetemporarysolutions.Withthepropertools,supervisingprojectmanagementandoperational
performance can be successful, which will also improve the performance, profits, and costs in
anorganization.Financialelementsareusuallyfocusedonbybusinessleaders,butagoodlong-
termleadershipstrategy is tomanagemanydifferentelementsofabusiness (operations,project
management,financials,performance,strategy,andhumanresources).

Managerial and Team Implications
Theimplicationsfromthisstudyincludethattheresultsexaminebothvariablesinanewwaytofill
avoidinresearch.Also,thisstudyfocusedonhowthevariables,concepts,andmodelsareaffected
byeachotherandotherfactors.Performanceandeffectivenesscanbeaffectedbytheseconcepts.
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Forprojectsandperformancesoforganizations,thisstudycanserveasanoutline,soknowingthe
relationshipbetweenthesevariablescanimprovemanagementwithbettermentoringormanagerial
constructs.Thus,flawswithprojectandorganizationalperformanceandeffectivenesscanbeimproved
byteamsandorganizations.

Themanyadvantagesofimprovingtrainingprogramsforprojectandorganizationsperformance
andeffectivenessarerevealedbytheimplications.Mostofall,project teams,project leadership,
andorganizationalleadershipcangaintrainingonassessingtheperformanceofateam,project,or
organizationtomeasureitagainststandardandindustryacceptedmodelsandconcepts.Informationon
howtomanageteamsandprojectscanalsobegivenbysuchtraining,whichcanimproveleadership
methods.Essentially,teamsandleaderscanlearnabouthowteamsandprojectsaffectperformance
andreliabilityforprojectandteamperformanceandeffectiveness.

Implications and Applications to Fields of Project 
Management and Engineering Management
With thesevariables, theirconcepts, andmodels,projectscanclearlybenefit,butengineersand
technicalprofessionscouldusemoreattention.Anengineerwasonceconsideredassomeonewho
solvedproblemswithtechnologyandmathematicaltools.Recently,thistermchangedtosomeone
whoofferseconomicallyviablesolutionsbyusing technologyandmathematical tools.Thus, for
engineeringdecisions,thesevariables,theirconcepts,andmodelscanbeuseful.Toguaranteethat
theengineer’sknowledgewillbenefittheinvestors,engineersshouldknowbusinessmanagement
andmaturitymodels.

Thescientific ideaof thecauseandeffect relationship isapartofengineering,so thereare
differentmanagementschoolsofthinking.Thus,itwouldbebeneficialfortheseconceptstobeunited.
Sincemanagementhasbeenignoredforitsroleinperformanceandoperational-relateddecisionsin
projectsuccess,engineeringimprovesitsprojectswithmanagement.Accordingtoresearch,aproject’s
elementscanbeidentifiedbythemodels.Sincethisisusuallydescribedinreferencetobusiness,this
studyshowedtheneedtoknowthesemethodsfromanengineeringperspectiveandpureengineering
filedtechniques:budgeting,equipment,purchasingmaterial,etc.

Theobjectiveforthisanalysiswastorevealthebestpracticesforthesevariables,theirconcepts,
andmodelstoprovidefutureresearcherswithareference.Additionally,thisstudyfeaturedhelpful
informationonprojectmanagementandoperationalperformance,aswellashowtobestmanage
theseelementswiththesevariables,theirconcepts,andmodels.TheIE/EMprofessionandresearch
fieldreliesonprojectmanagementandoperationalperformance,butleanthinkingisnotalwaysthe
solution.Thus,thesevariables,theirconcepts,andmodelswerecreatedandmanagedwiththebest
conceptsforprojects.

Furthermore,thisstudysuppliedrelevantinformationtostakeholders,suchassystemengineers,
projectmanagers,andotherexpertsinindustrialengineeringandengineeringmanagement.Thus,
maturitycanbeappliedtoprojectmanagement.Stakeholderswillalsobepersuadedtocapitalizeon
therolesofsystemengineeringandprojectmanagement.

Ingeneral,thisstudyaddressednewideasabouthowthesevariables,theirconcepts,andmodels
influenceprojectmanagementandoperationalperformancedevelopment.Ifusedwiththeobjectives
ofnewproductdevelopment, thenthelogicofsystemsthinkingcanbebeneficial.Thisresearch
addressednewterritorybystudyinghowsmallcompaniescangeneratenewproducts,evenwithout
establishedprocessesbyonlycontainingoneotherproduct.

Limitations
Thereweresomelimitationswithinthisstudy.Mostofall,therewasalimitedsamplesizethatonly
studiedkeyfactors,whichcouldcausesomebiasandvalidityfromthefindingsandconclusions.
Alargersamplesizecouldhavealleviated this limitation.Additionally, thekeyfactorsandtheir
relationshipwereonlystudiedfromaprojectenvironmentperspective.Thismadetheconclusions
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andanalysisexclusivetoprojectenvironments.Asaresult,itwouldbedifficulttoarguethatthe
findingsareapplicabletootherarenas(i.e.,supplychainmanagement,operationsmanagement,or
strategicmanagement).

Future Research
Finally,thereweresomeotherareasforfutureresearchtostudy,suchashowthesefactorsrelate
inthecontextofotherindustriesandmanagerialsettings.Thestrengthsandweaknessesofthese
variables,concepts,models,theirrelationship,andwhatoutsidesourcesaffectthemcouldbestudied.
Additionally,thesefactorsandtheirrelationshipfromdifferentperspectivescouldbestudied.By
assessingthesefactorsunderorganizational,strategic,orculturalviewpoints,insightcanbefound
abouthowthisrelationshipisperceivedfromdifferentviews.Thus,theimpactthatculture,strategy,
humanresources,andoperationscanhaveonthekeyvariablesandtheirrelationshipcanbebetter
understood.
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