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ABSTRACT

Systemengineeringisaninterdisciplinaryfieldofengineeringandengineeringmanagementthat
focusesonthedesignandmanagementofthesystem.Thesystemasawholeistheconcern,whichis
followedbymoretechnicalaspectsofthesystem,thedesignofeverything,andthemanagementofa
complexsystem.Inspectingandmakingthesystemmoreefficientisthefocusforsystemengineers.
Additionally,riskmanagementisbeingabletopredict,evaluate,andsolverisksthataregoingto
happenormayhappeninthefuture.Therearethreemodelsthathelpsystemengineerswithmaking
acomplexsystemlooksimplerandlessfrightening:theVee,Spiral,andWaterfallmodels.While
systemthinkingisaveryimportantpartofsystemengineering,therealwayshastobeacollectionof
datatostudyformakingdecisions.Asofnow,thereisnoexplanationinliteraturehowthesevariables,
theirconcepts,andmodelsarebeneficialtoprojectmanagement.Thishascreatedaresearchgap,so
thestudyexaminedthemostcurrentvariables,theirconcepts,andmodelsinoperationsandproject
management. Furthermore, a design-science-investigate strategy was used to approve a valuable
growthrevealforbothreasonableandhypotheticalapplication.Asaresult,anassessmentmodelwas
generatedtofilltheresearchgapandtocontributetotheengineeringfieldthroughimprovedproject
successratesandteamcommunication.
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INTRoDUCTIoN

Systemsengineeringhasbeenareliableandefficientadditiontoriskmanagement.Systemengineers
haveabetterunderstandingofmakingdecisionsforaprojectorcompanybecausesystemengineering
hasanunderstandingofotherengineeringfields,suchasmechanical,aerospace,chemical,andproject
management.Theengineeringofasystemisadisciplinethatdevelopsandtradesoffrequirement,
functions,andalternativesystemresourcestofillacost-effective,lifecyclebalancedproductthat
is basedupon theneedsof the stakeholders.Applying the riskmanagement aspectwith system
engineeringcreatesamorefocusedproductthatwouldreducefailureinmorethanonedirectionof
theproduct.SinceSEhasafocusinmorethanonefieldofengineering,itwouldhelptheproductto
bemoreadvancedandsecureinmorethanonedynamic.

SystemEngineering (SE)hasdiscipline andawayof thinking that isgainingpopularity in
manylargeprojects.Theindustry’sliteraturecommonlydefinesaprojectasan“endeavorinwhich
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human,material,andfinancialresourcesareorganized,inanovelway,toundertakeauniquescopeof
work,ofagivenspecification,withintheconstraintsofcostandtime,toachieveabeneficialchange
definedbyquantitativeandqualitativeobjectives”(Mabelo&Sunjka,2017;Elloumietal.2017).
ProjectmanagementisdefinedbyTheProjectManagementInstitute(PMI)as“theapplicationof
knowledge,skills,tools,andtechniquestoprojectactivitiestomeetprojectrequirements”(Mabelo
&Sunjka,2017;Memon,&Meyer,2017).Thekeytothisdefinitionistheemphasison“meeting
projectrequirements”(Mabelo&Sunjka,2017;Brown&Eisenhardt,1995;Detert,2000;Easton
&Rosenzweig,2012).ThisstudycomparesprojectmanagementtoSEandshowsthattheyarevery
similar,butsystemsengineershavemoreknowledgeandexperienceworkingindifferentfieldsand
withdifferentformsofengineers.Thus,theprimarypersonwhowouldinteractwithmanagement,
customers,suppliers,andspecialtyengineersinthedevelopmentofasystemprocessistheSE.

Whileriskmanagementistheidentification,evaluation,andprioritizationofrisk,itconsists
offindingtheriskthatappears,definingit,solvingit,andcontinuingwiththeproject.Ensuring
thatuncertaintydoesnotinterferewiththeprojectfortheprojecttobeaccomplishedwithlittleto
nodelaysisthemainobjective.Therearetwostepstoprojectriskmanagementonhowtomanage,
identify,andcontroltheriskthathascomeupinaproject.First,projectmanagersstartwithplanning
onhowriskwouldbedealtwith.Next,hewouldassignariskofficertooverseetheriskandpotential
projectproblems.Whiletheriskofficerisoverseeingtherisk,hewouldcreateadatabasefortherisk
withinformationofwhenitstarted,aswellastheprobabilityandthelevelofimportance.Then,he
wouldhaveanotherstep,butthemostimportantaspectwouldbethemitigationplanonhowtodeal
withtheriskandwhetheritcanbeavoidedorfixed.Theseriskmanagementstepsareimportantto
projectmanagementbecausetheprojectmustfulfillthesatisfactoryleveloftheclientforhimto
enjoytheproduct.

Optimizingthesystem-engineeringprocessbystrategicmodelsandoperationresearchwasour
researchobjectivetoimproveriskmanagementinanorganization.Model-basedsystemsengineering
istheuseofmodelsforanalysesanddocumentkeyaspectsofthelifecycle.SEgoalswithmodels
are improving their communications with engineers, project teams, and trying to overcome any
languagebarrier.ImprovingqualityisanobjectiveofSE,whichisaveryintegralpartofaproject.
Mostly,howwellyouwouldlikeitmadeandtheallocatedbudgetaretwoofthemostimportant
aspectsofaproject.Identifyingtherequirementofriskearly,enhancinganydesign,improvingspecs
ofrequirementstohardwareorsoftware,andreducingerrorsinthewholeprojectwereourresearch
objectives.Also,increasedproductivityisagreatwaytoimproveyourschedulingandtoplanto
savetimeortoreducedelaysinanytaskoftheproject.Evenreusingexistingmodelsonprojectsto
supportthedesignandtechnologyevolutionisagreatwaytoincreaseproductivity,asitisawell-
knownmodeltowhichcoworkerswouldnothavetoadjust.Riskandthereductionofriskarevery
crucialtoSEbecauseitisoneofthemainconcernsfortheproject.Overall,improvecostestimates
tomakethemmoreaccurateisagoalofSE,whichwouldreducetheoverspendings.

Observingcurrentliteratureshowedusthattherewasaresearchgap,regardlessofresearchon
theimportanceofthesevariables,theirconcepts,andmodelsinoperationsandprojectmanagement.
Informationabouthowthesevariables,theirconcepts,andmodelscausedsuchasmoothprogression
wasinsufficient,whichwaswhatthisstudyaimedtodiscover.Theelementsandapplicationsforthe
mostcurrentvariables,theirconcepts,andmodelswithinoperationsandprojectmanagementwere
alsoassessedtofindtheiroverlapsandsimilarities.

This research was meant to contribute to, as well as to expand upon, literature about the
effectivenessofthesevariables,theirconcepts,andmodels.Furthermore,thisstudyassessedthe
likenessesanddifferencesoftheirassessmenttools.Datawithinthispaperwasderivedfrommultiple
studiesthathavealsotestedthehypothesesinthispaper.

Manyresearchperspectiveswereadaptedinthisstudytofindnewsolutionstocurrentissues.This
research’sstudyandhypotheseswereexplained,asitfirstusedadesign-science-investigateapproach.
Thisstudythenapprovedavaluablegrowthrevealforreasonableandhypotheticalapplication,andit



International Journal of System Dynamics Applications
Volume 9 • Issue 2 • April-June 2020

3

thengeneratedanassessmentmodelforthesevariables,theirconcepts,andmodels.Therewasalsoan
outlineofdevelopmentmodelstoconcentrateonevaluationinstrumentstorespondtotheexamination
question.Theevaluationinstrumentwasreviewed,andtheoutline’sapproachwasexplained.Also,
therewasanoutlineofthemeetings.Inconclusion,initialdiscoveriesandsuggestionswerenoted
tocategorizeinvestigativelimitations,aswellasplansforfuturestudies.

This study’s substantial contribution to literature also contributed to the profession. The
advantages of these variables, their concepts, and models, as well as the limitations when not
consideringperformanceandsustainabilitywereshowed in the findings.Also, thisstudy’s true-
to-lifeexamplesillustratedtheneedtoapplytheoriestoinlife,sothesesubjectswereexaminedin
theoryandpractice.

Thisresearchaimedtoassessthesedifferentvariables,theirconcepts,andmodelstopropose
amoreunifiedframework.Futureresearchcouldbecompromisedbythegapofnotstudyingthe
relationshipbetweenthesevariables,sothatthisstudywillprovideclarity.Manyaspectsofdifferent
subjectsfromthebusinessworldwerefeaturedinthisstudysothattheresultscouldapplytothese
subjects.Bystudyingtherelationshipbetweenthesevariables,therewasabetterunderstandingof
theiradvantagesanddisadvantagestobeingusedmoreefficiently.Furthermore,somenewavenues
forfutureresearchineachbodyofknowledgewerepresentedinthis.Also,anaimofthisstudywasto
findnewwaystoviewthesevariables,theirconcepts,andmodels.Thesestrategiescanevenbeused
byapractitionertoworkmoreefficientlyandtofurtherunderstandtheimplicationsandrelationship
betweenthesevariables,theirconcepts,andmodels.

Additionally,thisresearchyieldedasignificantcontributiontotheIndustrialEngineering(IE)
research.Anengineer’sworkprocesscanbeexpeditedwiththeinformationinthisstudy,asthey
canbetterorganizeandmaintainthesystemwithcurrenttechnology.Also,thisstudyshowedthatit
canhelptosavetime,money,materials,energy,workhours,machinetime,andotherresourcesthat
wouldotherwisehinderproductivity.Inthisstudy,therewereinnovativeideasfortheproductsof
anybusiness,aswellashelpfulideasforpractitioners.Thisstudywaseasytounderstandandcan
bereadbypeopleofallbackgroundsandfields.Furthermore,thecleartheoreticalframeworkin
thisstudyprovidedmorerelevantinformationtoserveasareferenceforfutureresearch.Thisstudy
canhelpthosewithintheIEprofessionandresearchfieldtogetonestepaheadofthecompetition.

Systemsengineeringhascontributedtoengineeringmanagement,astheyhavemadetheinspection
andsecurityoftheprojectlifereducerisk.Engineeringmanagementwouldfocusonthebudget,
scope,schedule,andcost,whileSEfocusesontheprojectandthecompanyasawhole.Furthermore,
thesystemwouldbefocusedonbySEbytryingtohelpwithallaspects,sincetheydohavesome
focusesondifferentaspectsofengineering.Itisan“interdisciplinaryapproachandmeanstoenable
therealizationofsuccessfulsystems‟[1].SEwouldbedescribedasasystematicprocessof“realizing
technicalsystemsfromneeds,requirements,concept,design,andtheeventuallyrealizedproduct”
(Chan,2015;Galli&Kaviani,2018;Labedz&Gray,2013;Ibrahimetal.,2018).Primarily,views
oftheprojectareemphasizedbySEtoimproveitsdesignifsomepartoftheprojectisnotefficient.

LITERATURE REVIEw

Theapplicationofsystemengineeringinriskmanagementhasagreatimpactonthedecision-making
ofthesystemandthelifecycleofit.“Thelinkagebetweenstrategicorganizationalmanagementand
systemsengineeringhasbeenobservedfordecades.Managementtheoristshavecomparedcorporate
organizationsto‘systems’”(Mabelo&Sunjka,2017;Ahernetal.,2014;Galli,2018a).Furthermore,
Rice(2010)describedorganizationalsystemsasfollows:“Asystemisheredefinedasasetofobjects
togetherwithrelationshipsbetweentheobjectsandbetweentheirattributesrelatedtoeachotherand
theirenvironmenttoformawhole.”Organ&Stapleton’s(2015)definitionofasystemwasacomplex
groupingofhumanbeingsandmachinesforwhichthereisanoverallobjective.Regardingsystems
engineering(SE),Organ&Stapleton(2015)viewedthisdomainas“operatinginthespacebetween
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researchandbusiness,assumingtheattitudesofboth”(Rice,2010;Parast,2011;Schwedesetal.,
2017;Zwikael&Smyrk,2012).TheVee,Waterfall,andSpiralmodelsarethethreemodelsthatare
mostlyused.Thereareseveralchallengesfacedbysystemsengineerswithidentifyingtheboundaries
of theoverallsystemand the independentconstituentsystemwithin it.“Theseboundariesrelate
tobothtechnicalaspectssuchasinterfaces,integrationandtesting,andmanagementaspectssuch
asgovernanceandstakeholderinvolvement.Furtherchallengesrelatetothegainingofconfidence
insystemoperation,regardingbehavioralcorrectness,performancequalities,andtheirvalidation.
Manyofthesechallengesarealreadythefociofworkinthefieldofsystemsengineering”(Organ
& Stapleton, 2015; Gimenez-Espin, 2013; Hartono et al., 2014). SoS engineering would not be
viewedasacompletelyneworopposingdiscipline,butrathera“sub-fieldofsystemsengineering
that focuses on the boundaries and interactions between independent, distributed, and evolving
constituentsystemsandtheirstakeholders”(Nielsenetal.,2015;Al-Kadeemetal.,2017a;Eskerod
&Blichfeldt,2005;Galli,2018c).

Thesystemsareownedandoperatedby independent stakeholders,and thereare limitations
ontheexchangeofinformationaboutthesystem.Meanwhile,thesystembehaviorisdependenton
emergentphenomenathatareobservedatthesystemboundaries.“Systemanalysisincludescareful
acquisitionandexaminationoftherequirementsforasystemwiththeintentofunderstandingthem,
exploringtheirimplications,andremovinginconsistenciesandomissions.Systemdesignpresents
overallsystemarchitecture”(Nikiforovaetal.,2008;Lamaakchaouietal.,2018).Furthermore,the
targetsysteminsystemdesignis“organizedintocomponentsbasedonboththeanalysisstructure
andtheoncomingarchitecture.Theendproductofanalysisanddesignisasystemrepresentationthat
correspondstotherequirementsandisusedforfurthersystemimplementation.Testingisapplied
for implemented system verification and validation according to the preliminary requirements.”
(Nikiforovaetal.,2008;Besner&Hobbs,2012;Galli,&Hernandez–Lopez,2018;Sharon,Weck
&Dori,2013).Thus,analyzethesystemasawholeishelpfulwithsystemanalysis,aswellasto
diagnoseanyriskorobstaclesthatthesystemwouldface.

Systems Engineering
Agreatfocusforprojectsandcompaniesissystemsengineering.SEwasdescribedasa“discipline
basedonrequirementsandallconsiderationsaboutanalyzingandmanagingthem”(Azar,2012;Van
Gemert,2013;Sadgui&Benchekara,2018).Differentaspectswerefocusedonbyprojectmanagers
comparedtosystemsengineers,whofocuson“ensuringthat theidentifiedproductrequirements
aredocumentedandwritten in suchamanner that theycanbeverified (built theproduct right)
andvalidated (built the rightproduct)” (VanGemert, 2013;ElHissi et al., 2018).Furthermore,
“verificationensures theproduct requirementsaremetasdocumented,whereasvalidation is the
equallyimportantaspectofmeetingtheenduser’soriginalintent”(VanGemert,2013).Asonecan
see,thereisa“bigpicture”focuswithSEfortheproducttomaketheproductmoreefficient,to
reduceloss,andtomaintainprofit.AchallengeforSecanbe“toeffectivelybuildtheskillsetsof
theengineersresponsibleforoverseeingthesehighlycomplex,large-scalesystems.Thereisoftena
greatmantleofresponsibilityforengineers,whichcan“significantlyaffectthecourseandoutcome
ofengineeringprojects”(Arnold&Wade,2017;Leeetal.,2013;Svejvig&Andersen,2015;Xue
etal.,2016).TherearemanymodelsthatSEfollows,suchastheVEEmodelthathelpswiththe
developmentprocessoftheproduct.

Systems Thinking
Systemsthinkingcanhaveadifferentdefinitiontomanyotherpeople,assomethinkthatitisjusta
collectionoftoolsandmethods.Thesetoolsareattractivetomanypeople,suchasthecausalloop
diagramandmanagementflightsimulator.Engineeringsystemsthinkingrequiresgreatskill,asit
“enables individuals toperformsystemsengineering tasks successfully.Tosuccessfullyperform
systemsengineeringroles,systemsengineersneedasystemvieworahighcapacityforengineering
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systemsthinking”(Franketal.,2011;D’Emiliaetal.,2018).Itisillustratedbyfindingsthat“thisability
isaconsistentpersonalitytrait,andthatitcanbeusedtodistinguishbetweenindividualengineers”
(Franketal.,2011).Overall,thesetraitscananalyzetheclient’sneeds,developtheconceptofoperation,
conceptualizationofasolution,leadtofunctionalanalysisandarchitecturesynthesis,andimplement
thewholedesign.Asystemsengineerwhoisequippedwithsystemsthinkingcanlookatthewhole
projectwithmacrothinkingtoaidinperformingbeforetheclientcancontinuedescribingtheproject.
“Themaincontributionofsystemsengineeringtoprojectmanagementisintegratingthetechnical
disciplinestoachievecustomer’sobjectives(Meredith&Mantel,2006;Zelinka&Amadei,2019).”
Therearethreeprimaryobjectivesofsystemsengineering,whicharebetteringsystemperformances,
betteringsystemeffectiveness,andreducingcost(Meredith&Mantel,2006;Yunetal.,2016;Winter
etal.,2006a).Thus,thesystemsapproachrequiressystemsthinking,anditis“veryimportantin
acomplexprojectenvironmentwheresystemsapproachrequired”(Franketal.,2007;Sutherland,
2004;Xiongetal.,2017;Zhangetal.,2016).System,asawhole,wouldbedefinedasagroupof
componentsputtogethertosolveorperformatask.Systemengineersandsystemthinkersareused
astoolstohelpsolveandmakethesystemrunassmoothlyaspossible.Toprojectmanagers,system
thinkingisapartofthemainbodyofknowledgethatisvitaltoaproject’ssuccess.

Risk Management
To ensure a competent product, risk management and systems engineering work hand-in-hand,
especiallyforSystemsEngineering.SEhasresponsibilityfordrivingtechnicalexcellenceformeeting
technicalstandardsandprocess.Additionally,thesuppliercontracts,maintenanceagreements,any
upgrades,andmanyotherresponsibilitiesmustbemanagedbySEtoensuretheprojectisuptodate
andrunsefficiently.

Conventional risk involves participants individually deciding if the “risk is high enough to
warrantdevotingresourcestoriskmanagementwiththeexpectationofreducingrisktothedesired
level.However,inaSoS,interfacescanallowtheinadvertentincreaseofrisktoothers.Forexample,
personswhocommitcrimesinMalaysianorSingaporeanwaterscaneasilyescapeintoIndonesian
waters”(Mabelo&Sunjka,2017;Milner,2016;Nagel,2015;Papke-Shields&Boyer-Wright,2017).
Withoutthecapacityormotivationtocapturetheseinternationalcriminals,Indonesiaunintentionally
increasesMalaysia’sandSingapore’sriskofoffensesintheirwaters.Conversely,riskinMalaysiaand
Singapore’swaterswouldbereducedifIndonesianwaterswerenolongerarefugeforoffenders.Of
course,itwouldnotbeintentionalonIndonesia’sparttoincreasetheriskintheStraitsofMalacca
andSingapore,butitcouldbean“understandableoutcomebecauseofIndonesia’sgeographyand
currentstageofdevelopment”(Bristowetal.,2012;Andersen,2014;Galli,2018b;Marcelino-Sádaba
etal.,2014).RiskmanagementwasdescribedintheSEashavingmanyvariables,andnotaiding
withtheprojectsledtosomeissues.LiketheMalaysiaandSingaporeexample,theyattemptedto
captureacriminalwhoescapedtoIndonesiawaters,whichwouldnothappenifnoonewasallowed
inthewaters.Also,Indonesiacouldnotbecapabletoofferresourcestocatchthem.Still,thisisa
circumstancethatcouldhavebeenavoided.

SEhasinterdisciplinarystudiesthatwerederivedfromsomecultural,social,economic,and
legalprofessions.Withalloftheseprofessions,theystillcouldnotfullygrasptheconceptofrisk
management,astheremighthavebeenanissueonthedifferenttypesofprofessionsthatmightgather
theriskwhentryingtosolveonerisk.“Traditionallyviewedasatechnicalproblemthatmustbe
overcome,thetendencyhasbeentoreducetheproblemregardingmathematicalformulaeorbiological
parallels.ThenuclearincidentattheFukushimaDaiichiNuclearPowerPlantisaclearexampleof
howrisky incidentsareshapedandconsequencesmagnified fromamultitudeof factors (social,
cultural,politicalandeconomic),whichcanexacerbateanalreadydangeroussituation.Whilstthe
incidentatFukushimawasprecipitatedbyanaturaldisaster,itclearlyshowshowriskisequallyif
notmoreacutelyproducedbythecouplingofdifferentsystemelements”(Organ&Stapleton,2015;
Nikabadi&Hakaki,2018).ThenuclearpowerplantdisasteratFukushimaNaturalisanaturalrisk
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thatshouldhavebeenamended.Therewasamajorearthquakewitha15-metertsunamithatdisabled
thepowerandcoolingsupply,whichcausedthethreecorestomelt.Asaresult,thewholeplant
hadtobecoveredtocontaintheradiation.Thisriskandhorribledisastershouldnotonlyhavebeen
accountedfor,butitalsoshouldhavebeenhandledbetter.Itwasadisasterthatputtoomanylives
indanger,anditcostmillionsbecauseofthelossofthenuclearplant.

RESEARCH METHoDoLoGy

Literature Review Research Approach
There were two major steps in the literature review. Step one entailed the search for relevant
information,suchasinputfromkeywords,anditwasalessstructuredapproach.Steptwowasthe
reviewprocessthatutilizeddatabasesandsearchesstrong.Anadditionalsearchwasdonefortwo
tablesofcontentsfromrelevantjournals.

Part 1: Explorative and Unstructured Literature Review
Thestudyexaminedpublicationsthatreflectedthekeywordsbecausethisstudyaimedtoreassess
certainkeywords.Thisyieldedfindingmanyresearchfieldsandlinks,astherewereatotalof30
journalarticlesandsixbooks.Then,thekeywordswerestudiedfromthe36publicationstobeused
assearchtermsinthestructuredreview.

Part 2: Structured Literature Review
Astructuredandsystematicapproachfromotherliteraturewasusedtoapplymethodsforconducting
reviews.Thissectioncontainedfourphases,andthefirstentailedpreparingandscoping.Thesecond
phaseentailedplanningthereview,andthethirdwasthesearch,evaluation,andselectionofliterature.
Finally,phasefourwastheevaluationoftheselectedliterature.

Forphase1,thereviewscopehighlightedproject-relevantresearchonmarketingandstrategic
planning,whichwasakeyconceptthroughoutthestudies.Asaresult,thesearchwasexpectedto
providesufficientevidence,aswellasarepresentativeselectionofjournalsforthisstudy.

Phase2 involved connecting thekeywords toother concepts formore information (i.e., the
keywords,theirrelationship,andtheirinteraction).Vagueconceptswerethesuccess,evaluation,and
impact,astheirresultswerenotpracticalorfocused.

For phase 3, a pertinent compilation of results was generated by searching through various
databases(i.e.,ProQuest,BusinessSourceComplete,Elsevier,EBSCO,ABI/InformGlobal,and
ScienceDirect).Asaresult,wecompiled14conferencepapersand28journal-relatedresults,which
totaled42results.

Whenthesearchconcluded,academicandpractitioner-basedTableofContentswereexamined
forrelevanttier1andtier2journals.Also,itwasmadecertainthatallrelevantarticleswerefound
thatmaynothaveevenmatchedthekeywords,astheywouldbethepremierspecialtyjournalsfor
thekeywords.InFigure1,therewerethreestreamstothesearchandselectionprocess,whichfirst
involved theexplorativeandunstructured search.Secondly, the structured searchwasdonewith
searchstrings,andthentheTablesofContentswerescanned.

Pursuing thestreams inFigure1helped toyield45publicationsfor theanalysis.Thestudy
collected25and20resultsintheselectionprocessbyfocusingontheresultsfromacademicjournal
articles,literaturereviews,conferencepapersandproceedings,andbooks.Also,thestudyutilized
triangulationmethods.Inthefirstselection,theresearchconcludedifthepublicationswerelinked
tothekeywordsandprojectresearch,whichwasassessedwithinclusionandexclusioncriteriaabout
theabstract.Somepapersincorporatedtheentirepaper,butothersonlycontainedtheintroduction
forthecriteria.
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Phase 4 entailed arranging information into an inductive and deductive analysis. This was
documentedwitha softwarepackage.Thedeductiveanalysis involved thedocumentationof the
university and country of every author, along with suggested categories. Research genres were
categorized in the followingways: empirical research, theorydevelopment, researchessays, and
literaturereviews,or“other.”Deductivecodingwasaddedbyprovingthatthepublicationsapplied
theoreticalframeworks,suchaswitharesearch-basedviewandcontingencytheory.Itwasalsonoted
iftherewasamodelinthepublication.

Additionally,theresearchedutilizedagroundedtheoryapproachfortheinductiveanalysisto
particularcodepublicationswithopenandselectivecodes.Mostofthepublicationswereselected
based on the average for the annual number of citations. This gave equilibrium for the older
publications.Also, itwasdecided to include relevant literature reviews that signifiedevenmore
relevantstudies.Inturn,thestudythenincorporatedrelevant,current,andsignificantpublications
forthekeywordsresearch.

Phase4illustratedthatkeythemesweregeneratedbyassessingthelistofopencodesforcollecting
themintoaxialandselectivecodes.Thefirsttwopartsoftheliteraturereviewoccurredbetween
April2018andAugust2018,astheywerelinkedtorelatedresearchactivities.Duringthistime,the
studyalsodidafinalevaluationofrelevantmaterialsandtheiroverlap.

Collectingthesepapersillustratedthatthevariablesandconceptssharedkeythemesfromboth
narrative and trait perspectives. Statistically analyzing and investigating other variables/factors
madeourresearchconclusionsmoresubstantial.ThesekeythemeswereaddressedinTable1,and
itcontainedthe45identifiedstudies.

As the 45 studies were assessed, it was found that the literature evaluated keywords with
multiplestatisticalmethods,whichwerefromrelationalandcausalperspectives.Thus,ourresearch
conclusionswouldbemoresubstantial.InTable2,therewasasummaryofthestatisticalmethods
thattheresearchusedforthe45studies,andTable3summarizedthenumberoffactors/variables
thatwerestudiedinthejournals.

The findings for these researchmethodscanbe found in the following,which reflected the
themesortopicsoflatersections.

Figure 1. Research approach for literature review
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FINDINGS

Models/Diagrams
Modernsystemsthatareworkedwithsystemsengineersarebecomingmorecomplexthroughtheuse
ofgraphsandmodels.However,thesystemcanbelesscomplicatedandeasiertoutilizewiththese
models.Also,thegoalofhavingamodel-basedsystemsengineeringistocreateamodelthatcan
representallofthevariousaspects,suchastherequirements,structure,andbehaviorofthesystem.
Thefollowingexampleshelpedtoshowwhatelsethesystemwouldrequiretoworkandrunsmoothly.
Twosystemmodelinglanguagesareused;firstly,theSystemsModelingLanguage(SysML)isused
forsystemengineeringapplications,supportstheanalysis,design,verification,andvalidationofa

Table 1. Identified studies from research approach by theme

Theme #1 Theme #2

Ahern,Leavy,&Byrne,(2014).
Andersen,(2014).
Arumugam,(2016).
Aslani,Akbari,&Tabasi,(2018).
Bristow,Fang,&Hipel,(2012).
Cova,&Salle,(2005).
David,David,&David,(2017).
Detert,(2000).
Easton&Rosenzweig,(2012).
Eskerod,&Blichfeldt,(2005).
Frank,Sadeh,&Ashkenasi,(2011).
Galli,(2018c).
Galli&Hernandez–Lopez,(2018).
Memon&Meyer,(2017).
Nielsen,etal.(2015).
Schwedes,Riedel,&Dziekan,(2017).
Xue,Baron,&Esteban,(2016).
Xue,Baron,&Esteban,(2017).
Zelinka&Amadei,(2019).

Al-Kadeem,etal.(2017a).
Arnold,&Wade,(2017).
Besner&Hobbs,(2012).
Brown&Eisenhardt,(1995).
Burnes,(2014).
Frank,Zwikael,&Boasson,(2007).
Gimenez-Espin,(2013).
HoonKwak&Dixon,(2008).
Ibrahim,Abdallahamed,&Adam,(2018).
Lamaakchaoui,Azmani,&ElJarroudi,(2018).
Mabelo,&Sunjka(2017).
Nikiforova,Kirikova,&Strazdiņa,(2008).
Organ,&Stapleton,(2016).
Rice,(2010).
Sharon,Weck&Dori,(2013).
Shenhar,&Levy,(2007).
Sutherland,(2004).
Yasui,(2011).
Yun,etal.(2016).

Theme #3 Theme #4

Badi&Pryke.(2016).
Bajaj,etal.(2017).
Elloumietal.,(2017).
GalliandKaviani,(2018).
Galli,etal.(2017).
Gholizadetal.,(2017).
Omamo,Rodriguez,&Muliaro(2018).
Labedz,&Gray,(2013).
Lee,Lapira,Bagheri,&Kao,(2013).
Medina&Medina,(2015).
Milner,(2016).
Nikabadi,M.S.,&Hakaki,A.(2018).
Parast,(2011).
Parker,Parsons,&Isharyanto,(2015).
PerryIII,etal.(2016).
Sadgui&Benchekara,(2018).
Svejvig&Andersen,(2015).
Todorović,etal.(2015).
UsmanTariq,(2013).
VonThieleSchwarz,(2017).
Young,(2010).
Zhang,etal.(2016).

D’Emilia,Gaspari,&Galar,(2018).
ElHissietal.,(2018).
Gafi&Javadian,(2018).
Galli,(2018a).
Galli,(2018b).
Chan,(2015).
Hartono,Wijaya,&M.Arini,(2014).
Loyd,(2016).
Marcelino-Sádaba,Pérez-Ezcurdia,Lazcano,&
Villanueva,(2014).
Nabavi&Balochian,(2018).
Nagel,(2015).
Papke-Shields&Boyer-Wright,(2017).
Parast,(2011).
Peters,Doskey,&Moreland,(2017).
Sharon&Dori,(2011).
VanGemert,(2013).
Winter,Andersen,Elvin,&Levene,(2006a).
Xiong,Zhao,Yuan,&Luo,(2017).
Zwikael,&Smyrk,(2012).
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Table 2. Systematic analysis results by statistical analysis method

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

Regression 19
(24.05%oftotalarticles)

Arnold,&Wade,(2017).
Aslani,Akbari,&Tabasi,(2018).
Bajaj,etal.(2017).
Cova&Salle,(2005).
David,David,&David,(2017).
Detert,(2000).
Easton,&Rosenzweig,(2012).
Frank,Sadeh,&Ashkenasi,(2011).
Galli,Kaviani,Bottani,&Murino,(2017).
Gimenez-Espin,(2013).
Loyd,(2016).
Mabelo,&Sunjka,(2017).
Nielsen,Larsen,Fitzgerald,Woodcock,&Peleska(2015).
Nikabadi&Hakaki,(2018).
PerryIIIetal.(2016).
Sutherland,(2004).
Xue,Baron,&Esteban,(2017).
Young,(2010).
Zwikael&Smyrk,(2012).

ANOVA 19
(24.05%oftotalarticles)

Ahern,Leavy,&Byrne,(2014).
Brown&Eisenhardt,(1995).
Chan,(2015).
ElHissietal.,(2018).
Frank,Zwikael,&Boasson,(2007).
Galli,(2018b).
Galli,(2018c).
Gholizadetal.,(2017).
Ibrahim,Abdallahamed,&Adam,(2018).
Omamo,Rodriguez,&Muliaro(2018).
Memon&Meyer,(2017).
Nabavi&Balochian,(2018).
Nagel,(2015).
Organ,&Stapleton,(2016).
Papke-Shields,&Boyer-Wright,(2017).
Rice,(2010).
VanGemert,(2013).
Xiong,Zhao,Yuan,&Luo,(2017).
Yun,Choi,Oliveira,Mulva,&Kang,(2016).

Q-Test 15
(18.99%oftotalarticles)

Arumugam,(2016).
Badi&Pryke,(2016).
D’Emilia,Gaspari,&Galar,(2018).
Elloumietal.,(2017).
Gafi&Javadian,(2018).
HoonKwak,&Dixon,(2008).
Kawinfruangfukul,Koolmanojwong,&Kukreja,(2013).
Labedz,&Gray,(2013).
Lamaakchaoui,Azmani,&ElJarroudi,(2018).
Nikiforova,Kirikova,&Strazdiņa,(2008).
Parker,Parsons,&Isharyanto,(2015).
Schwedes,Riedel,&Dziekan,(2017).
UsmanTariq,(2013).
VonThieleSchwarz,(2017).
Zelinka&Amadei,(2019).

t-Test 13
(16.46%oftotalarticles)

Andersen,(2014).
Besner,&Hobbs,(2012).
Burnes,(2014).
Eskerod,&Blichfeldt,(2005).
Galli,(2018a).
Winteretal.(2006a).
Hartono,Wijaya,&M.Arini,(2014).
Lee,Lapira,Bagheri,&Kao,(2013).
Mabelo,&Sunjka,(2017).
Sharon,Weck&Dori,(2013).
Shenhar,&Levy,(2007).
Yasui,(2011).
Zhang,Bao,Wang,&Skitmore,(2016).

Chi-SquareTest 13
(16.46%oftotalarticles)

Al-Kadeemetal.(2017a).
Bristow,Fang,&Hipel,(2012).
Galli,andKaviani,(2018).
Galli,&Hernandez–Lopez,(2018).
Marcelino-Sádaba,Pérez-Ezcurdia,Lazcano,&Villanueva,(2014).
Medina,&Medina,(2015).
Milner,(2016).
Parast,(2011).
Peters,Doskey,&Moreland,(2017).
Sadgui&Benchekara,(2018).
Svejvig,&Andersen,(2015).
Todorović,etal.(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 17
(21.52%oftotalarticles)

Andersen(2014).
Aslani,Akbari,&Tabasi,(2018).
Besner,&Hobbs,(2012).
Bristow,Fang,&Hipel,(2012).
David,David,&David,(2017).
Galli(2018b).
Leeetal.(2013).
Mabelo,&Sunjka,(2017).
Medina,&Medina,(2015).
Nagel,(2015).
Nikabadi&Hakaki,(2018).
Papke-Shields,&Boyer-Wright,(2017).
Rice,(2010).
Sutherland,(2004).
VanGemert,(2013).
VonThieleSchwarz,(2017).
Yunetal.(2016).

2 12
(15.19%oftotalarticles)

Al-Kadeemetal.(2017a).
Brown,&Eisenhardt,(1995).
ElHissietal.,(2018).
Frank,Sadeh,&Ashkenasi,(2011).
Galli,&Hernandez–Lopez,(2018).
Ibrahim,Abdallahamed,&Adam,(2018).
Kawinfruangfukul,Koolmanojwong,&Kukreja,(2013).
Memon&Meyer,(2017).
Shenhar,&Levy,(2007).
Nabavi&Balochian,(2018).
Xue,Baron,&Esteban,(2016).
Yasui,(2011).

3 17
(21.52%oftotalarticles)

Arumugam,(2016).
Badi,&Pryke,(2016).
Chan,(2015).
Elloumietal.,(2017).
Eskerod,&Blichfeldt,(2005).
Galli,etal.(2017).
Gimenez-Espin,(2013).
Omamo,Rodriguez,&Muliaro(2018).
Loyd(2016).
Marcelino-Sádaba,etal.(2014).
PerryIIIetal.(2016).
Sadgui&Benchekara,(2018).
Svejvig,&Andersen,(2015).
Sharon,deWeck,&Dori,(2011).
UsmanTariq,(2013).
Winteretal.(2006a).
Zhangetal.(2016).

4 12
(15.19%oftotalarticles)

Ahern,Leavy,&Byrne,(2014).
Detert,(2000).
Easton,&Rosenzweig,(2012).
Gafi&Javadian,(2018).
Galli,(2018a).
HoonKwak,&Dixon,(2008).
Labedz,&Gray,(2013).
Lamaakchaoui,Azmani,&ElJarroudi,(2018).
Organ,&Stapleton,(2016).
Parast,(2011).
Todorovićetal.(2015).
Zwikael,&Smyrk,(2012).

5 10
(12.66%oftotalarticles)

Burnes,(2014).
Cova,&Salle,(2005).
D’Emilia,Gaspari,&Galar,(2018).
Frank,Zwikael,&Boasson,(2007).
Galli,(2018c).
Gholizadetal.,(2017).
Nikiforova,Kirikova,&Strazdiņa,(2008).
Peters,Doskey,&Moreland,(2017).
Sharon,Weck&Dori,(2013).
Xue,Baron,&Esteban,(2017).

6 11
(13.92%oftotalarticles)

Arnold,&Wade,(2017).
Bajaj,etal.(2017).
Galli,andKaviani,(2018).
Hartono,Wijaya,&M.Arini,(2014).
Milner,(2016).
Nielsen,etal.(2015).
Parker,Parsons,&Isharyanto,(2015).
Schwedes,Riedel,&Dziekan,(2017).
Xiongetal.(2017).
Young,(2010)
Zelinka&Amadei,(2019).
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complexsystem.Secondly,theLifecycleModelingLanguage(LML)isanopen-standardmodeling
languagethatisdesignedforsystemsengineering.Afulllifecycle,conceptual,utilization,support,
andretirementstagesareapplicablewiththismodel.Furthermore,“Syndeiaisasoftwareplatform
for integrated model-based engineering (MBE/MBSE) developed by Intercax with collaboration
andsupportfromleadingindustryorganizations.Inthissection,thestudyusesSyndeiaasatypical
softwareapplicationtodemonstratetheconceptsrelatedtoTSM,especiallythegraph-basedaspects
whicharethethemeofthispaper”(Bajajetal.,2017;Nabavi,&Balochian,2018;Omamo,Rodriguez,
&Muliaro,2018).TheSyndeiamodel-basedsystemsisoutlinedinFigure2.

Engineering teamscanwork togetherwithSyndeia todevelopandmanage the total system
modelgraphofacomplexsystembycombiningthesystemarchitecturemodelwithothergraphsand
tools.Syndeiawouldworkasconfigurationmanagementoftheentirecollectionofmodels,while
themodelsareindividuallymanagedindifferentconfigurationmanagementsystems,suchasPLM,
ALM,andEnterpriseResourcePlanningsystemsanddatabases.

The Vee Model
Anefficientsystemsengineeringtoolfordealingwithalarge-scalesystemistheVeeModelbecauseit
isa“hard”systemsapproachthatisoftenusedforsystemsdesignsforaerospaceprojects.Checkland’s
hard/softdichotomylabelstheVeeModelas“hard”becausetheVeeModeltakesaproblem-solving

Figure 2. Syndeia model-based systems (Bajaj et al., 2017)
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approach.CheklandandScholesdefinedthedichotomyas“the‘hard’traditiontakingtheworldto
besystemic;the‘soft’traditioncreatestheprocessofinquiryasasystem”(Yasui,2011;Aslaniet
al.,2018).However,thistraditionallabelingwouldbedistractingbecause“theVeeModelshouldbe
identifiedasa‘soft’approach”(Khanetal.,2019;Yasui,2011).Itisnormallyusedforlargescale
systems,notcomplexsystems.Anaerospaceprojectwouldbeanexampleofalarge-scalesystem
becauseyoucanpredicttheoutcomedespitethevariablesthatwouldhaveperplexedrelationswith
thecomponents.Furthermore,sixstepstotheVeeModelarecommonlysharedbysystemdesigners,
stakeholders,andmoreforthesystemimprovement:recognizingafailure,identifyingthefailure,
grasping the total system structure and analyzing the requirement, modeling and proposal of a
solution,validatingthesolution,andimplementingthesolution.ThethreestepsoftheVeemodel
areoutlinedinFigure3.

Thesestepsareabasicprocessofactivitiesinteractivelymadeamongasystemdesigner,problem
owner,andthestakeholders.

waterfall Model
AnothermodelthatisusedbysystemsengineersistheWaterfallModelforaone-dimensionalmodel
(whenonetaskiscompleted,andthenyoucanmoveontothenexttask).Thewaterfallmodelwould
bedefinedasaclassicalsoftwareengineeringthatwasfoundedbyBoehmandwasintroducedby
Royce,andgovernmentprojectsandmanymajorcompaniesuseit.Planningintheearlystagesisshown
inthismodel,anditwouldfinddesignflawsbeforeitispartoftheproject.Furthermore,intensive
documentationoftheprojectandtheplanningthatwouldworkwellfortheprojectwouldbemade
withthismodel.Theremustbeatleastsevenpartstotheprojectorthemodeltoworksmoothly.First,
thesystemrequirementwouldestablishwhattheprojectisandwhatitrequires.Second,asoftware
requirementisneeded.Third,thepreliminarydesignwouldbethefirstlookoftheproject,butnotthe
completeversionofit.Fourth,thedetaileddesignwouldrequireallofthematerialsandinformationfor
theprojecttobeimplementedandtobeastepclosertocompletion.Fifth,thecodinganddebugging
isneeded.Sixthistheintegrationandtesting,whichwouldfinishthefinalstepsandtestingoutthe

Figure 3. Vee model the six steps (Yasui, 2011)
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projectandwouldensurethatitisrunning.Lastly,operationandmaintenancewouldensurethatitis
upandrunning.Thisstepdoesnotstop,andanyproblemtherewouldbeinthefutureshouldhavean
answer.Requirementsanalysisisperformedbasedontheneedsandinputsfromusersandengineers,
logistics,andsystemmanagers.Then,theinterfacedefinitionandcontrol,overallsystemtradestudies
withsensitivityanalysis,andconceptdefinitionandexplorationareallaccomplished.Atthatpoint,
thesystemwouldstarttodevelopintoapotentiallyusefulproduct,atleastfromaconceptualpoint
ofview.Thenextapplicationof“systemsengineeringwouldbeinthedesignandintegrationstage,
wheretheprojectwouldstarttoresemblearealsystem”(Young,2010).TheWaterfallmodelwould
allowsettingupthesysteminaneasilyread.ThismodelisoutlinedinFigure4.

Spiral Model
TheSpiralModelwasdevelopedinthe1980sbyBoehmandPapaccio.Itaddressedtheneedtoshorten
theperiodbetweentheuser’sstatementofrequirementandtheproductionwithwhichtheuserscould
interact.ThemodelaimedtosolvetheshortcomingsintheWaterfallModelandothermodels,asitis
meanttogoinaspiral.ThedisadvantageoftheWaterfallModelwouldbetheadvantageoftheSpiral
Model;thus,itisarealisticmodelthatisusedmostlyinthedevelopmentoflargesoftware(Young,
2010).However,thedisadvantageoftheSpiralModelwouldbethatthestakeholdersaremoreinvolved
inthemodelsoftheproject.Forexample,stakeholderswouldbenotifiedwhenastepisdoneinthe
WaterfallModel.Itisan“evolutionarysoftwareprocessmodelthatcombinestheiterativenatureof
prototypingwiththecontrolledandsystematicaspectsofthelinearsequentialmodel”(Young,2010).
ThismodelwasshowninFigure4,anditisprevalentinOOdesignmethodologies.Furthermore,
allcrucialdevelopmentphasesareencompassedinit:Requirementsanalysis,Design,Code,Test,
andMaintenance.Thismodelismarkedbytheuseofthecontrolandstructureofthemorelinear,
sequentialwaterfallprocess,butwithaseriesof“evolutionaryreleases,”itisalsoknownasthe“hybrid
model.”Theissueofqualityassuranceisexplicitlyaddressedbyperformingthedevelopmentprocess
ina“stepwiserefinementmethod”(Young,2010).ThismethodisoutlinedinFigure5.

Figure 4. Waterfall model (Young, 2010)
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Eachstepwouldbedeliverable,which thestructureof theprocessembodies.Primarily, the
customersorstakeholdersinvolvedduringthedevelopmentprocessarefocusedonbytheprocess.

DISCUSSIoN

Riskmanagementisdeeplyintertwinedwithprojectmanagement,andit is importanttosystems
engineering.YacovHaimesdiscoveredthesimilaritiesanddifferencesofsystemsengineeringand
riskanalysisin2012,andhealludedtothepurposeofsystemsengineeringasaproblem-solving
endeavor(Young,2010;Burnes,2014;Cova&Salle,2005;Davidetal.,2017).Youngthenprovided
asetofprinciplesto“facilitateandimproveriskassessment,management,andcommunication,and
toalignriskanalysisandsystemsengineeringtoacommonpurpose”(Yasui,2011;Gafi&Javadian,
2018).PerryIII,Olson,Blessner,andBlackburn(2016)foundthatriskmanagementhadextreme
risksandcatastrophicsystemfailures.Systemstheoryandsystemanalysiswereveryusefulinfinding
thedifferentrisks,anditwaspreparedtofaceandfindsolutionstotheextremerisk.

Technology
Research anddevelopment have alwayshad a dedication in further researchof new technology.
Technologyhasalwaysmadeourliveslesscomplicated,asthephonesuserscarryeverydaycan
callapersonacrosstheglobe,cansendanemailwithoutusingacomputer,andcantakeaphotoor
video.Therecanbesoftwarethatworkswiththeorganization’sabilitytomanageperformance,cost,
andschedule.However,thejobofasystemsengineerwouldbetoevaluatetheavailabletechnology
with the company and if it can do its job. “Inaccurate maturity assessments of a technology or
productdevelopmentcouldpotentiallyleadtoreducedorunsatisfactorytechnicalperformanceand
programmaticoverruns.Theabilitytocalibratetechnologymaturityassessmentsusingconfidence
intervalswouldbebeneficialtothesystemsengineeringcommunity”(Petersetal.,2016).Atask
forthesystemsengineerwouldbetoinspectanddetermineifthetechnologyisuptothetaskof
completingthejobandifitisaccurateenoughforit.Thus,itwouldbe“essentialforaprocessused
tohaveaccesstoaknowledgemanagementrepositorywithpracticalguidelinestofacilitateandto
comeupthelearningcurveinunderstandingnewsystemsengineeringconcepts”(Kawinfruangfukul
etal.,2013).Additionally,itwouldbe“importantfortheprocessengineersorprocessauthorsto

Figure 5. Spiral model (Abbas, Jeberson, Klinsega, 2013)
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haveatoolthatcaneffectivelydescribetheprocessestotheprocessusers”(Kawinfruangfukuletal.,
2013).Youwouldneedtoknowhowtousethenewtechnologyandhowtospreadthisknowledge
tothewholestaff,asitwouldleadtobetterefficiencyandcommunication.

Environment and Sustainability
The development of using today’s resources while remaining aware of the reduction of use or
destructionoftheresourcesoftomorrowissustainability.Theaimofsustainabilityistoreduceor
maximizetheuseofoneofourresourcessothatitdoesnotrunoutinthefuture.Someexampleswould
besolarpanelsandwindturbinesthathavereducedtheuseofoilasourmainenergyproduction.To
haveacloserlookatanyprojectswithsustainabilitywouldbehavingwatertreatmentplantsorwater
reductionuseintoiletsandfaucets.Also,solarpanelscanbeinstalledinnewlyconstructedbuildings
tosaveresourcessustainability,whichhasbeengoinghand-in-handwiththegreenmovement,as
therehasbeensuchhugeinvestmentinit.Therearethreemainconcerns(economy,environment,and
society)tosustainabilitydevelopment,andit“suggeststhatenvironmentalandsocialcriterianeed
tobeconsideredalongwitheconomiccriterions,whicharecalledthe‘threepillars’orthe‘triple
bottomline’ofsustainability”(Yasui,2011;Todorovićetal.,2015;UsmanTariq,2013;VonThiele
Schwarz,2017).Toaddressthesustainabilityinsupplychainmanagement,thedecision-makershould
incorporatethesethreepillarsofsustainabilitysimultaneouslyintothedecision-makingprocess.The
applicationofthetriplebottomlineaccountingoneconomicorderquantity(EOQ)wasshownto
provideveryusefulinsights(Arumugam,2016).Itwasshownthatincluding“environmentalandsocial
factors,inadditiontoeconomicconsiderations,allowthedecisionmakerstoassesstheirdecisions
fromsustainabilityperspective”(Türkayetal.,2016;Arumugam,2016;Badi&Pryke,2016;Xue
etal.,2017).Aprojectthathasalotofinvestment,butcriminallaborlawscouldnotbeconsidered
successful.Theenvironmentandthelaborforcethatitreceivesmustbeconsideredbymanagement
becauseitwouldnegativelyimpacttheprojectbyharmingitslifecycle.

Systemsengineerswouldworkwithprojectmanagers,astheybothhaveconcernfortheproject.
Theproject isviewedbyprojectmanagement fromstart toendanddealswitheveryaspectand
issue,systemsengineerslookattheprojectasawholesystem.Meanwhile,theprojectisviewedby
systemsengineersoneveryaspect,suchas“theprojectdesign,theplanning,andscheduling...[to]
makeitmoreefficient.AsSEMisthepracticethatcouplestheSEdomainandthePMdomain,the
successfulimplementationofsystemengineeringrequiresnotonlytechnical,butalsomanagerial
traits” (Türkay et al., 2016; Loyd, 2016; Shenhar & Levy, 2007; Parker et al., 2015). Systems
engineersarerequiredtoapplyscienceandtechnology,aswellastechnicalplanning,management,
andleadershipactivities(Franketal.,2007;Gallietal.,2017;Medina&Medina,2015;Hoonetal.,
2008).Furthermore,systemsengineeringmanagersmust“relyonacombinationoftechnicalskills
andmanagementprinciples thataddressbothcomplex technicalandmanagerial issues” (Sharon
etal.,2011;Gholizadetal.,2017).Thus,thetechnicalissuesarerelatedtoproductaspectandare
generallyonlyfocusedonit.However,themanagerialaspectofitisintheprojectaspecttomake
thewholeprojectrunsmoothly.

CoNCLUSIoN

organizational Implications
Researching the acquired skill and management strategies illustrated that these variables, their
concepts,andmodelsareneededtoconductbusinessprojectsandprojectmanagement.Thisapproach
showedthatitcanhelpbusinessestofindsuccess,asitillustratedthatitfostersparticularskillsfroma
teamtoreachtheirgoals.Investingintechnologywasnotasimportantasinvestinginthesevariables,
theirconcepts,andmodels.Theresultsdemonstratedhownecessarystrategicplanningandatop-
downandbottom-upapproachweretoleadership,especiallyforelementsofprojectmanagement,
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operationsmanagement,andprocessimprovement.Theresultsshowedtheneedtousethesevariables,
theirconcepts,andmodelsforleadershipstylesandtools,aswell.

Thisresearchalsoillustratedthatthesevariables,theirconcepts,andmodelsaffectedmanyaspects
ofanorganization.Theleadershipandmanagementbehindabusinessrequiredcertaintrainingand
skillstomanageprojectmanagementandtheiroveralldevelopment.Thisresearchrevealedthatcurrent
problems inprojectmanagement andoperationalperformancewere from insufficient leadership
skills.Solelyfocusingonthebottomlineorcostsandprofitscausedproblems.Onecaneffectively
superviseprojectmanagementandoperationalperformancewiththepropertoolsandinformation,
whichwillimprovetheoverallperformance,profits,andcosts.

Mostimportantly,afindinginthisstudywasthatthesevariables,theirconcepts,andmodels
wereusuallyoverlookedbecausefinancesweremoreemphasizedbybusinessleaders.Thisnegatively
affectedbusinessesovertimebecausefinancesonlygavetemporarysolutions.Forthelong-term,
leadershipshouldbemanagingmultiplebusinesselements(i.e.,operations,projectmanagement,
financials,performance,strategy,andhumanresources).Thus,leadershipshouldberecognizingthat
abusinessisonlythesumofitspartsforamoresuccessfulpresentandfuture.

Managerial and Team Implications
Thisstudyresultedinmanyimplications.Primarily,theresultsexaminedthevariablesinanewway
tofillaresearchgapabouthowthevariablesareaffectedbyotherfactors,aswellaseachother.The
effectivenessofabusinessdependedontheseconcepts,soonemustmakethemostofthisinformation.
Thisstudycouldbeanoutlineforprojectsandperformances,asknowinghowthesevariablesrelate
willimprovemanagement.Bettermanagerialconstructscanbeproducedbyleaders,sotheirteamsand
businessescanlearntorecognizeshortcomingsthatcouldhindertheperformanceandeffectiveness
ofaprojectorbusiness.Also,teamscouldbepinpointingtheirshortcomingsandhowtheystartby
usingthetoolswithinthisstudytobettermeetprojectandbusinessgoals.

Lastly, the implications highlighted the importance of comprehensive training programs to
improve performance. Most of all, project teams, project leadership, andbusiness leaders could
profitfromtrainingonassessingthesefactorsagainststandardandindustryacceptedconcepts.The
projectandorganizationalleadershipcanbeguidedonmanagingteamsandprojectstopositively
adjustleadershipmethods.Teamsandleaderscanbecomemoreeducatedonhowteamsandprojects
affectbothprojectandteamperformanceandeffectiveness,whichwillbenefittheentirebusiness.

Implications and Applications to Fields of Project 
Management and Engineering Management
Itisevidentthatthesevariables,theirconcepts,andmodelswerevitalaspectsofprojects,butthe
engineersandtechnicalprofessionsneededmoreattention.Anengineerusedtobedefinedasaperson
whousestechnologyandmathforproblem-solving.Recently,thatdefinitionwouldbeapersonwho
provideseconomicallyviablesolutionsthroughproblem-solvingwithtechnologyandmath.Thus,
thesevariables, theirconcepts,andmodelswereessential toengineeringdecisions,aswell.One
mustmaketherightdecisionsthatwillsteerclearoffutureerrorswhenaprojectisinitiated.Foran
engineer’sinformationtobestbenefitinvestors,engineersneedtoknowbusinessmanagementand
maturitymodels.

Management and engineering concepts are both scientific, which is why there are different
managementschoolsofthinking.Sinceengineeringwasrootedinthescientificideaofthecause
andeffectrelationship,managementandengineeringarestronglyconnected.Thus,combiningthese
conceptswillleadtobothoftheirimprovements.Theeffectsofmanagementonperformanceand
operational-relateddecisionsinprojectsuccessgoesunconsidered,whichiswhyengineeringimproved
manyprojectswithmanagement.Insteadoftakingabusinessperspective,thisstudyillustratedthe
needtoknowthesemethodsfromanengineeringperspective.Also,pureengineeringfiledtechniques
wereaddressed,suchasbudgeting,equipment,andpurchasingmaterial.Thisstudyprovidedengineers
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andprojectmanagerswithmanydecision-makingmethodsforengineeringproblems,andtheyeven
screenedprojectsfortheirviability.

Thefoundationofthisresearchwasonscholarlyinformationaboutthesevariables,theirconcepts,
andmodels.Thisstudyaimedtofindthebestpracticesforthesevariables,theirconcepts,andmodels
toworkasa future reference in the research field.The informationonprojectmanagementand
operationalperformancecanbenefitmanybusinesses,aswellaswaystomanagetheseconceptsby
usingthesevariables,theirconcepts,andmodels.Essentially,theresearchhighlightedliteraturefor
managingprojectsandforimprovingpre-existingmanagementstandards.

The IE/EM profession depended on project management and operational performance and
theresearchfield.Sinceleanthinkingdoesnotalwaysresolvetheseproblems,thevariables,their
concepts,andmodelsweredevelopedandmanagedthroughthebestconceptsforprojects.Asaresult,
theycreatedadifferentenvironmentintheIE/EMprofession.However,thestructuralorientation
ofscopemadeplayersIE/EMproducetherequiredscopesofinterestforeverylevel.Astrategycan
onlybegeneratedthroughtheapplicationofsignificantconcentrationsforeverylevelofinterest.
Also,therewouldneedtobeamoretacticalmethodformakingasuitableperformancetogenerate
thesameresults.Theimplementationofthesevariables,theirconcepts,andmodelsarecausedby
thegivenscopes.

This research contributed to industrial engineering and engineering management, but every
businessfieldneedsprojectmanagement.Allorganizationsaredependentuponcreatingnewproducts
andservicesthatkeepthemrelevant.Thus,onemustnotignorehowthesevariables,theirconcepts,
andmodelsrelate.Also,stakeholders,suchassystemengineers,projectmanagers,andotherexperts
inindustrialengineeringandengineeringmanagement,couldfindhelpfulinformationonapplying
maturitytoprojectmanagement.Thisstudyencouragedstakeholderstotakeadvantageofthesystem
engineeringandprojectmanagementrolesforthesuccessofbusinessprojects.

Organizationsmayutilizethesevariables,theirconcepts,andmodels,buttheyarenotgiven
enoughresearch.Asaresult,thisstudybrokenewgroundinthesubjectofhowprojectmanagement
andoperationalperformancedevelopmentwereaffectedbythesevariables,theirconcepts,andmodels.
Itcanbeprofitabletousesystemsthinkingwiththeobjectivesofnewproductdevelopment.Ithas
beenrevealedinthisstudyhowasmallcompanywithfewestablishedprocessescangeneratenew
products,asthiswasonlythesecondproductforthecompanyunderdiscussion.

Limitations
Thereweresomelimitationstothestudyandresults.Primarily,therewasasmallsamplesizetothe
studythatonlyassessedasmallnumberofkeyfactors.Thiscausedsomebiasandvalidityproblems
withthefindingsandconclusions,butalargersamplesizecouldfixthisissue.Additionally,thekey
factorswereonlyassessedfromaprojectenvironmentperspective,sotheconclusionsandanalysis
wereexclusivetothisenvironment.Thefindingswerenotapplicabletootherareas,either:i.e.,supply
chainmanagement,operationsmanagement,orstrategicmanagement.Thus,itwasdifficulttosay
thatthesefindingsappliedtoindustriesormanagerialsettings.

Future Research
There were some areas for future research to explore, such as assessing these factors and their
relationship from the context of other industries and managerial settings to find their strengths.
Also,onecanfindwhataffectsthesefactorsandtheirrelationship,aswellasassessingthemfrom
organizational, strategic,or culturalperspectives.Thus,differentperspectivesof thesevariables,
concepts,andmodelscanbestudiedbyfutureresearchtofindhowculture,strategy,humanresources,
andoperationsaffecttheirrelationship.
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General Summary
Inthispaper,systemsengineeringandriskmanagementwereveryimportanttotheprojectandthe
systemasawholebecausetheyhelpedthesystemtorunefficiently.Theconceptsandbenefitsof
breakthroughtheoriesforthesystemareunderstoodbysystemsengineers,aswellaswhatasystem
asawhole,wouldrequire.Inotherwords,thesystemasawholewouldmeanthatitwouldwork
withthedesignoftheproject,stakeholders,andsuppliers.TheVeemodel,Spiralmodel,andthe
Waterfallmodelareusedbysystemsengineerstohelporganizeandinspectthesystem.Meanwhile,
riskmanagerswouldassistsystemengineers torecognize theriskmoreeasilyandtoknowhow
toassesstherisktofindasolution.Intheend,somesystemengineeringconceptshelpedwiththe
prioritizationoftheframework,suchasProgramModel,WinBook,andValue-BasedRequirements.
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