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ABSTRACT

Projects are very important to all organizations, as project managers view various issues in the
organizationfromahigherperspective.Theconclusionsdrawnfromtheseprojectsdeterminethe
baseonwhichvariousdecisionsaffectingtheorganizationswillbemade.Thispaperintroducesthe
statisticalanalysistoolsusedinvariousprojectenvironmentstodifferentiatebetweentheeffectiveand
ineffectivetoolsofstatisticalanalysis.Statisticalanalysistoolsareusefulinanalyzingdatacollected
forastudytobeconductedonthesamedata.Theliteraturereviewillustrateshowstatisticalanalysis
toolshavebeeneffectiveandusefultoresearchers.Overtime,moreeffectivestatisticaltoolswillbe
inventedthatwillimprovetheprocessofdataanalysis.Thefindingsondifferentstatisticalanalysis
toolswillalsobehighlighted.Thus,thediscussionsshowtheimpact,applications,andlessonslearned
fromthestatisticalanalysistoolsbytheprojectmanagersandengineers.Thestudywillalsopresent
thelimitations,alongwiththeconclusionsandrecommendations.

KEywoRDS
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INTRoDUCTIoN

Organizationsundergodailyproblemsthatneedtoberectified.Projectmanagementmainlytargets
any futureproblems that theorganization is likely to encounter, aswell as thepossibledangers
thattheproblemsmaybringinthefuture(Ali&Bhaskar,2016;Besner&Hobbs,2012;Zwikael,
&Smyrk,2012;Parker,Parsons,&Isharyanto,2015).Projectmanagersareexpectedtoplanthe
projects,supervise,andcontrolallactivitiesthatdeterminethesuccessoftheprojects.Sinceprojects
arenormallyexposedtogreatrisksthatthreatentheirsuccess,theriskmanagementtoolsaremeant
toensurethattherisksarereduced,controlled,oravoided(Carley&Prietula,2014;Ahern,Leavy,&
Byrne,2014;Cova&Salle,2005;Galli,Kaviani,Bottani,&Murino,2017).Aprojectmanagement
environmentiswheretheprojecttakesplace,anditnormallyhasagreatimpactontheproject.Thus,
theenvironmentneedstohavefavorableconditionsthatwillimpacttheprojectpositively.

Intheprojectenvironment,thereistheinteractionofvariousfactorsthatincludethephysical
factors,socialfactors,organizationalfactors,physiologicalfactors,financialfactors,culturalfactors,
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operational factors, ecological factors, and economic factors. The effectiveness of all of these
factorswillestimatethesuccessoftheproject.Anunsuccessfulprojectisusuallyanexpensetothe
organizationthatcausesgreatlossbecausetheinvestmentwasexpectedtobringaboutprofits.Ifa
projectisunsuccessful,thentheinvestmentbecomesawaste,andnoprofitisexpected.Thus,projects
needtoemploytheuseofstatisticalanalysistoolstoanalyzethedataandgenerateconclusionsto
makedecisions.Severaltoolscanbeusedinstatisticalanalysis,suchasactivitydiagrams,critical
chainprojectmanagement,criticalpathmethod,criticalpathdrag,programevaluationandreview
technique,dragcost,etc.

Research Statement
Effective and ineffective statistical analysis tools inprojectmanagement are aspects that largely
determinethefailureorsuccessofanorganization.Thispaperfocusesonanalyzingthetwotypesof
statisticalanalysistoolsthatareeffectiveandineffectiveintheenvironmentofprojectmanagement,
whichdependsonhowthetoolsareappliedtothedataandtheenvironmentinwhichtheanalysis
istobeconducted.

Literature is available that stresses thesevariables, their concepts, andmodels as important
factorsinprojectmanagementandperformance,butaresearchgaphasdeveloped.Researchdoes
not address the part that these variables, their concepts, and models play in allowing a smooth
progressioninprojectmanagementandperformance.Thisstudywillattempttofill thisresearch
voidbyfocusingonassessingtheelementsandapplicationsofthesevariables,theirconcepts,and
models.Theobjective is toseeoverlapsanddisparities to revealany likenessesanddifferences.
Afterwards,thisstudyaimstoprepareauniversalframework,soastoamassthebestpracticesand
elementsfromthecurrentmodel.Thisframeworkwouldapplytoanyformofproject,operation,and
performance.Also,answersarebasedonevidenceforanyprimaryquestionsfromexpertsonthese
variables,theirconcepts,andmodels,suchashowtobestutilizethemforprojectmanagementand
performancesuccess.Withthisstudy,futureresearcherscanusethefindingsasaplatformonwhich
tobuildamoredetailedevaluationofthissubject.

Managerial Relevance
Engineering managers must make vital decisions for project management and engineering. In
thefuture,thesedecisionswillgrowinimportance,andthisstudyaddressesfuturetopicsforthe
engineeringmanagementpractitioner.This studyalsoaddresseshowsuch future topicsapply to
engineeringmanagement,aswellasreasonswhytheengineeringmanagermustconsider this in
theiroperations,projectmanagementlifecycle,andprojectmanagementsettings.Theimplications
ofthisstudyareaddressed,andthefindingsareevaluatedwithinvariousorganizationallevels:the
corporatelevel,themanageriallevel,andtheprojectteamlevel.Lastly,theconclusionsareuseful
toanengineeringmanagementpractitionerforcapitalizingonthevariables,concepts,models,and
theirrelationshipfromvariousprojectenvironmentandoperationlevels.

originality
Manycompaniesconductresearchestotrysolvingissuesthatariseintheirrespectiveorganizations.
Thus,itisvitalfororganizationstoconcentrateonselectingthemosteffectivestatisticalanalysis
tools,astheirresultsarealwaysusedfordecision-making.Theresearchersmustcarefullyselectthese
analyticaltoolsbecauseaninappropriatetoolcanleadtopooranalysis.

Furthermore,thisresearchismeanttoaddtoandexpandontheliteratureaboutthesevariables,
theirconcepts,andmodels,aswellasthelikenessesanddifferencesoftheirassessmenttools.Other
studiesthathaveexaminedthehypothesesinthispaperaddedtothedatawithinthisstudy.This
studyfirstappliesadesign-science-investigatestrategy,anditthensupportsavaluablegrowthreveal
withreasonableandhypotheticalapplication.Finally,thisstudyproducesanappropriateassessment
model thatencompasseselementsof thesevariables, theirconcepts,andmodels.Theevaluation
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instrumentisaddressedasaresponsetotheexaminationquestion,andthedevelopmentmodelsare
outlined.Thestudyexplainstheapproachtothisoutlineandtheconsequencesofthemeeting,while
theconclusionaddressespreliminarydiscoveries,organizesinvestigativelimitations,andprovides
plansforfuturestudies.

Withthisstudy,thereisasubstantialcontributiontoliteratureontheapplicationofthesevariables,
theirconcepts,andmodelsinprojectmanagementandoperationsmanagement.Thus,thisstudyalso
contributestotheprofession,asitshowsthebenefitsofutilizingthesevariables,theirconcepts,and
modelsandthedetrimentsofnotconsideringperformanceandsustainability.Theexamplesaretrue-
to-life,whichshowstheneedtoapplythesetheoriesintotheoryandpractice.

organizational and Managerial Contribution and Relevance
Sincethereisaknowledgegapinreferencetothesevariables,concepts,andmodels,thisstudyalso
aimstoassessthemtoproposeaunifiedframework.Futureresearchcouldbedisadvantagedwiththis
knowledgegap,sothisstudywillalleviateit.Additionally,variousbusinesssubjectsareaddressed,
so the resultscanenhance thesubjects.Byassessinghowthesevariables,concepts,andmodels
relate,futureresearcherscanbetterrecognizetheiradvantagesanddisadvantages.Forapractitioner,
thisstudycanhelptoknowthesevariables,theirrelationship,andtheimplicationsinthisstudyto
developbetterstrategies.

Contribution to the IE/EM Profession and Research Fields
IndustrialEngineering(IE)isadivisionofengineeringthatlargelydealswithdesignsandoperations
ofindustrialprocesses.ForIEtorunitsoperationssuccessfully,itisboundtoconductingsetsof
statisticalanalysisthathelpinmakingdecisionsforasectortoachieveitsgoals.Industrialengineering
heavilyreliesonstatisticalanalysisinitsdailyoperations(Ali&Bhaskar,2016;Labedz&Gray,
2013;Leeetal.,2013;Todorovićetal.,2015).Forexample,amostcommonlyusedprocedurecan
dealwithcontrolstatistics,sampling,andthedeterminationofsamplingportionsthatarerequired
togiveoutresults.Ontheotherhand,engineeringmanagementcanbedefinedastheapplication
ofmanagementskills to theengineeringpractice(Carley&Prietula,2014;Winteretal.,2006a;
Zhangetal.,2016;Xue,Baron,&Esteban,2016).Engineeringmanagement,asaprofession,unites
theproblem-solvingpracticeofengineeringwiththeadministrative,organizational,andplanning
practicesofmanagementtoensurethateverythingisinplaceforthedailyperformanceofengineering
enterprises.TheeffectiveandineffectivetoolshavebeenofgreatimportanceinIndustrialEngineering
andEngineeringManagement.Mostoftheprojectsinthesetwofieldshavebeenmadesuccessful
becausethoseresponsiblehavecarefullychosenandutilizedthetools.

Withthisresearch,itsinformationcontributestotheIEresearch.Thisstudycanexpeditethe
engineeringworkprocess, suchasarrangingandupholding the systemwithcurrent technology,
saving on time, money, materials, energy, work hours, machine time, and other resources that
couldinhibitproductivity.Industrialistscanalsofindusefulinformation,whichmakesthisstudy
acontributiontotheresearchfield.Anyreadercanunderstandthevocabularyinthisstudy,asit
clearlydepictstheeffectivenessofthesevariables,theirconcepts,andmodels.Futurereaderscan
alsofindacleartheoreticalframeworkwithrelevantinformation,whichcanhelpingaininganedge
overthecompetition.

Paper organization
Thispaperisarrangedintocertainsections.Insectiontwo,thereisareviewofliteraturewithinthese
researchfields.Theresearchmethodologyisexplainedinsectionthree.Also,sectionfourfeaturesthe
findingsfromthestudyandanalysis.Theimplicationsareoutlinedinsectionfiveforthepractitioner,
andthereareideaspresentedforfutureresearch,researchlimitations,andgeneralconclusions.



International Journal of System Dynamics Applications
Volume 9 • Issue 4 • October-December 2020

4

LITERATURE REVIEw

Tofullyreviewtheeffectiveandineffectivestatisticaltoolsinprojectmanagementenvironments,
oneneedstoknowallofthestatisticaltools.Thetoolsarethemethodsthatareusedintheanalysis
(Christensenetal.,2011;Parast,2011;Papke-Shields&Boyer-Wright,2017;Loyd,2016;Azar,
2012).Researchshowsthatthesemethodshavebeenusedforquitealongtime,wherebysomehave
proventobeeffectiveorineffective.Accordingtotheresearchers,effectivetoolsshouldbetheones
thatmeetthefollowingfactors:

i) Onesthatbringorprovideanswerstoscientificquestions
ii) Onesthateasethereproductionoftheanalysis
iii) Onesthatcheckassumptionsofaresearcherinanalysis
iv) Toolsthataresimple
v) Toolsthattendtohighlightthequalityofthedata
vi) Toolsthathelpinplanningahead
vii)Toolsthatprovideassessmentforuncertainty
viii) Toolsthatmakestatisticalanalysisappeartobemorethansetsofcomputations

Fromtheaboverules,onecaneasilyidentifyastatistical tool thatmeetstheserequirements
(Carley & Prietula, 2014; Hoon Kwak, & Dixon, 2008; Eskerod & Blichfeldt, 2005; Brown &
Eisenhardt,1995).However,mostofthestatisticaltoolshavebeendevelopedwithtimeandcontinue
tobedevelopedtoensurethattheyprovidetherequiredoutcomes(Christensenetal.,2011;Galli,
2018a;Galli,2018b;Galli,2018c).

RESEARCH METHoDoLoGy

Literature Review Research Approach
Fortheliteraturereview,therearetwosteps:first,thesearchforrelevantinformation(inputsfrom
keywords)andsecond,amorestructuredreviewprocessthatinvolveddatabasesandsearchstrong.
Thetablesofcontentsfortwojournalsweresearchedthrough,astheyalsoapplied.

Part 1: Explorative and Unstructured Literature Review
Thisstudyaimedtoreconsidersomekeywords,sopublicationsthatreflectedthekeywordswere
assessed.Thisresultedin31journalarticlesand7books.Thekeywordswerealsoevaluatedfrom
thetotal38publications,asthesewouldbeusedassearchtermsinthestructuredreview.

Part 2: Structured Literature Review
Astructuredandsystematicapproachwasthenusedtoconductreviewsthatwerefeaturedinother
literature.Therearefourphasestothissection,asthefirstphasedealtwithpreparingandscoping.
Thesecondphasedealtwithpreparingforthereview.Phasethreewasthesearching,evaluating,and
selectingofliterature,whilephasefourfeaturedassessingallselectedliterature.

Inphase(1),thereviewscopehighlightedproject-relevantresearchonmarketingandstrategic
planningasbeingvitaltothestudies.Itwasexpectedthatthesearchwouldleadtoasufficientamount
ofevidenceanddatatocontributetothestudy.

Phase(2)entailedotherconceptsbeingattachedtothekeywordsformoreinformation.Other
conceptswerecomprisedofthekeywords,theirrelationship,andtheirinteraction.Certainconcepts
weretoovague,suchassuccess,evaluation,andimpact;theseconceptsdidnotresultinpractical
andfocusedresults.
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Phase(3)wasthesuccessfulcompilationofresults.Manydatabaseswereused,suchasProQuest,
BusinessSourceComplete,Elsevier,EBSCO,andScienceDirect,whichresultedin15conference
papersand25results.Thisresultedinatotalof40resultsfromconferenceandjournalpapers.

Theendofthesearchinvolvedasearchthroughthetablesofcontentsfortier1andtier2journals,
whichwerebothacademicandpractitioner-based.Anyrelevantarticlewasfoundthatmaynothave
matchedthekeywords,andarticlesthatwerechosenwouldbecomepremierspecialtyjournalsforthe
keywords.Figure1depictsthesearchandselection,aswellasitsthreestreams:theexplorativeand
unstructuredsearch,thestructuredsearchwithsearchstrings,andexaminingthetablesofcontents.

Utilizingthethreestreamslimitedtheresultsto42publicationsintheanalysis.Theselection
processyieldedbetween24 and18 results, as it focusedon academic journal articles, literature
reviews,conferencepapersandproceedings,andbooks.Triangulationmethodswereused,andthe
firstselectionaimedtodetermineiftheresultingpublicationsconnectedtothekeywordsandproject
research.Theevaluationinvolvedinclusionandexclusioncriteriathathighlightedtheabstract,as
somepublicationsfeaturedtheintroductionortheentirepaper.

Forphase(4),theinformationwasorganizedintoaninductiveanddeductiveanalysisthatwas
documented with a software package, as well. The deductive analysis entailed documenting the
universityandcountry from theauthors, alongwith suggestedcategories.Researchgenreswere
indicatedasthefollowing:empiricalresearch,theorydevelopment,researchessaysandliterature
reviews,or“other”.Also,deductivecodingwasappliedwithevidencethatthepublicationsutilized
theoretical frameworks, such aswith a research-basedviewand contingency theory. Itwas also
indicatedifthepublicationdidordidnotfeatureamodel.

Agroundedtheoryapproachwasthenusedthroughouttheinductiveanalysisforcodingsome
publicationswithopen and selective codes.Most of the selected literaturewas from the annual
averagenumberofcitations,whichprovidedbalancefortheolderpublications.Relevantliterature
reviewswereadded,aswellascurrentpublicationsthatprovidedsubstantialcontributionstothe
keywordsresearch.

Phase(4)illustratesthatkeythemesresultedfromassessingthelistofopencodes,soastogather
themforaxialandselectivecodes.Theliteraturereviewprocessbeganwiththefirsttwophasesin
April2018andAugust2018,whilethefinalevaluationforpertinentmaterialsandtheirrelationship
wasalsoperformedwithinthistimeperiod.

Gatheringthesepapersillustratesthatkeythemesaresharedbetweenthevariablesandconcepts
fromdescriptiveandtraitperspectives.Also,statisticalanalysisandtheinvestigationofothervariables
orfactorsgaveweighttothisstudy’sresearchconclusions.ThefollowingsectionfeaturesTable1,
whichshowsthe42studiesandthekeythemes.

Evaluating the 42 studies resulted in finding that the literature assessed the keywords with
statistical methods from relational and causal perspectives, which gave weight to the research
conclusions.InTable2,thestatisticalmethodsaresummarizedthatwereusedforthe42studies,
whileTable3summarizesthenumberoffactorsorvariablesthatwereassessedinthejournals.

Thefollowingsectionwillfeaturethefindingsfortheseresearchmethods,whicharebasedon
thethemes/topicsfromlatersections.

FINDINGS

Ineveryproject,theremustbeacollectionofdatathatwillbeanalyzedtodrawconclusionsfromthe
analysis(Christensenetal.,2011;David,David,&David,2017;Galli&Hernandez-Lopez,2018;
Hartono,FNWijaya,&M.Arini,2014).Inthepast,collectingdatawasdifficultbecausedatawas
notreadilyavailable.Individualshadtophysicallygotothevenueswherethedatawastobecollected
(Marchewka,2014;Medina&Medina,2015;Sharon,Weck,&Dori,2013;Svejvig&Andersen,
2015).Furthermore,time-consumingmethods,suchasinterviewingorobserving,hadtobeused
toobtainrawdata.Duetoadvancementintechnology,datacollectionhasbecomeeasierbecause
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secondarydatasourcesareavailableontheinternet.Also,theinternetcontainsallinformationand
datarequiredinaproject(Ali&Bhaskar,2016;VonThieleSchwarz,2017;Yunetal.,2016;Xiong
etal.,2017;Zelinka&Amadei,2019).Additionally,privateandpublicorganizationspublishtheir
monthlyandannualreports,whichareaccessibletothepublic.Intheproject,organizationstend
touselargevolumesofdatathatneedadvancedstatisticalanalysistools.Forstatisticaltoolstobe
effective,thereareseveralthingsthataresearcherneedstoconsider.Firstofall,itisimportanttonote
theobjectivesofthestudytousetheappropriatestatisticaltoolcorrectly.Ifoneoftheobjectivesis
toobtaintheaverageofthedata,thenthemeanwillbeused(Harris&McCaffer,2013;Al-Kadeem,
etal.,2017a;Andersen,2014;Arumugam,2016;Badi&Pryke,2016).

Descriptive Statistics
Descriptivestatisticsisoneofthestatisticalanalysistoolsthatanalyzetherawdatatopresentitina
meaningfulwayforprojectmanagerstointerpretmoreeasily.Thedescriptivestatisticscontainthe
measuresofcentraltendency:themean,mode,andmedianmeasuresofspreadthatisthestandard
deviationandvariance,theminimumvalue,themaximumvalue,andtherangebetweenthem.The
modeissignificanttotheprojectmanagersbecauseitenablesthemtodeterminethemostsampled
datavalue.Forexample,ifaprojectrequireddataontheincomesofpeopleinagivenneighborhood
permonthandthemodevalueis$1000,thentheprojectmanagerswillautomaticallyconcludethat
mostindividualsintheneighborhoodreceiveamonthlyincomeof$1000.Themedianisthemiddle
datavaluewhenthedatasetisarrangedinascendingorder(Harris&McCaffer,2013;Burnes,2014;
Detert,2000;Nikabadi&Hakaki,2018;J.W.,2018).Ifsomevaluesinthedatasetareoddnumbers,
thenthemiddlevalueisone,butifthenumberofvaluesinthedatasetisanevennumber,thenthe
middlevalueswillbetwo.Therefore,themedianistheaverageofthosetwovalues.Themedianis
supposedtoestimatetheaverageofthedatasettotheprojectmanagers,butinacasewherethedata
sethasoutliers,thisisnotapplicable(Marchewka,2014;Easton&Rosenzweig,2012;Galliand
Kaviani,2018;Nabavi&Balochian,2018).Themeangivestheaveragevalueofthegivendataset,
buttherearedifferenttypesofmean,andeachtypeisusedinadifferentcontext.Understandingthe
typesofmeanisvitalinanydataanalysisprocesstoobtainanappropriatevaluethatwillgivethe
rightinformation(Verguraetal.,2009).

Figure 1. Research approach for literature review
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Arithmeticmeanisthemostbasictypeofmeanthatgivestheaverageofthetotalnumberof
valuescollectedasdata(Verguraetal.,2009;Gimenez-Espin,2013;Marcelino-Sádabaetal.,2014).
Arithmeticmeanisgivenbysummingtogetherallvaluesanddividingthembythetotalnumberof
values.Also,itisusedinanalyzingdatathathasnooutliersthatarethedataset,andithasnoextreme
values.Furthermore,itmaybeusefultometeorologistsincalculatingthearithmeticmeansofthe
temperatureofparticularregionswheretherangeoftemperaturesisclose,astheycarryonwiththeir
projectsonweatherconditions.Mostimportantly,arithmeticmeaniseasytocalculateandalsoeasy
tounderstand(George,Haas,&Pentland,2014;Milner,2016;Sutherland,2004).Sinceitisbased
onobservation,itisagoodrepresentationofthewholedataset,butitisnotapplicablewherethe
datasetisacontinuousintervalwithanopenend.

Letx1,x2,x3,…xnbenvalues:

Table 1. Identified studies from research approach by theme

Theme #1 Theme #2

Ahern,Leavy,&Byrne,(2014)
Andersen,(2014)
Arumugam,(2016)
Cova&Salle(2005)
David,David,&David,(2017)
Eskerod&Blichfeldt,(2005)
Galli&Kaviani,(2018)
Gallietal.,(2017)
George,Haas,&Pentland,(2014)
Hartono,FNWijaya,&Arini,(2014)
Healey,(2014)
Manly&Alberto,(2016)
Schwedes,Riedel,&Dziekan,(2017)
Xue,Baron,&Esteban,(2016)
Xue,Baron,&Esteban,(2017)
Zelinka&Amadei,(2019)

Ali&Bhaskar,(2016)
Al-Kadeemetal.,(2017a)
Azar,(2012)
Badi&Pryke,(2016)
Carley&Prietula,(2014)
Gafi&Javadian,(2018)
Gimenez-Espin,(2013)
Kwak,&Dixon,(2008)
Medina&Medina,(2015)
Milner,(2016)
Nikabadi&Hakaki,(2018)
Parast,(2011)
Parker,Parsons,&Isharyanto,(2015)
Sharon,Weck,&Dori,(2013)
Shenhar&Levy,(2007)
Sutherland,(2004)
Yunetal.(2016)

Theme #3 Theme #4

Christensenetal.,(2011)
Detert,(2000)
Easton&Rosenzweig,(2012)
Galli,&Hernandez-Lopez,(2018)
Galli,(2018c)
Ghosh,Ramteke,&Srinivasan,(2014)
Gholizadetal.,(2017)
J.W.(2018)
Kerzner&Kerzner,(2017)
Labedz&Gray,(2013)
Leeetal.(2013)
Marchewka,(2014)
Modarres,(2016)
Nabavi&Balochian,(2018)
Svejvig&Andersen,(2015)
Todorovićetal.(2015)
UsmanTariq,(2013)
Verguraetal.,(2009)
VonThieleSchwarz,(2017)
Zikmundetal.,(2013)
Zwikael&Smyrk,(2012)

Aslani,Akbari,&Tabasi,(2018)
Besner&Hobbs,(2012)
Brown&Eisenhardt,(1995)
Burnes,(2014)
Galli,(2018a)
Galli,(2018b)
Harris&McCaffer,(2013)
Hazır,(2015)
Hox,Moerbeek,&VandeSchoot,(2017)
Loyd,(2016)
Marcelino-Sádabaetal.,(2014)
Mertler&Reinhart,(2016)
Nagel,(2015)
Ott&Longnecker,(2015)
Papke-Shields,&Boyer-Wright,(2017)
Simundic,(2018)
Velte&Stawinoga,(2017)
Williams,(2018)
Winteretal.(2006a)
Xiongetal.(2017)
Zhangetal.,(2016)
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continued on following page

Table 2. Systematic analysis results by statistical analysis method

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

Regression 19
(25.00%oftotalarticles)

Ali&Bhaskar,(2016)
Azar,(2012)
Carley&Prietula,(2014)
Cova&Salle,(2005)
David,David,&David,(2017)
Detert,(2000)
Easton&Rosenzweig,(2012)
Gallietal.,(2017)
Gafi&Javadian,(2018)
Gholizadetal.,(2017)
Gimenez-Espin,(2013)
Harris&McCaffer,(2013)
Loyd,(2016)
Nabavi&Balochian,(2018)
Nikabadi&Hakaki,(2018)
Ott&Longnecker,(2015)
Sutherland(2004)
Xue,Baron,&Esteban,(2017)
Zwikael&Smyrk,(2012)

ANOVA 15
(19.74%oftotalarticles)

Ahern,Leavy,&Byrne,(2014)
Aslani,Akbari,&Tabasi,(2018)
Brown,&Eisenhardt,(1995)
Christensenetal.,(2011)
Galli,(2018b)
Galli,(2018c)
Ghosh,Ramteke,&Srinivasan,(2014)
Healey,(2014)
Manly&Alberto,(2016)
Mertler&Reinhart,(2016)
Nagel,(2015)
Papke-Shields&Boyer-Wright,(2017)
Xiongetal.,(2017)
Yunetal.(2016)
Zelinka&Amadei,(2019)

Q-Test 15
(19.74%oftotalarticles)

Arumugam,(2016)
Badi&Pryke,(2016)
George,Haas,&Pentland,(2014)
Hazır,(2015)
HoonKwak,&Dixon,(2008)
J.W.(2018)
Labedz&Gray,(2013)
Modarres,(2016)
Parker,Parsons,&Isharyanto,(2015)
Schwedes,Riedel,&Dziekan,(2017)
UsmanTariq,(2013)
Velte&Stawinoga,(2017)
VonThieleSchwarz,(2017)
Williams,(2018)
Zikmundetal.,(2013)

t-Test 13
(17.11%oftotalarticles)

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



International Journal of System Dynamics Applications
Volume 9 • Issue 4 • October-December 2020

9

ThenArithmeticMean=
x x x x

n
AM

Sumof values

CountofValues
n1 2 3

,
. .

+ + +…+
=









�




= + + +…+−

=

∑
∑i

n

i

i

n

i n

x

n
x is x x x x1

1
1 2 3

( , � 

= × ×
=
∑

1 1

1n
x Since

a

b
canbewrittenas

b
a

i

n

i
( 

Χi=thevaluesinthedataset,n=totalnumberofthedatavalues

Thesecondtypeofmeanthatisalsoastatisticaltoolisthegeometricmean,whichiscalculatedby
multiplyingallfiguresinthedatasetandgettingthenthrootwherenisthetotalnumberoffiguresin
thedataset.Thegeometricmeanisdifferentfromthearithmeticmeanbecauseittakescareofoutliers.
Duringtheanalysis,thegeometricmeanonlytakescareofthevaluesinacloserangeandfocusesless
ontheoutliers.Geometricmeancanbeusefultothebiologistshavingaprojectthatrequiresthem
todeterminethesizeofthepopulationsofdifferentbacteria(Ghosh,Ramteke,&Srinivasan,2014;
Nagel,2015;Schwedes,Riedel,&Dziekan,2017;Aslani,Akbari,&Tabasi,2018).Itcanalsobe
usefultoeconomistshavingaprojectthatrequiresthemtodeterminethedistributionoftheincomes
inaparticularneighborhood.Thegeometricmeanisusefulinfinancialinstitutionsforcalculating
thegrowthratesandreturnsondifferentportfoliosandapplyingthefindingsinvariousprojects.The
geometricmeanisnoteasytocalculateandunderstandlikethearithmeticmean(George,Haas,&
Pentland,2014;UsmanTariq,2013;Gafi&Javadian,2018).Italsodoesnottakecareofnegative
values,soifoneofthevaluesinagivendatasetisnegative,thenthegeometricmeanmaynotbe
applicable.Theformulaofgeometricmeanisgivenby:

i

n

i

n

n
na a a a a

=
∏










= …

1

1

1 2 3

/

, 

ai=thevaluesinthedataset,n=totalnumberofthedatavalues

Thethirdtypeofmean,whichisalsoacommonlyusedstatisticaltool,istheweightedmean.
Intheweightedmean,allofthevaluesinthedatasetdonotgiveanequalcontributiontothefinal
totalfigure(Hazır,2015;Shenhar&Levy,2007;Gholizad,Ahmadi,Hassannayebi,Memarpour,

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

Chi-SquareTest 14
(18.42%oftotalarticles)

Al-Kadeemetal.(2017a)
Galli&Kaviani,(2018).
Galli&Hernandez-Lopez,(2018)
Kerzner&Kerzner,(2017)
Marcelino-Sádabaetal.,(2014)
Marchewka,(2014)
Medina&Medina,(2015)
Milner,(2016)
Parast,(2011)
Simundic,(2018)
Svejvig&Andersen,(2015)
Todorovićetal.,(2015)
Verguraetal.,(2009)
Xue,Baron,&Esteban,(2016)

Table 2. Continued
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continued on following page

Table 3. Systematic analysis results by number of variables studied

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

1 17
(22.37%oftotalarticles)

Andersen,(2014)
Aslani,Akbari,&Tabasi,(2018)
Besner&Hobbs,(2012)
Carley&Prietula,(2014)
David,David,&David,(2017)
Galli,(2018b)
J.W.(2018)
Leeetal.,(2013)
Medina&Medina,(2015)
Nagel,(2015)
Nikabadi&Hakaki,(2018)
Ott&Longnecker,(2015)
Papke-Shields&Boyer-Wright,(2017)
Sutherland,(2004)
VonThieleSchwarz,(2017)
Yunetal.,(2016)
Zelinka&Amadei,(2019)

2 11
(14.47%oftotalarticles)

Al-Kadeemetal.(2017a)
Brown,&Eisenhardt,(1995)
Galli&Hernandez-Lopez,(2018)
Gafi&Javadian,(2018)
Gholizadetal.,(2017)
Harris&McCaffer,(2013)
Healey,(2014)
Manly&Alberto,(2016)
Marchewka,(2014)
Shenhar,&Levy,(2007)
Xue,Baron,&Esteban,(2016)

3 13
(17.11%oftotalarticles)

Arumugam,(2016)
Badi&Pryke,(2016)
Eskerod,&Blichfeldt,(2005)
Gallietal.,(2017)
Gimenez-Espin,(2013)
Loyd,(2016)
Marcelino-Sádabaetal.,(2014)
Mertler&Reinhart,(2016)
Modarres,(2016)
Svejvig&Andersen,(2015)
UsmanTariq,(2013)
Winteretal.,(2006a)
Zhangetal.,(2016)

4 10
(13.16%oftotalarticles)

Ahern,Leavy,&Byrne,(2014)
Detert,(2000)
Easton&Rosenzweig,(2012)
Galli,(2018a)
HoonKwak,&Dixon,(2008)
Kerzner&Kerzner,(2017)
Labedz&Gray,(2013)
Parast,(2011)
Todorovićetal.(2015)
Zwikael&Smyrk,(2012)

5 12
(15.79%oftotalarticles)

Ali&Bhaskar,(2016)
Azar,(2012)
Burnes,(2014)
Cova&Salle,(2005)
Galli,(2018c)
George,Haas,&Pentland,(2014)
Hazır,(2015)
Hoxetal.,(2017).
Sharon,Weck&Dori,(2013)
Velte&Stawinoga,(2017)
Xue,Baron,&Esteban,(2017)
Zikmundetal.,(2013)
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&Shakibayifar,2017).Theweightedmeanisusedmostlyincaseswheresomevaluesinthedata
sethavemoreworth thanothers.This isastatisticalanalysis tool thatmaybeusedinanalyzing
performanceina learninginstitutionwhere thefinal testbearsmoreweight thantheassessment
tests.Whentutorshaveaprojectofstudyingtheaverageperformanceoftheirstudentsthroughout
theterm,theywillhavemoreweightinthefinalexamthanontheassessmenttests.Theformulafor
theweightedmeanisgivenby:

x
w x

w
w

n

i i

n

i

=
( )
( )

=

=

∑
∑

i

i
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1



whereas:

• x
w

istheweightedmeanvariable
• w

i
istheallocatedweightedvalue

• x
i
istheobservedvalues

Finally,harmonicmeanis,inmostcases,usedinanalyzingdatathatconcernsaveragespeed.It
israrelyusedbecauseofthelimiteddatasetsofspeedvalues.Also,itiscalculatedbydividingthe
totalnumberofvaluesintothedatasetbythesumofthereciprocalofallvaluesinthedataset.The
formulaisasshownbelow:
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Χi=thevaluesinthedataset,n=totalnumberofthedatavalues

Fromthesestatisticaltoolsthatanalyzetheaverageofadataset,itisimportanttoanalyzethesetof
databeforedecidingonwhichstatisticalanalysis(average)tooltouse.Also,itisimportanttoscrutinize
therangeofthedatavaluesandifthereareanyoutliers.Oneshouldidentifythetypeofdatasetthatis
beinganalyzedfortheproject.Forexample,dataonspeedwillusetheharmonicmean(Hazır,2015).

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

6 12
(15.79%oftotalarticles)

Christensenetal.,(2011)
Galli&Kaviani,(2018)
Ghosh,Ramteke,&Srinivasan,(2014)
Hartono,FNWijaya,&Arini,(2014)
Milner,(2016)
Nabavi&Balochian,(2018)
Parker,Parsons,&Isharyanto,(2015)
Schwedes,Riedel,&Dziekan,(2017)
Simundic,(2018)
Verguraetal.,(2009)
Williams,(2018)
Xiongetal.,(2017)

Table 3. Continued
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Themeasureofdispersionorspreadthatisthevarianceandstandarddeviationmeasureshow
thatthedatasetisfromthemean.Ifthevalueofthestandarddeviationissmall,thentheproject
managerswillunderstandthatthedatavaluesinthedatasetareclosetothemeanandviceversa.
Standarddeviationiscalculatedasfollows:

∑ −( )
−( )
x x

n

2

1


where:

x=eachscore
x =themeanoraverage
n=thenumberofvalues
Σ =meanswesumacrossthevalues

Thevarianceisalsousedtomeasuretheextenttowhichthedataisdistributedfromthemean.
Itisthesquareofstandarddeviation.Itsformulaisgivenby:

σ2
2

= ∑ −( )x x N
i

/ 

σ2 =variance

x
i
=thevalueoftheithelement

x =themeanofx
N=thenumberofelements

Data Distributions
Datadistributionsarealsostatisticalanalysistools.Inprojectmanagement,beforeemployingtheuse
ofstatisticalanalysistools,anindividualneedstounderstandthedistributionofthedatacollected
(Healey, 2014). There are various types of distributions, such as normal distribution, binomial
distribution,negativebinomial,Poissondistribution,uniformdistribution,exponentialdistribution,
andBernoullidistribution,amongmanyothers(Kerzner&Kerzner,2017).Todeterminethedata
distribution, theprojectmanagers are required toobserve thedata and todiscover the available
parameters.Forexample,foradatasettobeabinomialdistribution,probabilityandthetotalnumber
ofthedatavaluesmustbeknown(Ghoshetal.,2014).

Hypothesis Testing
Ahypothesisisastatementinaprojectthatpresentsagivenfactthatisyettobefullyinvestigated.
Hypothesistestinghelpsinprovingthevalidityofthehypothesisstatement,whilethehypothesis
testhelpsindeterminingthetruthandsignificanceofthehypothesisstatement.Thestatementwhose
significanceisbeingtestedisreferredtoasthenullhypothesis(Kerzner&Kerzner,2017;Xue,Baron,
&Esteban,2017).Also,thecalculationofthep-valueiscommonlyreferredtoastheprobability
value.Whenthep-valueissmallthatis<0.05,thenitimpliesthattheevidenceistooweak,sothe
nullhypothesisisrejected.Ifthep-valueislargeor>0.05,thenthenullhypothesisisnotrejected,
sincetheevidencesupportingthehypothesisstatementistoostrong(Healey,2014).
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Parametric and Non-Parametric Tests
Parametric and non-parametric tests are also used as statistical analysis tools for analyzing
data.However,beforeusingeitherofthesetools,itisimportanttostudythedatathatistobe
analyzedcarefully.

Parametrictestsaremostlyusedinanalyzingnormaldistributions.Mostdatasetsarenormally
distributedtoemploytheuseofparametrictests.Parametrictestsassumethatthemeanofthecollected
sampleisnormallydistributedandthatthevariancesofthesamplesandthoseofthepopulationsfrom
whichthesampleswerecollectedareequal.ThemostcommonparametrictestistheANOVA,which
isalsoknownastheanalysisofvariance,thestudentt-test,andtherepeatedmeasures.However,
parametrictestscangiveerroneousresults(Ghoshetal.,2014).

1. AnalysisOfVariance(ANOVA):Theaboveparametrictestisusedtoanydifference,whichis
significantbetweenthemeansoftwoormoregivengroups.InANOVA,twovariancesarestudied:
thevariancebetweenthegroupsandthevariancewithineachgroup.Thesecondvariance,the
within-groupvariance,whichisalsoknownastheerrorvariance,isthevariationwhichcannot
beincapacitatedinthestudy.ThevariancesinparametrictestsarecomparedusingtheF-test.
TheFstatisticisgivenby:

F
MS

MS
b

w

= 

2. TheStudentT-Test:Thistestisusedtodeterminethenullhypothesisthatthemeansoftwo
differentgroupsareequal.Itisusedindeterminingifthemeanofasampleisequaltothemean
ofthepopulation.Itcanalsotestiftwodifferentsamplescollectedfromonepopulationhave
equalmeans.Theformulaforthet-testis:

t
d

SE
d

= 

3. RepeatedMeasuresAnalysisofVariance:Thisisatestthatisusedtomeasureifthemeanof
threeormoregroupsisequal.InrepeatedmeasuresANOVA,themeasuresofthesamplesare
carriedoutindifferentconditionsandatdifferenttimes.Thedependentvariableismeasured
repeatedly(Simundic,2018).

Meanwhile,non-parametrictestsareapplicablewherethedatabeinganalyzedisnotnormally
distributed.Theyarealsocalleddistribution-freetest.Unlikeparametrictests,non-parametrictests
cannotgiveresultsthatareerroneous.Inmostcases,non-parametrictestsareusuallyusedinsituations
thatdonotrequirenormalityassumptions(Simundic,2018).

DISCUSSIoN

Implications of Statistical Tools in Project Management Environment 
to Engineering Managers and Project Managers
Effectiveandineffectivestatisticaltoolsareimportantinmanyfieldsofprojects.Atthesametime,
engineeringmanagersandprojectmanagerswidelyrelyonthesetoolstoanalyzerobustdata.Thus,
bothfieldsrequireavastexperienceanduseofdata.Datacannotbejustcollectedandused;itneeds
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akeenanalysistohelpingeneratingconcretesolutionsfortheprojectedproblems.Thus,engineering
managersandprojectmanagersgetinvolvedintheuseofstatisticaltoolsinaprojectmanagement
environment(Hox,Moerbeek,&VandeSchoot,2017).

organizational Implications
Asseenintheresearchontheacquiredskillandmanagementstrategies,thesevariables,theirconcepts,
andmodelsareeffectivetoolsforbusinessprojectsandprojectmanagement;theyleadtoteamskills
thatcanhelptobetterfulfillcompanygoals.Thus,technologyisnotasvitaltobusinessprojectsand
projectmanagement.Intheresults,itisalsoillustratedthatstrategicplanningisessentialbecause
a top-down and bottom-up leadership approach is important to project management, operations
management,andprocessimprovement.Also,thesevariables,concepts,andmodelsarecrucialto
leadershipstylesandtools,asbusinessesrequiretheproperskillstomanagetheirprojectmanagement
andperformance.

Leadershipmusthaveafocusonmoreaspectstoabusinessthanjustthebottomline.Thisstudy
revealsthatalackofleadershiphasledtoissuesinprojectmanagementandoperationalperformance.
Thebottomlineapproachonlysolvesproblemstemporarily,butinthelongrun,leadershipmust
managemultipleelements.Forexample,operations,projectmanagement,financials,performance,
strategy,andhumanresourcesareallimportanttoabusiness.Byaddressingtheimportanceofthese
aspectstobusiness,leadershipcanfindgreatersuccessinthepresentandfuture.

Implications to the Engineering Managers
Statisticsareveryimportanttoolsintheworldofengineeringbecauseengineersneedtoanalyze
dataintheirdailyoperations.Anengineeringmanagerissomeonewhoorganizes,directsandplans
toengineertoensurethatcompany’sobjectivesaremetforeitherdesign,improvementofproducts,
developmentofproducts,anddesignbyundertakingseveralresponsibilitieswithinanorganization
(Manly&Alberto,2016).Thefieldofstatisticshelps theengineeringmanager in thecollection
ofdata,presentationofdata,andintheusageofdatainhelpinganorganizationtomakerelevant
decisionsthataffectitandindesigningproductsandprocesses(Hox,Moerbeek,&VandeSchoot,
2017).Mostaspectsofthepracticeofengineeringinvolvetheuseofdata,soitisimportantforan
engineeringmanagertoknowstatistics.Tobespecific,statisticscanbeofgreathelpinthedesignation
ofnewproducts,improvementofexistingdesigns,andimprovementoftheprocessofproduction.

Inthisstudy,therearesomeimplications.Firstly,theresultsevaluatethevariables,concepts,
models,andtheirrelationshipbytakinganovelapproachtofillaresearchvoid.Furthermore,thisstudy
evaluateshowthevariablesaffecteachotherandotherfactors.Secondly,projectsandperformances
oforganizationscanusethisstudyasanoutline.Mentoringandmanagerialconstructscanbecreated
fromlearningabouttherelationshipbetweenthesevariables,soteamsandbusinessescanidentifytheir
limitationsinprojectandorganizationalperformance.Lastly,thisstudyoffersguidanceoncreating
bettertrainingconstructsforprojectandorganizationalperformanceandeffectiveness.Mostofall,
projectteams,projectleadership,andorganizationalleadershipcanbetrainedonmeasuringateam,
project,orbusiness’performanceagainststandardandindustry-acceptedmodels.Thus,performance
andeffectivenesswill improve,as teamsandleaderscandiscoverhowteamsandprojectsaffect
performanceandreliability.

Engineering Method and Statistical Thinking
Theengineeringmethodhasseveralstepsthathelpinsolvingproblemsandingeneratingconcrete
solutionstotheproblems.Belowisadiagram(Figure2)thatshowstheprocessfollowedbyengineering
managers,whichisreferredtoastheengineeringmethod.

Fromtheabovediagram,theengineeringmanagersneedtoensurethattheystateaproblem,get
factsabouttheproblem,defendviewpointsabouttheproblem,formulateopinionsabouttheproblem,
andqualifyrecommendations(Manly&Alberto,2016).Statisticaltoolshelpanengineeringmanager
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indescribingandunderstandingvariability.Variabilitymeansthatobservationsofthephenomenon
donotyieldthesameoutcomesorresults.Statisticaltoolsgiveengineeringmanagersusefulways
toassimilatevariabilityintheirprocessesofdecision-making(Hox,Moerbeek,&VandeSchoot,
2017).Statisticsinengineeringhelpengineeringmanagerstohaveaframeworkinthedescription
of variability and in learning potential sources of variability. Engineering managers first collect
data,wherebythedataisalwaysasamplethatisselectedfromthepopulation.Thethreemethodsof
collectingdataintheengineeringfieldare:

a) Retrospectivestudy,wherebyhistoricaldataisused
b) Observationalstudy
c) Designedexperiment

Theprocedureofaneffectivedatacollectionsimplifiestheanalysisandleadstoanunderstanding
oftheprocessthatisbeingstudied(Mertler&Reinhart,2016).

Implications to the Project Managers
Projectmanagersarealsoinvolvedintheuseofstatisticaltoolsinmanagingtheirprojects.Project
managersneedtocollectdataandtoanalyzeitastheyworkontheirprojects.Thedatahelpsthe
projectmanagersindecision-makingjustasithelpstheengineeringmanagers.Manyorganizations
arefacedwithrisksthatareunseenwhentheywanttoimplementnewsystems,tosellnewproducts,
ortoimproveanalreadyestablishedproduct.Thus,theorganizationsrequirehiringprojectmanagers
whoarewell-acquaintedwithusingstatisticaltools(Ott&Longnecker,2015).Theprojectmanagers
employ the tools that they deem fit for their projects, depending on the projects that they are
undertaking.Also,theprojectmanagersneedfinancesthatwillhelpincarryingouttheiroperations,
whichforcetheuseofstatisticaltoolstoanalyzelargesumsoffinances.Sometimes,theprojectmay
beabouthelpingacountrytosettleacertainproblemthataffectsitanditspeople.Toconductthe
project,theyareduty-boundtocollectdataandtoanalyzeitperfectlytoensurethattheyprovidethe
requiredsolutionsandwillhelpthecountryinmakingdecisions.Statisticaltoolsalsoconnectthe
projectmanagerstothefactsaboutacertainproblem,whichmakethemmoreknowledgeableintheir
fieldofwork.Atthesametime,projectmanagersneedtousestatisticaltoolswhendeterminingthe
measuresofcentraltendency.

Figure 2. The Engineering Method
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Applications of Effective and Ineffective Statistical Tools in Project 
Management Environment to Engineering Managers and Project Managers
Though thesevariables, theirconcepts,andmodelsarevital toprojects,engineersand technical
professions can be just as important. An engineer was required to use technology and math for
solvingproblems,butasofnow, theengineermustuse these tools tooffereconomicallyviable
solutions.Thus,thevariables,theirconcepts,andmodelsalsoapplytoengineeringdecisions,asit
isimportanttomakegooddecisionsthroughouttheprojectlifecycle.Engineersmustbeawareof
businessmanagementandmaturitymodelstomaximizeontheirtechnicalknowledgeforinvestors.

Therearedifferentmanagementschoolsofthinking,asmanagementconceptsandengineering
arescientificallybased.Engineeringreliesonthescientificconceptof“causeandeffect,”which
linksmanagementtoengineering.Thoughresearchaddressestheessentialmodelsforidentifying
projectelements,thisisonlydonefromabusinessperspective.Thus,thisstudytakesanengineering
perspectiveandusespureengineeringfiledtechniques,suchasbudgeting,equipment,purchasing
material,andmore.Engineersandprojectmanagerscanusemanydecision-makingmethodsfor
engineeringproblemsandforscreeningprojectsforviability.

Withscholarlyinformationonthesevariables,theirconcepts,andmodels,thisstudyevaluates
how theycanaffectprojectmanagementandoperationalperformance to find thebestpractices.
The IE/EM profession and research field heavily relies on project management and operational
performance, and lean thinking is not always the answer to problem-solving. As a result, these
variables,theirconcepts,andmodelshelptocreatedifferentenvironmentsintheprofession.Withthis
study,industrialengineeringandengineeringmanagementwillalsobenefitbecauseallorganizations
needtomakenewproductstosucceed.Additionally,stakeholders,suchassystemengineers,project
managers,otherexpertsinindustrialengineeringandengineeringmanagement,canfindinformation
onapplyingmaturitytoprojectmanagement.Thiswillencouragethemtomaximizeonthesystem
engineeringandprojectmanagementrolesforsuccess.

In the world of engineering, many departments employ the use of statistical analysis tools,
specificallyalmostalloperationsinengineeringdependonstatistics.Whenmeasuringaphysical
quantity,manydifferentvaluescanbeobtained fromobservations.From themeasurements, the
mostprobablevaluemustbedetermined.Also,itmustbediscoveredhowanobservationcanvary
fromthemostprobablevalue.Fromthere,thereasonwhyitvariesinthewayitdoescanbelearned.
Statisticsgiveengineersawayofensuringthattheymeasurethisprobablevaluetogetherwithways
ofdividing thevalues (variables) intoportions that theycanallocate todifferentsources (Ott&
Longnecker,2015).

Inchemicalengineering,whenlargeamountsofdataarecollected,theengineeringmanagers
believethatthedataholdsalotofinformationaboutthecompany,buttheycannotinterpretitwhen
it israw.Thisbringsabout theneedfor therespectiveengineeringmanagerstoapplytheuseof
statisticalanalysistoolstoanalyzeandsimplifythedata.Thisdatausuallyhasmanyparametersthat
needtobeestimated,whichrequiresmultipleregressionsasthestatisticalanalysistool.Statistical
analysistoolsarealsouseful,astheyhelpindeterminingtheeffectofeachindependentvariablein
agivenstudy.Themostcommonapplicationofthestatisticaltoolstotheprocessingindustriesis
thestatisticaltechniquesinqualitycontrol.Theengineeringmanagersalsoapplythestatisticaltools
tocomeupwithagraphicalpresentationontheratesofproduction.Graphsareeasytointerpret,so
themanagerscaneasilymakedecisionsbytrackingthetrendofproductioninthecompanyovera
givenperiod.

Effectivetoolsareusefultoprojectmanagers,andstatisticsareimportantwhenitcomestothe
projectplanningstage.Handlingtheorganizationofbotheasyanddifficulttasksrequiresalotof
determination,asbusinessesmustgeneratenewproductsandservicesregularlytopenetratenew
marketsandincreasesales(Modarres,2016).Organizationsmustcreatebettermethodstoincrease
productionandtoensurethatthecostofproductionisreduced.Also,theymustgeneratewaysof
improvingtheprocessofdeliveringgoodsandservicestothemarket.Projectmanagerswillhelp
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theorganizationtoachievethesegoalsbycollectingdatafromdailyactivitieswithstatisticaltools
toanalyzethedata,interpretthedata,andthenmakedecisionsbasedontheconclusiondrawnfrom
theprojects.Itisclearthatprojectmanagersusestatisticaltoolstohelpthemfocusonthebigger
pictureoftheorganizationandtoseehowtheorganizationisgoingtoimprovebyimplementingsome
policiesfromtheanalyzeddata(Velte&Stawinoga,2017).Projectmanagersusethestatisticaltools
toensuretheorganizationavoidsmakingblinddecisionsthathavenobase,andtheyapplyeffective
statisticalanalysistoolsintheriskmanagementprocess.

Insomeinstances,theprojectmanagersseektoanalyzeifaparticularventureisworthtaking
therisk.Ifso, thentheywilladvisetheotherstakeholdersaccordingly.Agoodexampleofsuch
ariskispenetratingnewmarkets,astheywilluseeffectivestatisticalanalysistoolstodiscoverif
newmarketswillgetmoreexpensesthanincomeorviceversa.Projectmanagersmayachievethis
objectivebyfindingoutfactors,suchasthepotentialbuyersinthenewmarket,thepurchasingpower
ofthosepotentialbuyers,andtheexpensethattheorganizationwillincurbytakingtheirproducts
orservicestothenewmarkets(Velte&Stawinoga,2017).Additionally,projectmanagersusethe
statistical analysis tools to findouthow thequalityassuranceprogramsof theorganizationwill
beimproved.Effectivestatisticalanalysistoolsprovidemethodsofcontrollingandmeasuringthe
processesofproduction,reducingthelevelofwaste,andensuringthattheproductionprocessesare
consistent.Projectmanagersalsouseeffectivestatisticalanalysistoolstohelpthemidentifyhealthy
relationshipsthatwillimproveoverallperformance.Thus,analyzingthedatawillhelpinshowing
howdifferentvariablescontributetotheperformanceoftheorganization.

Lessons Learned to the Engineering Manager and Project Manager
Bothengineeringmanagersandprojectmanagerslearnseverallessonsfromeffectiveandineffective
statisticalanalysistoolsinaprojectmanagementenvironment.Firstofall,theyhavelearnedthatthere
areseveralwaysofhandlingbigdata.Bigdataneedsmaximumcarewhenbeinghandledbecausethe
lossofitcanbringmanydamages(Zikmund,Babin,Carr,&Griffin,2013).Atthesametime,they
havelearnedhowtoselectthemostsuitabletools,dependingonthekindsofanswersthattheywant
todrawfromspecificsituations.Additionally,theyhavelearnedthatthetoolscouldbeerroneous
andcangiveoutfalseresults,leadingtomakingthewrongdecisions.Toolsarealsohelpfultomake
workeasierbyanalyzingbigdata,whichcouldcosttimeandcouldgeneratethewrongresults.

CoNCLUSIoN

Recommendations for Future Research
Moreadvancementneedstobedoneontheeffectiveandineffectivestatisticalanalysistoolsbecause
thestatisticalanalysistoolshaveprovedtobesomewhaterroneous.Forexample,parametrictoolsare
well-knowningivingresultsthatareerroneouswhenoneisnotcareful.Again,someoftheanalysis
toolshaveverylongmethodsthatmakeitdifficulttocomeupwithananswer(Williams,2018).
Thetoolsneedsomeadvancementsandcorrectionstoensurethattheprocessisnothardforthemto
conducttheiranalysis.Itisimportanttonotethatbeforedataanalysis,oneisfirstrequiredtocollect
thedatafromthefield.Theprocessofcollectingdataislongandcanbehectic(Zikmundetal.,2013).
Thus,engineeringmanagersandprojectmanagersneedtoknowthebestprocessesthatwilllead
themtotherightdata.Forexample,theretrospectivestudyisaprocessofdatacollectionthatuses
thedatathathasbeenstored,whichissometimesdistortedandunreliableinmakingrightdecisions.
Standardsshouldbesettoensurethatthedatastoredissafeandsecure,freefromdistortions,and
reliableforfutureuse.

Inaddition,thestoreddatahasalongprocedurebeforebeingaccessed,soitisimportanttoensure
thatthedataisaccessibleforengineeringmanagersandprojectmanagerstoaccessiteasily.For
researcherstoensurethatthestatisticalanalysistoolsareeffective,theyshouldstudythetypeofdata
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toknowthemostappropriatetoolforanalysis(Modarres,2016).Also,theuseofstatisticaltoolscan
onlybeappliedinaphenomenonthatcanbeexpressedinquantitativeornumericalterms.Engineering
managersandprojectmanagerscanfacechallengesonwhichtoolstouse,soitisrecommendedthat
researcherscomeupwithstatisticaltoolsforwhenquantizationisnotrequired.Itisalsoimportant
forresearcherstoensurethattheygetaccesstotherightinformationorknowledgeaboutstatistical
tools,asresearcherssometimesfailbecausetheydonothaveenoughinformation(Williams,2018).

Future research can findhow thesevariables, concepts, andmodels relate in industries and
managerialsettingstofindtheirstrengthsandweaknesses.Also,futureresearchcanstudythemfrom
variousperspectives.Forexample,theorganizational,strategic,orculturalpointofviewscanbe
assessed.Thus,researcherscanstudyhowthesevariables,concepts,models,andtheirrelationship
areperceivedandaffectedbyculture,strategy,humanresources,andoperations.

Limitations of the Study
Thisstudycontainedsomeresearchlimitations.Firstofall,statisticaltoolsdonotstudythenature
of a problem that cannot be expressed in numerical terms, so theseproblems cannot bepart of
statistics.Secondly,therewasnotenoughtimetoconductthestudysufficiently(Zikmundetal.,
2013).Statisticaltoolsarescientificandrequirealotoftime,sotimewasoneofthelimitationsof
thestudy.Also,thefinalresultsofastatisticalanalysisarenotalwaysreliable,sosomestudiesmust
beconductedbeforestudyingthistopic.Therewerealsoproblemsinaccessingtherelevantbooks
thatwouldprovidetheinformationrequiredforthestudy.

Personally,Iencounteredalimitationofbiases,asIhadheardthattheresearchesaboutstatistical
tools arealwayscomplicated.As Ibegan the research, I thought that the researchwouldnotbe
complete,soIwouldcometosomepointsandbelievethebiases.Ihadworkedonthebiasesbefore
startingmyresearch,andIensuredthatIconfirmedwhateverIhadheardfromtherelevantsources
(Zikmundetal.,2013).IalsofailedtogetsomeoftheinformationthatIneededfortheresearch.
ThereareseveralbooksthatIexpectedtoguidemeonresearchaboutthedescriptiveanalytics,but
Ididnotevenfindtheexactinformation.

Mainly,therewasasmallsamplesizethatlimitedtheinformationtokeyfactors.Biasandvalidity
problemscanresultfromthislimitation,asthefindingsandconclusionscouldbecompromised.A
largersamplesizewouldhavebeenpreferable.Furthermore,thekeyfactorsandtheirrelationship
werestudiedfromaprojectenvironment,whichmakestheconclusionsandanalysisexclusiveto
projectenvironments.Thus,theseresultsmaynotapplytosupplychainmanagement,operations
management,strategicmanagement,otherindustries,ormanagerialsettings.

General Conclusion
Overall,statisticaltoolsarehelpfulinaprojectmanagementenvironment.Engineeringmanagers
workwithprojectmanagerstocompletetheirprojectsbecauseoftheapplicationofstatisticaltools.
Thedescriptiveanalyticsneedknowledgeandexperiencebecausetheysometimesgiveouterroneous
resultswhennotcarefullycalculated.Anotherissueisthedatacollection,asresearcherscollectdata
toanalyzeitandgeneratetherightanswersformakingdecisions.Datacollectionshouldbeconducted
inamannerthatitwillgivetherightresultsaftertheanalysis.Amistakeindatacollectionmaylead
toawrongselectionoftheeffectiveandineffectivetools,whichmayresultinpooranalysisand
unhelpfuldecisions.Usingstatisticaltoolsshouldgenerateresultsthatwillhelpinsolvingproblems
sufficiently.Researchshowsthatthestatisticaltoolshavebeendevelopedovertime,buttheystill
needimprovementtoeasetheanalysisofbigdata.Still,researchersneedtocomeupwithstatistical
toolsthatcanbeusedbyallotherresearchers,includingtheresearcherswhoarenotgoodatmath.
Itisalsoimportanttonotethateffectiveandineffectiveanalysistoolsdiffer.Whenitcomestodata
analysis,thetoolsneedtobeselectedaccordingtohoweffectivetheyare.
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