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INTRODUCTION

AstheeditorsofData Envelopment Analysis (DEA) Methods for Maximizing Efficiency,wearethrilled
topresentacomprehensiveandtimelyresourceforresearchers,practitioners,andstudentsinscienceand
engineering.ThisbookfillsasignificantgapintheliteraturebyaddressingtheapplicationofDEA,a
criticalandevolvingtoolinmeasuringandenhancingtechnicalefficiency,particularlyinscientificand
engineeringcontexts.SinceitsinceptionbyMichaelFarrellin1957,DEAhasprimarilybeenapplied
ineconomicandmanagementfields.However,itspotentialinscienceandengineeringhasremained
largelyuntapped.Thisgapcanbeattributedtobothaneedformorerelevantdatainthesefieldsanda
limitedunderstandingofhowDEAcanbeeffectivelyappliedtoassessandimprovedecision-making
processes.Recognizingthis,ourbookembarksonaninterdisciplinaryjourney,showcasinghowDEA
canbeavitalinstrumentforperformancemeasurementandimprovementinvarioustechnicaldomains.It
delvesintothepracticalitiesandcomplexitiesofapplyingDEAinscientificandengineeringdisciplines,
whichinvolvehighlytechnicalprocessesanddecision-makingunits(DMUs).Atotalof31authorsfrom
12countriescontributedatotalof14chapters.Atotalof19chaptersweresubmitted,andfollowinga
double-blindpeer-reviewprocess,theeditorsrejectedfivechapters.

CHAPTER OVERVIEW

InChapter1,“EffectsofPublicCapitalInvestmentsonProductivityoftheUnitedStates,1992-2022,”
BrianSlobodaandYayaSissokoprovideanin-depthanalysisofpublicsectorproductivityintheUnited
Statesfrom1992to2022,aperiodcharacterizedbysignificantheterogeneityacrossstatesintermsof
publicservicesdelivery.Thisdiversityhasimplicationsforbothproductivityandefficiencywithinthe
publicsector.Thechapteraddressestheincreasingscrutinyofpublicservicesamidstongoingreform
processes.Unliketheprivatesector,wheremarketforcesprimarilyinformperformance,thepublicsector
reliesoncomparativeperformancemeasurestoassessproductivity.Thisstudyinvestigatestheproductiv-
ityofthepublicsectoracrossvariousstatesusingstandardDataEnvelopmentAnalysis(DEA)andthe
MalmquistProductivityIndex(MPI)forefficiencymeasurement.TheDEAanalysisiscomplemented
bypanelregressionanalysistoprovideamorecomprehensiveunderstandingofpublicsectorproduc-
tivity,consideringtheuniquechallengesanddynamicsofpublicservicedeliveryindifferentstates.
Thisapproachoffersvaluableinsightsintotheperformanceofthepublicsector,highlightingareasfor
improvementandreforminthecontextofanevolvingadministrativelandscape.
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InChapter2,“DataEnvelopmentAnalysisAdvantagesandProblemsDemonstratedinaUniversity
ComparisonStudy,”KennethDavidStrangexploresthemultifacetedaspectsofDEA,presentedinaman-
neraccessibletoadiverseaudience,includingbusinessprofessionals,students,andvariousstakeholders.
ThischapterintricatelyexploresDEA’sinputandoutput-orientedapproaches,encompassingaspectrum
ofreturnstoscale–constant,variable,andthoseexhibitingincreasingordecreasingtrends.Crucial
conceptssuchasradialmovementsandslackestimatesareelucidated,pavingthewaytoachievingan
efficientfrontier.CentraltothediscussionistheapplicationofDEAthroughtwodistinctivedatasets:
aconcise,illustrativeexampleandamoreextensive,real-worlddatasetderivedfromsecondaryhigher
educationstatisticsprovidedbytheU.S.DepartmentofEducation.Thisexplorationoffersacomparative
perspectivebetweenDEAandnonparametricstatisticalmethods.Furthermore,thischapteraddressesthe
inherentchallengesassociatedwithutilizingDEA,highlightingtheimportanceofemployingmethods
anddatatriangulationtoassurethereliabilityandvalidityoffindings.Oneofthemoststrikingrevela-
tionsof thisstudy is the inability toconclusivelyanswer the researchquestionsposed,underscored
byindependentdata,whichparadoxicallypresentedcontrastingresultsforsomeinstanceswithinthe
sampledata.Thischapterpromisestobeofsignificantinteresttoawidearrayofindividuals,including
managers,decision-makersacrossvariousindustries,students,governmentregulators,andresearchers,
providingthemwithvaluableinsightsintotheapplicationandnuancesofDEA.

In Chapter 3, “Productivity Profiles of Islamic Banks using Data Envelopment Analysis-Based
MalmquistProductivityIndices(MPIs):Survey,Classification,andCriticalAnalysis,”KarimIddouch,
KhalidElBadraoui,andJamalOuennichepresentanin-depthsystematicliteraturereviewfocusingon
theproductivityofIslamicBanks(IBs).Thestudy,whichscrutinizes68publicationsfrom2006to2022,
emphasizesexplicitlyusingMalmquistProductivityIndices(MPIs)estimatedthroughDEAmethodolo-
gies.Theauthorshavemeticulouslycategorizedtheexistingliteratureintofourdistinctareas:thetypes
ofDEAanalysisemployed,themethodsusedformeasuringproductivity,thevariablesinvolvedinDEA
modelspecification,theirevaluationapproaches,andtheunderlyingdriversandtheoreticalframeworks
ofproductivity.Additionally,thechaptercriticallyexaminestheliteraturetounearthgaps,inconsisten-
cies,andpotentialsourcesofdiscrepancies,therebysheddinglightonareasthatfutureresearchmight
explorefurthertoenhanceourunderstandingofproductivityinIslamicBanks.

InChapter 4, “EfficiencyAnalysis of aSurgeryRoadmapBasedonLeanManufacturingTech-
niques,Simulation,andDataEnvelopmentAnalysis(DEA),”LeonardoH.Talero-SarmientoandLaura
YeraldinEscobarRodriguezfocusonoptimizinghealthcareprocesses,particularlyinthecontextof
surgery roadmapswithinhealthcare systems.Thestudyaddresses thechallengesofoptimization in
scenarioscharacterizedbylimitedinformation.Thischapterexploresvariousmethodologies,including
leanmanufacturing,operationalresearch,simulation,DEA,andnon-dominanceanalysis,toenhance
efficiencyandresourceutilizationinhealthcare.Thestudyidentifies32interrelatedpatientpathways,
revealingthesharedactivitiesandtheextensiveimpactofoptimizationstrategiesacrossmultipleroutes.
Unlikeconventionalanalysisofpathwayperformance,thisstudyutilizesDEAacrossvariousinvest-
mentscenarios,offeringvitalinsightsforhealthcaredecision-makersonenhancingpatientcarequality
andefficiency.ThenovelapproachofcombiningDEAwithanon-dominancealgorithmprovidesa
comprehensiveandrobustframework.Thismixed-methodapproachisparticularlyeffectiveintackling
operationalchallengesinhealthcare,especiallyinsituationsoflimitedinformation,andunderscoresthe
importanceofcontinuousprocessimprovement.

InChapter5,“SyntheticDataGeneration:Methods,Applications,andMultidisciplinaryUseCases,”
EdliraMartiriprovidesanin-depthexaminationofthecurrentstateofsyntheticdatageneration,en-
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compassingitsmethodologies,applications,andchallengesacrossvariousscientificfields.Thischapter
addressesthegrowingneedforsyntheticdata,drivenbyconcernsoverdataprivacy,limitedavailability
ofrealdatasets,andtherequirementfordiverse,representativedata.Thechapterexploresarangeof
methodsforgeneratingsyntheticdata,includingstatisticalmodeling,generativeadversarialnetworks
(GANs),simulation-basedapproaches,andDEA.Thischapteralsodiscussestheimportanceofevaluating
syntheticdataintermsofqualityandprivacypreservation.Keyapplicationsinsectorssuchashealth-
care,finance,socialsciences,andcomputervisionarehighlighted,alongwithemergingtrendslikethe
integrationofdeeplearninganddomainadaptation.Thechapterisavaluableresourceforresearchers,
practitioners,andpolicymakers,offeringinsightsintotheadvancedpracticesofsyntheticdatageneration.

InChapter6,“DataEnvelopmentAnalysis-BasedApproachforMaximizingEnergyEfficiencyin
AdHocNetworks,”MuhammedAbiodunAdebimpe,AdeyemiAbelAjibesin,andFranklinTchakounté
exploretheescalatingenergydemandsofwirelessnetworksdrivenbyglobalpopulationgrowthandur-
banization,whichhaveledtoincreasedinternetusage.Thechapterunderscoresthegrowingimportance
ofenergyefficiency,especiallyinwirelessnetworks,inresponsetorisingcostsandtheneedtoreduce
emissions.Itfocusesmainlyonadhocwirelessandsensornetworks.Thestudyemployscomputational
methodsanddataenvelopmentanalysis(DEA),incorporatingMulticastIncrementalPower(MIP)and
CodedPacketalgorithmsasinputstoDEAtooptimizeenergyefficiencywhilemaximizingnetwork
resourcessuchasnodenumbers.Anoutput-orientedDEAapproachishighlighted,aimingtoenhance
networkperformancebyincreasingoutputwhileconservinginputresources.Thisresearchprovides
significant insights into the energy efficiency of wireless networks, offering practical guidance for
networkadministratorsanddecision-makers,withaparticularemphasisonadhocwirelessnetworks.

InChapter7,“EfficiencyBenchmarkingThroughDataEnvelopmentAnalysis:EvaluatingDisruptive
TechnologiesinIndia’sKeySectors,”RajasekharaMoulyPotluriandNarasimhaRaoVajjhalaprovide
anin-depthanalysisofhowdisruptivetechnologies,includingartificialintelligence,bigdataanalytics,
virtualreality,anddronetechnology,arereshapinglifestylesandemploymentdynamicsinIndia.This
chapterexplorestheseinnovations’history,meaning,theory,andsignificance,explicitlyfocusingon
theirtransformativeimpactoncriticalsectorssuchasindustry,healthcare,transportation,andenergy
inIndia.EmployingDEAforefficiencybenchmarking,thestudysystematicallyevaluatestheextentto
whichthesesectorshaveeffectivelyleverageddisruptivetechnologies.Theanalysishighlightsthevari-
ouschallenges,opportunities,changesinemployer-employeerelationships,andgovernanceissuesthat
haveemergedfromintegratingthesetechnologies.Additionally,thechapterexaminesthereal-world
applicationsoftheseinnovations,emphasizingtheirimplicationsforcostreduction,sustainability,and
sociallyresponsiblepracticesintherespectivesectors.

InChapter8,“DataEnvelopmentAnalysisforImprovingtheMicrogridOperations,”UetutizaC.C.
KuzatjikeandK.S.SastryMustiexploretheapplicationofmulti-objectiveDEAinmanagingandop-
timizingenergyresourcesinmicrogrids,withaparticularfocusonoff-gridsettlements.Microgrids,
whichcanbepoweredbyamixofrenewableandnon-renewableenergysources,offerasustainable
andreliableenergysupplybutposesignificantschedulingandmanagementchallengesduetovarious
constraints.ThechapterdemonstrateshowDEA,awell-knownsolutionmethodology,canbeeffectively
usedinenergymanagementstudies.Specifically,itappliesamulti-objectiveDEAtoarural,remote
microgridintheTsumkweregionofNamibia,whichsolarplantsanddieselgeneratorssupply.Thisap-
proachutilizestheDEAalgorithmtoidentifytheoptimalconfigurationofthemicrogridbyconsidering
technical,environmental,andeconomicfactors.Thestudyassessestheenergysystem’sperformance
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underdifferentconditions,includingvaryingefficiencies,fuelconsumptions,andgeneratorcapacities,
providingvaluableinsightsintooptimizingenergymanagementinremotemicrogrids.

InChapter9,“AdvancingSupplyChainEfficiencyandSustainability:AComprehensiveReview
ofDataEnvelopmentAnalysis(DEA)Applications,”NatashaCeciliaEdehprovidesaninsightfulex-
aminationofDEAwithintherealmofsupplychainmanagement.DEA,knownforitsnon-parametric
approachinevaluatingproductiveefficiencyinvolvingmultipleinputsandoutputs,hassignificantly
influencedbothacademicresearchandpracticalapplications.Themethodisparticularlyadeptatana-
lyzingperformanceinorganizationswherecomplexinput-outputrelationshipsareprevalent.Oneof
DEA’skeyadvantagesisitsuser-friendlinessandtheflexibilityitoffersincriterionweighting,which
simplifiestheanalysisbyobviatingtheneedforcalculatingproductionfunctionsandprovidescompre-
hensiveefficiencyassessments.ThechaptercriticallyreviewsexistingresearchonDEA’sapplicationin
supplychains,aimingtoidentifycurrentpractices,recentinnovations,andmethodologies.Thecentral
researchquestionaddressedis,“WhatarethelatestadvancementsandmethodologiesinapplyingDEA
tothesupplychain?”ThisstudycontributestoadeeperunderstandingoftheintersectionofDEAand
supplychainmanagement,anareaofgreatsignificanceintheintricatelandscapeofmodernbusiness.

InChapter10,“EfficiencyAssessmentandOptimizationinRenewableEnergySystemsUsingData
EnvelopmentAnalysis,”TarunKumarVashishth,VikasSharma,KewalKrishanSharma,Bhupendra
Kumar,RajneeshPanwar, andSachinChaudharyexplore theburgeoning fieldof renewableenergy
systems,spotlightingtheirroleincombatingclimatechangeandreducingdependenceonfossilfuels.
AkeyfocusistheutilizationofDEA,apotenttoolforevaluatingandenhancingtheefficiencyofthese
systemswithinscientific,informationtechnology,andengineeringframeworks.Thechapterprovidesa
comprehensiveoverviewofDEA,coveringitsfundamentalprinciples,methodologies,andmodels,and
specificallydiscussesitsapplicationinthecontextofrenewableenergysystems.Italsoexamineshow
DEAcanbeintegratedwithotheranalyticaltools,suchaslifecycleassessment(LCA)andoptimization
techniques,tofurtherrefinetheefficiencyassessmentofrenewableenergysources.Additionally,the
chapteraddresseschallengesrelatedtodataavailabilityandqualityandoutlinespotentialavenuesfor
futureresearchinapplyingDEAtorenewableenergysystems.Thisexplorationisessentialforadvancing
theefficientandeffectiveuseofrenewableenergyinaneraincreasinglyfocusedonsustainablepractices.

InChapter11,“DataEnvelopmentAnalysis inHealthcareManagement:Overviewof theLatest
Trends,”NarasimhaRaoVajjhalaandPhilipEappenprovideaninsightfulexplorationofDEAwithin
thecontextofhealthcaremanagement.DEA,recognizedforitsnon-parametricapproachinassessingthe
efficiencyofdecision-makingunits,iswidelyappliedinvarioushealthcaresectors,includinghospital
management,nursing,andoutpatientservices.Thechaptersynthesizesfindingsfromnumerousstudies,
emphasizingDEA’scrucialroleinefficiencymeasurement,benchmarking,resourceallocation,optimi-
zation,andperformanceevaluationinhealthcare.Despiteitsextensiveuse,thechapteralsoshedslight
onseverallimitationsandchallengesassociatedwithDEA.Theseincludeissuesrelatedtotheselection
ofinputsandoutputs,sensitivitytooutliers,aninabilitytodealwithstatisticalnoise,theabsenceof
measuresforinherentuncertainty,assumptionsofhomogeneity,andthestaticnatureoftraditionalDEA
models.Theseidentifiedchallengeshighlightthenecessityforongoingresearchandmethodological
improvements inapplyingDEAtohealthcaremanagement,aiming toenhance itseffectivenessand
reliabilityinthiscriticalsector.

InChapter12,“ExploringProductivitybyEvaluatingISPEfficiencyinNigeria’sTelecommunications
Sector,”YakubAkinmoyede,AdeyemiAbelAjibesin,SenthilKumarThangavel,andRidwanSalahudeen
addressthedigitaldivideinAfrica,specificallyfocusingontheefficiencyofInternetServiceProviders
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(ISPs)inNigeria.TheresearchevaluatestheperformanceofmajorNigerianISPs-MTN,Glo,Airtel,
and9mobile-usingDataEnvelopmentAnalysis(DEA).Thestudyinvestigateskeyefficiencymetrics,
includinginternetspeed,costofdata,yearsofoperation,andsubscriberbase,overfiveyearsfrom2015
to2019.ThefindingsindicatediverseefficiencylevelsamongtheISPs,withMTNemergingasthemost
consistentlyefficientprovider.Theseresultssignificantlyenhanceinternetservicequalityandfoster
competitivepracticesinNigeria’stelecommunicationssector.Thestudyunderscorestheimportance
ofconsideringarangeoffactorsinevaluatingISPefficiency,providinginsightsforfutureresearch,
andguidingpotentialregulatoryactionsbytheNigeriaCommunicationsCommission.Thisanalysisis
crucialforunderstandingandaddressingthechallengesofthedigitaldivideinNigeriaandpotentially
otherpartsofAfrica.

InChapter13,“ComparisonofCostandProfitEfficienciesofIndianPublicSectorBanksinthe
Post-ReformPeriod,”VipulGuptapresentsacomprehensiveanalysisofthecostandprofitefficiencyof
PublicSectorBanks(PSBs)inIndiaintheaftermathofthebankingsectorreformsintroducedin1991.
Thestudycoversaperiodfrom1995to2017,whichincludesthepost-liberalizationeraandextendsup
tothesignificantmergeroftheStateBankofIndiain2017.Itentailsayear-wiseexaminationofaverage
profitefficiency(PE)andcostefficiency(CE)scoresforeachPSBinIndia.Additionally,thedistribu-
tionandmedianoftheseefficiencyscoresacrosstwosub-periodswereevaluatedusingnon-parametric
methods,specificallyFriedman’stwo-wayANOVAandtheWilcoxonsigned-ranktest.Thefindings
highlightatrendofprofitinefficienciesamongPSBsduringtheselectedperiod,withPEscoresgener-
allybeinglowerthanCEscores.Thestudyalsorevealsconsiderablevariationsinefficiencyamong
differentPublicSectorBanksthroughoutthe1995-2017timeframe.Notably,therehasbeenadecline
inthePEofPSBssincetheonsetofbankingsectorreformsin1991,offeringcriticalinsightsintothe
impactsofthesereformsontheoperationalefficienciesofIndia’sPSBs.

In thebook’s finalchapter,“ImpactofMergersandAcquisitionson theShareholdersWealthof
IndianBanks:ADataEnvelopmentAnalysisApproach,”TrilochanJena,PradiptaKumarSanyal,and
SreeKumarpresentastudyontheimpactofmergersandacquisitions(M&A)onfinancialperformance
efficiencyintheIndianbankingsector,adomainmarkedbyintensecompetitionanddynamicchanges.
ThisstudyanalyzesfourmajorIndianbanks—StateBankofIndia,BankofBaroda,HDFCBank,and
KotakMahindraBank—selectedbasedontheirmarketcapitalizationandfocusesontheperiodbetween
2006and2018.Itevaluatesthefinancialefficiencyofthesebanksoverfiveyears,bothbeforeandafter
themergers,toassesstheeffectsofM&A.Theauthorsincorporatesevencriticalvariablesthatinflu-
encetheperformanceofthesebanks.Usingthenon-parametricmethodofDataEnvelopmentAnalysis
(DEA)forefficiencymeasurement,thestudyconcludesthatmergersandacquisitionspositivelyimpact
banks’financialefficiency,highlightingthestrategicvalueofM&Ainenhancingperformanceinthe
competitiveIndianbankinglandscape.

Thisbookistheproductofcontributionsfromleadingexpertsinthefield.Itisdesignedtobea
valuableresourceforthosenewtoDEAaswellasforseasonedpractitionersandresearchersseeking
todeepentheirunderstandingandapplicationofthismethodologyinscienceandengineeringcontexts.
Wehopethatthisbookwillinspirenewresearchdirections,fosterthedevelopmentofinnovativeappli-
cationsofDEA,andcontributetothebroaderdiscourseonefficiencyandproductivityinthescientific
andengineeringcommunities.

Adeyemi Abel Ajibesin
American University of Nigeria, Nigeria
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