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ABSTRACT

Thisstudyappliedatwo-stagedataenvelopmentanalysis(DEA)modelwithvariablereturntoscale
(VRS)toassesstheimpactofintermediateoutputsonthetechnicalefficiencyofnonprofitpublic
libraries(NPLs)intheUnitedStates(US)withrespecttoattainingserviceandprogramoutcomes.
Thefindingsrevealedthat46%oftheNPLsweretechnicallyefficiencywithrespecttoattaining
theintermediateoutputsatstageone.Atstagetwo,7%ofthelibrarieswereefficientwithrespect
toattainingtheirserviceandprogramoutcomes.Thefindingsalsorevealedthatthelibrarieswhich
wereefficientatstageonehadanaveragereciprocalinefficiencyscoreof0.396atstagetwo.By
contrast,librarieswhichareinefficientatstageonehadhigherefficiencyscoresatstagetwo.The
DEAanalysisalsoproducedestimatesinregardtotheoptimallevelofperformancetheNPLsshould
attainforeachintermediateoutputtoincreasetheleveloftechnicalefficiencyatstagetwo.
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1. INTRODUCTION

Overthepast25years,thenumberofstudieswhichhaveuseddataenvelopmentanalysis(DEA)
methodstoassess thetechnicalefficiencyofacademicandpublic librarieshasincreasedgreatly
(e.g.,Shim,2003;StroobantsandBouckaert,2014).NumerousDEA-basedstudieshaveexamined
the technicalefficiencyofacademic librarieswith respect tobookcirculation, readervisits,and
referencetransactions(e.g.,Chen,1997;Kwack,1993;deCarvalho,Jorge,Jorge,Russo,&deSá,
2012;Reichman,2004;Saunders,2003;Shim,2000).OtherDEA-basedstudieshaveanalyzedthe
technical efficiencyof public librarieswith respect to operatinghours perweek, thenumberof
registeredusers,thenumberofbooksborrowedperreader,andtotalcirculation(e.g.,DeWitteand
Geys,2011;Guajardo,2018;Hammond,2002;LiandYang,2014;MiidlaandKikas,2009;Sharma,
Leung,andZane,1999;StroobantsandBouckaert,2014;Vitaliano1998;Vrabková2016,2017;
Worthington1999).WhilethemajorityoftheDEA-basedstudieshaveassessedthetechnicalefficiency
ofpubliclibrariesintermsofachievingspecificoutputssuchasbookcirculation,readervisits,and
referencetransactions,Guajardo(2018),Saunders(2003),andVitaliano(1997)examinedexclusively
thetechnicalefficiencyoflibrarieswithrespecttooperatingcostsrelateddirectlytosalariesandthe
procurementoflibrarybooksandmaterials.AlthoughpreviousDEA-basedstudieshaveevaluatedthe



International Journal of Project Management and Productivity Assessment
Volume 8 • Issue 1 • January-June 2020

19

costandtechnicalefficiencyofacademicandpubliclibrariesandhavecontributedtounderstanding
howinputsareconvertedtoserviceandprogramoutputsandoutcomes,theyhavebeenpaidlittle
attentiontohowintermediateoutputssuchasvisitorsperoperatinghourandprogramattendeesper
full-timeequivalent(FTE)effectthetechnicalefficiencyoflibrariesinattainingserviceorprogram
outcomessuchasFTEsalaryexpenditurespervisitor,FTEsalaryexpenditureperprogram,and
libraryexpenditurespervisitor.

Despitethegrowthofdigitallibraries,county-,municipal-,andspecialdistrict-operatedpublic
librariesandnonprofitpubliclibraries(NPLs)withphysicalbuildingsandspaceintheUnitedStates
(US)willcontinuetoexistandwillcontinuetoreceivegovernment-andtax-basedfundingintothe
foreseeablefuture.BecauseUSpublic librariesreceiveandrelyontax-basedfundingtoprovide
servicesandprogramstochildren,toyoungadults,andtoseniorcitizensintheirservicearea,the
financialandoperationsperformanceofUSpubliclibrariesisimportanttoaplethoraofinternaland
externalstakeholders.Simplystated,libraryexecutivesandmanagersareresponsibleforensuring
that thepublic librarywhich theymanageandoversee is fiscallyhealthyand thatprogramsand
servicesaredeliveredtocustomersasefficientlyaspossible.InthecaseofNPLs,thefinancialand
operationsperformanceoftheinstitutionsisimportanttotheboardofdirectors,tocorporatedonors,
andtoindividualdonorswhohaveakeeninterestinthefinancialhealthandintheperformanceofthe
institutions.Inaddition,thefinancialandoperationsperformanceofUSpubliclibrariesisimportant
tobusiness,community,politicalleadersbecauseUSpubliclibrarieswithphysicalbuildingsand
spaceproducelocalandregionaleconomicbenefitsasmeasuredbyreturnoninvestment(ROI)and
returnonassets(ROA).

From a financial management and operations perspective, the concurrent assessment of
intermediateoutputsandprogramandserviceoutcomeshelpstodeterminewhetherNPLsinthe
USaretechnicallyefficientwithrespecttoconvertingfinancialandnonfinancialinputstoproduce
intermediate program and service outputs such as visitors per hour and whether the technical
efficiencyassociatedwith theproductionof theoutputs subsequently increasesordecreases the
technicalefficiencyoftheNPLsinattainingprogramandserviceoutcomessuchasoperatingcosts
per visitor (e.g., Chen, Liang, Zhu, 2009; Chen, Wade, Ning, Zhu, 2009; Chen and Zhu, 2004;
Golden,Brockett,Betak,Smith,andCooper,2012).Atwo-stageDEAmodelrecognizesthatthe
productionofoutputsandtheattainmentofprogramandserviceoutcomesareinterrelatedandthat
thetechnicalefficiencyassociatedwiththeattainmentofprogramandserviceoutcomesdepends
ontheproductionofintermediateoutputs(e.g.,Chenetal.,2009;Goldenetal.,2012).Withrespect
toassessingtheintermediateoutputsproducedbyUSNPLs,atwo-stageDEAmodelbenchmarks
thetechnicalefficiencyofUSNPLsinconvertingfinancialandnonfinancialinputstointermediate
outputs.At two-stage,a two-stageDEAmodeluses the intermediateoutputsas inputs toobtain
technicalefficiencycoefficientswhichassesswhetheranorganization’sefficiencyisincreasedor
decreasedduetoitsproductionofintermediateoutputs(Chenetal.,2009;ChenandZhu,2004).

Fromatechnicalinefficiencyperspective,atwo-stageDEAmodelidentifieswhetherinputsshould
beminimizedorwhetherintermediateoutputsshouldbeincreasedtoachievetechnicalefficiency
atstageone.Ifanoutput-orientedtwo-stageDEAmodelisused,anincreaseintheproductionof
intermediateoutputswouldimprovethetechnicalefficiencyoftheUSNPLsasinputsareheldconstant.
Atstagetwo,anoutput-orientedtwo-stageDEAmodelwouldprovideperformancetargetsforeach
programandserviceoutcomewhichshouldbeachievedtoattaintechnicalefficiency.

Consideringthegapwhichexistsintheextantresearchwithrespecttohowintermediateoutputs
producedbypubliclibrariessubsequentlyaffecttheattainmentofprogramandserviceoutcomes,this
studyanalyzesconcomitantlythetechnicalefficiencyofUSNPLsinproducingoutputsandthenof
howtheproductionofthoseoutputsimpactsthetechnicalefficiencyoftheNPLsinattainingprogram
andserviceoutcomes.Thesimultaneousanalysisofintermediateoutputsandprogramandservice
outcomesisaccomplishedbyconductingatwo-stageDEAanalysis.Byundertakingatwo-stageDEA
analysis,thisstudyaddressesthefollowingresearchquestions(RQs)concurrently:
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