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ABSTRACT

Thehealthcareindustryhasagrowingrecordofusingbigdata-relatedtechnologiessuchasdata
analytics, internet of things, and machine learning, especially in the clinical areas. However,
healthcare institutions must also perform all of the administrative processes just as any other
organization.Thus,likemanyotherindustries,healthcarehasbeguntoapplythesesametechnologies
toimprovetheirunderstandingoftheseinternaloperationsandusethemtomakebetterdecisions
andrunamoreeffectiveoperation.Thisstudy takesastructured literaturereviewapproach to
describethecurrentstateofthisliteratureandidentifythemajorthemesandprioritiesofboththe
researchcommunityandthehealthcareindustryasawhole.Thecontributionmadebythisstudy
istoprovideacomprehensiveanalysisofthestateoftheliteraturetouseasafoundationforthe
futureresearchopportunitiesnotedinthepaper.
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INTRoDUCTIoN

Astheconceptofbigdataandthetoolsthatsurroundithavematured,theworldofbusiness
haswitnessedaninexorablemigrationofthesetoolsfromthefinancialsectortootherareasof
commercesuchastransportationandinsurance.Shortlyintothistransition,thesetoolsmadetheir
waytothehealthcareindustry.Someofthefirstareaswithinhealthcarethatbigdatatechniques
firstappearedwereintheclinicalareassuchasoncology,radiology,andgenetics(Chang&Choi,
2016).However,healthcareorganizationsarealsobusinesseswiththesameinternalandexternal
processesasanyotherbusiness.These include thehiringofstaff, theprocuringofsupplies,
andtherunningofsometimesvastphysicalplantinstallations.So,itisnotsurprisingthatthe
healthcareindustryhasbegunusingbigdatatechniquestoimprovetheirabilitytoperformthese
important,yetoftenoutofthespotlight,activities.

Thereisalargeandenthusiasticliteraturesurroundingtheclinicalusesofbigdatainhealthcare
andtherehavebeenanumberofreviewsinthesevariousareas(Pashazadeh&Navimpour,2018;
Otokiti,2019).However,thereisamuchsmaller,butstillimportant,literaturethatdescribesthe
usesofbigdataintheadministrationofhealthcareandhospitalactivities.Thepurposeofthispaper
istoreviewtheliteratureregardingtheusesofbigdataanditsancillarytoolsandprocessesinthe
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improvementofhealthcareprocesses.Thetermimprovementcan,ofcourse,encompassmanydifferent
aspectsofhealthcareandhospitaladministration.Improvementcaninvolvethereductionofcosts,
theimprovementofpatientcareandexperience,thepredictionofpatientadmissionorreadmission,
andtheallocationandmanagementofhospitalresources.Intheseandmanyothercasestheuseof
bigdatatechniquesandtoolshasprovidedmanyoptionsandopportunitiesforhospitals,healthcare
systems,andotherpartsof theoverallhealthcare industry tocreatemoreeffectiveandefficient
methodsforprovidingqualityhealthcaretotheircommunityandthenation.

BACKGRoUND

Whenmostpeopleencounterthehealthcareindustry,theyseemostlytheclinicalsideoftheprocess
(exceptwhenitcomestimetopaythebill).Manydonotconsiderthathealthcareisanindustryand
evenifthefacilitytheyareusingforprovisionofhealthcareservicesisanon-profitorganization,the
businesssideofthehealthcareequationisacrucialpartoftheoverallsystem.Hospitalsdependon
well-trainedandexperiencedpersonneltoperformtheiressentialservices,thushumanresourcesisa
criticalactivity.Eveniftheydonothaveshareholderstoanswerto,thoughmanyhealthcaresystems
intheUSarepubliclytradedcompanies,theystillmustmonitorcostsandrevenuesjustasanyother
organizationandthereforethefinancialprocessesoftheorganizationisjustasimportantasforany
Fortune500firm.Issuesofworkflowstreamlining,documentmanagement,andtechnologyselection
andimplementationhaveveryimportantrolesinhealthcarejustastheydoinanyotherorganization.

Healthcare as a Business
Healthcareorganizationsfacemanyofthesamechallengesasotherfirms.Costreductionisaconstant
process.Largehealthcarebureaucraciesareinherentlyexpensivetorun,andwiththehighlevelof
expertiseintheclinicalsideoftheorganizationandveryexpensiveequipmenttopurchaseandoperate,
costreductionprocessesoftentakecenterstage.Thisisvitallyimportantnotjustforthesuccessofthe
enterprise,butforthehealthcaresystemwritlarge.Workflowanalysisallowsthereductionofdelays
forpatientstoreceivecareandalsoreducetheoverallcomplexityoftheorganization(Wolf,Herrmann
&Rothermel,2013).Increasingaccuracyisafundamentalobjectiveofhealthcareadministrationas
itiscloselyrelatedtonotjustpatientoutcomes,butalsotheareasofcostreduction,assetutilization,
andcontinuousprocessimprovement(Cutler,Wikler&Basch,2012).

Big Data Related Technologies
Whenorganizationssaytheyareusing“bigdata,”italsomeanstheyareusingsomeothertoolsto
utilizethatlargecollectionofdata.Thesimplecollectionofdata,eveninlargeamounts,isoflittle
valueunless actionable information canbe extracted from them.Therefore,when reviewing the
literatureontheuseofbigdataintheadministrationarmofhealthcare,theseancillarybutclosely
relatedtechnologiesandtoolsmustbeincludedintheanalysis.Inthecurrentstudy,thesearchfor
literatureofbigdatainhealthcareadministrationwascombinedwiththefollowingtechnologiesto
provideamorerobustviewoftheliterature:

• Internet of Things (IoT): The proliferation of sensors attached to machines, monitoring a
process,andevenmeasuringapatient’svitalsigns,isthebasisofmuchofthehugedatasetsthat
organizationsareusingtocreatenewunderstandingsoftheirprocesses.Therefore,evenifbig
dataisnotexplicitlymentioned,theyareimplicitlycreatingabigdataenvironment;

• Deep Learning:Abranchofmachine learning that leads to tools suchasArtificialNeural
Networks (ANN) that can be trained to make decisions such as classifications or speech
recognition.Relatedtobigdatabecausethedatasetsrequiredtotrainandverifythealgorithms
aretypicallyverylargeandcommonlyfallintothegeneraldefinitionofbigdata;
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• Machine Learning:Abroadercategoryofalgorithmsthatusetrainingdatatocreatetheability
tomakedecisions.Includedinthisaremanydifferenttypesoftrainingmethodsandarchitectures,
whichareoutofthescopeofthispaperbutcanbereviewedin(ref);

• Data Analytics:Abroadtermcoveringallofthestatisticalandmathematicaltoolsandtechniques
commonlyusedtoanalyzeanddrawmeaningfulinformationfrombigdatarepositories.

Thereare,ofcourse,manyothertermsthatcanbeassociatedwithbigdata–basedtechnologies,
butthesetermsaresomeofthemorecommonlyusedandthereforemakeagoodstartingpointfor
theliteratureexaminationprocess.Intherestofthepaper,thisgroupingoftechnologiesandtools
willbereferredtoasBigDatatechnologies.

MeTHoDoLoGy

Asthisstudyisastructuredreviewoftheliterature,itisimportantthatthemethodologyusedis
bothtransparentandeasilyreplicated.Briner&Denyer(2012)provideaneasilyimplementedand
repeatableapproachtothecompletionofasystematicliteraturereview:

• Identifytheresearchquestion(s);
• Locateandselectrelevantstudies;
• Criticallyappraisethestudies;
• Analyzeandsynthesizethefindings;
• Disseminatethefindings.

Therearetworesearchquestionsdrivingthisstudy:

• Forwhichhealthcareadministrativeprocessesarebigdatatechnologies(asdefinedinthisstudy)
beingusedtoimproveoranalyze?

• For how long have big data technologies been used to improve or analyze healthcare
administrativeprocesses?

Inordertoperformastructuredliteraturereviewproperly,asetofgroundrulesmustbeestablished
toensureconsistencyandvalidityofthestudyprotocol.Thisstudylimitsthereviewtopeerreviewed
academicjournals,conferenceproceedings,dissertations,andeditedbookchapters.Thisremoves
theprofessionaljournals,unpublishedpapers,whitepapers,andothersourcesofinformationfrom
thestudy.Thisisnot tosaythat theyarenotsourcesofvalidinformation,onlythat thestudyis
centeredontheresearcheffortsthathaveresultedineitherspecifictoolstobeusedinhealthcare
administrationtasksorbigdatatoolsthatarebeingusedtoresearchtheseactivities.Futureresearch
willbenecessarytounearthwhetherthedirectionsofresearchersarealignedwiththeconcernsand
ideasofthepractitionerliterature.

Searcheswerecarriedoutinmanyofthemajorelectronicdatabasesthatprovidecoverageforthe
vastmajorityofscholarlyjournalsinthefield.ThedatabasesanalyzedwereABI/Informs,Emerald,
IEEEExplore,JSTOR,ScienceDirect,Scopus,Springer,Taylor&Francis,WebofScience,Google
Scholar,PubMed,CINAHL,andACM.Thesearcheswereconductedbysearchingthemetadata(title,
abstract,keywords)usingthefollowingsearchtermsinallcombinations:bigdata,InternetofThings
(IoT),deeplearning,machinelearning,andanalyticsalongwithhealthcareandhospital.Tocenter
ontheadministrativeaspectsoftheindustry,administrationandmanagementwerealsoincluded.
Thisstudydoesnotclaimtobeexhaustive,butthewideselectionofdatabasescombinedwiththe
increased rateof result duplicationas the studyprogressed,provides evidence that a reasonable
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coverageofthetopichasbeenachieved.Therewasnotemporalrestrictionplaceduponthesearches
sothatthefullscopeofrelevantresearchmightbediscovered.

Thissearchprotocolretrievedthousandsofinitialresults,butthevastmajorityofthemwere
focusedontheclinicalsideofthehealthcareindustry.Thisispartiallybecauseoftheuseofthe
search termmanagement (i.e. “diseasemanagement”),partiallybecauseof theautomaticuseof
synonymsinmanysearchprotocols,andprobablybecausetheexclusionofpurelyclinicalsystems
isverydifficulttodoinmanysituations.Inthecaseofmanyofthesereturnedarticles,thetitlewas
sufficienttoclassifythemasclinicalinnature.However,thatstillleftalistofoverathousandarticles
todealwith.Afterreadingtheabstractofthesearticlestogainmoreinsightintotheircoretopic,the
finallistof227articlesremainedtobegintheactualanalysis.

For thosepapersacceptedinto thestudy, thenextstepwas touse theabstract, introduction,
andconclusion sections togainamorecompleteunderstandingof the topicbeingaddressedby
theauthor(s).Usingatechniqueknownasopencoding,whichisaqualitativeresearchmethodof
identifyingthesetofconceptswithinadocument,thepapersweresortedintosetsofmajorthemes
thatrepresentthefocusoftheauthor(s).Asthesethemesweredefinedandrefined,itbecameapparent
thatthecomplexityofthetopicsbeingstudiedrequiredamoresubtleapproach.Therefore,asetof
sub-themesweredevelopedunderthemajortopicheadingstoprovideabetterunderstandingofthe
scopeoftheresearchbeingundertaken.Asthesethemesandsub-themestookshape,thelasttask
wastocategorizeeachpaperintothethemeandsub-themethatfitthemmostaccurately.Itshould
benotedthatasignificantnumberofstudiescouldhavebeenslottedintomultiplecategories.These
papersrequiredadeeperanalysistodiscerntheirmaincontribution.Thisinvolvedaclosereadingof
theentirepaper,notjusttheintroductoryandconcludingsections,tomakethatdeterminationbased
ontheauthor’sstatedgoals,outcomes,andmethodologies.Theinterdisciplinarityinherentinthe
healthcareandmanyotherindustriesmakesthisoverlapunavoidable.

Tocompletethestructuredreviewprotocol,thefindingsoftheliteratureanalysisarepresented
anddiscussedinthefollowingsection.Thecompleteliteraturereviewprocessfollowedinthisproject
isdepictedinFigure1.

ReSULTS

Thefindingssectionisdividedintotwosections.Thefirstcontainsanoverviewofthedescriptive
statisticsofthesample.Thesecondsectiondescribesthevariousresearchthemesandsub-themes
containedinthesample.

Descriptive Statistics
Thedocumentsincludedinthisstudycomefromonlythreesources:journals,conferenceproceedings,
andbookchapters.Thesearchesdidnotuncoveranytheses,dissertations,orbooksonthetopics
listedinthemethodologysection.ThebreakdownamongthesethreeformsisshowninTable1.

Theproportionsofeachformatgivenaboveheldrelativelyconstantforeachofthethemes
discussedbelowexceptforthetechnologytheme,whichhadalmosttwiceasmanyconference
proceedingsasjournalarticles.Mostofthesearticlesdiscussedaframeworkorarchitecturefor

Figure 1. Literature review process
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aproposedsystemor tool,whichisacommontopicatmanytechnology-relatedconferences
andworkshops.

Therewerenotimeboundariesplaceduponthesearchessothatthefullrangeofactivityinthe
fieldcouldbecaptured.ThesearcheswereallcompletedbyMay1,2020andthetemporalresults
ofthosesearchesareshowninFigure2.Thesearchresultsshowthattherewereveryfewarticles
publishedonBigData–typeprocessesortoolsinhealthcareadministrationpriorto2014,withthe
earliestoccurringin2007.However,in2014thelevelofactivitybegantoincreasesignificantlywith
anexponentialgrowthdisplayedthrough2019.Sincethedatafor2020representsonlyathirdofthe
year,itappearsthatthetrajectorypointstoatleastasmanypublicationsinthefieldforthecurrentyear.

Research Themes
Therearefourresearchthemesidentifiedintheliterature:resourcemanagement,technology,hospital
management,andpatientoutcomes.These themesareexpandedon in the followingparagraphs.
However,withineachthemetherearesub-themesthatservetobetterfocustheanalysisofthepapers
withineachtheme.Toassistinunderstandinghowthesevarioussub-themesorganizetosupportthe
majorthemes,Figure3providesagraphicalrepresentationofthesethemesandsub-themes.

Table 1. Types and quantity of article types uncovered in the literature review

Article Type Quantity Found

JournalArticles 121

ConferenceProceedings 94

BookChapters 12

Figure 2. Number of publications in Big Data / Healthcare administration by year (as of 1 May, 2020)
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Threeofthefourthemesidentifiedinthisanalysisareofverysimilarsize,whichsuggestsan
evenspreadof importancefor thesevarious topics.TheInformationManagement themewillbe
discussedfirst.ThepapersthatfallintothisthemearecenteredontheuseofBigDatatechnologies
toassistinthehandlingandapplicationoforganizationaldataandinformationtoimprove,orinsome
casesenable,certainfunctions.Aswillbetrueofmostoftheseresearchthemes,anumberofauthors
provideveryimportantoverviewpapersthathelptoorientthosereaderswhoarerelativelynewto
thetopic.SuchoverviewscanbefoundinRobinson,Presskila&Lawrence(2020)whodiscussthe
InternetofThings,Alsinglawi&Mubin(2019)whoexplorepredictiveanalyticsanddeeplearning,
andMenasalvas,Rodriguez-González&Gonzalo (2018)who look into theminingofelectronic
healthrecords.

Ofthethreesub-themesinthisgrouping,byfarthelargestisthatofdatamanagement(35papers).
TheseauthorsdevelopmechanismsandtoolsthatuseBigDatatechnologiestoimprovethemovement
andanalysisofhealthcareinformation.SomeexamplesoftheseeffortsincludetheteamofRedfield
etal(2020)whodevelopamachinelearningrecordlinkagemechanismtoimproveinformationflow
betweenemergencyservicesandtheemergencydepartmentandMehmood,Mehmood&Song(2019)
wholookattheuseofIoTmechanismstoimprovee-prescriptionprocesses.Perdanaetal(2019)link
BigDatawithknowledgemanagementtoolstoincreasetheefficiencyofhospitalinpatientservices
andSilvestrietal.(2019)describeaBigDataarchitecturethatimprovestheextractionofactionable
informationfromElectronicHealthRecords(EHR).

Theprivacyandsecurityofpatientandhospitaldataisofprimeimportanceandelevenauthor
teamsaddressedthisimperative.SomeexcellentexamplesoftheseeffortsincludeXuetal’s(2019)
design of a blockchain-based privacy preserving mechanism for large health data depositories,
Martinez’s(2018)approachtosecuringIoT-basedmedicaldevicesystems,andYoon-SuandSeung-
Soo(2019)whoconsidervirtualrealitytohelpprofessionalssecuremultimediahealthcareinformation.

Figure 3. Breakdown of themes and sub-themes within the Big Data/Healthcare Administration Literature
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Thelastsub-theme(6papers)includesthosepapersusingBigDatatechnologiestoassistinthe
evaluationofsomeaspectofhealthcaredata.Someexamplesincludetheuseofdataanalyticsto
assessthelevelofmedicationrequirementsusingEHRdata(Xuetal,2019),theuseofdataanalytics
todetectanomaliesinmanyareassuchascardiacmonitoring(Ukiletal,2016),andtheevaluation
andmonitoringofdataqualityinmultisiteEHRsystems(Noblesetal,(2015).Table2liststheworks
intheInformationManagementtheme.

Thesecond,andequallylarge,themehastodowiththeuseofBigDatatechnologiestomanage
hospitalresources.Theliteraturerevieweduncoveredfourclassesofassetmanagementtasksaddressed
bytheseresearchersandtheyformthefoursub-themes.Twoofthesedealwiththeutilizationofgeneral
resourcesintermsofadmisssionsand,intheconverse,no-shows.Morespecificassetmanagement
activitiescenterontheoperatingroomandthemedicalequipmentusedthroughouttheorganization,
whichwillbegroupedunderthesub-themeofassetmanagement.Agoodoverviewofthescience
ofmedicalassetmanagementcanbefoundinCuietal(2018)andPollom,Balvach&Jones(2007).

Theabilitytounderstandandpredicttherateofadmissionstoaspecificpractice,department,
orthehospitalingeneralisthekeytobeingabletopredictandcontrolassetallocation,andthus
costs.Thelargestsub-themeinthisgrouping(45papers)centersontheuseofBigDatatechnologies
toenablehealthcareorganizationstoregulateandpredicttheflowofpatientsintothevariousareas
oftreatmentwithinthehealthcaresystem.Someexamplesoftheseeffortsincludetheuseofsemi-
supervisedmachinelearningmodelstopredictthelengthofstayofhospitalizedpatients(Livieriset
al,(2018),thereadmissionofdiabeticpatientsusingneuralnetworks(Chopraetal,2017),andthe
useofmachinelearningmodelsforthepredictionofpeakemergencydepartmentvisittimes(Peng
etal,2020).Theliteraturesuggeststhatmachinelearninghasapplicabilityinmanyareasofpatient
activitypredictionsuchaspredictingtheadmissionofpatientswithChronicObstructivePulmonary
Disease(Orchardetal,2018),asthma(Luoetal,2020),andelectivespinesurgery(Stopaetal,2019).

Table 2. Papers focused on the use of big data technologies to promote information management

Sub-Theme Author(s)

Overview

Alsinglawi&Mubin(2019);Chauhanetal(2019);Ghosh&Scott(2011);
Halder&Pan(2018);Liu&Park(2014);Mathew&Pillai(2015);Menasalvas,
Rodriguez-González&Gonzalo(2018);Mohamedetal(2020);Nithya&Ilango
(2017);Patel&Gandhi(2018);Robinson,Presskila&Lawrence(2020);Thangaraj,
Ponmalar&Anuradha(2015);Woodside(2014);Zhu&Hou(2018)

DataManagement

Azariaetal(2016);Celestietal(2016);Chennamsetty,Chalasani&Riley(2015);
Croninetal(2017);Hong,Morris&Seo(2017);Ivanetal(2016);Khazaeietal
(2014);Khennou,Khamlichi&Chaoui(2016);Lauría&March(2011);Liuetal
(2019);Liu,Zhang&Xing(2017);Lu&Feng(2018);Maetal(2018);Mamoon
etal(2018);Maria,Sever&Carlos(2018);Mehmood,Mehmood&Song(2019);
Mianetal(2014);Nammour,Danas&Mansour(2016);Nicolau,Alexandru&
Ianculescu(2019);Nouraeietal(2015a,b);Noussa-Yao,Heudes&Degoulet
(2018);Perdanaetal(2019);Pir,Akram&Khan(2015a,b);Ratheeetal(2019);
Redfieldetal(2020);Silvestrietal(2019);Stadleretal(2016);Sudartoetal
(2018);Wilderetal(2020);Wengetal(2017);Yeetal(2018);Zhangetal(2018);
Zhangetal(2017)

Privacy/Security

He&Zeadally(2015);Elhosenyetal(2018);Maheswari&Vasanthanayaki
(2020);Martinez(2018);Mavroeidakos,Tsolis&Vergados(2016);Norteyet
al(2019);Patil&Seshadri(2014);Shietal(2019);Tangetal(2019);Xuetal
(2019);Yoon-Su&Seung-Soo(2019)

DataEvaluation Carvalhoetal(2019);Noblesetal(2015);Solangi,Aziz&Asadullah(2015);Ukil
etal(2016);Woodbridgeetal(2015);Xuetal(2019)
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Thisisbutasampleofhowmachinelearningtools(andothers)canbeusedtohelplevelthedemand
profileandreducethelevelofuncertaintyforhospitalplanners.

ThemanagementofmedicalassetssuchasIVmachinesandventilatorshaslongbeenanarea
ofconcernduetothehighcostoftheseitemsandtheirimportanceinthehealingofpatients.The
elevenarticlesinthissub-themelookspecificallyattheuseofBigDatatechnologiestoimprove
theavailablilityandutilizationoftheseimportantassets.SomestudiesprovideapproachestoIoT-
basedsystemsthathelptolocateandmanagetheusageofwheelchairs(Kurita,Matsuo&Barolli,
2019),incubators(Kovačevićetal,2019),andrehabilitationequipment(Meng,Zhang&Yu,2018).
Othersapplythesetoolstotheneedforpredictingmaintenance(Shamayleh,Awad&Farhat,2020)
ormonitoringperformance(Gurbeta,Badnjević&Kurta,2020)ofmedicalequipment.

Certainareasof thehospitalhavemuchmorespecificneeds in termsofassetmanagement,
suchasoperatingrooms(OR).Theseareofteninshortsupplyandthereforehighlysoughtafter,so
theirpropermanagementisliterallyalifeordeathchallenge.Threepapersexaminethisproblem
specifically.Bellinietal(2020)reviewtheuseofartificialintelligenceandmachinelearninginOR
organizationincludingthepredictionofcareofperioperativepatientswithimpactsonORscheduling.
Schneider&Brandeau(2017)usemachinelearningtoimprovesurgicalcaselengthestimationand
Fairley,Scheinker&Brandeau(2019)usemachinelearningtoolstoestimatepost-anesthesiacare
ofsurgicalpatientstoremovepatient-flowbottlenecks.

Last,thebaneofeffectivehospitaladministrationispatientsthatdonotshowupforscheduled
meetings or procedures. This phenomenon is studied by five research teams. Luo et al (2018)
usemachine learning to identify surgerieswithahigh riskof cancellation,whileno-showsat a
communityhealthcenteraremodeledbyMohammadietal(2018).Levy(2013)usesapredictive
tooltounderstandnonattendanceataspecialtyclinic.Table3displaysthepapersinthisstudythat
focusonresourcemanagement.

Table 3. Papers focused on the use of big data technologies to promote resource management

Sub-Theme Author(s)

Overview Cuietal(2018);Pollom,Balbach&Jones(2007)

Admissions

Allametal(2019);Alloghanietal(2019);Artetxeetal(2017);Baechleetal
(2020);Barnesetal(2016);Belderrar&Hazzab(2017);Benbelkacemetal
(2019);Bergeretal(2020);Choetal(2019);Chopraetal(2017);Daghistani
etal(2019);Granaetal(2019);Golasetal(2018);Gowsalya,Krushitha&
Valliyammai(2014);Helmetal(2016);Hendri&Sulaiman(2018);Inibhunu
etal(2017);Jeong,Kim&Shin(2019);Kadri,Baraoui&Nouaouri(2019);
Karhadeetal(2018);Kongetal(2020);Lietal(2014);Linetal(2019);Livieris
etal(2018a,b);Luoetal(2020);McCoy&Das(2017);Moyoetal(2018);
Mtongaetal(2019);Nas&Koyuncu(2019);Nelsonetal(2019);Orchardetal
(2018);Pengetal(2020);Roy&Chin(2014);Shams,Ajorlou&Yang(2015);
Silvaetal(2018);Tesfayeetal(2019);Tidemanetal(2019);Turgeman,May
&Aciulli(2017);Raluy-Calladoetal(2018);Stopaetal(2019);Vargheese&
Viniotis(2014);Wojtusiak,Elashkar&Nia(2018);Zhang(2019);Zhu,Akkati&
Hongwattanakul(2016)

AssetManagement

Çobanetal(2018);Chaietal(2018);Gurbeta,Badnjeić&Kurta(2020);
Karthikeyan,Devi&Valarmathi(2015);Kovačevićetal(2019);Kurita,Matsuo
&Barolli(2019);Meng,Zhang&Yu(2018);Nutdanai,Pornthip&Sanpanich
(2016);Patiletal(2016);Ranjbaretal(2019);Shamayleh,Awad&Farhat(2020)

OperatingRoomMgmt. Bellinietal(2020);Fairley,Scheinker&Brandeau(2019);Scheinker&Brandeau
(2017)

NoShowMgmt Harris,May&Vargas(2016);Levy(2013);Luoetal(2018);Mohammadietal
(2018);Simsek,Tiahrt&Dag(2020)
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Thethirdthemeisonlyslightlysmaller(63papers)andconsistsofthosepapershighlighting
BigDatatechnologiesinthemanagementofthehospitalorhealthcarefacility.Oncethehealing
processesarestrippedaway,thehospitalismuchlikeanyotherbusinessandthesameopportunities
forimprovementsintheorganizationalprocessesexist.Anumberofauthorshaveprovideduseful
overviewsoftheapplicationofBigDatatechnologiesinthisrealm,includingJuswishin(2019),Kane
etal(2019),andKumar&Suresh(2019).Thesub-themesthatsupportamorespecificapplication
ofthesetechnologiesaredetailedinthefollowingparagraphs.

Aswithanyotherorganization,productivityandefficiencyareofvitalimportance.Thepapersin
thelargestsub-themeareallrelatedinthattheydiscusssomewayinwhichthesetechnologiesmight
eitherimproveoranalyzeahospital’sproductivity.Fizgerald&Dadich(2009)usevisualanalytics
toimprovehospitalscheduling.Xuetal(2017)usemachinelearningtopredictthelengthofpatient
stayandtimetotransitionforaspecificcareunitinahospital.Gattner,Ekinci&Schneider(2016)
pointouttheclinical,operational,andfinancialimprovementsbroughtaboutbytheimplementation
ofworkflowanalyticsinhealthcare.

Humanresourcesareacriticalcomponentofanyknowledge-basedoperationandhealthcareisat
thetopofanylistofknowledge-intensiveindustries.Ouyang,Shan&Bui(2016)designaRF-based
sensornetworkthatprovidesforthetrackingofessentialpersonnelwithinthehospitalforeaseof
contact.Mesabbah,Abo-Hamad&McKeever(2019)discussahybridprocessminingframeworkthat
willsupportcomplexdecision-makingduringhospitalstaffplanning,andFischeretal(2020)use
IoTanddataanalyticstosupporttheflexiblemanagementofhumanresourcesinasmarthospital.

Facilitiesmanagementprocessesareoftenoverlookedandmorecomplexthanfirstunderstood,
andtheyrepresentafertileopportunityforthesetechnologiestoimprove.Ramanathanetal(2020)
useIoTtocontrolaccesstothehospitalthroughitsvariousapertures.Facilitylayoutplanningis
improvedthroughtheuseofclinicalpathwayminingbyArnolds&Gartner(2018),andGuoetal
(2016)useIoTtechnologiestomonitortemperatureandhumidityinthekeyareasofahospital.

Whendiscussinghospital facilities, theconversationoften turns to sustainability.This turns
outtobeanothersub-themeofhospitalmanagementaddressedbyresearchers.Forexample,Sahni,
Arora&Dubey(2017)andGolbaz,Nabizadeh&Sajadi(2019)bothtakeonthemanagementof
medicalwaste,Bacon(2014)addressesthelow-carbonhospitaldesignproblemusingwhathecalls
“occupancyanalytics,”andRuiz,Pacheco-Torres&Casillas(2017)usemachinelearningtomodel
energyconsumptionbyahospital.

Afewverysmallsub-themesemerged,aswell.Supplychainmanagementusingdatamining
(Hussein et al, 2018) and IoT (Kakkar & Farshori, 2019) are two examples. A data-driven
marketinganalysistoolisproposedbyLeeetal(2019)toimprovepricingandresourceallocation.
Lastly,twosinglepapersub-themesonvitallyimportanttopicsareMittlestadt’s(2017)review
oftheethicaldimensionsofIoTdevicesandPengetal’s(2017)discussionofanIoT-basedrisk
managementsystem.Table4displaysthepapersthataddressvarioushospitalmanagementissues
usingBigDatatechnologies.

Thelasttheme(32papers)evidentintheliteraturecentersontheimpactthatBigDatatechnologies
haveonpatientoutcomes.Thisencompassesthedispositionofapatient’smedicalproblembutalso
thefactorsthataffecttheseoutcomes.Thereareanumberofpapersthatprovideacomprehensive
discussionofhowBigDataandpatientoutcomesarerelatedsuchasTanetal (2016),Leeetal
(2011),andKachroo,Melek&Kurian(2013).However,theimprovementofpatientoutcomeshas
beenappliedtomorespecificmedicalconditionsaswellasspecificareaswithinthehospital.These
applicationsformthebasisofthefollowingsub-themes.

Thelargestofthesub-themesinthiscategoryfocusesonpatientdelay.Inthispaper,theterm
patientdelayistakeninitsbroadestsense,encompassinganydelayinthemovement,treatment,or
dischargeofapatientfromamedicaldepartmentorfacility.Itisaclearcaseofresearchtopicstaking
rootinmultiplethemes,sincethiscouldalsobeexaminedthroughanorganizationalprocesslens.In
thesepapers,thethrustwasmoretechnical,ratherthanorganizational,henceadifferenttheme.While
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notapatientoutcomeperse,itdoesimpacttheswiftnessoftheapplicationofmedicalactivitiesto
thepatientandisastronginfluencerofpatientsatisfaction(Price&Lauffer,2014).Astudyusing
dataminingmethodstocreatesimulationsofcoronarypatientflowsprovidesaframeworkwithin
whichtoimprovedecisionmakingandtrainingmethods(Kovalchuketal,2018).Perimal-Lewis
andKing(2018)describetheprocessofmakingdatareadyforasimulationstudyofthemovement
ofpatientsfromtheEDtothevariouswardsinthehospital.Jiang,Abouee-Mehrizi&Diao(2020)
exploretheuseofdataanalyticstosupportschedulingofpatientswithcomplicatedconditionsbased
ontheirclinicalpriorities.

Becausecoronarydiseaseissuchalargecontributortothetotalpatientload,therehavebeena
numberofstudiesdirectedatthemanagementofthesepatientsandbecauseitappearsasmoreofa
focusthanothermaladies,itisprovideditsownsub-theme.Forexample,Delen,Oztekin,andTomak
(2012)useadataanalyticapproachtostudyandpredictthecomplexmedicalinterventionsnecessary
forasuccessfuloutcome.Anumberofsupervisedmachinelearningmodelsthathelppredictthe
riskofheartdiseasearecomparedandverifiedbyKrishnanietal(2019)andJainandKaur(2018).

A few minor sub-themes also emerged from the overall category of patient outcomes. The
emergencydepartmentisthefocusofoneofthem.Raitaetal(2019)usesmachinelearningtopredict
clinicaloutcomesandHuetal(2017)useittoselectpatientsformoreintensecasemanagement.
Another sub-theme centers on the relationship between staffing and patient outcomes. Leary et
al (2016)usedatamining tounearth thenonlinear relationshipbetweennursestaffing levelsand
outcomeswhileIntensiveCareUnit(ICU)staffingisexaminedtounderstandhowspecificstaffing
characteristicshelppredictcertainpatientresults.

Table 4. Papers focused on the use of big data technologies to improve hospital management

Sub-Theme Author(s)

Overview

Couturieretal(2012);Dhanvijay&Patil(2019);Erickson&Rothberg(2017);
Guha&Kumar(2017);Habibzadehetal(2020);Juswishin(2019);Kaneet
al(2019);Kumar&Suresh(2019);Rathore,Panwar&Soral(2014);Ratia,
Myllärniemi&Helander(2019);Stephens(2018);Wills(2014)

Productivity/Workflow

Agnihothri,Banderjee&Thalacker(2015);Ali,Salehnejad&Mansur(2018);
Almeida(2016);Biehl,Girgensohn&Patel(2019);Gattner,Ekinci&Schneider
(2016);Hall&Partyka(2012);Firzgerald&Dadich(2009);Katrakazasetal
(2018);Koufietal(2017);Lee&Lee(2020);Nukavarapu&Durbha(2017);
Safdar,Khan&Shaukat(2019);Sousaetal(2019);Xuetal(2017);Yipetal
(2016)

HumanResources

Bala&Venkatesh(2017);Berkowitz(2017);Cheng&Kuo(2016);Fischeretal
(2020);Fosteretal(2017);Kushniruk&Borycki(2019);Mesabbah,Abo-Hamad
&McKeever(2019);Meskó,Hetényi&Győrffy(2018);Ouyang,Shan&Bui
(2016);Packianatheretal(2019);Rashwan,Fowler&Arisha(2018);Verma,
Xavier&Agrawal(2016);Yeetal(2019)

FacilitiesManagement
Arnolds&Gartner(2018);Fatema,Malik&Iqbal(2020);Gartner&Padman
(2017);Guoetal(2016);Iqbal,Dar&Bukhari(2018);Marques,Ferreira&
Pitarma(2019);Ramanathanetal(2020);Yangetal(2019)

Sustainability
Bacon(2014);Baghapouretal(2018);Godpole&Lamb(2015);Golbaz,
Nabizadeh&Sajadi(2019);uiz,Pacheco-Torres&Casillas(2017);Sahni,Arora
&Dubey(2018)

SupplyChainManagement Alotaibi,Mehmood&Katib(2020);Fengetal(2018);Husseinetal(2019);
Jordan,Dossou&ChangJr.(2019);Kakkar&Farshori(2019)

FinancialManagement Leeetal(2019);Rivera&DeLaney(2015)

Ethics&RiskMgmt Mittelstadt(2017);Pengetal(2017)
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Asignificantnumberofpapers addressedverycompelling issueshaving todowithpatient
outcomes,buttherewerenotenoughofthemonanyparticulartopictocreateevenaverysmallsub-
theme.Hopefully,thesetopicswillbeexpandedupon.Someexamplesofthe“miscellaneous”papers
inthisthemeincludetheuseofmachinelearningtoreducethenumberoffalsealarmsintheICU
(Heveretal,2020),thecreationofanin-hospitalIoT-basedinfectionmanagementsystem(Yamashita
etal,2019),andthepredictionofhospital-acquiredpneumonia(Kuoetal,2019).Table5displays
thepapersthatcenterontherelationshipbetweenBigDatatechnologiesandpatientoutcomes.

DISCUSSIoN

Anumberofinterestinginsightscanbedrawnfromthedocumentsanalyzedforthisproject.Thefirst
isdrivenbythetypesofstudiespublished.Overall,77papersinthesamplewerestricklytheoretical
orprescriptiveinnature,inthatthepurposeofthestudyistoeitherdescribeanopportunity,describe
aneed,ortoprovideanoveralldescriptionofsomeaspectofthetopicathand.Thismeansthatthe
remainingpapersfellintooneofthreecategories(again,withsomeoverlap):

• Papersthatprovideadesign,framework,ormodelforaproposedsystemortool(62papers);
• Papersthatdescribetheimplementationofasystemortool,eitherataprototypeorproduction

levelofdevelopment(27papers);
• Papersthatperformsomeformofempiricalanalysis(61papers).

Thehighnumberofdesign-basedpapersdisplaysthelevelofenergybeingappliedtocreating
systemsandtoolstoimprovetheadministrationofhealthcareorganizations.Moreimportantly,27
papersdiscusstheactualimplementationofsomeofthesedesignssothattheycanbeevaluatedfor
effectivenenssanddemonstratedtothekeystakeholdersinthemedicalfields.Thereareanumber
of implemented systems thatprovidekeycapabilities.These includea tool to increaseaccuracy
andefficiencyofmedicalcodingusingMongoDB(Noussa-Yaoetal,2018),acloud-basedmedical
equipmentmanagementtoolthathasbeenimplementedinanumberofGreekhospitals(Katrakazas
etal,2018),andRiveraandDelaney’s(2015)descriptionofaperformancemanagementtoolatan
Orlandohospital.Eachoftheseimplementationdescriptionsprovidevaluableinsightintowhathas
alreadybeendoneinthisfieldandprovideaguideastowhatcanbedonewithfutureresearch.

Table 5. Papers focused on the use of big data technologies to promote patient outcomes

Sub-Theme Author(s)

Overview
AbdulGhafferetal(2020),Atoum&Al-Jarallah(2019);Krishnan&Kamath
(2019);Kachroo,Melek&Kurian(2013);Leeetal(2011);Phillips-Wren&
McKniff(2019);Sahoo,Mohapatra&Wu(2017);Sengetal(2016)

GeneralPatientDelays
Cáceres,Rosário&Amaya(2019);Jiang,Abouee-Mehrizi&Diao(2020);
Kolesnichenkoetal(2017);Kovalchuketal(2018);Niuetal(2019);primal-
Lewis&King(2018);Sumarsono,Anshari&Almunawar(2019)

CoronaryPatientOutcomes Delen,Oztekin&Tomak(2012);Jain&Kaur(2018);Krishnanietal(2019);
Rajiwall,Chetty&Davey(2017)

EmergencyDepartment Huetal(2017);Raitoetal(2019)

StaffingLevels/PatientOutcomes Learyetal(2016);Zampierietal(2019)

Miscellaneous
Chuetal(2018);Chung&Jung(2019);Heveretal(2020);Kuoetal(2019);
Khaldietal(2017);Martinez-Millanaetal(2019);Parisi,RaviChandran&
Manaog(2018);Yamashitaetal(2019);Zachariadisetal(2018)
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Theamountofempiricalpapersincludedinthestudylargelyconsistsofanalysesofvarious
aspectsofhealthcaremanagement(e.g.patientstayprediction)thathavebeencompletedusing
someformofmachinelearning.Inmanycases,thesestudiescenteronthecomparisonofmultiple
machinelearningmodelstoseewhichonecreatedamoreaccurateprediction.Inveryviewof
thesepapersdotheauthorsapplyempiricalmethodstostudytheactualusageofBigDatatools
inthehealthcareadministration.

Therewasanalmostevensplitbetweenpapersthatcenteredontechnologysolutions,resource
management,andhospitalmanagement.Thoseeffortsregardingpatientoutcomesshowedarelatively
distantfourth.Thismightbeduetoalackofinterestinthetopic,butmorelikelyithasotherroots.
First,manysystemsthatseektoimprovepatientoutcomeswouldhavebeenexcludedfromthestudy
becausetheywouldhavebeenprimarilyclinicalinnature,whichwasoneofthegatesusedtodefine
thisparticularstudy.Thepapersincludedinthestudywerefocusedonmanagementprocessesthat
influence patient outcomes, but it is possible that the clinically-focused papers would also have
somemanagement themeswithin them.Also,since theoverall reasonfor theapplicationofBig
Datatechnologiesistoimprovetheservicesprovidedtopatients,itisentirelyreasonablethatthe
papersendingupintheotherthreecategoriescouldalsobeconsideredtobe“patientoutcomes”
papers,aswell.

The lastpoint tobeconsidered in thisbodyof literature is thatwhile the technologicaland
analyticalaspectsofhealthcareadministrationhavebeenwellcovered,therehasbeenrelativelylittle
discussionofanychangesinorganizationalprocessestoadapttothesenewtoolsortotakeadvantage
ofthem.Manyauthorsdiscussedtheorganizationalissuesathandwhenprovidingjustificationoftheir
newsystemsoranalyses,buttherepercussionsfortheorganizationwereseldomfullyconsidered.
Thus,thereappearstobemuchopportunityforfruitfulresearchtoconsiderhowthese,andother,
data-centrictoolsmightbereflectedinthepersonnelandproceduresintheorganization.

CoNCLUSIoN

ThisanalysisprovidesadetailedoverviewoftheliteraturesurroundingtheapplicationofBigData
Technologies,asdefinedinthebeginningofthepaper,totheadministrativefunctionsofthehealthcare
industry.Bycompletingthisreview,thepapermakestwocontributionstotheliterature.First,itshould
serveasastartingpointforfutureresearcherstoselecttheorganizationalareatoaddressaswellas
lendingassistanceintheselectionofmethodologyandapproach.Asnotedabove,thereisaneedfor
adeeperlookintotheinnerworkingsoftheorganizationasthesetoolsareimplemented,including
ananalysisofimplementationtechniquestounderstandthelevelofinvolvementoftheclinicaland
administrationstaff,aswellasdevelopingadeeperunderstandingofthechangesininformationflow,
usage,andcontrolasthisnewparadigmcontinuestomature.Moreover,becauseofthescaleofthe
presentstudy,therewasnotsufficientspacetoprovideanysignificantlevelofdetailregardingthe
strengthsandcontributionsofeachpaperoramoreindepthanalysisofthosepapersthatcouldhave
beencategorizedintomultiplethemes.These,andotherresearchquestionssuchasthecontributions
ofBigDatatechnologiestotheimprovementofhealthcareperformanceorthereductionofhealthcare
costsarefruitfulareasforfutureresearchthatthepresentpaperformsafoundationfor.

The second contribution of this study is to inform practitioners and administrators in the
healthcareindustryoftheareasofemphasisthatareconsumingresearchresources.Insomecases,
weseesignificantinvolvementbyclinicalandadministrativestaffinthesepapersascoauthorsand
sourcesofinformation,butthereisalwaysroomformoreinterdisciplinaryresearchandhopefully
studiessuchasthiswillprovideastrongfoundationforthoseefforts.
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