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ABSTRACT

InSouthAfrica,therehasbeenformanyyearschallengesinhowhealthcarebigdataareaccessed,
used,andmanagedbyfacilities,particularlythesmallhealthfacilities.Thechallengesarisefrom
inaccuracy and inconsistency of patients’ data and have impact on diagnoses, medications, and
treatments,whichconsequentlycontributestofatalitiesinSouthAfrica,particularlyintheruralareas
ofthecountry.Theproblemofinaccuracyandinconsistencyofpatients’dataisoftencausedbylack
oforpooranalysis(oranalytics)ofdata.Thus,theobjectiveofthisresearchwastounderstandthe
factorsthatinfluencetheuseandmanagementofpatients’bigdataforhealthcareservicedelivery.
Thequalitativemethodswereapplied,andaSouthAfricanhealthcarefacilitywasusedasacasein
thestudy.Actornetworktheory(ANT)wasemployedasalenstoguidetheanalysisofthequalitative
data.Basedonthefindingsfromtheanalysis,amodelwasdeveloped,whichisintendedtoguide
analyticsofbigdataforhealthcarepurposes,towardsimprovingservicedeliveryinthecountry.
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1. INTRoDUCTIoN

Duetotheessentialityofhealthcare,deliveryofqualityserviceisalwayscrucial(Cresswell,Worth&
Sheikh,2010).However,therehavebeenmanycasesofwrongdiagnosisandprescribedmedications
byhealthfacilitiesinmanycountries,includingSouthAfrica(Lewandowskietal.,2017;Ficoetal.,
2016).Theproblemsarelinkedtomanyfactorsincludinganalysisofpatients’bigdata(Sacristán&
Dilla,2015).Fromahealthcarestandpoint,thecharacteristicsofbigdataarevolume,variety,and
velocity(Priyanka&Kulennavar,2014).Theunprecedentedtypes,speed,andsourcesofpatients’big
datadosometimescreatechallengesandlimitationsinitsaccessibility,quality,use,andmanagement
inprovidingandreceivinghealthcareservices(Ganjir,Sarkar&Kumar,2016;Nativietal.,2015).

Bigdatathatareforspecificpurposeandusefulnessrequireharnessingitscapabilities,from
bothtechnologicalandhumanstandpoints.Thus,analyticstoolsareneededtoanalysediversebig
datatypes,atvelocity,andreal-time(Priyanka&Kulennavar,2014).However,bigdataanalytics
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canbeadisruptivephenomenon,fromprivacyandstandardisationperspectives(Bello-Orgaz,Jung
&Camacho,2016).Thisisattributedtolargenessandcomplexityofbigdata,whichanalyticstools
havesofarfounddifficulttoaddressatsocio-technicallevels(Ularuetal.,2012).InSouthAfrica,
thishasbeenaseriouschallengeformanyhealthfacilities(Ruxwana,Herselman&Conradie,2010).

Therehavebeengapsinpatients’datawhichimpedesprogressintheSouthAfricahealthcare
environment(Coovadiaetal.,2009).Thus,MgudlwaandIyamu(2018)suggestthattheintegrationof
variousdatasetsisessentiallyrelevantandusefultohealthcareserviceproviders.FromSouthAfrica
viewpoint,Mayosietal.(2012)arguethatgood-qualitydatainatimelymannerisalwaysneeded
duetotherapidchangesthathappeninthehealthenvironment.Thisiscontrastwiththeon-going
impropercoordinationandmanagementofpatients’data,whichleadstoincorrectdiagnosesand
treatments(Ruxwanaetal.,2010).

Basedonthechallengesestablishedabove,thisstudyattemptstoanswerthequestion:Whatare
thefactorsthatinfluenceaccess,use,andmanagementofhealthcarebigdataintheSouthAfrican
healthfacilities?Inansweringthisquestion,itwasnecessarytoexaminetheactors(personneland
technologies)thatareinvolved,theirrolesinaccessinghealthcarebigdata,andhowtheactivities
involvingbigdataaretranslatedormanifested.Thus,momentsoftranslationfromactor-network
theory(ANT)(Callon,1986)wasselectedtoguidetheanalysis.ThecoretenetsofANTareactor,
network,andtranslation(Latour2005).IyamuandRoode(2012)describeANTasatheorywhich
focusesontheinteractionbetweenhumansandtechnology.

Thisarticleisstructuredintosevenmainsections.Thefirstsectionintroducestheentirearticle,
followedbysectionscoveringreviewofliteratureaboutactor-networktheoryandbigdata,respectively.
Theresearchmethodologyisdiscussedinthefourthsection.Thefifthandsixthsectionspresentthe
dataanalysisanddiscussionoftheresults,respectively.Theconclusionisdrawninthelastsection.

2. ACToR-NeTwoRK THeoRy

Actor-networktheory(ANT)focusesonhowhumanandnonhumanactorsformstable,heterogeneous
networksofalignedintereststhroughprocessesoftranslationsandnegotiations(Callon,1986;Law,
1992).AccordingtoLatour(2005),ANTisholisticinitsincorporationofhumansandnon-humaninto
actor-network.Thismeansthathumanandnonhumanactorshaverelationship,whichultimatelyshapes
eachother(Law,1992).Despitepossiblehumanactors’differentunderstandingsandintentions,they
areabletoassociateandinfluenceeachother(Latour,2005).InANT,translationsaretheinteractions
thathappenbetweenactorsandtheirmanymanifestations(Callon,1986).Translationsentailsfour
moments:problematization,interessement,enrolmentandmobilisation(Callon,1986).Accessing,
useandmanagementofhealthcarebigdatainvolveprocessesofinteractionandnegotiationsbetween:
humans,humanandnonhuman,andnonhumans.

Accessing, using and managing patient’ big data for healthcare service delivery are stages
influencedbyvariousfactors,whichmanifestfromtranslationsduringinteractionsbetweenactors.
Problematizationistoinitiateanidea,fosterrelationships,andallocateandreallocatepowerbetween
theinvolvedactors(Akrich,1992).Eachoracombinationofthestagesisasituationthathasto
happeninordertoprovidehealthcareservices.Callon(1986)referstosuchsituationasObligatory
PassagePoint(OPP),whichhastooccurinorderforalltheactorstosatisfytheintereststhathave
beenattributedtothembythefocalactor.Atthestageofinteressement,thefocusistounderstand
howhealthcarepractitionersbecameinterestedinaccessing,useandmanagementofpatients’big
dataforhealthcareservicedelivery.Interessementisthesetofactionsbywhichanentityattemptsto
imposeandstabilisetheidentityofotheractorsinthesamenetworkforthecauseofproblematization
(Akrich,Callon&Latour,2002).

Thethird,enrolmentstageinvolvestheconsolidationofalliancesthroughbargainingandmutual
concessions(Law,1992).Thishelpstoexamineandunderstandvariousrolesinaccessing,useand
managementofpatients’bigdata.Callon(1986)explainsthatactorsaccepttherolesdefinedforthem
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whenenrollinginthenetwork.ANTproposesthatenrollingalliescreatesalignedinterestsandthe
translationoftheirinterestsmustbesuchthatparticipationwillleadtothenetwork’smaintenance
(Latour,2005).Enrolmentcanbeseenasasuccessfuloutcomeofthe‘problematization’andthe
‘interessement’processes.Finally,actorrepresentsthenetwork(Callon,1986).Someactorsareused
as(new)initiators.Theybecomedelegatesorspokespersonsforthefocalactor.Thenewnetwork
startstooperateinatarget-orientedapproachtoimplementthesolutionproposed.

Actor-work theory (ANT) is sociotechnical theory that focusesonactors,networks,and the
relationshipandinteractionthattakeplacebetweenactorswithinheterogeneousnetworks(Latour,
2005).Therelationshipandinteractionbetweenactorspassesthroughtranslationfromtheperspective
ofANT(Calon,1986).ManystudieshavebeenconductedinthefieldofICTandhealthcare,where
thefourmomentsoftranslationfromtheperspectiveofANTwereemployedasalensintheanalysis
ofthedata(Mauthe&Webb,2013;Cressweletal.,2010;Heeks&Stanforth,2007).Accordingto
Iyamu(2018),ANTisappropriateforgainingbetterunderstanding,formulation,andstabilisation
ofgroupings,referredtoasnetworksofdatasets,intheanalyticsofbigdata.

3. LITeRATURe ReVIew

Healthcare data includes personal medical records, radiology images, clinical trial data, FDA
submissions,humangeneticsandpopulation(Feldman,Martin&Skotnes,2012),whichHansenet
al.(2014)classifiedasbigdatabecauseofitssize,varietyandvelocitynature.Bigdatainhealthcare
challengesrelatestoitscharacteristics,whichincludevolume,variety,velocity,andveracity(Acharjya
&Kauser,2016;Asrietal.,2015).WangandKrishnan(2014)statethatthesizeofdatasetswithin
healthcareaffects importantaspects, suchasstoring,processing,andanalysingofdata.Mancini
(2014)explainsthatthesechallengescallfornewapproachestobigdata.PeiskerandDalai(2015)
areoftheviewthattheintegrationandanalysisofhealthdatacanactuallyaddressmanypersistent
problemswithinthehealthcaresector.

Inadditiontosize,anotherdescriptionofbigdataisthatitisalsounstructuredinnature,thus
addingtoitscomplexity.AccordingtoGulamhussenetal.(2013),thehealthcaresectorproduces
thousandsofunlinkeddatawhich isclassed inmultiplecategories suchasclinicaldata, claims,
pharmaceuticals,medicalproducts,researchanddevelopmentdata,patientbehaviour,andsentiment
data.BasedonPriyankaandKulennavar’s(2014)description,bigdatainhealthcareistheresult
ofdigitizationofhealthcaredata,whichhadalreadyaccumulatedovertheyearsbutinpaperform.
However,generallyspeaking,thetermBigDataisdefinedasatoolandtechniquewhichcontains
informationofvaluebutforthatinformationtobeuncovered,innovativeintegrationhastobein
place(Sathiyavathi,2015).Thisdefinitionleadstothedescriptionofhealthcarebigdata.Theseare
largeandcomplexdatasets,whichcannotbehandledwithtraditionalsystemsandwhichconsistsof
datasuchaspatientinformation(Ganjir,Sakar&Kumar,2016).RaghupathiandRaghupathi(2014)
statethathealthcarebigdatacaneasilybedefinedwith4Vsofbigdata.

Therearepointsof importance tohighlight the issuesandchallenges thatpersist in theuse
ofbigdata.Augustine(2014)pointsoutthatthebiggestchallengeseemstobethatbigdataexists
withinlegacysystemswhichmakesithardtorelatetootherdata.Furthermore,ArchenaaandAnita
(2015)suggestthatthechallengeisnolongerjustalackofinformationbutratherlackofinformation
whichcanleadtobetterdecisionmakinginhealthcare.Inaddition,ChenandZhang(2014)purport
thatthesechallengesmayresultinbigdatabecomingagoldminethatwecannotextractanyvalue
frombecausewelackthemeanstoexploreit.InsupportofthisKankanhallietal.(2016)statethat
challengesinanalysingdatastemfromthevarietywithinhealthcare,implyingthatthedataisboth
structuredandunstructuredsinceitappearsinvariousformatsandfromvarioussources.Thetypeof
dataset,whetherstructuredandunstructured,influencesdisparityespeciallyindevelopingcountries
(Ruxwanaetal.,2010).
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Evidently,someofthediagnoseswithintheSouthAfricanhealthcarearecausedbydisparities
inexistingdataandrecordsofpatients(Benatar,2013).Leon,SchneiderandDaviaud(2012)argue
that someof thedisparities inSouthAfricanprimaryhealth care are influencedby culture and
capacity,aswellasthepooravailabilityanduseofICT.AccordingtoMayosietal.(2012),data
systemintheSouthAfricanhealthcareisachallenge,whichaffectsnationaldistributionofpatients
information.MgudlwaandIyamu(2018)thereforesuggestthatbigdataanalyticscanhelptointegrate
andharnesshealthcaredata formorepurposefulness. It iswithin thiscontext thatactor-network
theorywasselectedtoexaminetheinteractionsthathappenamongactors,whichmanifesttofactors
thatinfluencevariousstagesingathering,accessing,useandmanagementofpatients’bigdatafor
healthcareservicedeliveryinSouthAfrica.

4. ReSeARCH MeTHoDoLoGy

Tofulfil theobjectivesof thisstudy,qualitativeresearchmethodswerefollowed.This ismainly
becausethemethodsplaceemphasisonhighlightingandexplaininghumanexperiences(Chinedu
etal.,2014),throughwhichfactorsthatinfluenceaccess,use,andmanagementofbigdatacanbe
identified.Thecasestudyapproachwasemployedinthedesignoftheresearch,primarilybecauseit
allowsinvestigationofanentity,inanaturalsetting(Yin,2017).Ahealthcarefacility,SalemClinic
inEasternCapeofSouthAfricawasusedintheresearch.SalemClinicparticipatedintheresearch
fortwomainreasons:accessibilityanditfulfilsthecriterianeeded.Eightfacilitieswerecontacted
andrequestedtoparticipateintheresearch,butdeclined.TheSalemClinicfulfilledtherequirements
forahealthcarefacility,whichwasthecriteriaforthisresearch.Thefacilityattendstoover6000
patientspermonth.

Thesemi-structuredinterviewtechniquewasusedtocollectqualitativedata.Thisisbecause
thetechniqueallowsforconversationbetweeninterviewerandinterviewee,whichhelpstoprovide
clarificationsduringtheprocess(Cohenetal.,2013).Atotaloftenparticipantswereinterviewed.This
includesdoctor(x2);nurse(2);clerk(x1);datacapturer(x1);pharmacist(x2);andradiographer(x2).
Withpermission,theinterviewsweretaperecordedandtranscribed.Eachparticipantwasassigneda
name-code:SC_P1toSC_P10.Thiswaspurposefulinordertoprotecttheidentitiesoftheparticipants
aswelltoadheretoethicalconsiderationsofthefacility.Aformatwasappliedinaccessingthedata
foranalysispurposes:Participant, Page number, line number.Forexample,SC_P1,Pg1,102-103.

Thefourmomentsoftranslationareproblematization,interessement,enrolmentandmobilisation
fromActor-NetworkTheory(ANT)(Callon,1996)wasselectedandusedasalenstoguidetheanalysis
ofthedata.Thefocuswastodeterminethefactorsthatinfluenceaccess,useandmanagementof
patients’bigdataforhealthcareservicedeliveryinSouthAfrica.

5. ANALySIS oF DATA: ANT VIew

IntheuseofANT,first,theactorsthatexistintheenvironmentwasestablished.Thisisfollowed
byunderstandingthetypesofnetworkswithinthehealthcarefacility.Thesehelptogainabetter
understandingofthevariousrolesaswellastherelationshipandinteractionsthathappened.The
momentsoftranslationcoverhowpatients’bigdataareconsciouslyorunconsciouslyaccessed,used
ormanagedintheprocessofprovidingorreceivinghealthcareservices.

5.1. Actors
Asinthenorm,thereweredifferentactors,humanandnon-humanwithinSalemclinic.Thehealth
facilityconsistsofmanydifferentemployees,dividedintotwomaingroups,namely,medicaland
administrativepersonnel.Thehumanactorsweremedicalandadministrativepersonnel.Thenon-
human actors include processes, big data, IS/IT solutions, and medical apparatus. The medical
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employeesincludeddoctors,nurses,radiographers,andpharmacists.Theothergroupwhichwere
non-medicalpersonnelconsistsofcounsellorsandadministrativestaff.Theactorsplaycriticalroles
inhowbigdatawerecollected,accumulated,utilized,andmanagedatthefacility.

InSalemClinic,thedatawasgatheredincludedvoice,text,andimages.Thevoicedatawas
particularlyderivedfromstaffinteractionwithpatientsthroughtelephonicconversations.Textdata
weregatheredfromtheadministrativeandmedicalpartofthefacilitythroughnotarizesofpatient
visitsandtheirdetails,whilethemedicalstaffwereresponsibleforwritingnotesonthereasonfor
visitandotherinformation.TheX-Raymachinesproduceimagedata,whichthemedicalstaffthen
useforactivitiessuchasconductingdiagnosis.Aradiographeratthefacilitybrieflydescribesthe
processasfollows:

The result of patient’s x-ray goes to the doctor, who carries out the review, and confirm the diagnosis. 
(SC_P6, pg 20:998-999)

SalemClinicemploysdifferenttechnologicalartefacts,whichincludedmedicalapparatusand
IS/IT solutions.Themedical apparatuswereused to examinepatients’health condition through
diagnosesandX-Rays.WhiletheIS/ITsolutionswereusedforactivitiessuchascollectionandstorage
ofpatients’medicalrecords,interactions,andevents.Oneparticipantindicates:

There are computers used by the manager, clerks, doctors and the pharmacy (SC_P1, Pg 6: 280-281). 
There is a certain software used to capture that information, not one software but there is one which 
integrates all services. It is called District Health Information System (DHIS). (SC_P5, Pg 13: 638-640)

Intheprocessofhealthcareservicedelivery,theemployeesworkedinisolation.Similarly,the
apparatusordatawerenotappliedinavacuum.Thehumanactorsoperatedingroups(networks)as
theyaccessandappliedvarioustools(bigdataandmedicalapparatus),makingthenonhumanactors
partofthenetworks.

5.2. Networks
Networksare formed througha linkageofactorswithsimilar interestsorqualitiesasarguedby
BorgattiandHalgin(2011).AtSalemClinic,therewerethreemainnetworks,whichconsistedof
healthcarepractitioners,ITandadministrativepersonnel.Thenetworksofhealthcarepractitioners
includeddoctors,counsellors,radiographers,pharmacists,andnurses.Anothergroupofpeoplewere
thepatients.Thepatientswereunconsciouslydividedintogroupsbasedontheirhealthconditions
andpurposeofvisitstothefacility.

Despitetheuseoftechnologywithinthefacility,therewasnodesignatedITdepartmentwithin
thefacility.However,therewasavailabilityofITartefacts,whichconstituteanetworkofitsown.
Ontheadministrativeside,SalemClinicemploysdatacapturersandclericalassistants.Thisgroup
ofadministrativestaffshareacommongoalwhichwastocapturepatientinformation.Oneofthe
administrativestaffdescribesherjobroleasfollows:

We as admin clerks register patients, whether first-time or regular clients. For children below the age 
of 12 years, we always advise them to bring a clinic card. Thereafter, we create a file, before sending 
them to the respective medical personnel (SC_P2, Pg 6: 299-303).

Themedicalandadministrativestaffboth interactwith thedatausing thedifferent sources.
Throughtheirdifferentcontributions,dataisaccumulated,processed,andstored.Thesetofdata
wasusedfordifferentpurposeswithinthefacility,buttheendgoalwastoenabledecision-making.
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Thedatagoesthroughdifferentstagesuntilitreachesapointofusefulnesstotheorganizationand
thebodythatconductsdecision-making.

5.3. Moments of Translation: Problematization
Likeotherhealthcareserviceproviders,SalemCliniccollectsandaccumulatesdatafrompatientson
adailybasis,aspatientsvisitthefacility.Theaccumulationofdatabeginsfromtwomainsources,
namelypatients’walk-inandvia technologydevices,which include telephoneconversationsand
email.Thedataisusedtodiagnosethehealthconditionsandtracemedicalconditionsandhistoryof
thepatients.Therefore,itiscriticalthatthepatientsprovideenoughandaccurateinformationabout
themselves.Onapatient’svisitatSalemClinic,consultationtakesplace,whichfollowstwomain
steps:(1)inquiringwhetheritisthepatient’sfirstvisit,orhe/sheisareturningpatient;and(2)a
nursedeterminesthepatient’spurposeofvisit.

Bothstepsarepartsofproblematizingapatient’spresenceatthefacility.Thepatientsprovide
informationaboutthemselvesbasedontheirknowledge.Manypatientssometimesstruggletoexpress
themselvesorarticulatetheirconditionclearlyenoughforthemedicalpersonneltounderstandthem.
AtSalemClinic,therehasbeencasesofapatientspresentinginaccurateinformationabouttheir
conditionorpurposeofvisit.ThiswascommonamongtheyouthsthatvisittheSalemClinic.One
oftheexperienced(havingservedforovertenyears)nursesexplainedasfollows:

The information that the patients provide is often influenced by the type of disease they had. Especially 
the youth, we had cases where a patient had STI, which he was fully aware of, but decide to offer 
unrelated information because he was shy. (SC_P1, Pg 2: 76-78)

Theinitialincorrectinformationthatsomeofthepatientsprovideaboutthemselveswasinfluenced
bycultureandunderstanding.Culturemayaffectapatient’swillingnesstodiscloseinformation,for
instance,somemalepatientsdonotthinkthatapersonoftheoppositesexneedstoknowabouttheir
privatemedicalconditions.Furthermore,thepatientsarenotalwayswelleducatedtounderstandthat
medicalconditionsdonothaveboundariesofgenderaffiliation.

Additionally, the patients provide information based onhow they are guided or the type of
questionsthatwereaskedofthembythemedicalpersonnel.Thisistheprimaryreasonthatpersonnel
requireintensivetrainingasanadministratororfirstaidpersonneltothepatients.Anothercritical
aspectishowtheadministrativeandmedicalpersonnelgatherinformationfromthepatients.This
include what tools, such as language, automated system, or manual process, are used to gather
informationfromthepatients.AtSalemClinic,themajorityofthepatientswereisiXhosaspeaking
Africans.However, someof thenurses andotherpersonnelwerepeopleofother races, suchas
Coloured.EventhoughsomeofthepersonnelsometimesspokeinisiXhosa,itwasneverthesame,
inthattherearealwaysculturaldifferences.Oneofthenursessharedherexperience:

I am not a Xhosa speaking person, even though I do understand a bit of the language. As a result, I’d 
rather prefer to consult in English language, to avoid complication. (SC_P1, Pg 1: 3)

Based on the information that is provided by the patient, medical personnel, from general
practitionerstospecialists,includingnurses,areassignedtocarryoutfurtherchecksanddiagnosis.
Eventhoughthemedicalpractitionersareassigned,differentfactorsinfluencetheirinterestinthe
patients’healthconditions.

5.4. Moments of Translation: Interessement
Foreachpatient’s condition, thereweredifferent stakeholders: thepatients themselves,patient’s
relations,support(IT),medicalpersonnelattheSalemClinic,andtheSouthAfricaDepartmentof
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Health(DoH).Eachofthesestakeholdershaveinterestofconsciousnessandunconsciousnessin
patients’healthconditions.

Patients visit Salem Clinic with the intention of receiving medical treatment. Their interest
stemsfromtheirneedforhealthcareservicesthatthefacilityoffers,inordertobettertheirstateof
health.Theservicesareofferedindifferentforms,whichincludereferralstospecialists,prescriptions
formedication,andactualmedicalcaretopatientswithlessseriousconditions.Theseservicesare
capturedanddocumentedbyusingIS/ITartefacts.Thedocumentationenablesfollow-up,tracking
andtracingofindividualpatients.Parentsorrelations’interestwasevidentintheireffortsleading
upto,orduring,thetreatmentprocess,withsomeactingaspatientescorts/porters.

TheDoHformulatespoliciestoguidehealthservicesinSouthAfrica.Basedonsomeofthe
policies,technologicalsolutions,suchastheDistrictHealthInformationSystem(DHIS),Tier.Net,
and theElectronicTBRegister (ETR.NET)were implemented.Oneof themedicalpersonnelat
Salemfacilityexplainsasfollows:

A report is compiled monthly and submitted to sub-district level, and escalated to provincial and 
national levels. Using DHIS, the department is able to identify gaps, in improving performance. 
(SC_P1, Pg 13: 655-661)

Thevariousinterestsonpatients’careareinfluencedbydifferentfactors,whichincludecare,
availabilityofmedicationsandmedicalapparatus,availabilityofqualifiedmedicalpersonnel,andthe
useofIS/ITartefactstoenableandsupporttheactivities.Theseinterestsonlybecomematerialised,
producecareifputtousethroughparticipationoftheassociatedandaffectedactors.

5.5. Moments of Translation: enrolment
InSalemClinic,participationofstakeholdersintheprocessofpatients’carewasdeterminedby
differentfactors,whichincluderolesandresponsibilities,andrulesandregulationsthatwereput
inplacebythemanagement.ThemedicalandadministrativestaffofSalemClinictakepartinthe
processofpatientcarewithinthefacilitythroughofferingtheirservices.Asmedicalstaff,doctors
withinSalemClinicareavailabledailytoconducttheirdutytowardsthepatientbyprovidingmedical
treatmenttothem.Thisstartswithconsultation,whereintheycheckthepatients’complaintsand
weighitagainsttheirmedicalhistorypresentedinthefolder.Thereafter,adoctorisabletoconduct
adiagnosis,providetreatment,andadvisethepatientbasedontheirfindings.Theseactivitiesshow
participationfromthiscategoryofmedicalstaff. Individually, thesedoctorshave their rolesand
responsibilities;however,theyarestillrequiredtoworkjointlywithotherstaffwithinthefacility.
Consequently,nursesaresecondordertothedoctors.

Thedifferentrolesandresponsibilitiesofmedicalstaffdonotmeanthattheyworkinisolation.
Thereisasystematicprocessthathappenswithpatientcareandthistightlylinksthemedicalstaff
ofSalemclinic.Followingthisprocess,nursesareresponsibleforsendingpatientstothepharmacy
withinthefacilitytoreceivetheirmedications.Asoneparticipantpointsout:

In accordance to the process, everyone that has been seen or first-aid examined by the nurses still 
have to visit the pharmacy. (SC_P1, pg 1: 19-20)

PharmacistsatSalemClinicwereattheendofthepatientcareprocessatthefacility.However,
theywerepivotaltotheprocessbecausemedicationswereadministeredbythemtopatients,asper
thedoctor’sornurses’instruction.Moreover,theywereresponsibleforensuringthatpatientsreceive
thecorrectmedicationsasstatedintheirprescriptions.Asaprimarystakeholder,theirparticipation
wasdrivenbytheirjobrole.Anotherfactorthatmotivatesparticipationinthepharmacydepartment
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wasauditingthattakesplace.TheDoHensuresthatthemedicationsthatwereadministeredbythe
facilitypharmacywasrecorded.Anintervieweestatesasfollows:

The nurses and pharmacists who are responsible for dispensing medications were also obligated to 
record what medications has been administered to patients. (SC_P5, pg 18:869-870)

Inaddition,theadministrativepersonnelofSalemClinicwereresponsibleforensuringthatthe
medicalstaffwereabletoconducttheseactivitiesinasystematicmanner.Patientsfollowaparticular
process from themoment that they enter the facility.Their responsibilitieswere centred around
themedicalunit,astheyhavetoguidethepatientsthroughthedifferentactivitiesthatoccurwhile
receivingtreatment.Theirparticipationinpatientcarewasmeasuredbyhowsmooththeprocess
was,startingfromregistrationtothemomenttheyreceivemedication.However,theprocesswas
challenged,inthatsomepatientswerenotabletoprovidesufficientdocumentationandinformation,
forefficientservice.

Theothergroupofstakeholders,DoH,activelycontributestotheactivitiesandprocessesof
healthcare in the country. Some of the key areas of participation; training of nurses and health
workers;provisionofmedicalequipment;formulationofpoliciesthatgovernforbothprivateand
publichealthpractice;andformulationofpoliciesthatgovernhealthprofessionals.Likeanyother
organization,theavailabilityofequipmentwasvaluabletoSalemClinic.Withproperequipment,
medicalandadministrationstaffareabletoconducttheirdutieswithease.Thisalsocontributesto
thequalityofcare,whichwasinfluencedbyexistingpatients’data.

However, monitoring and evaluation become challenging, especially to those who were
responsibleforensuringthattheywerecarriedoutcorrectly.ThisincludesdatacapturersofSalem
clinic.Intheirparticipationwithregardstoprovidingcaretopatients,theyhavetoensurethatthe
correctinformationwascapturedonthesystems,whichformsthetypesofpatients’data.Thepatients
ofSalemClinic,bothchronicandacute,havehadtoadapttotheprocessesimposedonthembythe
facility.Duetotheirneedformedicalcare,theywererequiredtofollowtheseprocessesandtomake
useofthesolutionsintroducedbythefacility,specificallythechronicpatients,whowereregistered
underprogramssuchasTier.NETandETR.net.Throughtheseprocesses,bigdatawerecollectedand
stored.Aninterviewprovidesanexampleofthetypeofinformationpatientswouldhavetogiveout:

Programs such as Tier.Net, it’s all about the patients. You capture their names, addresses, HIV status, 
ARV treatment and how well controlled they were. (SC_P5, Pg 17: 679:681)

ThereweredifferentstakeholdersenrolledintheprocessofpatientcareatSalemclinic.The
medicalstaffandadministrativestaffcontributethroughprovidingaservice,whiletheDoHenables
thisthroughprovidingsupport,bothfinanciallyandwithtechnologicalresources.Thepatientsof
SalemClinicstandtogainmedicalassistance;therefore,theywereobligatedtocomplywiththe
processesputinplacebythefacility.Patients’participationdidnotguaranteesuccessandfunctionality
oftheseprocessesandsystemsofSalemClinic.Therefore,forthemtobeconsideredsuccessful,
mobilisationneedstotakeplace.

5.6. Moments of Translation: Mobilisation
SalemClinicencountersmultiplespokespersonsatvariousstagesofeachpatient’careduration.
Someofthesespokespersonswererepresentativesofthefacility,whileotherswereself-appointed.
Thespokespersonsresponsibleformobilisingotheractorsintoparticipatinginactivitiessurrounding
patienthealthwerebothinternalandexternaltotheorganization.Internally,theelectedrepresentatives
includedmanagement.As thedecisionmakers, theycanenforceparticipation from thedifferent
departmentswithinSalemClinic.Aparticipantstatesthefollowing:
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Everything is dependent on management. This is because, as the verification committee we can only 
do so much. We are restricted in many areas. (SC_P5, Pg.16: 787-789)

Thismayaffectthefacilitybothpositivelyandnegatively.Fromapositiveperspective,asingle
pointofpowerofauthorityregulatestheoperationofthefacility.Thishappensintwoways:(1)
employeesknowtheirreportinglines;and(2)theDoHisawareofstructureandaccountabilityof
thefacility.However,havingasinglepointofpowercanalsonegativelyaffectproductivitywithin
theorganisation.Decisionsregardingthefacilitycouldonlybeundertakenandimplementedbythe
management.Therefore, initsabsence,certaindecisionsandactionscannotbemade,whichcan
resultindelaysofthepatientcareprocess.Furthermore,theDoHthatgovernsthefacilityplacesall
responsibilityuponthissectionofSalemClinic.Thismeansthataccountabilitywasnotsharedacross
theorganisationandthiscouldnegativelyimpactthosewhoconstitutemanagementinthefacility.

Likeanyotherhealthfacility,Salemclinicencountersemergencysituations.Insuchcases,doctors
weretherepresentativeofthepatientsinneedofurgentmedicalcare.Asasmallerscalehealthcare
facility,therewerecasestheyhadtoescalatetobiggerfacilitiesthatwereequippedwithmoretools
andresources.Also,thefacilityencounterscasesofpatientswhowereunabletocommunicatetheir
problemastheywaittobeattended.Thisrequiresanotherpartytoactasproxytothemedicalstaff.
Thefacilityreferstothosepeopleaspatientescorts.Thesecanberelativesorfriendstothepatient.
Viewsfromsomemedicalpersonnelareasfollows:

If our doctors feel it’s a case that needs emergency medical attention or a theatre, then it is referred 
to nearby facility, a hospital. (SC_P1, Pg.6: 290-292)

Anescortwasgiventheresponsibilitytoarticulatethepatient’scaseasbestastheycanforthem
togettreated.Thisrequiresthemtoknowthepatientwellsothattheycangiveinformationtothe
medicalpractitioner.Thiswascritical,especiallyintheabsenceofapatientfile.Withnoviewofthe
patient’shistory,doctorsornursesatSalemClinicwereunabletogiveprognosisandthetreatment
processwasdelayed.Thisbecomesevenmorechallengingwhenapatientwasbroughtintothefacility
bysomeonewhohasnoknowledgeofthemandwasjusttheretoassist.Adoctorinthefacilitystates:

It was often difficult to obtain information from some patients during an emergency situation. It gets 
more difficult when a stranger brings a patient who desperately needed medical attention, because 
no one can offer information about the patient. (SC_P4, Pg.12:562-563)

Clearly,theleveloffamiliaritybetweenthepatientsandtheirrepresentativeiscrucialinthe
treatmentprocess.Failuretothoroughlycommunicatethecaseendangersthepatientsasthisrequires
doctorstotreatpatientswithoutthoroughbackgroundknowledge.Furthermore,thiscontributesto
misdiagnosisanddispensingofwrongmedication.TheDoHalsohadrepresentativesthatvisitSalem
Clinictoensurethattheresourcestheyprovidewereutilisedefficiently.Theseresourcesincludedthe
medicationtheydispensetotheorganisation.Thiswasdonethroughtheevaluationofdatacollected
bythefacility.

Mobilisationof stakeholders couldbe carriedoutbyanyone.However, due to the sensitive
natureofthehealthenvironmentinSouthAfrica,therewererestrictions.Thus,onlypersonswith
legalauthoritycouldspeakonbehalfofthepatientofthehealthfacility,SalemClinic.Thishadboth
negativeandpositiveinfluenceintheactivitiesoftheClinic.Forexample,therewasnofirmsolution
becausesomepatientsdonotinserttheircorrectaddressesontheirfolders,leadingtothefacility
beingunabletotrackthem,inthatitcouldnotbeinterrogatedbyunauthorisedpersons.
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6. ReSULTS AND DISCUSSIoN

Fromtheaboveanalysis,therewerefivemainfactorsthatinfluenceaccess,useandmanagement
ofbigdata,therefore,determinetheselectionofanalytics,fortheanalysisofhealthcaredata.The
factorsare:commonhealthfacilityrequirements,structureofthebigdata,integrationofhealthcare
systems,availabilityofskilledpersonnel,andtheavailabilityofpatients’datasets.Thesefactorsare
allinterconnectedinonewayoranother,asshowninFigure1.

6.1. The Source and Structure of the Big Data
SalemClinichasbeeninexistenceformanyyearsandtheyhaveevolvedintheirwayofhandling
data.However,theystillusetraditionalmethodsinconjunctionwithtechnologyandbothcontribute
equallytogatheringandmanagementoftheirbigdata.Thishasresultedinstructuredandunstructured
data.Thestructureddataissourcedfromtheirtraditionalfilingsystems.Theirfilescontaintextual
dataofthepatientandtheseareallplacedintheirsuitablefields.Thesefieldscontaindatasuchas
theindividual’sdemographicsandtheirreasonsforvisit.Thetechnologicaltoolsusedtocapturethis
datawerecentredaroundthesetraditionalsystems.Theyweresimilar,butonewasmanualwhilethe
otherwascomputerised;however,bothgeneratestructureddata.

Onthesubjectoftechnology,thefacilityusesdifferenttoolstocarryoutthepatientcareprocess.
Thisincludescomputers,telephones,andx-raymachines.Thesetoolsgenerateunstructureddatawhich
comprisesofvoice,image,andvideodata.Thesesetsofdatawereequallyasimportantasstructured,
butitoftengoesunattendedto.Thiswasattributedtothefacility’sdatatoolsgivingnoconsideration
tothem.ThisimpactsSalemClinic’sdataanalytics,inthesensethatthereisafundamentalpartof
datathatwasnotbeingincluded.Thisbringstoquestionthecompletenessofdataanditsimpacton
theresultsthatwereyieldedwhenit’sanalysed.

6.2. The Availability of Suitable Big Data Manipulation Tools
AtSalemClinicthereweresystems(tools),whichwereusedtogatherandstorepatients’data.These
systemswereprovidedbytheSouthAfricanDepartmentofHealth(DoH).Thesystemsincluded

Figure 1. Health facility influencing factors
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Tier.Net,ETR.Net,andtheDistrictHealthInformationSystem(DHIS).Thesetoolsweredesigned
mainlytostorepatients’data.However,thetoolsdifferintermsoftheircriteriaandrequirements
thatwereneededindeployingthem.

Tier.NetwasspecificallydesignedtostoredataofpatientswhohavebeendiagnosedwithHIV/
AIDS.ThiswasduetothehighinfluxofHIV/AIDSpatientsinfacilities.Thelackofinfrastructure
ledtothefacilitybeingunabletohandlepatientdatausingonlyapaper-basedsystem.However,
beforedeployingthesystem,SalemClinichadtofulfilcertaincriteria.Thesecriteriaincludedserving
more than600patientsandbeingunable toaccommodatepatientdatausingonlyapaper-based
filingsystem.Consideringthatthiswasatechnologicalsolution,thefacilityhadtomigratetousing
computersasarequirement.

TheETR.Netisasmallersystemcreatedspecificallyforpatientswhohavebeendiagnosedwith
TB,andneededtreatment.Thesystemwasdesignedtocapturepatientdatafromthediagnosisstage
untiltreatmentwassuccessful.Sincethisisnotalifelongdisease,specificationsandrequirements
statedthatapatientmayonlyexistonthesystemforsixmonths,asthiswastheTBtreatmentperiod.
Thereafter,theywouldberemovedfromthesystemunlesstheyrelapse.Fromthefacility’sperspective,
itwasmeanttoimprovedatacoordinationwithregardstoTBpatients.Therefore,theonlycriteria
werefacilitieswhodiagnoseandtreatpatientsdiagnosedwithTB.

TheDHISwasdesignedtostoredataforallpatientswhovisitthefacility.Thepurposeofthis
systemwastocollectstatisticaldataofthefacility’stherefore,thecriteriawaslocationbased.The
systemencompassesdataofpatientswhoresideinthatcatchmentarea.Therefore,theonlyrequirement
wasthatthepatientseekstreatmentfromthefacility.Thesamepatientcanalsoexistinthefacility
database(DHIS).Thisbringsaboutissuesofduplicationandthishasnotbeenfullyexploredby
thefacilityatthetimeofthisstudy.Theseissuesrelatetolackofintegrationbetweenthedatabases.
Anotherissuewasfailureinestablishingcommonrequirementswithregardstodataanalytics.The
facilityhasnotexplicitlystatedwhattheywouldliketogainfromthedata.

6.3. The Availability of Standardized Big Data Interpretation Criteria
Theexistenceofbigdataisfutiletotheorganisationunlesstheyknowwhattheyseektogainfrom
thedata.Thefacilityhastoolsattheirdisposal;however,theyhavenotconsideredthepotentialof
theirdata.Therewerenostandardizedrequirementsstatedwithregardstobigdataandhowitcan
improvethequalityofhealthcareinthefacility.Therewerevariousoptionsavailablethatcouldbe
ofbenefittotheircause.However,thechoicewasdependentonthefacility’scommonrequirements,
whichtheyhavenotyetestablishedatthetimeofthisstudy.Theseoptionsinclude(1)prescriptive;
(2)predictive;(3)diagnostic;and(4)descriptivebigdataanalytics.

Asahealthcarefacility,SalemCliniclacksthenecessarytoolstodeterminewhichillnessesmostly
affectpatientsthatvisittheclinic.Therefore,theyhavenoknowledgeonwhatareastoprioritisein
anattempttoreducethenumberofpatientsvisitingtheclinicwiththesameproblem.Therewere
onlytwoareasoffocusinthefacility,namelyHIV/AIDSandTuberculosis.Thesediseaseswereonly
prioritisedundertheDoH’scommand.However,withthehelpofprescriptiveanalytics,thefacility
couldfindoutwhathealthissuesareprevalentinthecommunity.Thesewouldbespecifictotheir
patientsandtheywouldknowwhichareastomostlyfocuson.

Additionally, Salem Clinic was situated in an area of Eastern Cape of South Africa that is
pronetohealthoutbreaks.Thisisduetothelivingconditionsofpeopleandlifestyle.However,the
facilityhasnoforesightontheseoutbreaksduetoinsufficientuseoftheirbigdata.Withtheuse
ofpredictiveanalytics,theycouldviewpatternsbasedonpastoccurrences.Thesecouldgivethem
aviewofwhatcouldmostlikelyhappeninthefuturewithregardstopatienttreatment.Similarly,
diagnosticanalyticswouldbehighlybeneficialtothefacility,mainlybecauseitservesabigpartof
theirpurpose.Thefacilitywouldbeabletouncoverthereasonsbehindoccurrences;thus,enabling
themtopreventitsrepetition.
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Miningthedatathroughdescriptiveanalyticswouldhelpthefacilitygainknowledgeonrampant
issuesaffectingpatients.Furtherinvestigationintotheseproblemswouldhelpinimprovingthepatient
careprocessandstandardofthefacility.However,thesetoolscanonlybeofuseoncethefacility
uncoversitspurposeforbigdata.Thatwouldhelpindeterminingwhichdataanalyticstoolssuitthe
facility’sgoals,andthisrequiresanexplicitcommunicationoftheirrequirements.Thisbringsabout
theissueofintegrationwithinthefacility.Thetypeofdataanalyticstooltouseismostlikelytobe
determinedbythemedicalpersonnelofthefacility.Themedicalpersonnelknowwhatissuesthey
faceduetolackofforesightandinsight.Therefore,theyshouldbeworkingjointlywiththosewho
handledatainordertofindadataanalyticssolutionbestsuitedforthefacility.However,thatisnot
possibleunlessintegrationofdifferentunitsinthefacilitytakesplace.

6.4. The Degree of Big Data Integration of the In-
House Healthcare Information Systems
SeveralissuesaffectSalemClinic.Thesewererootedinthedispersionofresourcesmeanttoserve
patientsvisitingtheclinic.Thisincludesthestaffandtechnologicalresourcesofthefacility.Salem
Cliniclacksaproperlycoordinatedpatientcaresystem.Therewerefivedifferentdepartments,all
operatingunder the same facilitybut somehow, theywere still disintegrated.Thiswas from the
perspectiveofoperationswithinthefacilityandtheprocessthatdatagoesthrough.

Thefacilityhasfivedifferentdepartmentsandtheyallhavethesamepurposeofservingthe
patient.Inallthesedepartments,areporthastobewrittenonthepatient’sfileandithastoindicate
whatwasconductedandthenextstepintreatment.Inthatprocess,thedatawaspronetoerrorbecause
manypeoplewereinvolvedincarryingitout.Bythetimealldatahasbeencollected,itwasdifficult
totracewhereerrorsoccurred.

Theseerrorsdecreasethequalityofdatabeingcollectedinthefacility.Thus,leadingtoanalysis
beingconductedondatathatwerenotuptopar.Thiscouldbeavoidedifintegrationwasinplace
becausedatawouldbecollectedandupdatedinrealtime.Theissuealsorelatestolevelofknowledge
arounddataanalyticsinthefacility.Theseproblemscannotberaised,becausenoskilledpersonnel
wereavailabletoprovideinputregardingdata,itsimportance,andhowitcanbeanalysed.

6.5. The Availability of Medical Personnel Skilled in Big Data
Thefacility,SalemClinic,hasbeeninoperationforadecade.Eventhoughthehealthclinichasbeen
inoperationformanyyears,itcontinuestousethesamemanualsystemstocaptureandstorepatients’
data.ThiswasirrespectiveofthefactthattheDoHhasprovidedtechnologysolutions(systems)to
healthfacilitiesinthecountry,includingSalemClinic.Thenon-useofthetechnologieswasattributed
tolackofknowledgeandknow-how,whichresultstounavailabilityofskilledpersonnel.

Thefacilitywasalsolackingintermsofskilledpersonneltohandlethedatathataccumulates
dailyinthefacility.Thisbringsthefacility’smanagementintoquestionastheywereresponsiblefor
decisionmakinginthefacility.Managementhasfailedtoaddressskillsacquisitionfordataanalytics.
Thisincludeseducation,training,andretentionofstaffwhospecialiseindataanalytics.Thishasledto
theneglectofdataanalytics,whichwouldhelpinimprovingthehealthcarestandardofSalemClinic.

6.6. The Availability of Relevant Big Data Sets
AtSalemClinic,patients’datawereaccessedbydifferentpersonnel.Thisincludesclerks,nurses,
doctors,radiographers,pharmacists,anddatacapturers.Asaresult,patients’dataweresplitintosets
inaccordancetoareaofspecialisationandresponsibilities.Forexample,theclerkcanonlyhaveaccess
topatientdatawhichrelatestoadministration,suchascontactdetailsandbio-data.Thismakescertain
setsofdataunavailabletosomepersonnel.Theunavailabilityoftheentiredatamakesitdifficultor
challengingfortheanalyticsapproach,whichsomehowaffectsthecompletenessofresultsthatwere
obtainedfrombigdataanalysis.However,atthesametime,itmustbenotedthattheunavailability
ofcompletedataisoftenjustifiedfromprivacyandsecurityperspectives.
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Theavailabilityofpatients’datarequirespolicyandregulationinordertomanageandmaintain
theprivacyandsecurity.Privacywasavaluedelementinpatientinformation.Itcreatesasenseoftrust
betweenthepatientandmedicalcaregiver.Thiswasbasedonthesensitivityofinformationshared
duringthetreatmentprocess.Itensuresthatapatientknowsthatanyinformationtheydivulgewas
keptbetweenthemandthepersontreatingthem.However,thisaffectsthecompletenessofdatabased
onthefactthatsomeinformationregardingthepatientisonlylimitedtocertainpeoplewithinthe
facility.Thisbringsabouttheaspectofsecurityaswell.Patientinformationrequiresahighlevelof
security.Thefacilityhastoensurethatinformationsharedbyapatientwasnotaccessibletoanyone
unlessconsentwasgivenbythepatient.Thisrequiresregulation,andwasdonebylimitingaccess
onlytothosewhoaretreatingthepatient.Thiswastoavoidcases,suchaspatientdatabeingused
formaliceoradataleakthatcouldhavelegalconsequences.Therefore,thefacilitycanonlymake
certainsetsofdataavailableforconsumption.

Therewereotherissuesthatcontributetoincompletedata,suchasmissingorincompletepatients’
medicalreports.Inaddition,thefacilityletspatientskeeptheirownfilesandthisleadstodamage
ofpatientfilesandlossofinformation.Thisalsoaffectsdataanalyticsofthefacilitynegativelyas
theywerenowrequiredtoconductanalysisonincompletedata.Theseissuesstemfromalackof
integrationwithinthefacility.Datawasonlyprioritisedbyonepartofthefacility,namelythedata
capturers,whereas,thedifferentdepartmentsshouldbeworkinginconjunctionastheyallcontribute
tobigdata.Thefacilitylacksanintegrateddataprocessfromthebeginningofpatienttreatmentuntil
thelaststage.

7. CoNCLUSIoN

Thisstudyhighlightsthefactorsthatinfluenceaccess,useandmanagementofpatients’bigdata
forhealthcareservicedelivery.Thefactorsdirectlyor indirectly impact thequalityofhealthcare
servicesbeingprovidedwithinSouthAfricanhealthcarefacilities.Thefactorsexistbecausemany
ofthefacilitiesareoftenchallengedwithanalysisoftheirpatients’bigdata.Thus,thestudycanbe
ofbenefittoSouthAfricanhealthpractitionersprimarilybecausesomeofthefactorscaninfluence
andhowtheymanifestintheactivitiesandprocessofhealthcareservices.

Thecontributionofthisstudyextendsfurtherintwoways:theoreticallyandmethodologically.
Theoretically,thisstudyaddstotheexistingbodyofknowledgewithinISandHealthcarefields.
Methodologically,theuseofANTasaguidethroughanalysisprovidesafreshperspectivetoanalysing
ISrelatedphenomena.Furtherstudiescanalsobeconductedonthisresearch,throughtheapplication
ofdifferenttheoriesthatarecommonlyusedinsocialscience.
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