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Chapter 1
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Asthevolumesofdatageneratedinhealthcaredeliverygrows,theneedforembracingbigdatastrategies
anddataanalytictechniquestobetternavigatedynamicandcomplexhealthcareenvironmentsbecomes
moreandmorepressing.Thisfocushasbeenfurtherfuelledbytheadvancesintechnologiesandmedical
scienceandtheincorporationofdigitalhealthsolutionsthatenableustoisolategenomesequencingdata.
However,itisthethesisofthischapterthatunlesshealthcareorganisationsbecomelearningorganisations
andincorporatethetechniquesofknowledgemanagementandorganisationallearning,theselargeand
essentiallyrawdataassetswillbecomeaburdenandnotabenefit.Thus,healthcaresystemsneedtobe
redesignedintointelligenthealthsystemsthatmaximisetechnologyandutilisevaluableknowledgeassets.
Todothis,itisimperativetounderstandthelinkbetweentheprinciplesoforganisationallearningand
knowledgemanagement(KM)tofacilitatethebuildingoflearninghealthcareorganisations.
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WhatsAppwasevaluatedasapeercoachgroupsupporttoolinahealthylifestyleinterventionwith15
youngprofessionals.Theseindividualsweretime-constrainedprofessionals,sotwodesignchallenges
weretocreateenoughattractivenessandqualityinthepeergroupinteractions.Therewerethreemain
healthdomains:food,physicalactivity,andmentalenergy.Asaresultofthe12weekpilot,therewere127
WhatsApppeercoachinginputs.Thevarietyofinputswasbetterthaninapreviouspilot;peercoaching
qualityimproved;plustherewasmorecontinuityfollowingtheinitialtwoweeks.Communitybuilding
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remainedachallenge,especiallyinthelongerrun.Twodesignsolutionsseemedtowork:pre-designed
coach-inputsacrosshealthdomains,plustheinstructionsforahealthadvocatefromthegroup,perhealth
domain.Basedontheresults,theauthorshypothesizethatuserneedsinthefirstfiveweekswerewell
supportedbutthatusersupportneedsseemedtochangeaftertheinitialfiveweeks,whichimpactedthe
perceivedaddedvaluefromtheWhatsAppgroup.

Chapter 3
PublicReportingonHealthandSocialCareServices.......................................................................... 33

Reima Suomi, University of Turku, Finland
Elorm Damalie, University of Turku, Finland

Thegrowthofthehealthcaresectorhasledtoinnovativewaystocatertoconsumers’needs,withsomeof
therich,developedcountriesattheforefront.Anin-depthunderstandingofthemenablesasuccessfully
implementedandusefulsystemforconsumers.Publicreportingisdevelopedmainlyforandaround
consumers.Inthischapter,theauthorstakeagenerallookatpublicreportingonhealthandsocialcare
services.Theyexaminetheexistingreportingsystemsandtheissuestheyencounter.Therearesignificant
benefitsofpublicreportingonhealthandsocialcareservices,butwecurrentlydonotknowthelimits
ofsuchreporting.Citizensneedsuchinformationserviceswhendecidingfromtheretoacquirehealth
andsocialcare services for themselvesor their familiesand relatives.Serviceprovidersneed these
informationservicesforbenchmarkingpurposesandforthedevelopmentoftheirserviceofferings.

Chapter 4
ProposalforPervasiveElderlyCare:ACaseStudyWithNextofKin................................................ 54

Hanna-Leena Huttunen, University of Oulu, Finland
Raija Halonen, University of Oulu, Finland
Simon Klakegg, University of Oulu, Finland

Thischapterreportshowinteractionbetweenfamilymembersandcaregiversasperceivedbyfamily
memberscouldbeimprovedviacontext-aware,imperceptibleinternetofthings(IoT)-basedsolutions.
Thequalitativestudyfocusedoninvestigatingexperiencesofthefamilymembersandthecommunication
betweencaretakersinshelteredaccommodation.Interviewsincludingbothopenandclosedquestions
revealedthatthereishighneedforimprovingthecommunication,addingtothesparseearlierknowledge.
The study revealed that the family members were willing to adopt an application to improve the
communicationthatcurrentlywasexperiencedastoolimitedandvague.Theresultsprovideafruitful
baseforfurtheractionstoimprovecommunicationbetweenfamilymembersandprofessionalcaretakers.

Chapter 5
PatientPortalAcceptancebytheElderly:ExplainedbytheElaborationLikelihoodModeland
SocialHeuristics................................................................................................................................... 67

Karoly Bozan, Duquesne University, USA
Kevin R. Parker, Idaho State University, USA
Bill Davey, RMIT University, Melbourne, Australia

Themotivatingfactorsthatinfluencepatientportalacceptanceamongtheelderlyarenotwellunderstood.
Usingthesocialheuristictheory,theelaborationlikelihoodmodel,andtheunifiedtheoryofacceptance
anduseoftechnology,thisstudyproposesamodelthatexaminesthepersuasivemechanismsforthe
elderlytousepatientportals.Anempiricalstudyinvolving117subjectsintheUnitedStateswasusedto
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testtheproposedmodel.Usingthepartialleastsquaresmethod,socialpower,andimitate-the-successful
social heuristics were found to significantly influence patient portal acceptance among the elderly.
Thesefindingsindicatethatolderpeopleinvestlesseffortcognitivelyelaboratingwhenpresentedwith
technologyacceptancedecisionsandacceptinfluencefromtheirhigherstatuspeersfromtheirnetwork.
Imitate-the-majorityheuristicsandcentralrouteprocessingwerenotfoundtobesignificant,implying
thatolderpeoplearemoreinclinedtotakeadvicefromsources,whichtheyfindcredibleandinvestless
cognitiveeffortinevaluatingthecomplexphenomena.

Chapter 6
BetterFutureforHome-CaredElderlyPatients:APrototypeofSmartClothing................................ 91

Ruwini Edirisinghe, RMIT University, Australia

Theneedforinnovativetechnologiesthatmonitorandassisttheindependentlivingofelderlypeople
intheirhomesisgrowing.Thesocio-economicbenefitsbyutilizingsuchsolutionsaresharedbetween
manypartiesincludingtheelderlypeople,supportservicesandcaregivers,andthemedicalsystem.This
chapterproposesawearablesmartclothing-basedmonitoringsystemforhomecaredelderlypatients.
Thedevelopmentoftheprototypesmartcloth,whichcurrentlysensesandalertsaboutbodytemperature,
isdiscussedinthischapter.Theproposedsystemisexpectedtoprovideamoredignifiedlifeforthe
elderlyhomecaredpatientsbymaintainingtheirindependenceandprivacywhilesavingpublicand
privatemoney.

Chapter 7
OptimizationofProviderEcosystemThroughActor-ResourceIntegration....................................... 103

Mohan Tanniru, University of Arizona, USA

Information technology has enabled healthcare providers such as hospitals to extend their internal
operationsintoexternalfacilitiessuchasurgentandambulatorycarecentersandoptimizeresourcesin
supportofpatientcare.Withthedevelopmentoftheinternet,socialmedia,wearables,andtelehealth
technologies,thepotentialforpatientengagementinpreventiveandpost-dischargecaretransitionhas
increased.Unlikeotherorganizationswheretheproviderhaslimitedinsightintothecustomerecosystem,
hospitals,forexample,haveanopportunitytogaininsightintothepatientecosystemandinfluencepatient
behaviorwhilethepatientsarewithintheproviderecosystem.Thischapterlooksathospitalengagement
withpatientsintwosettings—theemergencyroom(ER)andthepatientroom(PR)—toillustrateboth
theopportunitiesandthestrategiesthatcanhelphospitalsusepatienttouchpointstoimprovecontinuity
ofcareinsideandoutsidehospitalwalls.

Chapter 8
MinorityHealthandWellness:ADigitalHealthOpportunity........................................................... 116

Nilmini Wickramasinghe, Swinburne University of Technology, Australia & Epworth 
HealthCare, Australia

Withtheadvancementofthetechnologiesoftheinternetofthings(IoT),wearewitnessinggreatadvances
intheareasofanalytics,sensors,platforms,3Dprinting,andmobile.Atthesametimeandunrelated,
wearealsowitnessingagrowingincreaseinthedecreasinghealthandwellnessofpeopleinminority
communitiesespeciallywithregardtoincreaseinchronicconditionssuchasdiabetesandobesity.Thus,
thereexistsanopportunitytoleveragetheseIoTtechnologiestotrytosupportbetterminorityhealthand
wellness.Thischapterexploresthisopportunity.
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Manyappsandanalyzersbasedonmachinelearninghavebeendesignedtohelpandcurethestressissue.
ThechapterisbasedonanexperimentalresearchworkthattheauthorsperformedatResearchLabs
andScientificSpiritualityCentersofDevSanskritiVishwaVidyalaya,HaridwarandPatanjaliResearch
Foundations,Uttarakhand.Intheresearchwork,thecorrectnessandaccuracyhavebeenstudiedand
comparedfortwobiofeedbackdevicesnamedaselectromyography(EMG)andgalvanicskinresponse
(GSR),whichcanoperateinthreemodes—audio,visual,andaudio-visual—withthehelpofdatasetof
tensiontypeheadache(TTH)patients.Theauthorshaverealizedbytheirresearchworkthatthesedays
peoplehavelotofstressintheirlives,sotheyplannedtomakeaneffortforreducingthestresslevelof
peoplebytheirtechnicalknowledgeofcomputerscience.Inthechapter,theyhaveawebsitethatcontains
aclosedsetofquestionnairesfromSF-36,whichhavesomeweightassociatedwitheachquestion.
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Governmentsoftencreatepoliciesthatrelyonimplementationbyarm’slengthorganizationsandrequire
practicechangesonthepartofdifferentsegmentsofthehealthcaresystemwithoutunderstandingthe
differencesinandcomplexitiesoftheseagencies.Thisresearchdescribescomponentsofahealthsystem
andexplainshowtheyaffectoutcomes.Itarguesthatimplementedpoliciesaffectvariouscomponents
ofahealthsystemintermsofservicedelivery,workforce,information,financing,medicalproducts,
technologies,leadership,andgovernance.Usinghealthsystemasframeworkofanalysis,thechapter
explains that the outcome of health policy implementation determines the availability, quality, and
equabilityofprogramservicedelivery.Thechapterfurtherarguesthatpolicyimplementationbarriers
affectthepoorandvulnerablegroupsfrombenefitingfrompublicspendingonpublichealthpolicies
andprograms.
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Telemedicine maturity models aim to support telemedicine scaling up. Even though a diversity of
telemedicinematuritymodels,andfurthersupporttools,exist,theyareoftenunabletosupportusers
proactivelyoroffersubstantialguidancefortheimprovementofthestatusquo.Anewmaturitymodel
isthereforeneededthatovercomestheshortcomingsevidentinexistingapproaches.Thischapteraims
toidentifyrequirementsthatsuchamodelhastofulfilbasedonananalysisofexistingmaturitymodels.
Theresultsguidefutureresearchandcansupportthescalingupoftelemedicineinitiatives.
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Forpatientsundergoingsurgeryinamulti-dayadmission,standardcarerequiresthattheirsurgeonreview
thepatientpost-operativelytocheckontheirprogress.Thisisusuallydonebythespecialistattending
inperson.However,intheAustraliansetting,mostspecialistsworkatmultipleinstitutions.Asaresult,
reviewwardrounds,especiallyofpost-operativepatients,canbedelayed,whichcandelaymanagement
decisionsanddischarge,whichinturnmaylowerpatientsatisfaction.Atelemedicinesolutionisdesigned,
andresultsfromapilottestareexaminedtoassessthebenefitsofincorporatinganelectronicdischarge
capabilityintothecurrentprocess.

Chapter 13
TheRoleofCrowdsourcingintheHealthcareIndustry..................................................................... 191

Kabir C. Sen, Lamar University, USA

Crowdsourcinghasaroletoplayinsolvinghealthcare-basedproblemsasitcantapintoavastpoolof
globalmedicalknowledge.Thischapterfirstcategorizesthevariousproblemsinthehealthcareindustry.
Itthendescribesthedifferencesinvariousmedicaltraditionsinsolvingmedicalproblems.Thechapter
alsodiscusses thechallenges in identifying the idealmedical solution. Itnotes thevarious typesof
obstacles toadoptingeffectivehealthcaresolutionsandsuggestscrowdsourcingsolutionsthatcould
buildupanimpetusforbringingaboutpositivechange.Finally,thechapteremphasizesthepotentialof
crowdsourcingtodisruptoldideasandintroducenewonesaswellasmakeasignificantimprovement
inthesocialqualityfordifferentpopulationgroups.
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Thenegativeandunbalancednatureofmediaandsocialmediacoveragehasamplifiedanxietiesandfears
abouttheEbolaoutbreak.TheauthorsanalysenewsarticlesontheEbolaoutbreakfromtwoleading
newsoutlets,togetherwithcommentsonthearticlesfromawell-knownsocialmediaplatform,from
March2014toJuly2015.ThevolumeofnewsarticleswasgreatestbetweenAugust2014andJanuary
2015,withaspikeinOctober2014,andwasdrivenbythefewcasesoftransmissioninEuropeand
theUSA.SentimentanalysisrevealscoverageandcommentaryonthesmallnumberofEbolacasesin
EuropeandtheUSAweremuchmoreextensivethancoverageandcommentaryontheoutbreakinWest
Africa.ArticlesexpressingnegativesentimentsweremorecommonintheUSAandalsoreceivedmore
commentsthanthoseexpressingpositivesentiments.Thenegativesentimentsexpressedinthemedia
andsocialmediaamplifiedfearsaboutanEbolaoutbreakoutsideWestAfrica,whichincreasedpressure
forunwarrantedandwastefulprecautionarymeasures.
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Blockchainisadecentralized,digitalledgerthatkeepsapermanent,unalterablerecordoftransactions
betweenusers.OneofthegreatestadvantagesofBlockchainisthatitismuchmoresecurethanother
datastorageplatforms,andthusparticularlyrelevantforhealthcare.Thechapterservestooutlineareas
andopportunitiesfordeployingthistechnologyintokeyhealthcarecontextstosupporteffectiveand
efficientoperationsaswellasheightenedtransparencyandtrustaroundactivitiesbetweenandwithin
stakeholders.
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3Dprintinghasdevelopedasamodificationofanoldinjectionprinter.Today,itisrapidlyexpanding
offeringnovelpossibilitiesaswellasnewexcitingapplicationsforvarioussectorsincludinghealthcare,
automotive, aerospace, and defense industries. This chapter presents key application areas within
thehealthcaresector.Inmedicine,3Dprintingisrevolutionizingthewayoperationsarecarriedout,
disruptingprosthesisandimplantmarketsaswellasdentistry.Therelativelynewfieldofbioprinting
hascometobebecauseofadvanceswiththistechnology.Aswillbediscussed,numerousapplications
of3Dprintinginhealthcarerelatetopersonalizedmedicine.Forinstance,implantsorprosthesesare3D
printedforaspecificuser’sbody,optimizingthetechnologytoworkforanindividual,notanaverage
useraswithmostmass-producedproducts.Inaddition,3Dprintinghasapplicationsonthenanoscale
withprintingofdrugsandothersmalleritems.Hence,3Dprintingrepresentsadisruptivetechnology
forhealthcaredelivery.
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Cancerisamongthetopthreechronicdiseasesbothindevelopedcountriesaswellasunderdeveloped
countries.Thediagnosis,medication,andtreatmentforcancerisextremelycostly.Typically,cancer
treatment involves surgery, radiotherapy, and chemotherapy. Owing to the extremely high price of
medicineandtreatmentalongwithcytotoxicityofmedication,cancertreatmentwarrantsextraordinary
care in treatingcancerpatients.Oncology informationsystems (OIS)provideanall-in-onesolution
forsuchproblems.TheOIScanintegratedifferenttreatmentprotocolsandupdatechangeindoseand
treatmentinrealtime.
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Patientleadtimeinemergencyunitsisacriticalfactorforqualityofcareandpatientsafety.Theobjective
ofthechapterisapublicemergencycarehospitalofaBraziliancity,importantforitslocalizationinthe
secondmorepopulatedareaofthecity.Greenriskpatientsconstitutemorethanhalfofattendancesand
representthelargestvolumeofout-of-goalattendancesinthehospital.Consideringthisanalysis,itwas
conductedtheprocessmodellinginordertounderstandpatientpathwayandthemainrelatedproblems.
Alistofundesirableeffectswassubsequentlycomposed,allowingtheconstructionofthecurrentreality
tree(CRT).Withtherootcausesidentified,theliteraturesuggestedfasttrackasanalternativetoreduce
theaveragewaitingtimeinqueueuntilthemedicalcare.Themethodusedfortestingscenariosoffast
trackwasdiscreteeventssimulation.
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Digitalinnovationforhealthdataanalyticshasfacedobstaclesinsystemsimplementationandconsumer
acceptance.Researchsuggeststhatdigitalhealthinnovationhasbeenachallengeandaslowprocessfor
acceptance.Atthesametimeitofferstremendousopportunitiesinhealthdataanalyticsforconsumers
ofhealthservicesandserviceproviders,suchashealthinformationportability,personalizationofhealth
informationbyconsumers,easyaccessandusefulnessofhealthinformation,bettermanagementofdata
recordsbyinstitutionsandgovernment,andmanagementofinformationbyhealthcarestaffforpatients’
engagementandcare.Healthdataanalyticsisthekeyfordrivingdigitalsystemsforhealthinnovation.This
researchseekstoidentifythedigitalhealthinnovationopportunitiesandobstacles,developaframework
andaconceptualmodelfordigitalhealthinnovationthatempowersconsumerofdigitalhealthtouse
theinformationtomakeinformeddecisionsandchoices.

Chapter 20
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Nilmini Wickramasinghe, Swinburne University of Technology, Australia & Epworth 
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Akeyactivityinhealthcareisclinicaldecisionmaking.Thisdecisionmakingtypicallyhastobemade
rapidlyandoftenwithoutcompleteinformation.Moreover,theconsequencesofthesedecisionscouldbe
farreachingincludingthedifferencebetweenlifeordeath.Todayanalyticscanassistinclinicaldecision
makingasthefollowingchapterhighlights.However,togainthemostfromanytypeofanalytics,itis
firstnecessarytofullyunderstandthedynamicsaroundtheclinicaldecisionmakingprocess.
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Ontheonehand,predictiveanalyticsisanimportantfieldofresearchininformationsystems;however,
researchonpredictiveanalyticsinhealthcareisstillscarceinISliterature.Oneareawherepredictive
analyticscanbeofgreatbenefitiswithregardtounplannedreadmissions.Whileanumberofstudieson
readmissionpredictionalreadyexistsinrelatedresearchareas,therearefewguidelinestodateonhowto
conductsuchanalyticsprojects.Toaddressthisgapthechapterpresentsthegeneralprocesstodevelop
empiricalmodelsbyShmueliandKoppiusandextendsthistothespecificrequirementsofreadmission
riskprediction.Basedonasystematicliteraturereview,theresultingprocessdefinesimportantaspects
ofreadmissionprediction.Italsostructuresrelevantquestionsandtasksthatneedtobetakencareofin
thiscontext.ThisextensionoftheguidelinesbyShmueliandKoppiusprovidesabestpracticeaswell
asatemplatethatcanbeusedinfuturestudiesonreadmissionriskprediction,thusallowingformore
comparableresultsacrossvariousresearchfields.
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Thisstudyaimstoidentifypredictorsforpatientslikelytobereadmittedtoahospitalwithin28days
ofdischargeandtodevelopandvalidateapredictionmodelforidentifyingpatientsatahighriskof
readmission. Numerous attempts have been made to build similar predictive models. However, the
majorityofexistingmodelssufferfromatleastoneofthefollowingshortcomings:themodelisnot
basedonAustralianHealthData;themodelusesinsuranceclaimdata,whichwouldnotbeavailable
inareal-timeclinicalsetting;themodeldoesnotconsidersocio-demographicdeterminantsofhealth,
whichhavebeendemonstratedtobepredictiveofreadmissionrisk;orthemodelislimitedtoaparticular
medicalconditionandisthuslimitedinscope.

Chapter 23
UsingIntelligentToolstoSupportClinicalDecisionMaking:TheCaseofHipandKnee
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Intelligenttoolsandcollaborativesystemscanbeusedinhealthcarecontextstosupportclinicaldecision
making.Suchanapproachisconcernedwithidentifyingthewayinwhichinformationisgatheredand
decisionsaremadealongspecificcarepathways.Thisstudydevelopsareal-timecollaborativesystem
usinganintelligentriskdetectionmodel(IRD)toimprovedecisionefficiencyintheclinicalcaseof
patientsundergoinghiporkneearthroplasty.Thebenefitsofadoptingthisimprovedclinicaldecision-
making solution include increasing awareness, supporting communication, improving the decision
makingprocessforpatientsandcaregiverswhilealsoimprovinginformationsharingbetweensurgeons
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askeycollaborativepartiesintheresearchcase.Thisinturnleadstohigherlevelsofpatientandclinical
satisfactionandbetterclinicaloutcomes.
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Diabetestype2isachronicconditionthatcurrentlyhasnocure.Hence,propermanagementiskeyasthe
bestapproachtoensurethewellnessofsufferers.Toestablishtheattitudesofself-carepatientstowards
themanagementofthisailment,theauthorsdesignedastudythattargeted100Australianresidentsinthe
firstphase.Theseparticipantsprovidedquantitativeandqualitativeinformationaboutvariousdiabetes
type2managementpracticesthatincludeexercisinganddietmanagementandtheco-morbiditiesthey
currentlysuffer.
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Today most people have at least one smart phone irrespective of socio-economic standing. Such a
penetrationofmobilephoneshasenabledmobilehealthtorapidlydevelopoverthelast5years.There
aremanybenefitstopatientsandcliniciansaffordedbymobilehealthincludingtheconvenienceofany
timeanywhereaccesstodataandinformationandthepossibilitytomonitorsothatcriticalissuescan
becaughtearly.Onekeyareaisinthepostdischargephaseaspatientsreturnhometoensuretheyare
makinggoodprogress.Thischapterdiscussesdevelopmentsofmobilehealthsolutionsandprecision
post-operativewellnessmonitoringsolutions.
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Arguably,themostprevailingchronicdiseasetodayisdiabetes.TheWorldHealthOrganization(WHO)
notesthatdiabetesisasilentepidemic,andby2020,therewillbea54%riseinthetotalnumberof
individualsdiagnosedwiththisdisease.Thesearedistressingfigures.Manyareturningtotechnology
solutionstoassist.Whatbecomesimportant is theabilitytorapidlydesignanddevelopappropriate
digitalhealthandwellnesssolutions.
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Foreword



Thehealthandwellbeingofindividualsandtheirfamiliesisoneofthemostimportantunderpinnings
ofpersonalhappinessandofaproductivesociety.Itisauniversalfocusofhumanexperience,spanning
cultures,societiesandhistory.

Atheart,itistheaspirationanddesireofallhealthcarestakeholders–includingclinicians,organisa-
tionalleadersandmanagers,policymakers,funders,andofcoursecitizensandtheirfamilies–toseekto
improveandcontinuallyensurethattheverybesthealthandhealthcareoutcomescanbedeliveredforall
membersofsociety.However,therealityofthediversecontextsandperspectivesofthosestakeholders,
thepressureoftimeandfundingconstraints,andtheneedtoensurethatamyriadofcomplianceand
performancerequirementsaremet,oftenconspiretonarrowthefocusawayfromthepotentialtoadopt
novelapproachestoachievetheircommonaspiration.

Therefore,aresponsibleapproachtothedeploymentofsuchnovelmethodsandtools,andespecially
oftheburgeoningplethoraofdigitalinnovations,requiresrigorousevaluationtoensurethattheshared
aspirationsofallstakeholderstoachieveabetterfuturestateofhealthandwellnessforallcanbeachieved.

Itisinthatcontextthatappliedresearchinhealthcare,anditsdeploymentfortheoptimalbenefit
ofindividuals,communitiesandpopulations,continuestobeoneofthemostpromising,excitingand
diverseareasofthepursuitofscientificknowledge.Theexponentialgrowthofinnovationinresearch
methods,theubiquityofdigitalplatforms,thedevelopmentofintelligentsystems,andnewmethodsfor
rapidprototypinganddeploymentofnovelsolutions,inaggregateofferthepromiseoftheirapplication
yieldingenormousbenefittosociety.

However,thesheervolumeandpaceofinnovationandthedesireforfindingperfectsolutionsto
complexchallenges,mustalsobetemperedbyensuringthatthoseinnovativesolutionsdo,infact,deliver
theirintendedbenefits.Itisthereforeintheapplicationofsuchsolutionsthatacriticalappraisaloftheir
truevalue,aswellastheirlimitations,andtheiroptimaldeployment,isrequired.

ThisHandbookofResearchonOptimizingHealthcareManagementTechniquespresentsarichseries
oftimelypapersthatreportandcriticallyappraisediverseapproachestotheapplicationofinnovative
toolsandmethodsthatseektoaddressserious,pressingchallengesinhealthandhealthcaremanagement.
Indoingsoitprovidesvaluableandinsightfulguidancetokeystakeholdersinvolvedinthedeliveryof
healthcare–especiallyclinicians,organisationalleadersandmanagers,policymakers,andfunders–
whilealsopresentingvaluableresearchinsightsforongoingrelatedtheoreticalandappliedresearch.

xxiii
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Foreword

Thebreadthofdescribedapplications–includingforcomplexhealthconditions,agedcare,mental
health,communitiesofneed,coordinationofcare,analytics,andself-care–arefurtherexpandedinto
theimplicationsof theadoptionof innovationsfromtheperspectivesofpolicysetting,planningfor
care,andmanagement.Further,therigorofscientifictheoryasacriticalunderpinning,isexploredin
severalkeyandfascinatingpapers.

ThisHandbookisacurrentaswellasaforward-lookingresourceforallstakeholdersandoffers
insightintosomeofthemosteffectivecurrentapplicationsofinnovationintechnologiesandmethods
directedtooptimizinghealthcaremanagementforthebenefitofall.Irecommendithighly.

John Zelcer
Swinburne University of Technology, Australia

xxiv

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use





Preface



PREFACE

TheprefacetothefirsteditionofthisHandbookstartedbynotingthat“Healthcareisanimportantindustry
thattouchesmost,ifnotallofusatsometimeinourlives.”Thiscertainlyholdstruetodayandonemight
evensay,arguably,isevenmoreimportantthaneverbefore.Why?Simplystated,becauseofthechal-
lengesfacinghealthcaredeliveryincludingtheexponentiallyincreasingcoststokeepeveryonehealthy
andlivinglonger,longerlifeexpectancy,anagingpopulationandtherapidriseofchronicconditions.

Indeed,healthcareormodernmedicineisnotedforusingleadingedgetechnologiesandembracing
newscientificdiscoveriestoenablebettercuresfordiseasesandbettermeanstoenableearlydetection
ofmostlife-threateningdiseases;however,thehealthcareindustrycontinuestobeextremelyslowto
adopttechnologiesthatfocusonbetterpracticemanagement,supportasuperiorpatientexperienceand
/orenablemoreeffectiveandefficientadministrativeneeds.

Presently,healthcarecontinuestograpplewithmanychallengesbothnationallyandglobally,includ-
ingescalatingcosts,amovetoapreventativecareenvironmentandatechnologysavvypatientwith
highexpectations.Thisinturnnecessitatesprudenthealthcareadministrationandmanagementinorder
torealisesuperiorhealthcaredelivery.Acriticalaspecttofacilitatingoptimalhealthcaredeliveryisa
focusonvalue.

Valueofhealthcareoperationsincorporatesanexaminationofqualityovercost,butthisgoalhas
distinctaspectsdependinguponone’sperspective,andonlysomeoftheseaspectsareprimarilymonetary.

Topatients,thevaluepropositionmaybeenhancedbyreducingtimespentinobtaininghealthcare,
loweringstressandworryandincreasingsatisfactionwiththeexperience.Tophysiciansandclinical
supportpersonnel,valuemaybeenhancedbytheabilitytoremotelyaccessmedicalrecordsandmoni-
torprescribedregimensandpatientsymptoms.Tomanagersandinvestors,valuemaybeenhancedby
loweringcostsofdeliveringhealthcareinwaysthatdonotcompromiseaccessorqualityorbymaking
processesmoreefficient,effectiveandstreamlined.Becauseoftherapidlydecreasingcoststructureof
hardware,technologyisnowabletoprovidemanyfunctionsthatwerenotpreviouslyavailable,suchas
connectivitythroughmobiledevices.Thus,digitalhealthinnovationsholdgreatpotentialforenhancing
thevalueofhealthcaretopatientsandstakeholders.

Whenwelookathealthcare,wecanseethatinordertoenhancevaluewemustnotsimplyfocus
onclinicalcarebutalsobecognizantofeducation,research,andadministrativeneedsofthisindustry.

Unlikethefirsteditionthechaptersarenotarrangedintosectionsbutratherflowlogicallyfroma
morehigherlevelofthemestomorespecificaspects.Inaddition,itisnotedthatchaptersaresourced
fromaroundtheworldtoprovideinsightsintouniqueaspectsinparticularregionsorcountriesbutalso
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tohighlightthatmanyoftheissuesareuniversalandaffecthealthcarestakeholdersnomatterinwhich
countrytheylive.Takentogethertheyservetounderscorekeyenablerstofacilitatingappropriatehealth-
careadministrationandmanagement,supportingahealthcarevaluepropositionofimprovingaccess,
quality,andvalueandprovidingasuperiorpatientexperienceenabledbydigitalhealthtechnologies.

CHAPTER 1

Thischapterservestohighlightthechangingdynamicsforhealthcareorganizationswiththevolumesand
lakesofdatatheynowmustprocess.Asituationthatisfurtherfueledbytheadvancesintechnologies
andmedicalscienceandtheincorporationofdigitalhealthsolutionsthatenableustoisolategenome
sequencingdata.However,itisthethesisofthischapterthatunlesshealthcareorganisationsbecome
learningorganisationsand incorporate the techniquesofknowledgemanagementandorganisational
learning these large and essentially raw data assets will become a burden and not a benefit. Thus,
healthcaresystemsneedtoberedesignedintointelligenthealthsystemsthatmaximisestechnologyand
utilisesvaluableknowledgeassets.Thechapternotesthattodothisitisimperativetounderstandthe
linkbetweentheprinciplesoforganisationallearningandKnowledgeManagement(KM)tofacilitate
thebuildingoflearninghealthcareorganisations.

CHAPTER 2

WhatsAppisevaluatedinthepresentedstudyasapeercoachgroupsupporttoolinahealthylifestyle
interventionwith15youngprofessionals.These individualswere time-constrainedprofessionals,so
twodesignchallengesweretocreateenoughattractivenessandqualityinthepeergroupinteractions.
Therewerethreemainhealthdomains:food,physicalactivityandmentalenergy.Basedontheresults,
theauthorshypothesizethatuserneedsinthefirstfiveweekswerewellsupported,butthatusersupport
needsseemedtochangeaftertheinitialfiveweeks,whichimpactedtheperceivedaddedvaluefromthe
WhatsAppgroup.

CHAPTER 3

Thischapterfocussesonthefactthatthegrowthofthehealthcaresectorhasledtoinnovativewaysto
catertoconsumers’needs,withsomeoftherich,developedcountriesattheforefront.Further,itsthesis
isthatanin-depthunderstandingofthemenablesasuccessfullyimplementedandusefulsystemfor
consumers.Thus,theauthorsinthischapter,takeagenerallookatpublicreportingonhealthandsocial
careservices.Theyexaminetheexistingreportingsystemsandtheissuestheyencounter.
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CHAPTER 4

Thischapterreportsonhowinteractionbetweenfamilymembersandcaregiversasperceivedbyfamily
memberscouldbeimprovedviacontext-aware,imperceptibleinternetofthings(IoT)-basedsolutions.
Thepresentedqualitativestudyfocusedoninvestigatingexperiencesofthefamilymembersandthecom-
municationbetweencaretakersinshelteredaccommodation.Interviewsincludingbothopenandclosed
questionsrevealedthatthereishighneedforimprovingthecommunication,addingtothesparseearlier
knowledge.Thestudyrevealedthatthefamilymemberswerewillingtoadoptanapplicationtoimprove
thecommunicationthatcurrentlywasexperiencedastoolimitedandvague.Theresultsprovideafruitful
baseforfurtheractionstoimprovecommunicationbetweenfamilymembersandprofessionalcaretakers.

CHAPTER 5

UsingtheSocialHeuristicTheory,theElaborationLikelihoodModelandtheUnifiedTheoryofAc-
ceptanceandUseofTechnology,thepresentedstudyinthischapterproposesamodelthatexaminesthe
persuasivemechanismsfortheelderlytousepatientportals.Anempiricalstudyinvolving117subjects
intheUnitedStateswasusedtotesttheproposedmodel.Usingthepartialleastsquaresmethod,social
powerandimitate-the-successfulsocialheuristicswerefoundtosignificantlyinfluencepatientportal
acceptanceamongtheelderly.Thesefindingsindicatethatolderpeopleinvestlesseffortcognitively
elaboratingwhenpresentedwithtechnologyacceptancedecisionsandacceptinfluencefromtheirhigher
statuspeersfromtheirnetwork.

CHAPTER 6

Thischapterlooksattheneedforinnovativetechnologiesthatmonitorandassistindependentliving
ofelderlypeopleintheirhomesisgrowing.Thesocio-economicbenefitsbyutilizingsuchsolutionare
sharedbetweenmanypartiesincludingtheelderlypeople,supportservices&caregiversandthemedical
system.Moreover,thechapterproposesthewearablesmartclothingbasedmonitoringsystemforhome
caredelderlypatient.Thedevelopmentoftheprototypesmartcloth,whichcurrentlysensesandalerts
thebodytemperatureisdiscussedinthischapter.Theproposedsystemisexpectedtoprovideamore
dignifiedlifefortheelderlyhomecaredpatientsbymaintainingtheirindependenceandprivacywhile
savingpublicandprivatemoney.

CHAPTER 7

ThisChapternotesthatinformationtechnologyhasenabledhealthcareproviderssuchashospitalsto
extendtheirinternaloperationsintoexternalfacilitiessuchasurgentandambulatorycarecentersand
optimizeresourcesinsupportofpatientcare.Specifically,thischapterlooksathospitalengagement
withpatientsintwosettings—theemergencyroom(ER)andthepatientroom(PR)—toillustrateboth
theopportunitiesandthestrategiesthathelphospitalsusepatienttouchpointstoimprovecontinuityof
careinsideandoutsidehospitalwalls.
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CHAPTER 8

ThethesisofthischapteristhatwiththeadvancementsofthetechnologiesoftheInternetofThings(IoT)
wearewitnessinggreatadvancesintheareasofanalytics,sensors,platforms,3Dprintingandmobile.
Atthesametimeandunrelatedwearealsowitnessingagrowingincreaseinthedecreasinghealthand
wellnessofpeopleinminoritycommunitiesespeciallywithregardtoincreaseinchronicconditions
suchasdiabetesandobesity.Thus,thereexistsanopportunitytoleveragetheseIoTtechnologiestotry
tosupportbetterminorityhealthandwellness.

CHAPTER 9

Manyappsandanalyzersbasedonmachinelearninghavebeendesignedalreadytohelpandcurethe
stressissuewhichisincreasingasepidemicnowadays’rapidly.Thepresentedprojectthatformsthe
focusofthischapterisbasedonanexperimentalresearchworkthatwehaveperformedatResearchLabs
andScientificSpiritualityCentersofDevSanskritiVishwaVidyalaya,HaridwarandPatanjaliResearch
Foundations,Uttarakhand.Inthisresearchwork,thecorrectnessandaccuracyhavebeenstudiedand
comparedfortwobiofeedbackdevicesnamedasElectromyography(EMG)andGalvanicSkinResponse
(GSR)whichcanoperateinthreemodes:audio,visualandaudio-visualwiththehelpofdatasetof
TensionTypeHeadache(TTH)patients.Theauthorshaverealizedbytheirresearchworkthatthese
dayspeoplehavelotofstressintheirlifesoweplannedtomakeaneffortforreducingthestresslevel
ofpeoplebyourtechnicalknowledgeofComputerScience.

CHAPTER 10

Governmentsoftencreatepoliciesthatrelyonimplementationbyarm’slengthorganizationsandre-
quirepracticechangesonthepartofdifferentsegmentsofthehealthcaresystemwithoutunderstanding
thedifferencesinandcomplexitiesoftheseagencies.Theresearchpresentedinthischapterdescribes
componentsofahealthsystemandexplainshowtheyaffectoutcomes.Itarguesthatimplementedpoli-
ciesaffectvariouscomponentsofahealthsystemintermsofservicedelivery,workforce,information,
financing,medicalproducts, technologies, leadershipandgovernance.Using thehealthsystemasa
frameworkofanalysis,thechapterexplainsthattheoutcomeofhealthpolicyimplementationdetermines
theavailability,qualityandequabilityofprogramservicedelivery.

CHAPTER 11

Thefocusofthischapterisontelemedicinematuritymodelswhichaimtosupporttelemedicinescaling
up.Moreover,thechapternotesthateventhoughadiversityoftelemedicinematuritymodels,andfur-
thersupporttools,exist,theyareoftenunabletosupportusersproactivelyoroffersubstantialguidance
fortheimprovementofthestatusquo.Anewmaturitymodelisthereforeneeded,whichovercomesthe
shortcomingsevidentinexistingapproaches.Thischapterthus,aimstoidentifyrequirementsthatsuch
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amodelhastofulfil,basedonananalysisofexistingmaturitymodels.Theresultsguidefutureresearch
andcansupportthescalingupoftelemedicineinitiatives.

CHAPTER 12

ThischapterpresentsanovelapproachtosolvingaparticularpainpointinacutecarecontextsinAustra-
lia.Forpatientsundergoingsurgeryinamulti-dayadmission,standardcarerequiresthattheirsurgeon
willreviewthepatientpost-operativelytocheckontheirprogress.Thisisusuallydonebythespecialist
attendinginperson.However,intheAustraliansetting,mostspecialistsworkatmultipleinstitutions.As
aresult,reviewwardrounds,especiallyofpost-operativepatientsforexample,canbedelayed,whichcan
delaymanagementdecisionsanddischarge,whichinturnmaylowerpatientsatisfaction.Atelemedicine
solutionisdesignedandresultsfromapilottestareexaminedtoassessthebenefitsofincorporatingan
electronicdischargecapabilityintothecurrentprocess.

CHAPTER 13

Crowdsourcinghasaroletoplayinsolvinghealthcarebasedproblemsasitcantapintoavastpool
ofglobalmedicalknowledge.Thischapterfirstcategorizesthevariousproblemsinthehealthcarein-
dustry.Itthendescribesthedifferencesinvariousmedicaltraditionsinsolvingmedicalproblems.The
chapteralsodiscussesthechallengesinidentifyingtheidealmedicalsolution.Itnotesthevarioustypes
ofobstaclestoadoptingeffectivehealthcaresolutionsandsuggestscrowdsourcingsolutionsthatcould
buildupanimpetusforbringingaboutpositivechange.Finally,thechapteremphasizesthepotentialof
crowdsourcingtodisruptoldideasandintroducenewonesaswellasamakeasignificantimprovement
inthesocialqualityfordifferentpopulationgroups.

CHAPTER 14

Thenegativeandunbalancednatureofmediaandsocialmediacoveragehasamplifiedanxietiesand
fearsabouttheEbolaoutbreak.InthischaptertheauthorsanalysenewsarticlesontheEbolaoutbreak
fromtwoleadingnewsoutlets,togetherwithcommentsonthearticlesfromawell-knownsocialmedia
platform,fromMarch2014toJuly2015.ThevolumeofnewsarticlesweregreatestbetweenAugust
2014andJanuary2015,withaspikeinOctober2014,andweredrivenbythefewcasesoftransmission
inEuropeandtheUSA.Sentimentanalysisrevealscoverageandcommentaryonthesmallnumberof
EbolacasesintheEuropeandtheUSAweremuchmoreextensivethancoverageandcommentaryon
theoutbreakinWestAfrica.ArticlesexpressingnegativesentimentsweremorecommonintheUSA
andalsoreceivedmorecommentsthanthoseexpressingpositivesentiments.Thenegativesentiments
expressedinthemediaandsocialmediaamplifiedfearsaboutanEbolaoutbreakoutsideWestAfrica,
whichincreasedpressureforunwarrantedandwastefulprecautionarymeasures.
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CHAPTER 15

Blockchainisadecentralized,digitalledgerthatkeepsapermanent,unalterablerecordoftransactions
betweenusers.OneofthegreatestadvantagesofBlockchainisthatitismuchmoresecurethanother
datastorageplatforms,andthusparticularlyrelevantforhealthcare.Thischapterservestooutlineareas
andopportunitiesfordeployingthistechnologyintokeyhealthcarecontextstosupporteffectiveand
efficientoperations,aswellasheightenedtransparencyandtrustaroundactivitiesbetweenandwithin
stakeholders.

CHAPTER 16

3Dprintinghasdevelopedasamodificationofanoldinjectprinter.Today,itisrapidlyexpandingof-
feringnovelpossibilitiesaswellasnewexcitingapplicationsforvarioussectorsincluding:healthcare,
automotive,aerospaceanddefenseindustries.Thischapterpresentskeyapplicationareaswithinthe
healthcaresector.Inmedicine3Dprintingisrevolutionizingthewayoperationsarecarriedout,dis-
ruptingprosthesisandimplantmarketsaswellasdentistry.Therelativelynewfieldofbioprinting,has
cometobebecauseofadvanceswiththistechnology.Aswillbediscussed,numerousapplicationsof
3Dprintinginhealthcarerelatetopersonalizedmedicine.Forinstance,implantsorprosthesesare3D
printedforaspecificuser’sbody,optimizingthetechnologytoworkforanindividual,notanaverage
useraswithmostmassproducedproducts.Inaddition,3Dprintinghasapplicationsonthenanoscale
withprintingofdrugsandothersmalleritems.Hence,3Dprintingrepresentsadisruptivetechnology
forhealthcaredelivery.

CHAPTER 17

Thenumberofcasesclaimedbycancerplacesitamongthetop3chronicdiseasesbothindeveloped
countriesaswellasunderdevelopedcountries.Thediagnosis,medicationandtreatmentforcanceris
extremelycostly.Typically,cancertreatmentinvolvessurgery,radioandchemo-therapy.Owingtothe
extremelyhighpriceofmedicineandtreatmentalongwithcytotoxicityofmedication,cancertreatment
warrantsextraordinarycareintreatingcancerpatients.Oncologyinformationsystems(OIS)providean
allinonesolutionforsuchproblems.TheOIScanintegratedifferenttreatmentprotocols,updatechange
indoseandtreatmentinrealtime.ThischapterprovidesanevaluationofdifferentOIS.

CHAPTER 18

Patientleadtimeinemergencyunitsisacriticalfactorforqualityofcareandpatientsafety.Theobject
ofthischapterisapublicemergencycarehospitalofaBraziliancity,importantforitslocalizationinthe
secondmorepopulatedareaofthecity.Greenriskpatientsconstitutemorethanahalfofattendancesand
representthelargestvolumeofout-of-goalattendancesinthehospital.Consideringthisanalysis,itwas
conductedtheprocessmodellinginordertounderstandpatientpathwayandthemainrelatedproblems.
Alistofundesirableeffectswassubsequentlycomposed,allowingtheconstructionoftheCurrentRe-
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alityTree(CRT).Withtherootcausesidentified,theliteraturesuggestedfasttrackasanalternativeto
reducetheaveragewaitingtimeinqueueuntilthemedicalcare.Themethodusedfortestingscenarios
offasttrackwasdiscreteeventssimulation.

CHAPTER 19

DigitalInnovationforHealthDataAnalyticshavefacedobstaclesinsystemsimplementation&consumer
acceptance.Researchsuggeststhatdigitalhealthinnovationhasbeenachallengeandaslowprocessfor
acceptance.AtthesametimeitofferstremendousopportunitiesinHealthDataAnalyticsforconsumers
ofhealthservices&serviceproviders,suchashealthinformationportability,personalizationofhealth
informationbyconsumers,easyaccessandusefulnessofhealthinformation,bettermanagementofdata
recordsbyinstitutions&government,andmanagementofinformationbyhealthcarestaffforpatients’
engagementandcare.HealthDataAnalyticsisthekeyfordrivingaDigitalSystemsforHealthInnova-
tion.Thepresentedresearchinthischapterseekstoidentifythedigitalhealthinnovationopportunities
andobstacles,developaframework&aconceptualmodelfordigitalhealthinnovationthatempowers
consumerofdigitalhealthtousetheinformationtomakeinformeddecisionsandchoices.

CHAPTER 20

Akeyactivityinhealthcareisclinicaldecisionmaking.Thisdecisionmakingtypicallyhastobemade
rapidlyandoftenwithoutcompleteinformation.Moreover,theconsequencesofthesedecisionscould
befarreachingincludingthedifferencebetweenlifeordeath.Todayanalyticscanassistinclinicaldeci-
sionmakingasthefollowingchapterhighlights.However,togainthemostfromanytypeofanalytics
itisfirstnecessarytofullyunderstandthedynamicsaroundtheclinicaldecisionmakingprocessasthis
chaptersetsouttopresent.

CHAPTER 21

Ontheonehand,predictiveanalyticsisanimportantfieldofresearchinInformationSystems;however,
researchonpredictiveanalyticsinhealthcareisstillscarceinISliterature.Oneareawherepredictive
analyticscanbeofgreatbenefitiswithregardtounplannedreadmissions.Whileanumberofstudieson
readmissionpredictionalreadyexistsinrelatedresearchareas,therearefewguidelinestodateonhowto
conductsuchanalyticsprojects.Toaddressthisgapthischapterpresentsthegeneralprocesstodevelop
empiricalmodelsbyShmueliandKoppiusandextendsthistothespecificrequirementsofreadmission
riskprediction.Basedonasystematicliteraturereview,theresultingprocessdefinesimportantaspects
ofreadmissionprediction.Italsostructuresrelevantquestionsandtasksthatneedtobetakencareofin
thiscontext.TheauthorscontendthatthisextensionoftheguidelinesbyShmueliandKoppiusprovides
abestpracticeaswellasatemplatethatcanbeusedinfuturestudiesonreadmissionriskprediction,
thusallowingformorecomparableresultsacrossvariousresearchfields.
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CHAPTER 22

Thepresentedstudyinthischapteraimstoidentifypredictorsforpatientslikelytobereadmittedto
ahospitalwithin28daysofdischargeandtodevelopandvalidateapredictionmodelforidentifying
patientsatahighriskofreadmissioninanAustralianhealthcarecontext.Numerousattemptshavebeen
madetobuildsimilarpredictivemodels.However,themajorityofexistingmodelssufferfromatleast
oneofthefollowingshortcomings:themodelisnotbasedonAustralianHealthData;themodeluses
insuranceclaimdata,whichwouldnotbeavailableinareal-timeclinicalsetting;themodeldoesnot
considersocio-demographicdeterminantsofhealth,whichhavebeendemonstratedtobepredictiveof
readmissionrisk;orthemodelislimitedtoaparticularmedicalconditionandisthuslimitedinscope.

CHAPTER 23

Intelligenttoolsandcollaborativesystemscanbeusedinhealthcarecontextstosupportclinicaldeci-
sionmaking.Suchanapproachisconcernedwithidentifythewayinwhichinformationisgatheredand
decisionsaremadealongspecificcarepathways.Thischapterpresentsresearchthatdevelopsareal-time
collaborativesystemusinganIntelligentRiskDetectionModel(IRD)toimprovedecisionefficiencyin
thecaseofHipandKneeArthroplasty.Thebenefitsofadoptingthissolutionincludeincreasingaware-
ness,supportingcommunication,improvingdecisionmakingprocessandalsoimprovinginformation
sharingbetweensurgeonsaskeycollaborativepartiesintheresearchcase.Thisinturnleadstohigher
levelsofpatientandclinicalsatisfactionandbetterclinicaloutcomes.

CHAPTER 24

Diabetestype2isachronicconditionthatcurrentlyhasnocure.Hence,propermanagementiskey
asthebestapproachtoensurethewellnessofsufferers.Toestablishtheattitudesofself-carepatients
towardsthemanagementofthisailment,theauthorsinthischapterdesignedastudythattargeted100
Australianresidentsinthefirstphase.Theseparticipantsprovidedquantitativeandqualitativeinforma-
tionaboutvariousdiabetestype2managementpracticesthatincludeexercisinganddietmanagement
andtheco-morbiditiestheycurrentlysuffer.

CHAPTER 25

Todaymostpeoplehaveatleastonesmartphoneirrespectiveofsocio-economicstanding.Suchapen-
etrationofmobilephoneshasenabledmobilehealthtorapidlydevelopoverthelast5years.Thereare
manybenefitstopatientsandcliniciansaffordedbymobilehealthincludingtheconvenienceofany
timeanywhereaccesstodataandinformationandthepossibilitytomonitorsothatcriticalissuescan
becaughtearly.Onekeyareaisinthepostdischargephaseaspatientsreturnhometoensuretheyare
makinggoodprogress.Thischapterdiscussesdevelopmentsofmobilehealthsolutionsandprecision
post-operativewellnessmonitoringsolutions.
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CHAPTER 26

Arguably,themostprevailingchronicdiseasetodayisdiabetes.TheWorldHealthOrganization(WHO)
notesthatdiabetesisasilentepidemic,andby2020,therewillbea54%riseinthetotalnumberof
individualsdiagnosedwiththisdisease.Thesearedistressingfigures.Manyareturningtotechnology
solutionstoassist.Whatbecomesimportant is theabilitytorapidlydesignanddevelopappropriate
digitalhealthandwellnesssolutions.ThefollowingchapterdiscusseskeyconsiderationsaroundDesign
ScienceResearchMethodologycoupledwithUser-centreddesignprinciplesandCo-creationaswellas
presentstheAdaptiveMappingtoRealizationmodel.

CHAPTER 27

TheU.S.healthcaresystemhasbeenoftencharacterizedasfragmentedanddisconnected.Lackofeffec-
tiveandconcurrentadoptionofinformationtechnologyhasbeenknowntobeafactorthatcontributes
tothedecentralizationofhealthcaresystems.Fragmentedsystemsarealsoresponsibleforcreatingsilos
thatoperatewithminimalcoordination.Cliniciansinsuchsystemsareprovidingduplicateservicesbe-
causetheyarenotawareofpatientcareplanssetbyotherpractitioners.Theseduplicationscouldlead
toprescriptiondrugerrorsduetoinconsistenciesandlackofcoordinationinthetreatmentservicesand
insomecasesdrug-druginteractions.Thefollowingsuggestsarolefortechnologytofacilitatebetter
careco-ordination.

Asnotedinthefirstedition,itisnotpossibleinonevolumetoaddressallthefactorsthatcanfacilitate
healthcarevaluecreation.Thisbookpresentsamiscellanyofinitiativeswrittenbyleadinginternational
scholarsandpractitionersaimedataddressingvariousaspectsofenhancingvalueinhealthcareopera-
tionsandtherebyenablingsuperiorhealthcarepracticetoensueandprudenthealthcareadministration
andmanagementtoberealised.Itservestobuildonthefirsteditionbyincorporatingnewmaterialand
developments.Thisisthoughttobeespeciallyprudentgiventherapidanddynamicnatureofdigital
healthinnovation;oftenwhatispossibletodaywasnotevenimaginedyesterday.

Thebookistargetedatallhealthcarestakeholderswhohaveaninterestintheroleof-andfordigital
health.Itisusefulforhealthcarepractitioners,healthcareexecutives,managersaswellasresearchers,
consultantsandstudentsand/oreventhepopulationatlarge.Itisexpectedthatonreadingthisworknot
onlywillmanyquestionsbeansweredbutmanymorewillarise,becauseitisonlythroughquestioning,
reflectinganddiscoursethatwecanensureourhealthcaredeliverysystemsarecontinuouslyimproving
andincorporatingthelatestandbestdigitalhealthsolutionsthatenabletherealisationofbetterquality,
accessandvalueaswellasasuperiorpatientexperience.Healthcareaffectsusall,anditismyhopethat
onreadingthisyouwillfeelinspiredtomovetheneedleinimprovinghealthcaredelivery.

The Editor

Nilmini Wickramasinghe
Swinburne University of Technology, Australia & Epworth HealthCare, Australia
Oct. 2019
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ABSTRACT

As the volumes of data generated in healthcare delivery grows, the need for embracing big data strate-
gies and data analytic techniques to better navigate dynamic and complex healthcare environments 
becomes more and more pressing. This focus has been further fuelled by the advances in technologies 
and medical science and the incorporation of digital health solutions that enable us to isolate genome 
sequencing data. However, it is the thesis of this chapter that unless healthcare organisations become 
learning organisations and incorporate the techniques of knowledge management and organisational 
learning, these large and essentially raw data assets will become a burden and not a benefit. Thus, 
healthcare systems need to be redesigned into intelligent health systems that maximise technology and 
utilise valuable knowledge assets. To do this, it is imperative to understand the link between the prin-
ciples of organisational learning and knowledge management (KM) to facilitate the building of learning 
healthcare organisations.

INTRODUCTION

In knowledge-based organizations, knowledge is an essential element that is generated, developed and 
circulated by knowledge workers and through doing so business growth, sustainability and competi-
tive advantage are enabled (Ganguly et al., 2012). In fact, many have noted that knowledge is the only 
sustainable source of competitive advantage for organisations (Davenport & Prusak, 1998 Davenport 
& Grover, 2001; Wickramasinghe, 2003, 2005; Wickramasinghe & Lichtenstein, 2006; von Lubitz 
& Wickramasinghe, 2006). The change in knowledge occurs both at an individual level and at an 
organisational level when learning takes place (Senge, 1990) which is usually when new data and 
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/or information are added to the extant knowledge base (Senge, 1990) .The longer-term impact of 
well-managed knowledge depends on the approach and systems tailored for the continuity of sharing 
of knowledge workers’ skills and know-how (Senge, 1990) in which a significant part of this organi-
zational knowledge is retained by the experienced employees. This is why organizations are affected 
when these employees leave and take with them their expertise as well as part of the organization’s 
memory (Senge, 1990). In contrast, the ability to store generated knowledge and apply it to enhance 
superior decision making when required, as well as continue to build on this extant knowledge is 
quintessentially the domain of organisational learning (Ganguly et al., 2012). This not only ensures 
that the organisations horse power and intellect is applied to specific problems at all times but also 
ensures knowledge is not lost when knowledge workers leave the organisation. It is the thesis of this 
chapter that it would be prudent for healthcare organisations to develop into learning organisations 
and thereby, ensure that at all times the extant knowledge is applied to current problems as well as 
ensuring that the extant knowledge continually grows and is enriched as the organisation evolves with 
time. Given the current challenges facing healthcare of escalating costs, growing and aging popula-
tions as well as the rise of chronic diseases, this appears to be a prudent strategy. Moreover, given the 
rise of big data and data analytics, such a strategy would also ensure maximisation of current large 
amounts of raw data assets.

Generally, organisations have been slow to maximise the potential of their raw data asset while 
healthcare organisations have been particularly deficit. In the case of healthcare organisations, these 
data assets are generated during the care processes and are used in part to develop new treatment 
models and more efficient administrative processes between providers, insurers, payers and patients 
(Wickramasinghe and Schaffer, 2006). Given the significant volumes of heterogeneous data that are 
generated during the care processes and the considerable impact that these data can have on treatment 
outcomes, this current state of incomplete utilisation of knowledge assets is unacceptable. Creating a 
learning healthcare organisation requires the integration of organisational learning techniques and a 
process centric perspective to KM.

KM, Organisational Learning And The Learning Organisation

Knowledge management (KM) is a rapidly evolving domain aimed at addressing current challenges 
to increase efficiency and efficacy of core business processes while simultaneously incorporating 
continuous innovation. The need for knowledge management is based on a growing realisation by the 
business community that knowledge is central to organizational performance, and integral to the at-
tainment of a sustainable competitive advantage (Davenport & Grover, 2001; Drucker, 1993). Such a 
fundamental macro-level shift also has consequent and significant implications upon both meso-level 
and the micro-level processes throughout organizations. Indeed the assimilation and implementation 
of knowledge management concepts, tools, techniques and strategies, i.e., the adoption of Knowledge 
Management Systems (KMS) and subsequent transforming to become a knowledge-based requires the 
correct choice of various tools and techniques to be applied in a coordinated fashion to all organizational 
operations so that knowledge driven and knowledge generating business process and activities result. 
To do this effectively and systematically, it is essential to have in place an appropriate KM strategy.

Siemens, affiliating with CIBIT (a Dutch knowledge management company), has developed a 
suitable Knowledge Strategy Process (KSP) (Hofer-Alfeis, 2003). This KSP can be used as a strategic 
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tool by stakeholders and managers for assessing the intellectual capital in their organizations. This 
model of knowledge assessment has three dimensions; namely, proficiency, diffusion and codification.

As well as the KSP described above, a sound Knowledge Management Infrastructure (KMI) is a 
further critical consideration for organisations as they try to wrestle with current business challenges, 
to increase efficiency and efficacy of their core business processes, while simultaneously incorpo-
rating continuous innovation (Alavi & Leidner, 2001; Markus, 2001; Sharma, Gupta & Wickramas-
inghe, 2005). However, the connection between incorporating KM tools, techniques and strategies, 
and thereby, building a strong KMI, and simultaneously evolving into a learning organisation is less 
well discussed in the literature and even more poorly achieved in practice. By recognising the direct 
connection between organisational learning and KM, it is not only possible to develop a successful 
KM initiative but also more importantly make the transition to a learning organisation. Conversely, 
by ignoring this integral connection, it is highly probable that KM initiative will neither realise its 
anticipated goals nor be truly successful. Table 1 summarises the key elements of a suitable KMI. 
It is only by all these elements in turn that it is possible for an organisation to evolve into a learning 
organisation.

Table 1. Key elements of a KMI

Element of the Knowledge Management Infrastructure Description

Infrastructure for Collaboration

The key to competitive advantage and improving customer 
satisfaction lies in the ability of organizations to form learning 
alliances; these being strategic partnerships based on a business 
environment that encourages mutual (and reflective) learning 
between partners (Holt et al., 2000). Organizations can utilize 
their strategy framework to identify partners, and collaborators 
for enhancing their value chain.

Organizational Memory

Organizational memory is concerned with the storing and 
subsequent accessing and replenishing of an organization’s 
“know-how” which is recorded in documents or in its people 
(Maier et al 2000). Thus, strong organizational memory systems 
ensure the access of information or knowledge throughout the 
company to everyone at any time (Croasdell, 2001).

Human Asset Infrastructure

This deals with the participation and willingness of people. The 
human asset infrastructure then, helps to identify and utilize the 
special skills of people who can create greater business value 
if they and their inherent skills and experiences are managed to 
make explicit use of their knowledge.

Knowledge Transfer Network

This element is concerned with the dissemination of knowledge 
and information. Unless there is a strong communication 
infrastructure in place, people are not able to communicate 
effectively and thus are unable to effectively transfer knowledge.

Business Intelligence Infrastructure

In an intelligent enterprise various information systems are 
integrated with knowledge-gathering and analyzing tools for 
data analysis, and dynamic end-user querying of a variety of 
enterprise data sources (Hammond, 2001). The intelligence of a 
company is not only available to internal users but can even be 
leveraged by selling it to others such as consumers who may be 
interested in this type of informational intelligence.
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LEARNING ORGANISATIONS

Learning is defined as acquiring new knowledge and enhancing existing knowledge (Simon, 1999). 
A learning organisation is an organisation that has an enhanced capacity to learn, adapt and change 
(Levine, 2001). Learning takes place at two levels – individual and organisational. Huber (1981, 1991) 
suggests that organisations do not have brains, but they have cognitive systems and memories (Popper 
and Lipshitz, 2000). As individuals develop their personalities, personal habits and beliefs over time, 
organisations develop their views and ideologies (Hedberg, 1981). Learning at both individual and 
organisational levels involves the transformation of data (un-interpreted information) into knowledge 
(interpreted information). Individual learning and organisational learning are similar except that or-
ganisational learning involves an additional phase, dissemination, i.e. the transmission of information 
and knowledge among different persons and organisational units (Popper & Lipshitz, 2000; Kapp, 
1999; Markic, 2005; Senge, 1990, 1994; Simon, 1999).

Scholars and management theorists have noted that, the organisation that becomes a learning or-
ganisation will hold an advantage over its competitors because of its ability to learn faster (Markic, 
2005; Senge, 1990, 1994; Simon, 1999). Learning organisations are generally described as those that 
continuously acquire, process, and disseminate knowledge about markets, products, technologies, and 
business processes (Argyris and Schon 1978; Argyris, 1982; Argote, 1999). This knowledge is often 
based on experience, experimentation, and information provided by customers, suppliers, competitors, 
and other sources (Senge, 1990, 1994; Ellinger, Watkins and Bostrom, 1999).

Today, with the embracement of technology we are generating more data than ever before; how-
ever turning this data into meaningful and useable, pertinent and germane knowledge has yet to be 
fully mastered. Organisations need to utilise knowledge across processes and functions, to become 
knowledge-driven organisations or learning organisations (Nevis, DiBella & Gould, 1997). Peter 
M. Senge (1990) introduced the concept of learning ‘organisation’ in his landmark book, The Fifth 
Discipline: The Art and Practice of the Learning Organisation. A learning organisation is a complex 
interrelationship of systems composed of people, technology, practices, and tools designed so that 
new information is embraced (Simon, 1999). Learning organisations are organisations that embed 
institutionalised learning mechanisms into a learning culture (Popper & Lipshitz, 2000). Further, it is 
essential that learning organisations continually expand their capacity to be creative and innovative. 
The only way to sustain competitive advantage is to ensure that the organisation is learning faster than 
the competition and this can be effectively achieved via incorporating a process perspective to KM.

A PROCESS PERSPECTIVE TO KM

In this millennium, the most valuable resources available to any organisation are human skills, expertise, 
and relationships. KM is about capitalising on these precious assets (Duffy, 2001). Intangible assets 
include human capital (tacit knowledge and competencies), structural capital (intellectual property, 
methods and policies), social capital (relationships), and organisational capital (customer relationships 
and agreements). There are two levels of organisational learning – the contribution level (where people 
learn, collaborate and innovate) and the multiplier level (where what comes from the contribution 
level is passed along the rest of the organisation through processes such as mentoring, networking and 
inspiring (Sharma, Gupta & Wickramasinghe, 2005; Wickramasinghe & von Lubitz, 2007).
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The connection between the process of organisational learning and KM can be seen on examin-
ing one of the key aspects of KM; namely the generation and acquisition of knowledge. Within KM, 
the two predominant approaches to knowledge generation are people centric and technology centric 
(Wickramasinghe, 2005). A people oriented perspective draws from the work of Nonaka as well as 
Blacker and Spender (Nonaka, 1994; Nonaka & Nishiguchi, 2001; Newell et al., 2002; Schultze & 
Leidner, 2002). Essential to this perspective of knowledge creation is that knowledge is created by 
people and that new knowledge or the increasing of the extant knowledge base occurs as a result 
of human cognitive activities and the effect of specific knowledge transformations (Nonaka, 1994; 
Nonaka & Nishiguchi, 2001; Newell et al., 2002; Schultze & Leidner, 2002). A technology driven 
perspective to knowledge creation is centred around the computerised technique of data mining and 
the many mathematical and statistical methods available to transform data into information and then 
meaningful knowledge (Adriaans & Zantinge, 1996; Fayyad, Piatetsky-Shapiro & Smyth, 1996; Ca-
bena et al., 1998; Chung & Gray, 1999; Becerra-Fernandez & Sabherwal, 2001; Holsapple & Joshi, 
2002; Bendoly, 2003; Choi & Lee, 2003; Award & Ghaziri, 2004).

In contrast, a process centric approach to knowledge creation not only combines the essentials of 
both the people centric and technology centric perspectives but also emphasises the dynamic, often 
complex and on-going nature of the process/processes under consideration. This view of knowledge 
generation is grounded in the pioneering work of John Boyd which he succinctly captured in the 
OODA Loop ie a systematic and connected process of Observation followed by Orientation, then by 
Decision, and finally Action (ie OODA loop), which serves to support rapid decision making and 
extraction of critical and germane knowledge (Boyd, 1987, 2002; von Lubitz & Wickramasinghe, 
2006) as it is depicted in Figure 1.

Figure 1. Process perspective of KM
Source: Adapted from Wickramasinghe and von Lubitz (2006).
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The loop is based on a cycle of four interrelated stages essential to support critical analysis and 
rapid decision making that revolve in both time and space: OODA. At the observation and orientation 
stages, implicit and explicit inputs are gathered or extracted from the environment (observation) and 
converted into coherent information (orientation). The latter determines the sequential determination 
(knowledge generation) and action (practical implementation of knowledge) steps. The outcome of 
the action stage then affects, in turn, the character of the starting point (observation) of the next revo-
lution in the forward progression of the rolling loop. Hence, the generation and acquisition of new 
knowledge, which involves a change to the extant knowledge base reflects organisational learning or 
conversely organisational learning is closely associated with the process of knowledge creation, and 
knowledge creation is contingent on prior learning. However, neither learning nor knowledge creation 
are considered to be linear processes. Moreover OODA thinking support all types of learning.

TYPES OF LEARNING

There are two major types of learning (Duffy, 2000):

1.  Incremental: Learning that is characterised by simple, routine problem solving and that requires 
no fundamental change to your thinking or system.

2.  Radical: Breakthrough learning that directly challenges the prevailing mental model on which 
the system is built. Learning can be further classified as adaptive and generative learning 
(Wickramasinghe & von Lubitz, 2006).

The dominant view of organisations is based on adaptive learning, which is about coping (Wickra-
masinghe & von Lubitz, 2006). Senge (1990) notes that increasing adaptiveness is only the first stage; 
companies need to focus on generative learning or ‘double-loop learning’ (Argyris, 1982). Generative 
learning emphasises the continuous experimentation and feedback in an ongoing examination of the 
very way organisations go about defining and solving problems. In Senge’s (1990) view, generative 
learning is about creating – it requires ‘systemic thinking’, ‘shared vision’, ‘personal mastery’, ‘team 
learning’, and ‘creative tension’.

Generative learning, unlike adaptive learning, requires new ways of looking at the world.
In contrast, adaptive learning or single-loop learning focuses on solving problems in the present 

without examining the appropriateness of current learning behaviours. Adaptive organisations focus 
on incremental improvements, often based upon the past track record of success. Essentially, they do 
not question the fundamental assumptions underlying the existing ways of doing work. The essential 
difference is between being adaptive and having adaptability.

A learning organisation distinguishes itself, in particular, by a culture that encourages generative- or 
double-loop (Argyris, 1977) learning in addition to possessing receptivity to adaptive or incremental 
improvement. Generative- or double-loop learning is thinking which challenges the dominant logic or 
assumptions that guide decision making within an organisation from the lowest level of operation to 
Chief Executive Officer (CEO’s) office. Therefore, it is incremental and transformational. Generative 
learning contrasts with adaptive learning; adaptive learning seeks improvements within the mental 
constraints of the prevailing assumptions about how an organisation currently does or should conduct 
business (Dodge, 1991; Duffy, 2000).
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Generative learning, unlike adaptive learning, requires new ways of looking at the world. Generative 
learning requires seeing the systems that control events. When we fail to grasp the systemic source 
of problems, we are left to ‘push on’ symptoms rather than eliminate underlying causes. Without sys-
temic thinking, the best we can ever do is adaptive learning. The secret of the learning organisation 
is to find the leadership, institutional arrangements, and cultural elements that result in generative 
learning as a continuous process.

Creating Learning Healthcare Organisations

Integral to creating a learning organisation is the need to foster KM technologies and enable knowledge 
workers. The process centric perspective of KM serves to underscore theoretically how important it 
is to foster organisational learning through the incorporation of KM tools and technologies as well as 
fostering human expertise so that superior decision making will ensue. What remains to be discussed 
is how healthcare organisations should effect such a transformation. As discussed in previous research, 
critical to any successful KM initiative is the development of KMI.

Implementing KMI Elements

Traditionally, healthcare organisations in the US have structured around treatment protocols and care 
delivery (Starr, 1982). However, to incorporate KMI elements, described above in Table 1, into a 
typical healthcare organisation does not require a major physical overhaul rather the judicious imple-
mentation of key technologies and the incorporation of new techniques and activities that are enabled 
by these technologies

The Intelligence Continuum (Wickramasinghe & Schaffer, 2006) is a representation of the col-
lection of key tools, techniques and processes of today’s knowledge economy; i.e. including but not 
limited to data mining, business intelligence/analytics and knowledge management. Taken together 
they represent a very powerful system for refining the data raw material stored in data marts and/or 
data warehouses and thereby maximizing the value and utility of these data assets for any organiza-
tion. The first component is a generic information system which generates data that is then captured 
in a data repository. In order to maximize the value of the data and use it to improve processes, the 
techniques and tools of data mining, business intelligence and analytics and knowledge management 
must be applied to the data warehouse. Once applied, the results become part of the data set that are 
reintroduced into the system and combined with the other inputs of people, processes, and technol-
ogy to develop an improvement continuum. Thus, the Intelligence Continuum includes the generation 
of data, the analysis of these data to provide a “diagnosis” and the reintroduction into the cycle as a 
“prescriptive” solution (Figure 2).

In today’s context of escalating costs in healthcare, managed care in the US, regulations and a 
technology and health information savvy patient, the healthcare industry can no longer be compla-
cent regarding embracing key processes and techniques to enable better, more effective and efficient 
practice management. The proliferation of databases in every quadrant of healthcare practice and 
research is evident in the large number of isolated claims databases, registries, electronic medical 
record data warehouses, disease surveillance systems, and other ad hoc research database systems 20. 
Not only does the number of databases grow daily, but even more importantly, so does the amount 
of data within them. Pattern-identification tasks such as detecting associations between certain risk 
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factors and outcomes, ascertaining trends in healthcare utilization, or discovering new models of dis-
ease in populations of individuals rapidly becomes daunting even to the most experienced healthcare 
researcher or manager (Wickramasinghe & Schaffer, 2006). Yet these tasks may hold the answers 
to many clinical issues such as treatment protocols or the identification across geographic areas of 
newly emerging pathogens and thus are important. Add to all of this the daily volumes of data gener-
ated and then accumulated from a healthcare organization administrative system, clearly then, the 
gap between data collection and data comprehension and analysis becomes even more problematic. 
Information technology (IT) tools coupled with new business approaches such as data mining, busi-
ness intelligence/analytics and knowledge management should be embraced in an attempt to address 
such healthcare woes (Wickramasinghe & Schaffer, 2006). Figure 2 highlights important aspects of 
knowledge in essential healthcare operations (McCormick, 1999; Morrissey, 2002; Wickramasinghe, 
Geisler & Schaffer, 2005; Wickramasinghe et al., 2006).

The essential backbone for establishing the infrastructure for collaboration includes intranet and 
extranet capabilities and client/server technologies. With such an infrastructure it is then possible for 
various care givers to coordinate efforts, communicate and collaborate electronically and ultimately 
devise the most appropriate treatment protocols. In a spine clinic in the Midwest, such a collabora-
tion infrastructure does exist and it provides neuro surgeons, neurologists and orthopaedic surgeons 
as well as the other key care givers for the back and neck patients to share their expertise and thereby 
develop superior treatment protocols (Wickramasinghe and Davison, 2004; Wickramasinghe et al., 
2004). Other more medical specific systems like Picture Archiving Communication System (PACS) 
and many of the electronic medical record systems also facilitate such interactions between various 
healthcare professionals including radiologists and specialists so that more effective and efficient as 
well as superior diagnoses and treatments can ensue (Serb, 2002).

Figure 2. The impact of the intelligence continuum on the generic healthcare system
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The essential technology element to support the organisational memory element is the database. 
Databases used in this capacity must be carefully structured so that superior treatment protocols and 
critical lessons, anomalies and key results can be stored, maintained and readily accessible when 
required. Not only does such a system support effective and efficient healthcare delivery but also 
provides a useful evidence base for fostering evidence based medicine. Currently, the largest well 
organised and easy to access, search and retrieve medical data and literature is MedLine (Dearness & 
Tomlin, 2001; Anagnostelis, 2002; Glanville, Wilson & Richardson, 2003).

Healthcare organisations are plentiful with knowledgeable experts. Thus, the essential input for 
this element already exists. However, healthcare organisations have also been negligent in maximising 
this asset at the institutional level. An example of an innovative and useful way to leverage the talents 
and expertise of the human asset of a healthcare organisation can be seen in the way the Cleveland 
Clinic1 has developed there web-based second opinion system. By incorporating intranet and extranet 
capabilities as well as client/server technologies, this second opinion system enables patients from 
anywhere in the US, or even internationally, to consult one of the expert physicians for a second opin-
ion on a primary diagnosis (Wickramasinghe, Geisler & Schaffer, 2005). The system enables the key 
data elements including lab and radiology results as well as patient’s history and primary diagnosis to 
be presented to the physician so that he/she can readily render an insightful second opinion with the 
support of sophisticated decision support tools. This second opinion is then provided to the patient.

Knowledge is more precisely relevant and germane knowledge is critical for the correct and timely 
diagnosis and subsequent treatment of patients. The knowledge transfer network in most healthcare 
organisations has not dramatically changed (Wickramasinghe and Schaffer, 2005). It is possible to 
address this by incorporating a combination of technologies and several management techniques such 
as Total Quality Management (TQM) and business process redesign. By continuously evaluating and 
analysing the volumes of data and information generated through various healthcare processes it is 
possible to firstly diagnose potential problems either with particular processes or treatments, even 
identify errors and then simultaneously prescribe process redesign initiatives or superior treatments. 
These strategies have been applied to a Midwest hospital to redesign its operating theaters for ortho-
paedic surgery to great benefit of the institution and most importantly the patient (Wickramasinghe 
and Schaffer, 2005).

Within healthcare there is tremendous scope to incorporate the complete spectrum of intelligence 
technologies. These technologies such as neural networks could facilitate better detection of malig-
nant tumours or potential cures for epidemics such as avian flu (Johns, 1997; Sharma et al., 2006). 
In addition, the suite of business intelligence tools can also enable better practice management tech-
niques to ensue (Applebaum & Wohl, 2000). The key with respect to the implementation of any of 
the intelligence technologies is to ensure that its systematic use does in fact support superior access, 
quality and value.

Many healthcare organisations currently have some of KMI elements in place to a greater or lesser 
extent. However, this is not sufficient for them to be learning healthcare organisations. Learning 
healthcare organisations must not only have all these elements in place they must support continuous 
improvement and learning by ensuring that new knowledge gained in the current state is applied in the 
future state so that the extant knowledge base always increases with germane and relevant knowledge, 
decision making is then supported by the ‘best available’ knowledge and thereby better healthcare 
delivery ensues.
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CONCLUSION

To date the information age has been leaving healthcare behind. Healthcare can no longer allow this 
situation to continue and it is imperative that an intelligent healthcare system is developed that lever-
ages of the tools, technologies and strategies of the knowledge economy. To effect such a transforma-
tion, requires changes at both the individual but more importantly the institutional level. Changes 
at the institutional level must be substantive. What is required is the creation of learning healthcare 
organisations which are flexible, focus on the effective and efficient management of their knowledge 
assets, foster organisational learning strategies so that superior access, quality and value; i.e. the 
value proposition for any health system, can in fact be realised. As eluded to in this chapter, to create 
learning healthcare organisations, requires the establishment of a robust KMI that support human 
and technical organisational assets, the incorporation of a process centric perspective of knowledge 
creation and the fostering of organisational learning strategies. Without such a commitment, health-
care organisations can never become learning healthcare organisations and the required change to the 
existing and out dated healthcare system will be incremental at the best, analogous to rearranging the 
deck chairs on the titanic.

Currently, healthcare is facing a major challenge to be cost effective and efficient and yet provide 
quality care. Without making the transformation to learning healthcare organisations, and thereby, 
creating pertinent information and germane knowledge and then applying this knowledge to enable 
superior decision making and facilitate continuous improvement, it will never be possible for health-
care to address this present dilemma. As has been evidenced in the business environment, the only 
sustainable solution lies in embracing the tools and techniques of becoming a learning organisation. 
The development of learning healthcare organisations should be an imperative as healthcare organisa-
tions automate medical record systems such as with the adoption of EMR (electronic medical record) 
solutions and the incorporation of more digital solutions; hence more research in this area is clearly 
needed.
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ABSTRACT

WhatsApp was evaluated as a peer coach group support tool in a healthy lifestyle intervention with 15 
young professionals. These individuals were time-constrained professionals, so two design challenges 
were to create enough attractiveness and quality in the peer group interactions. There were three main 
health domains: food, physical activity, and mental energy. As a result of the 12 week pilot, there were 
127 WhatsApp peer coaching inputs. The variety of inputs was better than in a previous pilot; peer 
coaching quality improved; plus there was more continuity following the initial two weeks. Community 
building remained a challenge, especially in the longer run. Two design solutions seemed to work: pre-
designed coach-inputs across health domains, plus the instructions for a health advocate from the group, 
per health domain. Based on the results, the authors hypothesize that user needs in the first five weeks 
were well supported but that user support needs seemed to change after the initial five weeks, which 
impacted the perceived added value from the WhatsApp group.

INTRODUCTION

Previously (Simons 2018, 2019, 2019b), we started researching the added value of social and affective 
group support in health interventions. In many models, like the HAPA (Health Action Process Approach) 
model (Schwarzer, 2008; Lippke, 2009; Wiedeman, 2011) and i-change model (De Vries, 1998), as well 
as in the design of eHealth solutions (Simons 2010), health behaviour improvements appear to revolve 
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around setting goals and achieving them. But patient groups (Simons 2016, 2017, 2019b) and professionals 
(Simons 2012, 2013, 2017b) appeared to have other support motivators as well, which are less functional 
in nature. One can think of social motivators (like connecting with each other, sharing experiences or 
showing your best) and affective motivators (like pride, having fun, encouragement or compliments), 
as also seen in various social media contexts (Khan, 2017; Bitter, 2014; McQuail, 2010; Park, 2009)

As a practical challenge, the diversity across healthy lifestyle groups being coached is large. From 
patient groups that tend to be relatively ICT-illiterate or even have an ICT-aversion, to highly educated but 
time-constrained groups of young professionals in a work setting. Thus, a WhatsApp group was chosen 
as support tool, being an omnipresent technology, which is low-tech, low-threshold and has social media 
benefits for affective and social support (Schulz, 2014). This study focusses on results from a healthy 
lifestyle group of young professionals.

In a previous pilot with this target group, several challenges came up (Simons 2018, 2019). First of 
all, their inputs rapidly declined: 63% of their inputs in the first two weeks and only 14% during the 
next three weeks (totalling 77% of inputs in the first five weeks). Hence, the eHealth Law of Attrition 
(Eysenbach, 2005) applied, which states that the majority (80-90%) of initial eHealth tool usage is likely 
to be lost after several moments of usage, often within a period of several weeks. Second, although we 
knew that the majority of them had priorities on the topic of mental energy and performance, there were 
virtually no inputs/responses given on this topic. So this topic was largely neglected in their WhatsApp 
group interactions. Third, there were two enthusiastic participants who initially became advocates for 
the topics of food and exercise respectively, but they felt unsupported by responses from the rest of the 
group. Hence their inputs and motivation to contribute declined over time. The degree of participation 
is an important challenge; in other social media settings over 90% of users only consume, but do not 
participate in the sense of providing responses or inputs (Nonnecke, 1999).

Still, peer support and peer coaching have a lot of promise. In section 3 we discuss how we adopted 
several suggestions from the previous study into the WhatsApp group pilot, in order to improve the quality 
of the peer coach WhatsApp group. The aim of this pilot is to answer the following research question.

Research Question:
- Can we raise the quality of peer coaching for health with a WhatsApp group?
Sub-question 1.: Can we stimulate WhatsApp attractiveness as indicated by inputs & user involve-

ment, using affective and social motivators (like in social media uses)?
Sub-question 2.: Can we stimulate peer coaching quality for the users?

THEORY

In this section we use social media research and we discuss peer coaching literature to develop our 
framework for evaluating the design goal achievement in our pilot. Hence, our theory framework ad-
dresses two topics. On the one hand, social and affective support that the WhatsApp group may add to 
the other health support that exists in the eSupported health program. On the other hand, it is important 
to review what determines the quality of peer coaching. Overall, this paper has a design focus, following 
a persuasive technology approach (Fogg, 2002, 2009; Ghorai, 2014; Hamari, 2014) in order to stimulate 
healthy behaviours.
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Interesting article overviews in the field of social media are provided by Kamel Boulos (2016) on 
WhatsApp use studies for health, by Regmi (2017) on mobile app and WhatsApp uses focusing on 
smoking cessation, and by Kulyk (2014) focusing on apps using social, functional and affective cues for 
healthy lifestyle coaching and serious games. One of the more promising studies (Cheung, 2015) showed 
that WhatsApp group support was more effective than Facebook or a control condition for stimulating 
smoking cessation. However, another study (Muntaner-Mas, 2017) showed that WhatsApp support was 
less effective than face to face coaching. This latter finding is rather relevant for our study, since face 
to face coaching (plus various eSupport tools) are the base line condition in our current study, where 
we seek to find additional support value for participants by adding a WhatsApp group to the overall 
support portfolio. A second limitation from existing studies for our research question is that generally 
the relative contributions of the functional versus the affective/social support value remain implicit and 
unclear (Lehto, 2013; Ricciardi, 2014). A third limitation from existing studies is that they largely focus 
on health support from professional moderators or coaches. In this study we have an additional goal, 
inspired by resilience literature (see below): to foster peer coaching.

Previously, we explained our three design goals, see Table 1, for stimulating WhatsApp group user 
activity and we discussed the foundations from social media literature like the Uses and Gratification 
Theory of social media and others (Simons, 2018, 2019; McQuail, 2010; Khan, 2017). Our first design 
goal with this user group is to stimulate development of long term health habits, via motivators like for 
example ‘showing my best’. The second goal addresses the health domains (healthy foods, physical activ-
ity and mental energy) for which advocacy and peer inputs are invited. The third design goal concerns 
the motivators for social support and social interaction.

The second strand of research for this paper is concerned with quality of peer coaching via social 
media. We start from general literature on coaching and then move to issues that are more specific for 
peer coaching and for social media enabled coaching (instead of face to face expert coaching).

Table 2 shows a general themes from coaching literature (Beckers, 2016; de Haan 2013; Sonesh, 
2015; Vandaveer, 2016; Zwart, 2009): that the entire ‘coaching chain’ should be in good working order. 
This goes from 1.) Coachee readiness and motivation, via 2.) Relationship quality, to 3.) Coach inputs 
quality. This framework is also the overall coaching quality frameworks we will use for evaluating our 
study outcomes on the second research question: regarding quality of peer coaching. Each of these 
three main elements has several sub-elements. We have used Table 2 to include different sub-elements 
as found in literature.

In Table 3 we highlight some of the differences between expert coaching, provided via one-on-one 
face to face meetings, and peer coaching via a WhatsApp group. The opportunities and risks for each of 
the coaching options are explicitly connected to coaching success factors from literature. In this study, 
the participants will experience both. One the one hand they have individual meetings with a professional 
health coach, addressing their individual goals, plans, actions and progress. On the other hand they are 

Table 1. Service design goals for WhatsApp group user inputs and involvement

1. Develop Health Habits 2. Peer Coaching on: 3. Social Support Motives

A. Showing my best and celebrating 
progress. 
B. Learning how health behaviours can 
work for me.

A. Healthy foods. 
B. Physical activity. 
C. Mental energy.

A. Asking/giving practical support. 
B. Asking/giving affective support. 
C. Fun and humour.
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in the WhatsApp peer coach group. Thus, the interesting question is if we can use the WhatsApp peer 
coach opportunities to create added value and to mitigate some of the risks via our study design and 
intervention design. These are discussed in the next section.

Table 2. Coaching quality framework

1. Coachee Readiness & Motivation

Intrinsically motivated coachee (Zwart, 2009) with commitment (Jowett, 2017) to self-initiate goals and tasks (Gessnitzer, 2015) and 
experiment (Zwart, 2009) toward achieving successes (Parker, 2015), insights (Beckers, 2016) and internalized skills (Parker, 2015). Self-
efficacy (de Haan, 2013) is also important in coachee readiness (Vandaveer, 2016).

2. Relationship Quality

Important are mutual commitment (Sonesh, 2015) and closeness (Jowett, 2017), as well as complementarity in mutual leadership (Laios, 
2003) and cooperation (Jowett, 2017). In peer coaching it is beneficial to have mutual learning (Parker, 2015), sharing experiences 
(Darwin 2009), supporting each other in choosing and attaining goals (Parker, 2015) and mild ‘pressure’ to experiment (Zwart, 2009). 
Finally, a safe environment is important (Zwart, 2009) to discuss and deepen insights (Sonesh, 2015) and learnings (Grant, 2017).

3. Coach Inputs Quality

The quality of the coach and her inputs are important (Vandaveer, 2016), including the range of techniques (de Haan, 2013), leadership 
(Laios, 2003) expertise (Swarbrick, 2016), scoping/selecting of main goals (Grant, 2017), deepening of insights/skills (Zwart, 2009, 
Sonesh, 2015) and supporting goal-attainment (Swarbrick, 2016).

Table 3. Comparison between expert coaching and peer coaching

Expert Coaching, Face to Face Peer Coaching, WhatsApp Group

Opportunities

+ Richer communication; more cues (Simons 
2010b). 
+ Spend time on coachee needs, motivation (Zwart, 
2009) and commitment (Jowett, 2017). 
+ Quality of coach inputs (Vandaveer, 2016). 
+ Relationship quality: management of roles, goals 
and expectations (de Haan, 2013). 
+ Digging deeper, reframing situations and insights 
(Sonesh, 2015)

+ Presence/Always on. Low thresholds to ask. Frequent 
contact (Simons 2018). 
+ Many inspiration & trigger moments (Fogg, 2009). 
+ Similarity of peers: empathy and understanding of 
situation and goals (Swarbrick, 2016). 
+ Sharing experiences with likeminded peers (Darwin, 
2009). 
+ Mutual learning (Parker, 2015). 
+ Motivate to experiment: ‘If she can, I can’ (Zwart. 
2009).

Risks

- Expensive. Thresholds; also to ask questions 
(Simons, 2010). 
- In-frequent contact. Missing the daily practical 
issues and needs (Gessnitzer, 2015). 
- Takes time and effort to bridge gaps coach & 
coachee (Grant 2017).

- Less explicit goals and commitment (coachee and coach; 
Beckers, 2016). 
- Less time, attention, leadership; loss of priority over 
time (Laios, 2003). 
- Some inputs incorrect or low quality (Vandaveer, 2016). 
- Only ‘easy’ inputs. No ‘deeper’ conversations (Sonesh, 
2015). 
- Relationship & trust building limited (Zwart, 2009).
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METHODS, STUDY DESIGN, INTERVENTION

In this section we first discuss our design research approach and explorative pilot study. Next, we discuss 
how the WhatsApp group peer coach intervention fits in the overall health intervention that is offered. 
Regarding our design research approach, we follow the design cycle of Vaishnavi & Kuechler (2004): 
from problem awareness and solution suggestion to development, evaluation and conclusion, see Figure 1.

Our research method follows three steps: a) As ‘awareness’ and ‘suggestion’ steps from the ‘abduction 
phase’: Formulate possible social and affective WhatsApp user contribution motives, plus peer coach 
motives, that suit the design goals of the WhatsApp pilot. b) As ‘development’ and ‘evaluation’ steps: 
Adding the WhatsApp group support pilot to existing eSupported health program, plus fostering peer 
coaching by including predesigned coach inputs and instructing three peer coaches for their explicit 
health advocate roles. Next, as evaluation: quantitatively based on numbers of user inputs per design 
goal, plus qualitatively, based on user feedback (deduction step of Vaishnavi and Kuechler: section 4). 
c) As ‘conclusion’ step several design lessons are drawn, for practice and theory, see section 5.

In November 2018, a group of 18 employees from academia started with an eSupported healthy 
lifestyle program. On their start day, 15 of them volunteered to participate in the WhatsApp group 
support pilot, after reading the pilot study information and signing consent forms. They were a highly 
international group of scientists (from China, Netherlands, Hungary, Greece, Iran, USA, Jemen) from 
different disciplines at the Delft University of Technology: Postdocs, tenure trackers, assistant professors 
and the majority were PhD candidates. A first important characteristic of this group is that they are very 
time-constrained. They experience a high work load (as confirmed with intake surveys) and only want to 
spend time on (health- or other) activities if they are deemed useful for their performance as profession-
als. Secondly, the majority of them are young professionals, in their first or second job, and relatively 

Figure 1. Design cycle knowledge via design iterations and evaluations (Vaishnavi, 2004)
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unexperienced in managing work-life balance or ensuring healthy choices. It is not uncommon in this 
group to observe unhealthy belief/behaviour patterns like: ‘I am not productive enough -> I will skip 
my breaks -> I lack energy -> I need more sugar.’ Or sacrificing sleep, or exercise, or socializing, for 
the sake of working longer hours. Or other unhealthy ‘corporate athlete’ (Loehr, 2001) patterns. Thirdly, 
80% of participants had a Mental Health score (RAND-SF8, Ware, 1998) below the overall Dutch aver-
age (for all age groups combined), even though their average age was below 35 years old. Thus a 20% 
Mental Health score below average would have been more appropriate instead of 80%.

During the pilot of twelve weeks, all WhatsApp user inputs are Simonsymized, counted and clustered 
based on their contributions to the design goals. Two of the authors conducted the clustering indepen-
dently and then discussed results in order to reach unanimous scores. Besides the user inputs analysis, 
subjective user evaluations are collected. We asked them to evaluate WhatsApp group contributions to 
the design goals (5-point Likert scale, plus explanations, extracted during telephone interviews).

The WhatsApp group support pilot is added to an existing eSupported health program, which 
combines coach sessions with electronic dashboarding and self-management (Simons 2010b), plus 
electronic health tips and a digital health quiz game. Key functionalities are (Simons 2010, 2014, 2015):

• A personal online health dashboard with graphs of progress towards adherence targets on the vari-
ous health behaviours.

• Automated feedback on lifestyle aspects where positive scores have been achieved (nutrition, 
physical activity, stress management or an overall score).

• (Tele)coaching by a health coach, generating online coach reports on progress towards adherence 
targets in the personal dashboard;

• Options to ask questions to the coach: via messaging within the dashboard or via email.
• Online schedule indicating upcoming events: group sessions, individual coach sessions (when and 

where), physical measurements, surveys;
• A micro-learning Health Quiz accessible via smartphone, mail and/or web.
• Reading materials in the mail.
• Weekly tips via email on health, motivation and self-management.
• Besides individual coaching, group sessions are also used in order to stimulate group support, 

mutual inspiration and encouragement, plus peer education.

The WhatsApp group peer coach setup included two new elements, compared to the previous pilot 
(Simons 2018, 2019). First, in order to increase quality, extend the breadth of inputs to include the topic 
of mental energy and to trigger learning plus user participation, we added weekly, predesigned coach 
inputs (which can be automated in the future). They covered all health domain and including links to 
online information sources that provided additional depth and insights. Second, we explicitly invited 
three participants for a role as advocate (for each of the three health domains) and instructed them on 
their role and tasks for providing their own inputs, responding to reactions from others, plus contributing 
to domains which were not ‘their own’.
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RESULTS

In this section we discuss the results of the twelve weeks pilot from November 2018 to January 2019. 
Besides the WhatsApp group activity, participant activities in the rest of the eSupported health program 
were: a full day workshop at the start, intake interview and questionnaire, using the Health Quiz and 
other eTools, follow up workshop at one month (2 hours) plus three individual health coach sessions 
in the first two months after the start workshop. These participant activities were conducted alongside 
their busy jobs.

With this group of n=15 participants, 127 inputs in total were collected in the 12 weeks, of which 31 
coach inputs (who were part of the WhatsApp group to help the group along) and 96 participant inputs. 
Some inputs qualified for more than one goal, hence the sum of scores are higher, see Figure 2 and 3.

The first cluster, ‘Showing my best and celebrating’, of the first design goal (fostering health identity 
and literacy) received relatively many inputs (n=41). ‘Learning how health works for me’ received n=19 
inputs. Regarding the second design goal (peer coaching and advocacy), the three clusters (‘Healthy 
foods’, ‘Physical activity’ and ‘Mental Energy’) received n=26, n=14 and n=14 inputs respectively. 
Hence the ‘Mental energy’ domain inputs are better represented than in the previous pilot (Simons 2018, 
2019). The third design goal of social support received respectively: n=48 practical support inputs, n=21 
affective support inputs, plus n=10 fun inputs. This suggests a tentative ‘yes’ on our three social and 
affective design goals for the WhatsApp group inputs. The ‘4. Other’ category (n=19) contains n=9 
remarks on eTools and materials, plus it contains n=5 remarks from the start week, most notably thanks 
for the start workshop on health and vitality.

Figure 2. WhatsApp user & coach inputs in 12 weeks, on the service design goals
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Figure 3 shows the inputs per week. Across the first five weeks, the inputs were relatively well dis-
tributed: n= 27, 13, 24, 18 and 15 inputs respectively. (Which is quite different from the previous pilot 
group (Simons, 2018, 2019), which started more enthusiastically with n=52 inputs in the first week, but 
dropping rapidly after that: week 2 until 5 had n= 29, 4, 11 and 3 inputs respectively.) Still, from week 
6 on the inputs per week are much lower. This was partly due to the Christmas holiday of two weeks 
(week 8 and 9), but see the discussion in section 5 for an additional hypothesis on changing support 
needs over time.

Figure 4 displays the distribution of inputs across participants. As often with social media inputs, the 
distribution is skewed (Nonnecke, 1999), but it is less skewed than our previous study (Simons 2018, 
2019). Two participants provided only one input and two did not provide any inputs at all (not displayed 
in Figure). Participants 1, 2 and 6 were the peer advocates for mental energy, foods and physical activity, 
respectively. Together with coach 1 and 2 (the professional coaches for the group) they provided many 

Figure 3. WhatsApp inputs per week (Christmas holidays in week 8 and 9)

Figure 4. WhatsApp input distribution across participants

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



24

WhatsApp Peer Coaching Lessons for eHealth
 

of the inputs. Still, it is nice to see that participants 3, 4 and 5 were also relatively active, and even more 
so than one of the explicit ‘advocate role’ participants. Participants 7, 8 and 9 also had input levels (n=5 
or n=4 inputs) similar to participant 6, the advocate for physical activity.

To illustrate the types of inputs provided, see Figure 5. The first example addresses the topic of ‘How 
do I repetitively build a chain of positive health behaviours?’ and shows an interaction with one of the 
coaches who suggests sharing a certain positive example with the group. The second example is an easy 
option from the supermarket for healthy eating, brought by one of the peer advocates. The third example 
shows advice from two different users (on different dates): one on better sleeping and one on shopping 
for bread with good fiber content in one of the prominent Dutch supermarket chains.

The final set of study results stem from the user evaluations, see Table 4. Two participants in the 
user evaluation explicitly didn’t like social media very much. They also indicated to have given limited 
time and attention to the WhatsApp group. A first overall finding is that our users vary widely in their 
preferences and opinions, which is similar to users’ responses to other health eTools as well (Simons 

Figure 5. WhatsApp input examples (Simonsymized)
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2019b). Not everybody likes the same support tools, hence it is wise to offer a portfolio of tools, in order 
to help users with other preferences via other tools. A second finding is that two features stick out on 
the positive side: a) the coach inputs were widely liked for their relevance, usefulness and the quality 
of the information provided, b) all the encouragements and advice, especially initially, were liked by 
all but one participants. Third, the lowest score (2.3) is given for question 1, ‘helped me develop my 
health habits’, even though the quantitative analysis from Figure 2 shows many inputs there. We assume 
that these ‘showing my best’ inputs are perceived more as encouragements and social interaction than 
as aiding in developing health habits. Fourth, all other questions (on peer support, sharing examples, 
advocates, community forming and value added) get ambivalent scores, with about equal positive and 
negative responses. In general, options are more positive about the first weeks than about the final weeks 
of the pilot.

Table 4. User evaluations (5-pnt Likert: strongly disagree (1) - strongly agree (5). >3 = Bold)

User Evaluation Questions (n=6) Average 
(3 = neutral)

1. ‘Helped me develop my health habits?’
- Three disagree: didn’t follow the group much & ‘I’m more of a loner.’ 
- One agrees, because of the info and the coach articles shared.

2.3

2. ‘I am glad with the peer support?’
- Three disagree, not much peer support needed, nor felt. 
- Two agree: nice group effects before Xmas; rapid answers to questions.

2.7

3. ‘Helped me with group advice plus encouragements?’
- One disagrees: ‘I didn’t follow the group much.’ 
- Four agree: nice articles, inspiration and food suggestions, answers.

3.7

4. ‘Helped me by sharing our examples?’
- Two disagree: ‘the others were not close to me’ and sometimes no group activity. 
- Two agree: inspiration, hearing others are doing similar things. Handy reference.

2.7

5. ‘I found the coach inputs useful?’
- Four agree (no disagrees), due to the quality of the suggested tips and info-links (& easy for future reference). 4.2

6. ‘I found the three peer coach advocates useful?’
- Two disagree: not so relevant for me and not always a lot of activity. 
- Three agree: content sharing was useful, but participation fluctuated.

3.0

7. ‘I feel WhatsApp helped community forming in our group?’
- Two disagree: we didn’t know each other at start and did not become close. 
- Three agree: especially in the beginning it was a place to help each other.

3.0

8. ‘The WhatsApp group adds value?’
- One disagrees: ‘Not for me’. 
- Two agree. The rest are ambivalent: ‘More (extended) activity would have been nice.’ The information, photos and 
examples were initially much appreciated: more ‘present’ and ‘engaging’ triggers than (Internet) Apps or meetings.

3.3
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DISCUSSION

This section discusses limitations and implications for practice and theory. Limitations of this study are 
the small scale (n=15), plus the short term nature of the results (twelve weeks). Usage and contribution 
patterns declined after the initial five weeks, but we had no user evaluation moment in the first month. So 
even though we hypothesize on the basis of quantitative inputs plus user evaluations after the end of the 
pilot that user needs in the first weeks may differ from those in the last weeks, this is hard to conclude in 
hindsight. At our moment of user evaluation, several participants were abroad or otherwise unavailable, 
so the user evaluation is only based on n=6 respondents. Given the small scale of the pilot, we are also 
not able to correct for cultural differences in the group. Also, theory testing is out of the scope of this 
explorative study. Finally, the added value that participants perceive, is an added value relative to the 
existing eSupported health coaching, which makes users’ added value perceptions harder to objectify.

As a first implication for practice, it is nice to conclude that this WhatsApp group pilot generated 
higher degrees of participation than many other social media settings (often more large-scale and ‘feeling’ 
more Simonsymous like on Youtube) with their 90% passive viewers (Nonnecke, 1999; Sun, 2014; Khan, 
2017). This is likely due to the relatively high ‘presence’ and ‘engagement’ attributes of WhatsApp, as 
reported back by our participants.

Table 5. Evaluation of WhatsApp peer coaching success factors (author opinions)

Quality of WhatsApp Group Peer Coaching: Evaluation:

1. Coachee Readiness & Motivation + / -

Large variation: Some participants are quite motivated (Zwart, 2009) to use WhatsApp for peer support and 
coaching, others are not.

See text for our hypothesis regarding the motivation change after 5 weeks: from ‘inspiration and know-how 
(Beckers, 2016) on foods, exercise and mental energy’ to ‘personal life implementation details’ (Parker, 
2015).

2. Relationship Quality - (some +)

Downside: Limited commitment and closeness (Jowett, 2017) in the peer to peer relations, compared to real 
coach relationships. Although some are more committed to using WhatsApp for mutual learning (Parker, 
2015, Zwart, 2009) and building social bonds (Vandaveer, 2016).

Positive: Similar co-orientation (Jowett, 2017), mutual learning & discovering similar things (Parker, 2015), 
plus complementarity in know-how. Also: social and affective sharing of experiences (Darwin, 2009) even 
though this is not so deep: limited (re)interpretation of situations or life lessons via the WhatsApp group 
(Sonesh, 2015).

3. Coach Inputs Quality +

The quality of the predesigned expert coach inputs was valued by all users (Swarbrick, 2016). Also using 
‘instructed peer advocates’ for each health domain increased quality and persistence of useful inputs: from 
the peer coaches and the other participants: no online ‘lurking’ (Nonnecke, 1999).

Inputs on broader range of topics, including mental energy (better than previous pilot (Simons 2018, 2019, de 
Haan, 2013).

Improved participation before ‘attrition’ (Eysenbach, 2005) started: five weeks instead of two weeks of 
steady inputs and mutual learning (Parker, 2015) and sharing (Darwin, 2009).
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As a second implication for practice, we see some important differences when comparing this pilot 
group with the previous one (Simons, 2018, 2019). There are always differences between groups and this 
pilot group was initially a bit more reserved and more functional in their WhatsApp group behaviours. 
Hence, only n=27 inputs were provided in the first week (versus n=52 in the previous pilot). Also, 50% 
of participant inputs across all weeks were practical support inputs (n=48 from n=96 participant inputs, 
see also Figure 2). Although more research is needed to confirm this tentative finding, our predesigned 
coach inputs plus ’peer-advocate-instructions’ do seem to help to trigger participant inputs, at least for the 
first five weeks. As a third implication for practice, it seems to help when peer advocates are instructed 
on their roles: not just for their inputs, but also for managing their expectations regarding the limited 
reciprocity that is to be expected in terms of the inputs that others will send in return.

In Table 5 we evaluated the quality of peer coaching, based on the user evaluation, their WhatsApp 
inputs, plus the interpretations from the expert coaches that were coaching the participants in parallel 
to their WhatsApp group activities. Overall, regarding the first coaching success factor, we observed 
a large of variation in the group, regarding their motivation for WhatsApp use, as well as their degree 
of commitment, inputs and relationship forming with the other coaches. As observed more often, user 
preference seem to vary a lot for almost every eTool used (Simons, 2015, 2017). Coachee readiness also 
varied a lot across participants in this group. The second success factor, relationship quality, showed 
some positive forms of mutual learning and complementarity (Parker, 2015; Jowett, 2017), but over time 
the relationship did not deepen enough to give users a feeling of community: the fact that the users were 
not otherwise in contact with each other was mentioned as a limitation. The third success factor of coach 
inputs quality was valued positively by most users, plus the period of active participation and apprecia-
tion from the users was extended to five weeks (compared to the two weeks of active involvement which 
illustrated the ‘eHealth law of attrition’ (Eysenbach, 2005) in the previous pilot (Simons 2018; 2019)).

Finally, we would like to hypothesize, based on our qualitative observations, that the self-learning and 
coach needs of these type of groups change after about a month. Their initial needs in the first month 
appear to focus on inspiration, experimentation and know-how. But during the next two months, the 
challenges (and coaching needs) reside in questions of how to structurally implement health behaviours 
in one’s personal life and schedules. Then the deepening discussions and reflections (as can be done with 
the expert coaches) may appear more valuable to many of the participants (Sonesh, 2015).

CONCLUSION

The main conclusions from this pilot study are fourfold. First, social and affective motivators from social 
media literature were relevant for this user group and generated interactions beyond the functional level 
of finding practical health behaviour answers. Second, both our measures to improve peer group coaching 
quality (using pre-designed coach inputs across health domains, plus ’peer-advocate-instructions’) did 
appear to help raise peer coaching quality. Third, key coaching quality factors (like quality of relation-
ships, coach inputs and coachee readiness) were confirmed in this social media peer coaching setting. 
Fourth, the combined quantitative and qualitative data have lead us to hypothesize that the self-learning 
and self-management needs of this group change after about a month (entering a new learning phase). 
This requires a) more frequent user evaluation moments in the next pilot study for research these possible 
differences and b) exploring other design solutions for longer term support.
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ABSTRACT

The growth of the healthcare sector has led to innovative ways to cater to consumers’ needs, with some 
of the rich, developed countries at the forefront. An in-depth understanding of them enables a success-
fully implemented and useful system for consumers. Public reporting is developed mainly for and around 
consumers. In this chapter, the authors take a general look at public reporting on health and social care 
services. They examine the existing reporting systems and the issues they encounter. There are significant 
benefits of public reporting on health and social care services, but we currently do not know the limits 
of such reporting. Citizens need such information services when deciding from there to acquire health 
and social care services for themselves or their families and relatives. Service providers need these 
information services for benchmarking purposes and for the development of their service offerings.

INTRODUCTION

Over the years, we have observed several changes in the healthcare sector, which have been beneficial 
to all stakeholders involved. Developed nations are in the forefront of these advancements in healthcare, 
for instance, the use of technology in healthcare delivery at all levels. These advances in medicine and 
healthcare delivery have imposed a new type of demand for the availability of accurate and processed 
information in healthcare. It has also started the conversation on the patient’s role in the effective delivery 
of healthcare. What is the patient’s potential role in healthcare delivery? Can the patient be considered 
a consumer? What is consumer health informatics?
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Eysenbach (2000) defines consumer health informatics as “the branch of medical informatics that 
analyses consumer’s need for information; studies and implements methods of making information acces-
sible to consumers; and models and integrates consumers’ preferences into medical information systems” 
(p. 1713). Most industries are consumer driven, meaning that consumers have enough knowledge to 
make informed choices about products and services. Consumers use information technology to gain ac-
cess to information that directly influences their decisions. Information systems are gradually becoming 
integral parts of modern healthcare services and policies in developed nations. Clearly, consumers will 
need and demand an unprecedented ability to access information and participate in their own healthcare. 
Consumers should have the choice and be able to judge the advantages and the disadvantages of all 
possible courses of action in relation to their health and according to their values, beliefs, preferences, 
and personal circumstances.

Over the past few years, we have witnessed the emergence and the growth of health tourism, electronic 
patient records, telemedicine, and web medicine. Information availability and use is an integral aspect 
of all these new additions to healthcare delivery. Public reporting on health and social care services 
is rooted in the availability of information. Access to insights on data and information is possible and 
in abundance now. It has become a catalyst of change in healthcare and social care delivery, wherein 
consumers have become the nucleus.

Various healthcare services and facilities are available to patients. The issue is how patients are 
choosing their healthcare and social care service providers. Researchers have conducted various studies 
on how patients make their health and social care service choices. It has been found that people make 
decisions in a fast and uncontrolled manner, without decision-making processes, and based on their 
experiences (Kumpunen, Trigg, & Rodrigues, 2014). Therefore, the health and social care services 
available to them have not been under serious scrutiny. This may affect the quality of provided services. 
These are the various reasons why public reporting on health and social care services is necessary. For 
public reporting to be useful to patients, there is the need for more than one care provider available per 
service (Kumpunen et al., 2014). Patients need to know about the availability of more health and social 
care service options.

The outcomes of public reporting on health and social care services are improved performance by 
providers, better quality of care, informed users, informed healthcare and social care choices for users, 
and hospital process improvements (Behrendt & Groene, 2016; Cacace et al., 2017; Maurer et al., 2016; 
Werner & Bradlow, 2010; Werner et al., 2009). However, public reporting has some negative aspects. 
Healthcare providers have the incentive to select patients for challenging healthcare treatments, as has 
been the case in the United States (US) (Behrendt & Groene, 2016; Cutler, Huckman, & Landrum, 2004; 
Narins, Dozier, Ling, & Zareba, 2005). Other challenges are accessibility, structuring, and presentation 
of information, as well as lack of prior experience. Based on existing literature and implemented sys-
tems, public reporting is used in measuring and comparing transparency, safety, quality, success rates, 
mortality rates, waiting times, health plans, and so on.

Studies have shown that the style of presenting information and access to information are important in 
reporting health and social care services. Data presentation enables the use of reported information. For 
public reporting to be successful, access to and use of information are of paramount importance. Data 
are gathered from all the various sources, analyzed, and published for consumers. How do consumers 
gain access to the published information or even understand what they read? The issue of access and 
understanding is another important element of public reporting that needs to be addressed. Readability, 
assimilation, and comprehension of information materials and the users’ health literacy levels can create 
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barriers to the usage of information, even when it has been accessed (Gilmour, 2007). It is necessary to 
provide consumers with all the essential tools to make the best healthcare choices. This consumer-driven 
approach means supporting consumers with the most useful information to make informed choices as 
much as possible.

The expectations for public reporting are vast and go beyond just the consumers. In this article, we 
introduce public reporting on health and social care services, as well as the benefits and the issues at-
tached to it.

Literature Review

Public reporting systems have been of great interest to many countries. It is necessary to meet the many 
demands of improved health services and healthcare delivery. A good amount of research on public re-
porting has been undertaken. According to the World Health Organization (2008), a health information 
system “collects data from the health sector and other relevant sectors, analyses the data and ensures 
their overall quality, relevance and timeliness, and converts data into information for health-related 
decision- making” (p. 2). In simple terms, this means the integration of information technology or dif-
ferent technologies into healthcare. This has become a necessity for almost all the fundamental reasons 
why many companies in other industries implement information systems. The benefits of healthcare 
information systems outweigh their negative impacts if implemented correctly. According to Hoyt et al. 
(2012), the goals of healthcare information systems are improving communication, continuity, quality 
of care, patient outcomes, clinical productivity, and return on investment; reducing medical errors and 
duplication of tests; standardizing medical care provided by individuals and organizations, accelerating 
access to care; protecting privacy; and ensuring security. A successful healthcare information system 
is one that is used correctly and supported by all the key players (doctors, patients, clinicians, nurses, 
support staff, public health, governments, medical educators, insurance companies, hospitals, medical 
researchers, and technology vendors) for which it was built.

Over the years, no in-depth definition of information has been published. The very specific definitions 
available are found in dictionaries. Oxford Dictionary defines information as “facts provided or learned 
about something or someone.” McCreadie and Rice (1999) conceptualize information as a commodity, 
data in the environment, representation of knowledge, and part of the communication process. It has 
become an essential part of everyday life. The importance of information has been shown in almost every 
industry and continues to grow. The growth of the use of information has led to consumers’ information 
dependency.

Public reporting in healthcare is growing in several European countries. Its goals are to increase 
choices for patients, improve healthcare services, and enhance transparency in healthcare delivery. 
Cacace et al. (2017) define the availability of healthcare market information for patients “as the report-
ing of performance related information to the general public and about non-anonymous, identifiable 
professionals and providers using systematically gathered comparative data” (p. 1). Public reporting 
is intended to enable and support informed choices by patients. This is a consumer-driven approach as 
patients are considered consumers, and meeting their needs is paramount in the health and social care 
delivery system.
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The efficacy of the use of public reporting depends on several factors: data presentation, information 
quality and integrity, collection of information from patients, platform for information presentation, and 
consideration of various customer groups (Hibbard & Peters, 2003). Hibbard, Stockard, and Tusler (2003) 
report that making hospital performance information public causes improvements in general and in the 
reported areas in particular. Public reporting has also enabled patients to make informed choices about 
healthcare selection and health plans (Kelaher, Prang, Sabanovic, & Dunt, 2018). The benefits of public 
reporting for users are not limited to healthcare services’ performance improvement. Elliot et al. (2015) 
also report the improvement in patients’ hospital care after the release of performance reports on hospi-
tals. This improvement is mainly observed in hospitals with low scores in published reports. Werner and 
Bradlow (2010) also report process improvements in hospitals with low baseline performance yet find 
that high-performing hospitals are unaffected by public reporting. Thus, underperforming hospitals tend 
to benefit more from public reporting. According to Marshall, Shekelle, Davies, and Smith (2003), in the 
US states that have implemented public reporting, it has had an impact on the quality of care. However, 
some physicians do not see the type of impact generated by public reporting, which will continue to 
have an effect on patient choices due to the credibility of the data (Marshall et al., 2003). One issue is 
certain; public reporting is here to stay and will demand a lot more research work.

Public reports are disseminated in different forms to consumers. From the existing literature and 
reporting systems, published information is made accessible to consumers through websites, report 
cards, newspapers, and scorecards (Hibbard et al., 2003; Narins et al., 2005). With these available com-
munication media, it is important to present the information in an understandable way that consumers 
can efficiently use. During a report’s designing stage, it is essential to pay attention to the presentation 
style, which should be well suited for the type of information to be published. Hibbard and Sofaer (2010) 
state that to understand comparative data, consumers must go through a large amount of information, 
select relevant factors, weigh them, and put them together to make a decision. This is tedious work for 
users when deciding on which health service to patronize. This hinders the use of the published report. 
Following their studies on presenting quality information to consumers, Peters, Dieckmann, Dixon, 
Hibbard, and Mertz (2007) conclude that in a presentation, “less is more.” Based on the cited literature 
and the experiences with implemented public reporting systems, the style of presenting information is 
critical to the success of any form of public reporting. Kasiske et al. (2019) stated that some level of 
improvement of the presentation of data in the public reporting platform of transplant program perfor-
mance in the Unites States improved the engagement of patients and indicates the need for continuous 
improvements of the presentation of data on such platforms.

According to Lagu et al. (2019) publishing of data on health and social care services will continue 
as there is great deal of interest in public reporting by consumers. The positive effect of public reporting 
spreads across the various activities and processes in health and social care services as is shown in the 
reduction of prescribing of antipsychotic drugs in nursing homes (Ivers et al., 2019). This is a further 
indication of changes for improvement that public reporting invokes in health and social care facilities.
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SELECTION AND CHANGE PATHWAYS

According to Cacace, Ettelt, Brereton, Pedersen, and Nolte (2011), quality measurement and public 
reporting improve healthcare and social service care via two pathways of change: improvement through 
selection and improvement through change. Improvement through selection occurs when users make 
their choices based on the comparative information available to them (Berwick et al., 2003). The reported 
comparative information enables the users to make better healthcare choices. Berwick et al. (2003) 
further explain that for users to make choices for improved healthcare, they identify the outcomes that 
are relevant to them, learn the different performance levels of surgeons, and choose their surgeons. The 
selection of quality healthcare and social service care solely depends on the consumer.

Improvement through change is the pathway where healthcare providers improve their services based 
on the published comparative data (Berwick et al., 2003). For example, a hospital can improve the care 
given to patients after surgery to reduce post-surgery infections. This type of improvement comes from 
the hospital, thus improving the quality of care received by users. The user is the main beneficiary of 
the two pathways of change as both lead to improved quality of healthcare services.

In 2005, Hibbard et al. introduced an additional pathway—improvement through reputation. One of 
the effects of public reporting is the exposure of poor-performing health and social care service provid-
ers. This suggests that high-performing providers acquire a good reputation among customers, whereas 
poor- performing providers suffer from a bad reputation. A bad reputation means less patronage by 
users and the general public, which also leads to less market share. Their company reputation compels 
providers to improve their services. The combination of all the pathways results in improvements in all 
aspects of health and social care service delivery.

THE NEED FOR ESTABLISHED INDICATORS

A key issue in public reporting is finding indicators that describe health and social care service offerings 
in a good way. As everywhere, health and social care services have a cost/benefit ratio. Thus, in addition 
to service quality information, cost information should be included. Health and social care services often 
have client queues, so the waiting time might also be an important topic to report. For all indicators, 
up-to-date information is clearly needed. A major problem in public reporting is that service reports and 
assessments tend to be rather old.

It is typical to differentiate among outcomes, processes, and structure information (Cacace et al., 
2011). Typical outcome indicators would be mortality and morbidity after healthcare operations, as 
well as return to care after specific time intervals, such as 10, 30, or 90 days. In social services, a typi-
cal outcome indicator could be staying out of criminality for a problem teenager. Process indicators are 
typical in standardization and certificates and accreditation, even in healthcare. A process indicator could 
determine if a hospital has check lists in surgical operations or if a pharmacy can offer automated drug-
dispensing services. In social care, for example, periodical checks on different aspects of a client’s life 
would be process indicators. Structure indicators include issues such as the number of beds in a hospital, 
availability of different access services, hours of service, and service availability in different languages. 
A typical example of structure information is about the qualifications of health and social care personnel.

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



38

Public Reporting on Health and Social Care Services
 

Public reporting is primarily intended for a large audience, consisting of laypersons. Therefore, 
extremely professional terms of coding systems that are abundant in healthcare and are not publicly 
available should not be used. With quantitative information, care must be taken to frame the information 
at the right time and place, for example, how many surgical operations, in which hospital ward, and in 
which time frame. Healthcare indicators involving clinical and non-clinical professionals in healthcare 
and social care of course need specific reports, but that is not part of public reporting.

Metadata constitute an important part of indicators (Darius, Boucneau, De Greef, De Feber, & 
Froeschl, 1993). With each indicator, proper descriptions of its meaning, data collection methods, pos-
sible use scenarios, used scales, and so on should be included. Indicators most likely have relationships 
among themselves, and when integrated, primary indicators form advanced indicators. To provide an 
understanding of this, a conceptual model of the indicators is needed, and if manageable in size, it should 
also be provided to the public.

WHO IS RESPONSIBLE FOR PUBLIC REPORTING

Public reporting is by definition, public, as well as free for anyone. Providing public reporting can hardly 
be a (good) business. Thus, public reporting is typically a responsibility of public authorities. Another 
group of public reporters comprises market makers in healthcare and social care. For example, insurance 
companies need and collect a lot of data on health and social care service providers and thus have a natu-
ral reserve of meaningful information that they might want to publish and extend into public reporting.

An individual service provider can publish information on its services and achievements, but that is 
not public reporting in the sense of allowing comparisons among different service providers. Service 
providers’ own reports are often created to be marketing materials, ignoring the poor aspects of their 
services.

DATA COLLECTION FOR PUBLIC REPORTING

Data collection for health and social care public reporting is difficult without a proper infrastructure. 
As stated above, the data collection should be undertaken in the framework of a well-defined and me-
ticulously designed conceptual model or schema.

Data collection and reporting impose a huge burden on health and social care institutions. Public 
reporting should not add too much to their burden. Public reporting is often based on data that are oth-
erwise already collected, typically by government authorities. These data are then further elaborated to 
contain meaningful information for the public audience. Care must be taken that valuable information 
is not lost in this elaboration process. Even painful and disconcerting issues belong to public reporting.

Data manipulation and embellishment unfortunately belong to data collection in health and social 
care, as in any other sector of life. For this reason, data should be double checked if possible, missing 
information should be reacted on immediately, and sanctions should be implemented against sloppy or 
misleading reporting.

Big data make a great promise for public reporting. Big data are often born naturally, and a combi-
nation of different data elements can bring highly valuable insights into the studied health and social 
services. In the case of big data, the speed of reporting can be accelerated if the data are made available.
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CHANNELS FOR PUBLISHING PUBLIC REPORTING

The Internet is currently the dominant channel for the publication of any information; the same is true for 
public reporting. The Internet is about the only channel that allows for interactive data search. However, 
the needs of the audience that has no Internet access should also be catered to (Benigeri & Pluye, 2003).

Different printed versions of data are needed, to be distributed in libraries and other public places. 
Summary information can also be published in traditional media, such as newspapers and magazines. 
These are also good channels to increase awareness about public reporting.

Different language versions of public reporting are needed. In addition to reporting in domestic lan-
guages, countries should respond to the needs of adventurous visitors, such as immigrants and tourists. 
This also means reporting in English as the only option. Special needs of people with vision impairments 
must of course be taken into account. In every case, the text used should be clear and not complicated.

In addition to sporadic and singular data, public reporting should be able to provide trend data. Are 
issues improving or deteriorating? In the beginning of public reporting, trend data are of course impos-
sible to deliver.

Data visualization is a key element in public reporting. Here again, it is important to remember that 
visualization must be done with honesty and an eye for details—a figure can depict a thousand words, 
but it can also tell lies of a thousand words.

Examples of Public Reporting Systems

Several European countries have already implemented reporting systems in their healthcare. Public report-
ing has been implemented in the United Kingdom (UK) (nhs.uk), the Netherlands (kiesbeter, “Make better 
choices”), Germany (weisse-liste.de, ‘White List’), and Denmark (sundhed.dk). The US has a number 
of reporting systems. Rechel et al. (2016) report that several high-income countries, namely Australia, 
Canada, England, France, Germany, Netherlands, New Zealand, Norway, Sweden, Switzerland, and the 
US, have a public reporting platform for quality, waiting times, and patient experience. Public reporting 
is consistently growing in Europe. Public reporting activities started in the Eastern European countries 
(e.g., Bulgaria, the Czech Republic, Romania, Slovakia, Slovenia) in 2004 after they joined the European 
Union (EU) (Cacace et al., 2017). The majority of the EU countries have some sort of public reporting 
system. In Sweden’s decentralized healthcare system, public reporting varies among regional units; the 
same applies to the Italian public reporting system (Ciani, Tarricone, & Torbica, 2012; Guénette, Belzile, 
& Hjertqvist, 2017). Germany and the Netherlands have several reporting systems for the hospital sector 
and GP specialists (Bernd et al., 2016).

The UK has made significant strides in its public reporting system. It is one of the few countries with 
initiatives for the hospital sector, combining these with financial incentives and providing composite 
ratings of providers’ performance. It also reports the overall rating for general practice. In terms of long-
term care, the UK reports the overall rating of each provider. Unsurprisingly, the UK has gone far with 
public reporting; its reporting on hospital performance goes as far back as 1980 (Marshall et al., 2003). 
In addition to the government platform for public reporting in the UK, some independent organizations 
publish hospital performance online (Marshall et al., 2003).

Public reporting has also been undertaken in the US since the 1980s. The US is one of the pioneers, 
and its first major public report was published in 1993. Both private and government organizations carry 
out public reporting in the country. The National Committee for Quality Assurance is a nonprofit orga-
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nization that reports and evaluates healthcare delivery and quality in the US. A couple of other private 
organizations in the US are the Leapfrog Group and the Pacific Business Group on Health. Healthgrades 
is a for-profit company that handles reporting and comparative information on various healthcare delivery 
facilities. The US government is heavily involved in public reporting on health and social care services. 
According to Burstin, Leatherman, and Goldmann (2016), the development of quality measures should 
be the focus of attention of public reporting in the US. For further improvements in the healthcare 
system, an extensive use of data and information is needed (Burstin et al., 2016). In 2011, Consumer 
Reports, one of the top 10 magazines circulated in the US, published an 11-page feature article on the 
state of cardiac care in the US to better educate consumers about their various options in this service. 
Having extensive work in public reporting on health for many years, the US is one of the global leaders 
of public reporting. Ferlie and Shortell (2001) report that some states, such as New York, Massachusetts, 
Pennsylvania, and California, initiated selective public reporting on treatment outcomes as one of the 
tools for improving the quality of healthcare.

Germany is one of the leading European countries in public reporting. According to Emmert, Sander, 
Esslinger, Maryschok, and Schöffski (2012), Germany has an extensive number of websites related to 
reporting on healthcare. Some of the most relevant and most used public reporting sites are Jameda (www.
jameda.de), Docinsider (www.docinsider.de), Imedo (www.imedo.de), and Die Arztempfehlung (www.
die-arztempfehlung.com). Consumers in Germany actively use these websites and other public report-
ing media. In Germany, the focus magazines release information lists of the best hospitals for treatment 
and diagnosis (Bernd et al., 2016). More criteria should be added to these websites for a broader range 
of information on which to base decisions (Emmert et al., 2012). With all the reporting platforms in 
Germany, some patients still base their choices on experience (Werner & Geraedts, 2017), specifically 
the type of experience they have had at healthcare and social service centers. Their decisions are based 
on their knowledge of the healthcare facilities, not on the published reports.

Public reporting has been implemented in Canada because of the need for increased transparency and 
accountability (Morris & Zelmer, 2005). Canada is divided into provinces, many of which have their 
individual public reporting systems in health and social care services. Examples of public reporting initia-
tives in Canada are British Columbia’s reports on health authorities’ performance agreements, focused 
reporting initiatives on specific areas of care, and balanced scorecards on particular health and social 
care service organizations, such as hospitals in Ontario. This shows a wide variety of public reporting 
systems that already exist. The Canadian healthcare system is decentralized and has a good experience 
in the use of health and social care services’ public reporting systems.

Specific issues with public reporting are observed in most countries that have adopted it. Most 
countries will need to build on what the US and the UK have accomplished. They have attained success 
with the reporting system.

Benefits and Downsides of Public Reporting Systems

The advantages of any information system are determined by the benefits derived by its users and the 
ease of use. The existing literature on public reporting systems strongly suggests that many benefits are 
associated with such systems. Several studies show that the public reporting system increases healthcare 
providers’ motivation to improve care (e.g., Hibbard et al., 2003). Liu, Tang, Wang, and Zhang (2017) 
also emphasize that the public reporting system has become an essential quality improvement tool in 
most countries that have adopted it. According to Cacace et al. (2017), public reporting systems increase 
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the effectiveness of care; patient safety and delivery become patient centered. The major benefit is the 
possibility for patients to make informed choices and better voice their preferences in healthcare delivery 
(Cacace et al., 2017; Hibbard et al., 2003; Hoyt et al., 2012; Marshall et al., 2003). James et al. (2012) 
state that public reporting allows customers or patients to compare healthcare services with their costs 
before decisions are made. Clearly, public reporting offers several benefits for all stakeholders in the 
healthcare delivery system, especially for patients.

Transparency has been a recurring benefit of public reporting in health and social care services in 
various research works on public reporting in various countries. Government healthcare organizations are 
usually expected to show transparency in the use of public resources and in the provision of quality care 
to the public, as well as to governments and stakeholders that want detailed information on the quality 
of care and services provided (Morris & Zelmer, 2005). Public reporting is one route to demonstrate this 
transparency. The target audience of transparency comprises governments and regulatory bodies (Morris 
& Zelmer, 2005). Germany developed Weisseliste to increase the transparency of provider performance 
in 2008 (Kumpunen, 2014). Campanella et al. (2016) also state that public reporting makes providers 
acknowledge the need for transparency and accountability. Cacace et al. (2011) report that in Denmark, 
many of the reporting systems are intended to increase transparency and the right to choose a provider. 
Transparency is normally the objective in publicly funded systems.

Research shows that consumer choice is one of the intended benefits of public reporting on health 
and social care services. Consumer choice improves consumer decision making in the selection of a 
health and social care provider. Kumpunen et al. (2014) argue that for patients and users to make choices, 
there needs to be a market of healthcare providers available per the various services, and users should 
perceive them as such. A pool of health and social care service providers from which to make choices is 
needed. For public reporting to achieve this aim, it demands reporting on various healthcare providers 
in a province or in a country. According to Morris and Zelmer (2005), consumers would be expected 
to make their choices based on high-performing healthcare and social care providers. This also leads to 
poor-performing organizations improving their services to be able to compete and be chosen by con-
sumers. Consumer choice can be hindered by the lack of skill to interpret the information available to 
make the best possible choice.

Improvement in the quality and the efficiency of services and processes is another one of the main 
benefits and an intended outcome of public reporting on health and social care services. Such improve-
ment due to public reporting occurs through three pathways that are caused by consumer choice of 
providers (Berwick et al., 2003; Cacace et al., 2011; Hibbard et al., 2005). As mentioned, the three 
pathways are improvement through selection, improvement through change, and improvement through 
reputation. These compel providers to improve if they are consumer centric. Morris and Zelmer (2005) 
state that comparative public reporting gives providers information to identify and examine their quality 
improvement projects.

Morris and Zelmer (2005) argue that the cited various benefits of comparative public reporting on 
health and social care services are as many as the different types of reports that are produced and made 
available to consumers. The benefits mentioned here are the main ones cited by a number of leading 
research studies on this topic.

Public reporting systems have several issues, including information quality, accessibility, lack of 
trust, and careful selection of patients to treat to keep scores high (Cacace et al., 2017; Hibbard et al., 
2003; Hoyt et al., 2012; Marshall et al., 2003). Information quality is a major concern of both consum-
ers and other stakeholders involved. According to Kelaher et al. (2018), the efficiency of public report-
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ing strongly depends on the quality of the information that is publicly available to patients. Important 
aspects are quality in terms of information accuracy and objectivity, believability, the reputation of the 
information source, and the consistency and the presentation of the information. Leonardi, McGory, and 
Ko (2007) state that accessibility is important to the success of public reporting. Patients need to access 
the information available to them to be able to use it. This significant issue needs a critical examination 
due to different demographics of the patients who will use the information. The Internet is one of the 
best ways to access publicly reported information on healthcare delivery, but inequity in Internet access 
is an issue (Gilmour, 2006).

Werner and Asch (2005) find that patients do not trust the information that is made available to them 
with a public reporting system. Instead, they trust information from friends and family members, whom 
they consider more credible than a website or a report card. This issue affects the usage of the various 
healthcare delivery reporting systems.

One of the greatest issues and concerns about a public reporting system is that it might actually have 
an effect on the treatment of patients. Leatherman and McCarthy (1999) state that healthcare provid-
ers may turn away very sick patients just to keep their published scores high. This defeats the purpose 
of the public reporting system. Narins et al. (2005) report that a good score does not necessarily mean 
improved service or quality service as some health providers are turning away sicker patients who need 
surgery, for example. Published information on the performance of surgeons and healthcare providers 
may change referrals of sicker patients for treatment and reduce surgeons’ willingness to operate on 
these patients (Cutler et al., 2004; Dehmer et al., 2014). This issue might lead to devastating outcomes 
for patients. As a result, quality healthcare delivery suffers and defeats one of the fundamental purposes 
of improved quality of patient care.

Public reporting is a necessity for healthcare improvement and lower prices, as well as a catalyst for 
turning healthcare delivery into a consumer-centered one. The benefits strengthen the need for public 
reporting systems. The issues also show that a lot more work should be done to gain the full benefits of 
public reporting systems.

BAD RECEPTION OF PUBLIC REPORTING

One concerning issue of public reporting is the poor reception observed in the low utilization grade. 
Doering and Maarse (2014) report that general practitioners do not help patients utilize publicly available 
information to make choices concerning secondary healthcare. This is because of general practitioners’ 
common perception of public reporting. The majority of them question the quality of the available 
information (Doering & Maarse, 2014). Therefore, such information does not form the basis of their 
secondary healthcare recommendations to patients. If general practitioners will recommend published 
information on healthcare to patients, the reception rate by patients will increase dramatically.

There is a considerable lack of understanding of what published reporting and its importance are to 
users by users. According to Marshall (2002), consumers do not understand the need for and the useful-
ness of published reports, which is also due to the lack of confidence in such reports. They will rather 
stick to health service providers that they are used to. These are relationships they have developed over 
time, and a published report is perceived as a threat to these long-standing relationships between users 
and providers.
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The lack of involvement of all relevant stakeholders impedes the reception of public reporting on 
health and social care services. Cacace et al. (2017) state that when implementing reporting systems, 
including all stakeholders is essential for success. In software engineering, the users are actively involved 
in building and implementing the system that they will use, which facilitates the process and is beneficial 
to them. All stakeholders should be involved in building and implementing public health and social care 
service reporting systems.

Currently, public reporting does not actively engage users. It is a medium of communication and a 
unidirectional communication platform. The pressing question is how to make users actively involved. The 
inclusion of user reviews is one of the proven ways to do so. This has been implemented in the tourism 
public reporting systems and in other industries. The inclusion of customer reviews in public reporting 
in health and social care services is not currently practiced. Customer reviews offer an active way of 
encouraging users’ active involvement in public reporting other than just the passive usage of the reports.

After the usage of public reports, it will be very useful to know what the users think about them. It 
will be beneficial to the groups and the organizations developing the reports to know the users’ views 
on the presentation style, as well as the relevance and the easy assimilation of the information, and get 
answers on its quality. Customer reviews represent the voice of the customers.

A customer review is defined as a form of product or service information produced by the user based 
on personal experience of that product or service (Chen & Xie, 2008). The information is used by potential 
customers to make informed choices regarding products and services. Customer reviews are integrated 
into the majority of online shopping platforms (e.g., Amazon, eBay, ebookers). On these platforms, cus-
tomers base their purchasing decisions on other customers’ reviews. They find the reviews more reliable 
and trustworthy. Customer reviews have been successfully implemented in customer-centric industries.

A successful public reporting system in health and social care services requires understanding and 
closely catering to customer demands and needs. Several ways to obtain customer reviews about public 
reporting systems in health and social care services include user interviews, focus groups, usability tests, 
and follow-up surveys through phone calls and customer feedback. According to Maurer and Schaich 
(2011), a customer review is also used as a complaint management tool. This is an example of customer 
reviews’ usefulness to producers and business owners. For a public reporting system in health and social 
care services to be fully beneficial to users, the inclusion of customer or user reviews is a necessity. Such 
inclusion is also required for the continuous development of public reporting systems.

IMPROVING THE RECEPTION AND THE USE OF PUBLIC REPORTING

For users to enjoy the benefits of the public reporting system of health and social care services, they 
need to be able to use the various reports. Consumers’ adoption and effective use of reports are affected 
by several factors, including presentation of information, incentives for engagement, engagement of the 
public, advertisement, reduction of the cognitive burden for users, and test reports involving consum-
ers during development. To maximize the use of the reports, they need to engage and motivate users to 
explore and use the reports, deepen consumers’ understanding of quality and quality measurements, and 
legitimize the reports’ credibility (Sofaer & Hibbard, 2010).
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Presentation of Information

The style of presenting information either enhances the assimilation and the use of the information or 
hinders it (Faber, Bosch, Wollersheim, Leatherman, & Grol, 2009; Hibbard, Slovic, Peters, & Finucane, 
2002). It is important to make reports easy for consumers to understand and use. During the develop-
ment of the reports, it is essential to consider how the information will be presented. The data can be 
presented in plain text, visualized, or interactive. To present information in plain text for users, it is es-
sential to do so in the least broken form for usability by users representing various demographics. The 
information will have to be presented in the simplest form to be understood. The use of visual cues from 
studies and experiments has been shown as one of the most effective ways of presenting information and 
communicating with consumers (Hibbard et al., 2002).

User Engagement

To achieve consumers’ proper use of public reports, it is essential that reports be developed to actively 
engage the public. For public reporting organizations to achieve this type of engagement by the public, it 
is necessary for public reports to meet the criteria of understandability, accessibility, relevance, and trust 
in sponsoring organizations (Marshall et al., 2004). It is important for consumers to understand the ins 
and outs of the public reports they use. There should be an understanding of what the intended purposes 
of the reports are and who the beneficiaries are. According to Marshall et al. (2004), consumers may 
not understand quality indicators and may be surprised and overwhelmed by the amount of information 
to which they are exposed in the published reports.

Enhanced accessibility of the reports is important to maximize the use of publicly published reports 
on health and social care services. Marshall et al. (2004) also state that reports should be organized 
properly so that consumers can select the information they want, when they want it, and in the format 
with which they are most comfortable. This means that during the development of the reports, content 
experts should work with both report designers and users. A user perspective is needed for designing 
a report that will be of use to consumers. Accessibility also includes the proper use of evaluation cues, 
fonts, colors, headings, and bulleted lists (Marshall et al., 2004).

The quality of published public reports is an essential enabler for their use. The quality of the reports 
can be improved by personalizing them to meet user requirements (Marshall et al., 2004). This leads 
to users’ in-depth understanding of the reports (Hibbard & Sofaer, 2010). This enables users to turn 
directly to the specific information they are looking for to make their decisions on which health provider 
or service they want.

Advertisement of Public Reporting

Ackerberg (2001) states that advertisements should affect both experienced and non-experienced users. In 
either case, users are informed about the product or the service being advertised. Consumers of published 
public reports on health and social care services should be targeted by the organizations producing the 
reports and bombarded constantly with information about the need for and the use of public reporting 
through every advertisement channel. The various advertisement channels reach a wide range of users 
from all demographics. Marshall et al. (2004) report that the television media will be involved in the 
advertisement of public reporting if visuals of patients and health professionals could be provided. This 
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imposes more demands on organizations producing public reports. An advertisement has always been 
one of the proven and most effective ways of reaching consumers in most industries. It has improved 
consumers’ decision making; has affected brand, product, and service switching and repeated purchases 
of products and services (Deighton, Henderson, & Neslin, 1994); and has the potential of influencing 
the way that public reporting is perceived and used by consumers. Advertisements should be used for the 
intentional popularization of public reporting on health and social care services. Thus, it is essential to 
engage all consumers through all the available advertisement channels (radio, newspapers, magazines, 
and television). Users’ education about the quality of healthcare and increased awareness of the benefits 
and the use of public reporting can be achieved through the advertisement channels.

Reduction of the Cognitive Burden of Users

Users’ understanding of the published public information is paramount for the successful use of public 
reports. Reducing the cognitive burden of users aims to enable them to understand the presented informa-
tion, regardless of their social and educational status (Cacace et al., 2017), by decreasing the complexity 
of the presented data. Reports in other industries have evolved, from complex figures and statistical 
tables to more interactive tools that allow easy searching, filtering, and accessible formats (Sandmeyer 
& Fraser, 2016). Hibbard and Sofaer (2010) also suggest that to make it easy for consumers to under-
stand and use the comparative published public reports, it is necessary to reduce the cognitive burden 
by summarizing, interpreting, highlighting meaning, and reducing the options. Consumers should be 
provided with guidance and support on how to use the published reports. The ability to read, assimilate, 
and make decisions are processes that need to be simplified in a way that will still capture the attention 
of users of all social standing.

Testing the Reports Before They are Published

Report development should be an iterative activity. Consumers and designers should work hand in hand 
to produce reports. Reports should be tested with consumers before they are published, particularly their 
language, format, and structure (Sofaer & Hibbard, 2010). The test can be performed through consumer 
interviews, surveys, and consumer reviews.

PUBLIC REPORTING IN OTHER INDUSTRIES

Other industries have successfully implemented public reporting systems for many years. These sys-
tems are being developed constantly to satisfy customer needs. Amazon is currently one of the most 
successful companies in online shopping. It has implemented a very good public reporting system that 
continuously and actively engages users. Customer reviews on Amazon are about the services provided 
and the products sold on the webstore. Reviews on Amazon can be classified according to the goods 
being purchased to receive the maximum feedback on which other consumers can base their purchasing 
decisions (Mudambi & Schuff, 2010). Kandemirli (2018) states that Amazon has leveraged innovative 
technology to provide advantages that are based on more knowledge of their customers, which leads to 
customer satisfaction.
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The tourism industry has also been very successful in public reporting and has many types of public 
reporting platforms. The tourism industry comprises different services, including accommodations, trans-
portation, tourist sites, and many more services. Each of these services either has its own public reporting 
platform or an integrated platform of two or more services, which includes customer reviews or feedback. 
For instance, a tourist looking for comparative information on accommodations can visit booking.com. 
This public reporting platform allows users to filter their search for information by property theme, star 
ratings, distance from a city center, enjoyable things to do, 24-hour reception, beach access, property 
type, landmarks, review scores, facilities, room facilities, district, facilities for guests with disabilities, 
hotel and hostel chains, and room accessibility. The medium of communication is the Internet. This is 
an example of a highly developed, mature, up-to-date, and customer-centric public reporting system.

ICT has enabled the evolution of the tourism industry by providing new tools for management, 
marketing, and interactivity between customers and tourism enterprises (Buhalus & Connor, 2005). 
According to Buhalis and Amaranggana (2015), transforming tourism into smart tourism is a necessity. 
Smart tourism means enhanced access to real-time information, personalized services, and an advanced 
feedback loop (Buhalis & Amaranggana, 2015). This demonstrates the continuous development of the 
tourism industry based on a customer-centric approach to business. Advanced technologies, such as 
big data, the Internet of Things, machine learning, and artificial intelligence, have been integrated into 
reporting platforms to meet the evolving demands of users from the public reporting platforms. The 
tourism industry has been undergoing continuous and consistent development, where some of the best 
reporting systems are found. Examples of other public reporting platforms in the tourism industry are 
TripAdvisor, Uber, Airbnb, and Expedia.

Public reporting in health and social care services is still developing. Reporting platforms in the tour-
ism industry can serve as templates for building and implementing the health and social care services’ 
own platforms.

Challenges and Alternatives in Implementing Public Reporting

Despite the potential opportunities for public reporting, a number of challenges could prevent the realiza-
tion of the benefits and the full potential of some of the challenges, for example, the following:

1.  Presentation of information.
2.  Accessibility.
3.  Structuring of information.
4.  Lack of prior experience by adopting countries and users.

Presentation of Information

One of the most significant challenges of public reporting is the presentation of information. Accessing 
and understanding the information to be able to use it is the main point of public reporting and publish-
ing. The lack of a proper presentation of information to patients might lead to the lack of usage of the 
platform. An optimal presentation of a published public report is required for patient engagement (Liu 
et al., 2017). According to Geraedts et al. (2011), presentation styles should reduce the cognitive burden 
for users. Structuring the information in the simplest and most direct form and omitting unnecessary 
information constitute the best possible way of presentation to users. Consumer types have to be con-

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



47

Public Reporting on Health and Social Care Services
 

sidered when publishing information for the public. Providers of public reporting on healthcare services 
and delivery should ensure that the true message is not lost in the volume of available data. Hibbard and 
Sofaer (2010) state that information should be made easy for use by consumers. They further outline 
the things to do when designing a report:

1.  Reduce the cognitive burden by summarizing, interpreting, highlighting meaning, and narrowing 
options.

2.  Reduce the cognitive burden by helping to bring the information together into a choice.

Accessibility

Accessibility is a challenge in public reporting in healthcare because of the various communication 
media available to patients. Published information is practically useless if consumers have no good 
and easy way to access it. Based on this issue, accessibility should be one of the focal points of public 
reporting during the planning, designing, and implementation stages. The web is one of the most com-
mon and most used media for access to information by both users and providers. The usage of the web 
as a medium of communication poses several challenges. Leonardi et al. (2007) report that with the 
accessibility of websites, three criteria should be considered, which are cost, the need for signing up, 
and ease of use. These criteria drastically affect the usage of the reporting websites. This will continue 
to be a challenge in public reporting. The cost incurred by a consumer in using a public website will af-
fect the user’s interest and attitude towards the website. The process of signing up to use a website will 
also affect the user’s interest in the website. Lastly, the ease of use will play a vital role in patients’ and 
consumers’ patronage of a website.

Structuring of Information

The challenges of presenting and structuring the information are connected. The main issue with both 
challenges is how to communicate insightful information to customers and patients. A key challenge 
is how to structure the information that will satisfy customers or patients with different demographic 
characteristics including age, gender, economic status, social status, and literacy level. In addition to 
the patients’ demographic characteristics, health literacy has to be also considered when structuring the 
information to be released to the public. Gilmour (2007) states that health literacy is essential in making 
informed choices regarding health services. Faber et al. (2008) report that out of six studies that tested 
presentation formats, the context of the information, risk messages, and easy-to-read layout styles lead 
to positive results in terms of the users’ proper use of the published information. Structuring of infor-
mation sets multilayered challenges for public reporting. Hibbard and Sofaer (2010) outline practical 
design solutions, such as:

1.  Present the overall definition of quality.
2.  Define the elements of quality and use them as report categories.
3.  Include information on the sponsor and the methods.

Du, Zhang, and Tang (2016) report that some stakeholders in the health and social care services 
worry about the quality of work that is put into designing the report.
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Lack of Prior Experience by Adopting Countries and Users

Countries with some prior experiences with public reporting in healthcare might have little challenges in 
designing and implementing a new public reporting system. Countries with no prior experience will face 
more challenges in designing, building, and implementing a new public reporting system in healthcare.

Research Opportunities in Public Reporting

Public reporting has the potential to be a quality improvement agent. Patients in the future will demand 
more quality services and the accountability of health and social care service providers. Public reporting 
enables customers to take a good look into providers and other stakeholders and influence how services 
should be delivered to them.

Despite the tremendous growth of public reporting, there is still more to be done. Some aspects remain 
unclear and uncertain. The research opportunities in public reporting are vast and necessary for further 
development of the system. Key topics have been unexplored or under-explored during this research 
work. Below is a list of topics that should be studied:

1.  Health and social care service providers’ attitudes toward public reporting.
2.  Benefits of public reporting to health and social care service providers.
3.  Quality of the data presented in public reports on health and social care services.
4.  Role of information systems in public reporting.
5.  Big data and public reporting on health and social care services.
6.  Standard of public reporting on health and social care services.
7.  Design and implementation of health and social care services’ public reporting platforms.
8.  The authorities responsible for reporting healthcare and social care quality.

Further research needs to be done on the above list of topics for in-depth knowledge of the various 
elements of public reporting. This will enable improved designs and implemented systems of public 
reporting.

CONCLUSIONS

Successful and useful public reporting systems in health and social care services require considerable 
investments. This review of public reporting systems in general has found some common benefits and 
issues in countries that have implemented health and social care services’ reporting systems. Public re-
porting is a mix of healthcare, policies, technologies, standards, and information systems. The successful 
implementation and use of public reporting leads to benefits for consumers since it is a consumer-driven 
system. The issues of public reporting are all resolvable with time since it is still a developing idea, sys-
tem, and concept worldwide. The idea of public reporting is new in some parts of the world. Developed 
countries have taken the lead and will provide the blueprints for other countries that will implement 
public reporting in the future. The benefits are too great for countries not to adopt it.
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Public reporting also allows physicians to examine their own practice, such as how they are doing. It 
encourages providers to connect with others, with the goal of development. To get the most from public 
reporting, providers have to be actively involved in it. Providers of healthcare and social services are 
important for the success of any healthcare reporting system. One of the strongest benefits of public re-
porting is making providers more attentive to consumers, as well as coming to the table to examine their 
own performance and seeking opportunities for improvement. Public reporting is a feedback mechanism 
for providers, enhancing the relationship between providers and consumers.

In addition to the three channel pathways mentioned earlier, we believe that the inclusion of customer or 
user reviews is another channel pathway for improvement in quality and performance. Based on research, 
customer reviews have affected products and services, both positively and negatively. The improvement 
impact of customer or user reviews on public reporting takes three forms. Customer reviews constitute 
a system by which users can give their take on the reports they have used. Based on these reviews, the 
reports will be improved according to the users’ specific needs. Improved reports enhance their reception 
and usage. This also leads to users’ choices that will influence health and social care service providers, 
resulting in the improvement of their services. There is a connection between all three channels and the 
proposed review channels of improvements.

More measures need to be taken to increase the popularity of public reporting on health and social 
care services to the public. Similar to the case of any new product or service, there are commercials and 
advertisements to inform the public about them. The lack of advertisement of public reporting should be 
addressed. Thus, there is the need for intensive campaigning in the various countries that have adopted 
public reporting in their health and social care services. To enhance the reception of public reporting 
systems, there ought to be a deliberate move to make users aware of these various reporting systems 
and what they are about.

Public reporting on health and social care services is equally important and useful to the providers 
as it is to the consumers. The growth of public reporting on health and social care services is inevitable 
as we are heading more toward the consumer-driven approach in almost every industry.
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ABSTRACT

This chapter reports how interaction between family members and caregivers as perceived by family 
members could be improved via context-aware, imperceptible internet of things (IoT)-based solutions. 
The qualitative study focused on investigating experiences of the family members and the communication 
between caretakers in sheltered accommodation. Interviews including both open and closed questions 
revealed that there is high need for improving the communication, adding to the sparse earlier knowl-
edge. The study revealed that the family members were willing to adopt an application to improve the 
communication that currently was experienced as too limited and vague. The results provide a fruitful 
base for further actions to improve communication between family members and professional caretakers.

INTRODUCTION

The purpose of our study was to investigate how family members of the elderly experience the potential 
use of assistive technology in sheltered accommodation when interacting with caretakers. The motivation 
for this study arose from earlier studies that revealed a lack of or slender interaction between caretakers 
and family members of elderly care centre residents.
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The numbers of elderly are increasing globally, and the growth is expected to continue (Medjahed 
et al., 2011). The supportive role of family members in assisting their elderly is important and may lead 
to reduced costs down the line (Bolin et al., 2008). Along with ageing, the need for assistance and care 
increases, and the elderly are moving to accommodation that can offer more support than at private homes 
(Hainstock et al., 2017). However, the rising number of ageing occupants also means an increased need 
for care and resources from the caregivers (Alam et al., 2012).

Guiding family members is one of the duties of nurses. Family members bring meaning, continuity 
and importance to the lives of the elderly. It is important to encourage and support relatives to interact 
with the elderly and nursing staff (Andersen, 1995; Doty, 1986). The current study investigated the 
possibilities of state-of-the-art technology to support interaction between caretakers and visiting family 
members and other next of kin of the occupants. The research problem was compressed into a research 
question: How do next of kin of the elderly living in sheltered accommodation consider using assistive 
technology when communicating with personnel who take care of the elderly? To answer the research 
question, methods of qualitative research were applied in a home (dubbed Comfort in this paper) offer-
ing sheltered accommodation for elderly. Qualitative interviews were carried out in Comfort, and eight 
persons representing the next of kin participated in the study.

By identifying the family members’ worries during their visit, it was hoped the bottlenecks resulting 
from the care work can be reduced, enabling family members to participate in different stages of the 
care. In addition, there already are devices that provide intelligent surveillance technology to help elderly 
people live in safety while providing energy efficiency, comfort and automation (Wong et al., 2017).

However, the question remains: Are family members willing to apply assistive technology to ease 
information sharing and reduce uncertainty related to the wellbeing of their elderly?

BACKGROUND

Elderly in Sheltered Accommodation

The proportion of aging populations is growing worldwide, and explosive growth is expected to continue 
(Medjahed et al., 2011). When supporting the elderly to maintain their independence and quality of life, 
the role of family is crucial. However, the next of kin can experience too heavy a burden in caring for 
their elderly and continuing their lives (Hainstock et al., 2017). Sheltered accommodation and treatment 
costs are rising, and illness is more prominent, requiring additional resources for nursing staff (Alam 
et al., 2012). Studies show that the life of the elderly is more meaningful in nursing homes than in an 
institutional care facility (Nikmat et al., 2015; Tuominen et al., 2016). In the nursing home, the elderly 
can have their own rooms and live in their own apartments surrounded by their own belongings. Nursing 
staff is available 24/7 (Coelho et al., 2015); however, with an increasing number of residents, so does 
the workload of nursing staff increase, thus weakening the premise of better care of patients, mostly due 
to efficiency bottlenecks (Huttunen et al., 2018). Intelligent care systems provide many opportunities 
to overcome such challenges, and elderly well-being, health and functional ability have been shown to 
improve with wearable sensors and personal area networks (PAN) (Wong et al., 2017).

It is natural for the nursing staff to recognise the limitations of older people’s ability to perform 
daily tasks, thus empowering them to provide high-quality care for the elderly. Guiding and providing 
information to family members are among the duties of a nurse, and the role of the family in service 
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systems is also very important. Studies show that it is important to encourage and support relatives to 
interact with the elderly and nursing staff (Andersen, 1995; Doty, 1986).

Technology in Sheltered Accommodation

Over the last few decades, technological advances have been made in solutions for intelligent homes, 
providing a remote monitoring system useful for healthcare. The devices provide surveillance technology 
to help elderly people live in safety and provide energy efficiency, comfort and automation (Wong et al., 
2017). Safe housing has been studied previously, in a case where an intelligent control environment was 
built in the home of elderly persons. Such technology was placed in each room of the home to monitor 
the movement of users in the rooms and, if necessary, an alarm can be triggered remotely (Freitas et al., 
2015; Klakegg et al., 2017).

The elderly could be supervised by a remote system that collects information about health, activity 
and safety of the person. Automatically collected data gathers valuable information about their behaviour 
and potentially their needs to enable prompt decisions and plans for future actions. Devices exported to 
the home of the elderly should not compromise patient safety and therefore must be as discreet as pos-
sible and work under everyday living conditions (Klakegg et al., 2017; Nygård & Starkhammar, 2007).

Figure 1 illustrates how data can flow between several actors, such as care personnel in the sheltered 
accommodation and next of kin at their homes who are involved in the communication related to elderly 
persons’ health-related data (Klakegg et al., 2017).

The role of digitalisation will be more visible in future in the form of unobtrusive body area networks 
(BAN) and PAN sensors in rooms to be applied in healthcare when the requirements of treatment grow 
worldwide. Sensor networks work together through a wireless network and can identify and achieve 
numerous opportunities to track and understand the lived phenomena of people (Krishnamachari, 2015; 
Atzori et al., 2010).

Figure 1. Data flow of mobile applications
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Healthcare Sensors in Sheltered Accommodation

Internet of things (IoT) refers to devices and items that communicate between each other and are located 
around us, ubiquitously (Atzori, 2010). IoT consists of sensors, net connections and information manage-
ment. Sensors located in devices are energy efficient, identifiable and safe and include net technology 
(Gubbi et al., 2013).

Figures 2, 3 and 4 illustrate unobtrusive BAN and PAN sensors positioned in sheltered accommoda-
tion for the elderly. Figure 2 shows a microwave oven and hotplate secured by a separate switch on the 
wall, a tablet to allow distant connection between the user and caretaker, a camera on the windowsill, 
and a scale to measure body weight – all connected via IoT.

Sensors attached to the body or clothing form a network in the body area (BAN). The purpose of the 
body sensors is to measure heart rate, daily rest, sleep quality, activity, mood and stress levels (Figure 3).

Sensors attached to a person should be easy to use and unobtrusive so that their existence does not 
affect the everyday life of the patient or elderly. Movement must also be possible unobstructed (Caval-
lari et al., 2014). Sensors attached to the environment form a PAN where sensors are located close to 
the object. Sensors are placed in the home to various devices such as home appliances, bed, walls or 
smartphones. PAN sensors can measure, for example, movement, sound, air pressure, temperature, hu-
midity and light. Sensors are used to gather required information about the environment of the elderly 
(Huttunen et al., 2017).

Figure 2: Smart home device for elderly
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The use of information technology and telecommunications in healthcare provides advanced solutions 
for nursing staff. In addition, patients can take advantage of technology to support their own care and 
at the same time increase interaction between their relatives and the nursing staff. Figure 4 illustrates 
wearable medical measures such as blood pressure meter, clinical thermometer, measure to monitor 
oxygen concentration and measure to monitor blood sugar level.

Intelligent systems are intended to enhance access to care, to develop nursing workflows and to re-
duce bottlenecks that occur in nursing. By first identifying nursing processes, the quality of healthcare 
services can be improved (Faertes, 2015; Huttunen et al., 2017).

Pervasive healthcare is considered to be one of the solutions to support the future of high-quality care. 
Healthcare should be available to anyone, anywhere, anytime. The purpose of pervasive healthcare is 
to eliminate time and place limitations in healthcare. The definition includes short-term and long-term 
prevention, maintenance and patient controls. Medical equipment that monitors patients’ vital functions, 

Figure 3: Wrist sensors
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movements, quality of life and activity are provided to support patients’ care at home or at sheltered 
housing (Varshney, 2005; Huttunen & Halonen, 2018).

Healthcare professionals are encouraged to use more and more handheld devices to obtain patient 
information. In elderly care, relatives can receive information about the client’s status, reminders about 
treatment and medication changes or write prescriptions electronically. Healthcare staff rarely have 
training in intelligent applications, so patients and their relatives should be trained in hospitals in the 
use of the information and communications technology (ICT)-enabled applications (Varshney, 2005). 
Handheld devices and personal digital assistants (PDAs) can also detect and monitor patients’ vital func-
tions and send alarm messages to hospitals, ambulances or patients’ relatives for emergency services. 
Alarm messages can also support patients’ own care, leading to early detection of symptoms and timely 
taking of medication (Varshney, 2005; Huttunen & Halonen, 2018).

RESEARCH APPROACH

Our study focused on understanding a limited group of people in their real environment (see Myers & 
Avison, 2002; Larsson & Sjöblom, 2010). In the study, qualitative theme-based and open interviews 
and observation were applied.

The study was carried out among visiting next of kin of people who were being cared for at Comfort. 
The empirical material was collected in two phases. In the first phase, the participants were asked to fill 
out a semi-structured questionnaire that consisted of 19 questions. The questions included three main 
questions and their sub-questions. The main questions were about the background information of the 
informants, care activities in Comfort and using smart technology that could transfer information about 
the health status of the occupants to their next of kin. In the second phase, a face-to-face interview was 
carried out, guided by the information from the semi-structured questionnaires.

Figure 4: Wearable medical measures
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The interviews, which lasted from 45 minutes to 90 minutes, were completed in two days. In total, eight 
family members were interviewed in March 2018. The questions in the questionnaires allowed freedom 
for the informants to describe their experiences about the interaction between them and the caretakers.

The interviews were transcribed, and the questionnaires were analysed with the help of content analy-
sis (see Myers, 1997). Earlier studies were also noted in the analysis phase. The questionnaire included 
both open and closed questions, and they were answered by numerals, words or ‘yes/no’ responses. Eight 
people participated in both questionnaires and interviews, all of whom were appropriate for the research.

The background information was sorted based on sex, age, relationship with the occupant, distance 
of home, frequency and duration of stay in Comfort, length of care, frequency of change of care staff 
during occupancy and whether the next of kin experienced any lack of information related to the care 
given in Comfort.

Related to participating in the giving of care in Comfort, the resources of the family members were 
classified. In addition, the ways of participating in care, how personnel encourage participating in care 
and which tasks in care the informant would like more information about were analysed. Further, the 
preparedness of the family members to apply smart technology in interacting with care personnel were 
analysed, mirroring it with earlier research.

FINDINGS

Our eight participants consisted of five men and three women. They were three sons, three daughters, 
one living partner and one other relative. Their age varied between 46 and 85 years, and their homes 
were situated at the distance from 1 to 230 km. The informants were also asked how often they visited 
their elderly (see Table 1).

Table 1 reveals that one of the relatives visited the elderly every day, two a few times a week and 
another two persons once a week. Families that visited often lived near, but the respondents who lived 
far away visited only a few times a month, except one son who despite the short distance visited a few 
times per month.

Table 1. Family members as visitors 

Frequency of Visiting Comfort Age Kinship Distance to Home

Daily 85 Spouse 1km

A few times per week 60 Daughter 3km

A few times per week 56 Son 2km

Once a week 58 Daughter 10km

Once a week 69 Son 3km

A few times per month 64 Son 110km

A few times per month 47 Son 2km

A few times per month 46 Other relative 230km
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Most of the respondents felt that the information was not always delivered to the family quickly enough 
and that the information was not explicit enough. Some nurses provided information without asking, 
but most nurses responded only ‘I don’t know’ when information was requested because they were not 
named as personal nurses for those elderly. Some relatives also felt that nurses gave loose answers. One 
of the respondents stated there was a flaw in the information flow between nurses and relatives in the 
service unit. One of them was very annoyed as the nurses did not note any informed observations about 
the elderly, who had a urinary tract infection and subsequently had to be treated in hospital.

Eight respondents stated that they didn’t get enough information about the care related to their elderly. 
Most of them also experienced that information is not transferred quickly enough and that the information 
is inconsistent and changing. In general, the family members felt that the nurses give somewhat vague 
reports about the daily tasks of their elderly. One of the family members gave a thorough opinion about 
the issues related to communication between the caregivers and family members as follows:

During my visits there has never been a nurse at work who could have known about the wellbeing of my 
next of kin and if it has changed in a way or other during the past month. When I visit, I ask the nurse on 
shift how my uncle is. The nurse is not able or cannot say other but what has happened during her shift. 
If there had been a responsible nurse on shift, she could tell accurately because a trained nurse must be 
aware of all the clients and their wellbeing. For instance, the influence of medication, injections, starting 
new medication, results of laboratory tests and their effect on the wellbeing of the client. In addition, the 
nurse should be responsible for recording all changes in health status, medication and prescriptions and 
healthcare actions according to the health reports and examinations and the vital functions of the client.

Also, the family members were asked for their opinions about their resources to participate in the 
care in Comfort. Most of them were ready to help the elderly in Comfort as a support for the nurses. 
They reported that they can offer a lot of support by helping their elderly in getting dressed, going out, 
discussing, giving information about happenings outside of Comfort, taking care of tasks, listening, 
comforting, calming and cheering up the elderly and participating in the physician’s visit together with 
the care personnel. We also asked how much the family members had been involved in planning and 
evaluating the care of their relative before the client arrives in the sheltered accommodation and during 
the housing. Most of the respondents had been involved in the planning of their elderly person’s care, 
but a few of them had not been able to be give input on the treatment planning. ‘I haven’t participated 
due to the long distance. It could have been possible with a video call, but it was not available in the 
service room at that time.’ One person mentioned in the interview that he was involved in a health 
meeting where they went through his relative’s health, hobbies, interests and background information. 
These biographical items were written on a card where the nurses can check client information. One 
person also mentioned that she was involved in planning care at the beginning, but afterwards did not get 
enough information about her relative. ‘We did a care plan with the nursing assistant when we arrived 
to Comfort. After that, perhaps little evaluation took place, but not collectively.’

Eight of the informants suggested that the smart application should not automatically report about 
the status of the elderly, daily activities and prescriptions. Rather, the nurse should forward the informa-
tion to the family member via the application and, in case of need, the family member can contact the 
elderly via the application. The application should also have a direct messaging functionality to inform 
the care personnel.
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After receiving the background information, the interviewers asked if the respondent was willing 
to use intelligent technology for interaction between nursing staff and relatives. All eight respondents 
informed that they desired day-to-day communication through intelligent technology. Relatives would 
quickly know about changes in health and overall health. The smartphone application would replace the 
notebook where a family member writes while visiting his or her relative. The answer would be in real 
time. Family members living far away would get more information and would then be more aware of 
their elderly’s behaviour and change in health status, and the flow of information would be facilitated. 
The respondents did not find it necessary to get information updates daily. However, one family member 
considered the smartphone application as a communication tool, defining it as ‘Seeing the daily report, 
current medicines and doses. Despite the long distance I could experience that the distance is not that 
long and that I am better informed about how my uncle manages.’

Discussion

This study focused on the family members of elderly living in a sheltered accommodation called Com-
fort and their willingness to use assistive healthcare if offered by a mobile phone application designed 
for caregivers.

In Comfort, each client had an individual treatment plan, which supported high-quality care in shel-
tered accommodation and at the same time acted as a tool for nursing staff. The treatment plans were 
collaborated with the care unit, occupants and relatives. The need for care of the occupant, the goal of 
the treatment, the implementation of the treatment and the means were recorded in the treatment plan 
(see Russello et al., 2008; Schenk et al., 2013).

Guiding family members was one of the nursing staff tasks, and the role of the family was very im-
portant. An active role of family members (elderly’s spouse, a child or other relative) in the care of the 
elderly brings substance, continuity and importance to the lives of the elderly. It is important to encour-
age and support relatives to interact with the elderly and nursing staff (Andersen, 1995; Doty, 1986).

The current study showed that family members need support for elderly care. They are unsure of 
what’s happening in the nursing home, and they want intelligent technology to support communication. 
The family members would like to know that the nurses at the sheltered accommodation can, if neces-
sary, quickly provide topical information through phone apps to family members.

Family members should also be offered an opportunity to ask questions about the elderly from the 
nursing staff. Intelligent systems allow information sharing between several stakeholders, such as medical 
staff and nursing staff (Freitas et al., 2015; Klakegg et al., 2017). Our study proposes that the means of 
pervasive systems are used to inform family members about the status of the elderly.

By adding technology to support nurses’ workflows, it is possible to reduce bottlenecks from nurs-
ing work and to increase patient safety in sheltered accommodation (Huttunen et al., 2018). Our study 
assumes that there are family members who have resources to support care of the elderly and can thus 
reduce the care work of nursing staff. The interaction between nursing staff and family members should 
be enhanced by using intelligent technology to allow prompt informing when necessary.

Available intelligent solutions have been developed to provide remote monitoring systems for health-
care. The devices provide intelligent technology for surveillance of the elderly in housing security, com-
fort and automation (Wong et al., 2017). Current knowledge and technology already enable pervasive 
systems (Medjahed et al., 2011; Faertes, 2015; Klakegg et al., 2017). Healthcare mobile devices enable 
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more efficient patient care, and sensors can be used to allow collecting and evaluating physiological data 
from the elderly (Cavallari et al., 2014).

The current study proposes that the communication between nurses and the family members should 
be enabled and improved via a mobile device, which could facilitate and increase the awareness of fam-
ily members about the care and status of their relatives in sheltered accommodation. The application 
should inform about facilities in use, safety of the elderly, e.g. risk of falling when standing up, duration 
of living in Comfort and mood of the elderly.

CONCLUSION

To conclude, the family members strongly wanted to apply assistive technology to ease and reduce 
uncertainty related to the wellbeing of their elderly. Fixed and wearable sensors offer practical means 
to collect physical, mental and social information about the wellbeing of people. The fixed sensors 
collect accurate information about the location and safety of the participants. Sensor-based data can be 
transferred to the mobile application to be used by the care personnel, who can share information with 
the family members when appropriate.

By identifying the worries and troubles raised by family members when they visit sheltered accom-
modation, one can reduce the bottlenecks from communication between family members and nursing 
staff. With the help of applications, the nursing staff can include the occupants’ relatives in different 
stages of the care to bring the nursing staff and family members closer to the elderly’s everyday care 
during the service life. In case of unexpected issues, the family could be informed about any incidents. 
However, the family members also pointed out that the final decisions should be made by them, not 
automatically by ‘the computer software’.

There are many kinds of sensors on the market that can improve people’s lives. There are sensors 
both inside the body and wearables but also set in the environment (Klakegg et al., 2017). In Comfort, 
sensor information could facilitate communication between the patient and the nursing staff, as well as 
between relatives and caregivers.

In healthcare, the use of technical aids is seen as a key means of facilitating interaction between nurs-
ing staff, patients/clients and their relatives. Pervasive healthcare is largely based on the use of technical 
aids and the continuous availability of healthcare to the patient. The goal of pervasive healthcare is to 
turn healthcare from doctor-centred care to patient-centred care. Pervasive healthcare aims to guide 
patients/clients to prevent the emergence of acute illnesses and to respond more quickly to their own 
care (Varshney, 2005; Klakegg et al., 2017; Huttunen & Halonen, 2018). In our study, the nursing staff 
benefits from continuous automated data collection for a single patient, and in the current study also 
all family members were willing to accept new technology in caring activities for their elderly. With 
automation it will be possible to help and respond faster to changes in patient status.

Automation can help improve access to care (Wong et al., 2017), but the technology and security 
of sensors need to be improved continuously to allow patients/clients to safely use sensors to identify 
diseases and change lifestyles. In future, the security of tools developed for communication between 
nursing staff, patients and relatives to improve communication should also be investigated in order not 
to compromise privacy.
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So far, there have been only few studies on communication between relatives and nursing staff to 
support elderly care. More research is needed in the future to find out how family members of the el-
derly experience the use of assistive technology in communication when interacting with caregivers in 
sheltered accommodation. The interaction should be enhanced by using intelligent technology as desired 
by the next of kin.

The next phase will focus on the application and communication that could extend between the rel-
evant healthcare providers. The current study offers constructive observations and informative points to 
build a prototype for the mobile application.
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ABSTRACT

The motivating factors that influence patient portal acceptance among the elderly are not well under-
stood. Using the social heuristic theory, the elaboration likelihood model, and the unified theory of ac-
ceptance and use of technology, this study proposes a model that examines the persuasive mechanisms 
for the elderly to use patient portals. An empirical study involving 117 subjects in the United States was 
used to test the proposed model. Using the partial least squares method, social power, and imitate-the-
successful social heuristics were found to significantly influence patient portal acceptance among the 
elderly. These findings indicate that older people invest less effort cognitively elaborating when presented 
with technology acceptance decisions and accept influence from their higher status peers from their 
network. Imitate-the-majority heuristics and central route processing were not found to be significant, 
implying that older people are more inclined to take advice from sources, which they find credible and 
invest less cognitive effort in evaluating the complex phenomena.
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INTRODUCTION

The healthcare industry is paying greater attention to improving patient outcomes through better provider-
patient communication (Tang et al., 2013; Chrischilles et al., 2014). One such tool that is seeing greater 
utilization by healthcare providers is the patient portal. Patient portals are secure online websites that 
allow patients to access their personal health information, such as communicate summaries of recent 
visits, medications, immunizations, allergies, and lab results, from any location with an Internet connec-
tion (Krist et al., 2012; HealthIT.gov at https://www.healthit.gov/). More sophisticated patient portals 
are also capable of scheduling non-urgent appointments, downloading and submitting forms, processing 
prescription refills, accepting payments, and providing viewable educational material (Goldzweig et al., 
2013). Patient portals have become a valuable tool for addressing the problem of rapidly aging popula-
tions in most countries (Bierman, 2012).

The use of electronic health records (EHR) is also on the rise. A 2014 study (Hsiao & Hing, 2014) 
shows that about 80% of office-based physicians in the US use EHRs, and a majority of them (69%) are 
committed to participate in the meaningful use incentive payment program available in the United States 
(Blumenthal & Tavenner, 2010). One of the Stage 2 Core Set objectives to achieve meaningful use is 
“provide patients the ability to view online, download, and transmit their health information” (HealthIT.
gov). This means that healthcare providers with EHR systems are mandated to provide patients with ac-
cess to personal health information over the Internet using a secure online portal. Several other countries 
are introducing similar initiatives as they try to both improve health outcomes and strive for efficiencies 
in their health systems (Wickramasinghe, Davey, & Tatnall, 2013).

Numerous studies examine patient portal acceptance and use (Goldzweig et al., 2013; Ancker et al., 
2011; Smith et al., 2015; Sarkar et al., 2011; Goel et al., 2011; Jung et al., 2011; Weppner et al., 2010). 
Patients with chronic conditions are more likely to accept and use patient portals (Goldzweig et al., 2013; 
Ancker et al., 2011; Millard & Fintak, 2002). Patient age is negatively correlated with portal adoption and 
use, especially among older patients (Goel et al., 2011; Jung, Padman, Shevchik, et al., 2011; Weppner 
et al., 2010). Roughly 20% of the US population will be over the age of 65 by 2030 due to longer life 
spans and aging baby boomers (CDC, 2013), and it has been established that doctor visits and medical 
spending increase during the final years of life (Hogan, Lunney, Gabel, & Lynn, 2001). In fact, some 
studies indicate a quarter of an individual’s medical spending occurs in their final year (Lubitz & Riley, 
1993). Hence, one can conclude that while older patients could benefit most from patient portals, they 
are the least likely group to use them.

While there exists a number of empirical studies that examine various factors to better understand 
consumer health information technology (CHIT) acceptance and use, they rely primarily on technol-
ogy acceptance theories (Klein, 2007). The variety of antecedents in the competing models show that 
older patients are less likely to accept CHIT by making use of online health information because of less 
comfort, efficacy, and control (Smith et al., 2015; Or & Karsh, 2009). However, one of these anteced-
ents is social influence, also called subjective norm (Ajzen, 1991; Venkatesh & Davis, 2000; Moore & 
Benbasat, 1991), which remains unexplored in regards to older patients. According to Carley and Kaufer 
(1993), elderly patients are likely to conform to the attitudes, norms, and beliefs of those around them, 
meaning that social influence may be a motivator for the elderly to adopt and use patient portals. It is 
therefore prudent to examine social influence in more detail beyond the technology acceptance theories.
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This empirical study argues that elderly patients’ opinions about patient portal acceptance and use are 
influenced by those peers in their social environment that they respect. The conceptual model proposed 
herein is based on institutional theory’s driving forces as a precursor of the driving forces of behavioral 
intention and use behavior within the Unified Theory of Acceptance and Use of Technology (UTAUT) 
Model. The study further scrutinizes these driving forces with complementing theories and empirically 
tests the proposed model. Data collected from the elderly in various social settings provides the basis 
of our empirical evidence that social forces significantly influence older patients’ use behavior toward 
patient portals when information and understanding of the technology is limited (Goel et al., 2011).

BACKGROUND

This chapter examines three complementary theories that pertain to the individual decision-making 
process. The focus is on the social aspect of these theories and how they can be combined into a com-
prehensive model to empirically evaluate the precursors of behavioral intention to use patient portals by 
the elderly. The three models are: 1) Unified Theory of Acceptance and Use of Technology (UTAUT) 
Model, 2) Elaboration Likelihood Model (ELM), and 3) Social Heuristics Hypothesis (SHH).

Unified Theory of Acceptance and Use of Technology (UTAUT)

Two major determinants drive technology acceptance and use: individual beliefs and social factors. 
“Subjective norm” is the term commonly used to describe the social pressure to engage in an activity 
(Fishbein & Ajzen, 1975). An individual develops beliefs shaped by a motivation to comply with the 
perception of how influential peers or superiors think they should or should not perform (Fishbein, 1980). 
In the technology domain, influencers in the form of respected peers or superiors are found to be a strong 
determinant in shaping beliefs (Mathieson, 1991; Taylor & Todd, 1995). This study does not explore or 
hypothesize any relationship among the individual beliefs or social factors, but rather approaches the 
social factors from the basis of institutional theory.

Technology use by individuals has been explored by examining the characteristics of both individu-
als and organizations. Institutional characteristics have been found to strongly influence technology 
use (Delone, 1988; Sanders & Courtney, 1985; Boynton, Zmud, & Jacobs, 1994). While institutional 
theory was developed and applied in an organizational context (Liang, Saraf, Hu, & Xue, 2007; Ang & 
Cummings, 1997; DiMaggio & Powell, 1983), organizations actually operate at the local, interpersonal 
relationships level through a network of individuals (Scott, 2001).

Social Heuristic Hypothesis

Heuristics are simplified models of reality, which help reduce the complexity of the decision-making 
process by building on previous experiences (Tversky & Kahneman, 1975). SHH is a guiding principle 
to help make decisions when part of the available information is ignored and only a few relevant predic-
tors are considered. Some relevant information for decision making is ignored due to limited cognitive 
ability to process all relevant information or due to lack of motivation (Chen, Duckworth, & Chaiken, 
1999). It is particularly applicable in this research study considering that patient portals are complex 
applications and elderly patients tend to ignore the technical aspect and rely on other characteristics 
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and recommendations from within their social environment. For example, if most actors in an older 
patient’s social environment use and recommend the patient portal, the individual will conform even 
though not all aspects of the patient portal are understood. This type of social heuristic is called imitate-
the-majority heuristic. Another type of social heuristic is the imitate-the-successful. The desire to con-
sciously or unconsciously follow those who are more successful leads individuals to feel gratification 
due to the expectation that they will achieve a similar level of success. (Hertwig and Hoffrage, 2012; 
Pachur, Rieskamp, & Hertwig, 2005). In the context of this study, the elderly are likely to follow the 
example of those they respect and deem to be successful. One of the most pervasive social concepts is 
social power, due to its function within social heuristics for decision making (Keltner, Van Kleef, Chen 
et al., 2008). Social power is a result of a multitude of complex decision-influencing social factors such 
as formal/informal norms, social status, and resource/action dependencies (Castelfranchi, 2003). Those 
with higher social status, for example physicians, would likely have stronger influence on the elderly in 
the patient portal acceptance decision.

Elaboration Likelihood Model

ELM is concerned with the amount of cognitive efforts individuals are likely to invest when facing 
complex information for decision making (Petty & Cacioppo, 1979,1984). The goal is to understand the 
factors that influence the effort older patients are willing to invest into making a rational choice toward 
the acceptance of patient portals. The model is based on the premise that individuals can change their 
intention based on the source of information and the context in which it is presented (Petty & Cacioppo, 
1986). Specifically, this model helps us understand how elderly users may choose to accept patient 
portals, even though they may have concerns, such as privacy or usability (Angst & Agarwal, 2009). 
Originally, this model was developed in the consumer behavior domain, and recently has been used to 
explain individuals’ intention to respond to online advertisements (Flavian, 2010) and electronic health 
record acceptance (Angst & Agarwal, 2009).

When elderly individuals are presented with new information, such as patient portal details, cogni-
tive elaboration is required to make the decision about acceptance (Petty & Cacioppo, 1986). Cognitive 
elaboration refers to supplementing one’s pre-existing knowledge structure through the integration of 
new information (Anderson, 1983). New beliefs may be formed or previously established beliefs changed 
by the source and credibility of the new information (Petty & Wegener, 1999). Forming a belief as a 
response to the information is greatly dependent on the extent to which individuals elaborate on the new 
information, cognitively processing and giving consideration (Tam & Ho, 2005). Those who exhibit a 
high degree of elaboration will experience a central route of persuasion, while those who ignore the 
message content and exhibit a low degree of elaboration experience a peripheral route of persuasion 
(Petty & Cacioppo, 1986). The latter situation results in use behavior decisions based on simple criteria 
and cues such as the attractiveness of the person who conveys the information rather than the content 
itself. Nonexperts and those with no prior experience rely on the peripheral route of decision making 
and follow the social force rather than make a well-thought out and considered decision (Lord, Lee, * 
Sauer 1995; Petty & Cacioppo, 1981).

In the context of elderly patients facing the decision of patient portal acceptance, they will either con-
sider the portal’s design features or follow guidance from their respected peers. The former is expected 
by those with prior experience or having the cognitive ability to evaluate the portal for their needs. The 
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latter is likely followed by those elderly patients who ignore the design features and follow the advice 
or example of their peers from their social environment.

Hence, this study will empirically investigate the effect of social factors on patient portal use behavior 
by the elderly, and will expand the theory’s applicability through theoretical and managerial implications.

INFLUENCES ON PATIENT PORTAL USE BY THE ELDERLY

In order to better account for the ways in which institutional forces influence patient portal use behavior 
by the elderly, this study presents the conceptual model shown in Figure 1, based on institutional theory 
(DiMaggio & Powell, 1983), SHH (Hertwig & Hoffrage, 2012), ELM (Petty & Cacioppo, 1984) and the 
UTAUT model (Venkatesh, Morris, Davis, & Davis, 2003). Although social forces are a major precursor 
in almost all major technology acceptance models, none of them have investigated social forces on a 
more granular level (Bozan, Davey, & Parker, 2015). Early studies of institutional theory identified three 
mechanisms, coercive pressure, normative pressure, and mimetic pressure, which promote structure and 
process similarities (DiMaggio & Powell, 1983; Scott, 2001). The Social Heuristic Hypothesis similarly 
groups the social influences on behavioral intention to accept the patient portal. The Elaboration Likeli-
hood Model groups the social influences into central and peripheral route processing, where greater prior 
knowledge is expected to allow for greater elaboration (Alba & Hutchinson, 1987). This study empirically 
tests the model and examines which elaboration route older individuals favor when facing the decision to 
accept a patient portal. The moderating effect of prior knowledge of patient portals is also investigated.

MODEL COMPONENTS

Behavior Intention to Accept Patient Portal

An individual’s behavioral intention refers to the individual’s decision to perform a specific behavior 
in the future (Chatzoglu et al., 2009). For the purposes of this study, use behavior intention to accept 
patient portal is defined as the degree to which a user intends to regularly use the patient portal for the 
purposes for which it is designed. The most common dependent variables in technology acceptance 

Figure 1. Conceptual Model
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literature are actual use, intention to use, and behavior. Behavior is defined as a specific or general 
action whose prediction is of interest in a particular model (Ajzen & Driver, 1991; Ajzen & Fishbein, 
1980). In the “competing” technology acceptance models, the dependent variable is often preceded by 
the subjective norm, which is an individual’s perception of influencers’ approval or disapproval of the 
specific or general target behavior. The antecedents of use behavior are often linked to the subjective 
norm or social influence, hence our choice for the dependent variable of use behavior in our proposed 
conceptual model.

Central Route

Patient Portal Design Features

System characteristics are a major consideration when individuals decide to adopt technology for long 
term use. The main technology acceptance models include system characteristics such as usability, 
usefulness, effort it takes to learn (Ajzen & Fishbein, 1980), and other advanced characteristics such 
as interconnectivity and connectedness (Liu, Wu, Sun, 2014). Such characteristics are considered to be 
difficult to evaluate for novice users and are often overlooked during an acceptance decision (Lin, Shih, 
& Sher, 2007). Therefore, it takes more effort and cognitive ability to evaluate the system characteristics 
of a patient portal, especially for elderly users. This evaluation process is also known as central route 
processing by ELM and refers to a higher degree of user involvement during the acceptance process, 
leading to the first hypothesis:

H1: Higher level of elaboration will positively influence behavioral intention to accept patient portals 
among the elderly.

Peripheral Route

Social Power / Coercive Pressure

Weber (1962) defines social power as “the probability that an actor within a social relationship is in the 
position of doing as he wills not withstanding resistance, independently over the basis on which this prob-
ability stands”. Most definitions agree on the concept that individuals with high social power possess the 
potential to exert a force toward change in another person. In a social environment, such actors are usually 
superiors or someone having formal authority such as doctors over patients, or teachers over students.

Coercive pressure, the institutionalized form of social power, includes both the formal and informal 
pressures on an individual (social actor) by a more powerful individual (actor) to adopt the same prac-
tices, behaviors, or attitudes (DiMaggio & Powell, 1983). Formal or informal coercive pressure at the 
organizational level can be generated by a variety of sources, such as regulatory agencies, customers, 
suppliers, and other powerful actors (Teo, Wei, & Benbasat, 2003).

In the context of healthcare, regulatory pressure often impacts many facets of care at the individual 
level. Given its focus on patient portal acceptance, this study investigates the pressure that providers may 
put on patients to use patient portals. For example, physicians are powerful actors in the physician-patient 
relationship, and may informally pressure patients to access their portal for health-related communications 

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



73

Patient Portal Acceptance by the Elderly
 

in order to increase the effectiveness of care. Hence, it is hypothesized:H2: Higher degree of perceived 
social power will positively influence behavioral intention to accept patient portals among the elderly.

Imitate-the-Majority / Normative Pressure

Individuals with limited insight on information presented to them will more likely imitate the behavior 
of the majority of individuals in their reference group (Boyd & Richerson, 2005). For example, if more 
people are waiting for a service, then the more likely it is that uninformed agents will prefer that service 
(Raz & Ert, 2008). Very simple decision criteria are the driving factor in such situations. Elderly indi-
viduals may not have the cognitive ability to consider and process all relevant information to properly 
evaluate patient portals and are more likely to agree with its adoption even though they initially would 
not consider it. The peripheral route of persuasion is likely to change elderly individuals’ minds about 
patient portals if they decide to follow the majority of their peers who choose to accept patient portals.

Institutional theory posits that if an action, behavior, or belief is exhibited by an adequately large 
group of actors, a social actor is more likely to copy that action. Copying is not mandated and may not 
even be conscious, but rather becomes the norm, the “right” way (Harcourt, Lam, & Harcourt, 2005; 
Johnson, Dowd, & Ridgeway, 2006). When normative pressure acts as a social factor for adopting a 
behavior or belief, it can result in discord if peers whose opinions are valued are already using an in-
novation (DiMaggio & Powell, 1983; Van den Bulte & Lilien, 2001). Therefore, following the behavior, 
using the innovation, becomes an obvious and “right” choice for the social actor.

Older patients supported by a large network may often share details about their physical health with 
each other. During such discussions, if a respected peer mentions the use of patient portals, other individu-
als are more likely to consider trying one out. This effect has been described generally by Abrahamson 
(1991) as theories of fads. Hence, it is posited:

H3: Higher degree of perceived imitate-the-majority social heuristic will positively influence behavioral 
intention to accept patient portals among the elderly.

Imitate-the-Successful / Mimetic Pressure

Individuals who rely on social heuristics may choose to follow the advice of a successful person in their 
reference group. Celebrity endorsements or media influence fall into this category as source credibility 
is often ignored under such social heuristic scenarios (Boyd et al., 2005).

DiMaggio and Powell (1983) proposed mimetic pressure as the conscious and voluntary act of copying 
the behaviors of those with higher status and success. Such copying behavior is driven by the belief that 
the actions of more successful and respected actors result in positive outcomes. The assumption is that 
copying the behavior of respected members of a network is safer than experimenting new, “untested” 
behavior (Teo, Wei, & Benbasat, 2003). Seniors are often more aware of their health status because they 
more actively seek information about their health (Bennenbroek, Buunk, van der Zee, & Grol, 2002). If 
a trusted friend mentions their patient portal as being a reliable source of information, those who have 
not adopted a portal are more likely to try using it. Therefore, it is hypothesized:

H4: Higher degree of perceived imitate-the-successful social heuristic will positively influence behavioral 
intention to accept patient portals among the elderly.
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Moderating Effect of Prior Knowledge

Petty and Cacioppo (1979) empirically found that individuals with high involvement with an issue they 
were investigating used enhanced information processing in the central route. A higher degree of expertise 
or significant prior experience with the technology moderate the central route processing to behavioral 
intention in technology acceptance (Bhattacherjee & Sanford, 2006). The current investigation explores 
the degree to which prior knowledge moderates the relationship of patient portal design features (the 
central route, e.g. usability, interconnectedness, privacy, security… etc.) and social heuristics (the pe-
ripheral route) with our dependent variable of behavioral intention to accept patient portals among the 
elderly. The findings are expected to be in line with the literature that an elderly user’s prior knowledge 
of patient portals will impact their behavioral intention to accept a patient portal and more likely consider 
the central route to evaluate patient portals. This expectation is reflected in the following hypotheses:

H5a-d: Prior knowledge of patient portal will attenuate the relationship of patient portal design features 
(H5a), social power (H5b), imitate-the majority heuristic (H5c), and imitate-the-successful heuristic 
(H5d) with behavioral intention to accept patient portal among the elderly.

RESEARCH METHODOLOGIES

Measurement

Questionnaire items were adopted from the literature for social forces (Liang et al., 2007; Teo, Wei, & 
Benbasat, 2003; Jan, Lu, & Chou, 2012) and use behavior (Venkatesh et al., 2003; Liu, Wu, & Sun, 2014). 
Social factors constructs were measured by six indicators, while the dependent variable was measured 
by three indicators. The moderator and system design feature items were adopted from Bhattacherjee 
& Sanford (2009), Khalfan (2004), Smith et al. (2007), and Dhillon & Blackhouse (2000). (Please see 
Appendix for the questionnaire items and indicators.)

Data Collection

Convenience and snowball sampling were used for data collection. Several assisted living establishments 
were contacted and asked to promote our survey among their residents. The survey was also dissemi-
nated among a network of elderly individuals who were asked to share it with their contacts. 117 fully 
completed questionnaires were returned prior to data analysis.

Control Variables

Demographic variables, such as age and gender, have been found to have significant effect on social 
behavior studies (Mazman, 2011; Dabaj, 2009). Morris and Venkatesh (2000) found that older individu-
als are more susceptible to social influences, but a study by Botwinick (1973) indicates they are more 
cautious before they decide on an action. Women are found to be more perceptive regarding others’ 
opinions than men (Venkatesh et al., 2003). Our study also controls for residence, since dwelling in an 
assisted living environment may have an effect on social factors as opposed to those who are somewhat 
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more isolated in their residence (Cattan, White, Bond, & Learmouth, 2005; Nicholson, 2008). In addi-
tion, technical efficacy (Chaffin & Harlow, 2005; Purdie & Boulton-Lewis, 2003) and attitude toward 
self-health (Karwalajtys et al., 2005) were also examined for their effect on use behavior.

DATA ANALYSIS AND RESULTS

Test of Measurement Model

The Partial Least Squares (PLS) statistical method was used for scales validity assessment and hypoth-
eses testing because it provides more flexibility with sample size and residual distribution (Anderson & 
Gerbing,1988; Chin, Marcolin, &Newsted, 2003; Chin, 1998). Using the most recent version of Smart-
PLS (version 3.2.8 for Windows 64 bit), the relationships between constructs (path coefficients) and the 
predictive power of the dependent variable – R-squared (Chin, 1998) is examined.

Common Method Bias

The study checked for common method bias, which occurs when the independent and dependent variables 
are collected from the same respondents at the same time (Podsakoff et al. 2003). The exploratory factor 
analysis on the items in the measurement model revealed four items with eigenvalues > 1.0 with 70.2% 
total variance accounted for. 38.7% variance was captured by the first factor, below the recommended 
50% mark (Schriesheim, 1979).

Content and Construct Validity

The survey items were adopted from previous studies (see Appendix A), therefore content validity for 
these items’ constructs have been ascertained. The multi-item constructs were assessed by confirmatory 
factor analysis, which is well suited for validated constructs (Gefen & Straub, 2005). The measurement 
items on their latent constructs exhibited significantly higher loading than on other constructs, and hence 
satisfies discriminant validity. The discriminant validity (inter-construct correlations) is also satisfied as 
the correlation between any constructs is lower than the square root of average variance extracted (AVE) 
shared by items in a construct (Fornell & Larcker, 1981) and exceeds the recommended 0.5 threshold.

Construct validity is the degree to which a test measures what it claims to measure for the reflective 
constructs. Cronbach’s alpha values ranged from 0.631 for patient portal design features to 0.914 for 
imitate-the-successful constructs and fall within the acceptable range of > 0.5 (Rivard & Huff, 1988). 
The composite reliability is also greater than the recommended 0.5 (Forner & Larcker, 1981) for all 
constructs, and therefore the instrument exhibits satisfactory construct validity.

Factor loadings of less than 0.7 have been removed to strengthen the item reliability. Since reflective 
indicators are interchangeable (meaning they ask the same thing), some can be omitted and PLS is flexible 
and reliable even with a low number of factors per latent variables (Wold, 1985), therefore the factors 
loaded less than 0.7 can be safely removed. Construct reliability was tested by Cronbach’s alpha and the 
results were above the recommended 0.7 value (Nunnaly, 1978). Convergent validity values, in terms of 
average variance extracted (AVE), were above the recommended 0.5 value (Fornell & Larcker, 1981).
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Test of Structural Model

The study used Structural Equation Modeling (SEM) with component-based PLS software, which is an 
appropriate choice for this early stage of model development (Chin et al., 2003; Anderson & Gerbing, 
1988).

Our measurement model was tested against the hypotheses through path coefficients (relationship 
strength between IV and DV) and R-squared values to measure the predictive power of the model (Barclay, 
Higgins, & Thomson, 1995). T-statistics were calculated using the bootstrapping technique in SmartPLS.

The (H1) path coefficients from design features to behavioral intention to accept patient portal 
(b=0.216, p<0.05) and (H2) from social power to behavioral intention to accept patient portal (b = 0.174, 
p<0.01) supported hypotheses 1 and 2 respectively, indicating that design features and social power have 
a significant effect on the behavioral intention to accept patient portals among the elderly. However, (H3) 
imitate-the-majority showed no significant impact on behavioral intention to accept patient portals (b=-
0.039, NS) and (H4) imitate-the-successful had a borderline significance (0.186, p=0.0546) on behavioral 
intention to accept patient portals. Table 2. summarizes the hypotheses and their path coefficients along 
with t-statistics and moderating effects. Figure 2 displays the measurement model.

The research model explains 31% of the variance of social forces and technical design on behavioral 
intention to accept patient portals as indicated by the r-squared value. This magnitude is somewhat ex-
pected as technology adoption and use behavior is a cumbersome subject with numerous antecedents. 
This study focuses on social factors and patient portal design features familiar to only small number of 
elderly users. Our model intentionally omitted other, well established constructs. Therefore, the predic-
tive power of the model was expected to be on the lower side.

Control variables showed an insignificant effect on patient portal use behavior with path coefficients 
of b= 0.143, -0.209, -0.195, 0.703 respectively for attitude toward self-health, gender, resident type, and 
technical affinity respectively.

DISCUSSION

This study empirically tested our proposed model to study the elderly individuals’ elaboration route to 
patient portal acceptance with respect to prior knowledge of patient portal.

The study revealed findings that contribute to theory and practice. First, it extended understanding of 
the social norm construct of the commonly used UTAUT model. The additional granularity sheds light 
on the social force component as the strongest indicator of patient portal acceptance. In the context of 
this study it can be concluded that new technology acceptance is strongly encouraged by those with more 
informal authority over the elderly users. This authority usually comes from the healthcare provider and 
trusted family members based on the survey responses. This indicates the importance of proper guidance 
from these sources as the elderly are more likely to be influenced by their suggestions to accept patient 
portal. This provides additional insight on the role of physicians (Peck & Conner, 2011; Lipworth et 
al., 2013). The authors recommend that healthcare providers are formally trained and equipped with 
resources to guide the elderly in patient portal acceptance. Similarly, family members should understand 
the role they represent in the technology acceptance decision of their older family members and provide 
support and guidance as needed. This significant finding leads us to the recommendation that healthcare 
providers should consistently provide guidance via patient portal suggestions and equip providers with 
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audience-appropriate handouts and resources. Similarly, our findings suggest that family members need 
to realize the influencing power they have in their elderly relatives’ patient portal adoption decisions, 
which is reflected in earlier literature (Lorenzen-Huber et al., 2011; Courtney et al., 2008)

Second, the non-significant path coefficient of imitate-the-majority to behavioral intention to accept 
patient portal indicates that elderly individuals are not concerned about what the majority of their peers 
do in terms of patient portal adoption. It may be due to the fact that there are many other variables im-
pacting this decision, for example their previous experience with technology, specifically, with patient 
portals. The not strong yet statistically significant path coefficient of the moderating effect of prior 
knowledge suggests this conclusion. Elderly individuals respect their trusted and successful peers and 
follow their example (Bozan, Davey, Parker, 2017). However, our current study shows that having prior 
experience with a patient portal diminishes the significance of peers, in both the imitate-the-majority and 
imitate-the-successful. In fact, the significant and strong negative moderating effect of prior knowledge 
indicates that the more prior experience an elderly individual has, the less likely will they follow their 

Table 2. Structural model analysis results including prior knowledge (moderator)

Relational Path Direct Path Moderation of Prior Knowledge

B-coefficient t-statistics (sig.) B-coefficient t-statistics 
(sig.)

H1: Design Features → Behavioral Intention
H5a: Moderation effect of Prior Knowledge 0.216* 2.189 -0.141* 2.419

H2: Social Power → Behavioral Intention
H5b: Moderation effect of Prior Knowledge 0.174** 3.194 0.191ns 1.081

H3: Imitate-the-majority → Behavioral Intention
H5c: Moderation effect of Prior Knowledge -0.039ns -0.916 0.061** 2.619

H4: Imitate-the-successful → Behavioral Intention
H5d: Moderation effect of Prior Knowledge 0.186† 1.941 -0.172** 2.637

** Significant at the 0.01 level; * significant at the 0.05 level; † significant at the 0.10 level; ns not significant. Two-tailed hypotheses

Figure 2. Measurement model
** Significant at the 0.01 level; * significant at the 0.05 level; † significant at the 0.10 level; ns not significant. Two-tailed 
hypotheses
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successful peers’ example in terms of patient portal adoption decision and avoid fads and bandwagon 
effects (Abrahamson, 1991; Abrahamson & Rosenkopf, 1993).

The impact of patient portal design features is statistically significant and exhibits strong positive 
correlation with behavioral intention to accept patient portal. The prior knowledge moderating effect 
also displays strong positive correlation. This indicates that the elderly find the patient portal design 
features important in their decisions to accept this technology. Having prior experience with patient 
portals encourages elderly individuals to elaborate more on the acceptance decision and consider all 
relevant information by taking the central route of elaboration.

The findings of our study highlight the importance of informal authority, the transparency of patient 
portal design features, and prior experience with patient portals. Those elderly individuals who prefer 
the peripheral route of elaboration will more likely follow the guidance of those who have informal 
authority over them such as caregivers, providers, and trusted and respected family members. Those 
elderly who further elaborate rely more on their prior experience and value the transparency of patient 
portal features such as confidentiality, integrity, auditability, interconnectivity, and security (Appendix 
A.). Having this information available would increase their understanding and the elderly would more 
likely intend to accept patient portals.

The low effects of the control variables are also important findings as a more general approach is 
sufficient to reach the elderly to the same extent, aside from previous experience with patient portals.

FUTURE RESEARCH AND DIRECTIONS

While this study makes a contribution to the relevant literature and provides valuable directions, it has 
limitations that may affect the generalizability of the findings. Data collection followed convenience and 
snowball sampling. Geographical distribution was not tracked and the results may only represent that 
of a particular area. Also, the subjects were mostly contacted through email and social media and the 
survey was conducted online, in effect requiring that every respondent have a basic level of familiarity 
with the Internet and computers.

It is important to keep in mind that most of the variables (69%) in use behavior remain unexplained 
by the variance in the measurement model, which implies that there could be a number of other factors 
that may influence the decision to adopt patient portals by the elderly. This provides the opportunity for 
future research to enhance the model to examine other important social factors that may strengthen the 
predictive power of the model.

It might be informative to investigate a similar model with behavioral intention to accept patient 
portals as the mediator between social factors and design features of the patient portal and actual portal 
use, similar to UTAUT. Since this study investigates social factors on a more granular level, one may 
wonder whether or not all three social heuristics are significant with the moderator or only with the 
intention to accept patient portal as the dependent variable.
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CONCLUSION

This study examined the effect of social heuristics and patient portal design features on patient portal 
adoption intention among the elderly. The conceptual model was constructed on the social heuristics, 
elaboration likelihood model, and UTAUT. The predictive indicators were measured by considering 
prior knowledge and experience with patient portals as moderator. With the adoption intention of patient 
portals by the elderly serving as the dependent variable, this study empirically tested the strength of 
the effects of four independent variables, namely 1) patient portal design features, 2) social forces, 3) 
imitate-the-majority, and 4) imitate-the-successful.

This study serves to extend the literature on the patient portal acceptance decision by the elderly, 
which has not been previously investigated with respect to social heuristics and elaboration likelihood 
model. The application of these models along with UTAUT as the pillar of our model, accompanied by 
significant findings, adds to the growing literature on the adoption of information and communication 
technologies in healthcare by the elderly, specifically the patient portal. Additional factors have been 
identified for patient portal adoption by the elderly population, and promise to lead to future research that 
can reveal additional important guiding factors that may strengthen the predictive power of the model.
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KEY TERMS AND DEFINITIONS

Elaboration Likelihood Model (ELM): In the context of our study, ELM is concerned with the 
amount of cognitive effort the elderly are willing to invest when facing complex technical acceptance 
decision. Our study investigates whether prior technical knowledge and the social context has an impact 
on behavioral intention to accept patient portal.

Elderly Citizens: People over the age of 65 years.
Health IT Adoption: Healthcare information technology (Health IT) is the use of computer applica-

tions to record, store, protect, retrieve, and transfer clinical, administrative, and financial information 
electronically within and among various health care settings. Adoption of Health IT for the purposes of 
this research is defined as the process from being aware of the technology to the effective and efficient 
usage for the intended purpose.

Health IT Usage: Accessing personal health information by the intended recipient through electronic 
medium and application designed for informational or decision-making reason purpose.

Institutional Theory: In this paper, Institutional Theory is defined as the guidelines for social behav-
ior in the form of accepted structures, schemas, rules, norms, and routines influenced by other members 
of the collective network of actors.

Social Heuristics: In the context of this study, we define social heuristics as the decision making and 
behavioral guiding principles followed by the elderly. For example, ignoring certain complex aspects 
of technology or relying on more knowledgeable peers is an example of social heuristics as a tool of 
bounded rationality among the elderly.

Unified Theory of Acceptance and Use of Technology (UTAUT): The UTAUT model explains 
technology use intention and behavior with numerous constructs, including social influence.
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APPENDIX

QUESTIONNAIRE ITEMS

(Strongly Disagree =1, Strongly Agree =7)
Social Forces / Coercive Pressure (adopted from Teo, et al., 2003; Liang, et al., 2007; Jan, et al., 2012)

CP-1: I trust the diagnosis and treatment my physician prescribes.
CP-2: My physician strongly encourages me to use and understand information on an Online Personal 

Health Information website.
CP-3: I understand that information related to my condition can be found on an Online Personal Health 

Information website.
CP-4: Interaction with my physician requires me to access an Online Personal Health Information website.
CP-5: Is your physician the only person who controls your treatment? If not who else do you go to for 

help and how much help do you get from them? (Do not use an actual name, rather please describe 
the person’s role or your relation to this person)

CP-6: Who is the most important person you go to for health advice outside your physician and why 
do you trust their advice? (Do not use an actual name, rather please describe the person’s role or 
your relation to this person)

Imitate-the-majority / Normative Pressure (adopted from Teo, et al., 2003; Liang, et al., 2007; Jan, 
et al., 2012)

NP-1: I am aware that some of my close family or friends are regularly accessing their Online Personal 
Health Information website.

NP-2: Those who use their Online Personal Health Information website would help me to access an 
Online Personal Health Information website if I asked for it.

NP-3: People around me believe that it is beneficial to access their Online Personal Health Information 
website.

NP-4: I feel that I would be better informed if I used an Online Personal Health Information website.
NP-5: What new technology have you used in the last few years? E.g. do you use the internet, do you 

have a tablet or portable computer, do you use your mobile phone for more than phone calls?

Imitate-the-successful / Mimetic Pressure (adopted from Teo, et al., 2003; Liang, et al., 2007; Jan, 
et al., 2012)

MP-1: My close friends who regularly access their Online Personal Health Information website have 
benefited from it.

MP-2: My close friends who regularly access their Online Personal Health Information website are more 
respected for taking charge of their health.

MP-3: I feel that I would be favorably perceived if I used an Online Personal Health Information website.
MP-4: I feel motivated to find more information about my condition.
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MP-5: If everyone near me were to use an Online Personal Health Information website, it would influ-
ence me to try it.

Behavior Intention to adopt patient portal (adopted from Venkatesh, et al., 2003, Liu, et al., 2010)

BI-1: I plan to access an Online Personal Health Information website in the next year for the first time.
BI-2: I plan to access an Online Personal Health Information website regularly.
BI-3: I plan to continue using an Online Personal Health Information website.

Prior Knowledge (adopted from Bhattacherjee & Sanford, 2009 and modified. All items were based 
on a 7 point Likert scale)

PK-1: How knowledgeable are you regarding patient portals? novice….expert
PK-2: Have you previously discussed patient portal with someone who is knowledgeable about this 

topic? never….often (new item).
PK-3: Have you previously read news coverage regarding patient portals? never….often (new item).

Patient Portal Design Features (adopted from Khalfan, 2004; Smith et al. 2007; Dhillon & Backhouse 
2000;

DF-1: Confidentiality is the disclosure of information only to authorized persons, entities, and processes 
in the authorized method only at the authorized time. Would you address confidentiality concerns 
prior to using patient portals?

DF-2: Integrity is the preservation of accuracy and completeness of information or prevention of un-
authorized modification. Would you address integritity concerns prior to using patient portals?

DF-3: Auditability is the ability of an EHR system to be able to trace a series of actions and processes 
performed by one or more users leading to a change in the input, process and/or output. Would you 
address auditability concerns prior to using patient portals?

DF-4: Systems interconnectivity offers benefits such as reduced operating cost, improved efficiency, 
greater functionality, and centralized data access. Would you address interconnectivity concerns 
prior to using patient portals?

DF-5: System security ensures unauthorized access to the patient portal. Would you address security 
concerns prior to using patient portals?

CONTROLS

Q1: I live in:

My own home
A retirement village
In a nursing home

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



Patient Portal Acceptance by the Elderly

90

Q2: I am very good with technology:

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree

Q3: My age is:

Under 65
Over 65

Q4: I am:

Male
Female

Q5: Having good information about the state of my health and any conditions is important to me.

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree

Q6: I have used the internet for health advice.

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree

Q7: I ask other people to find health advice on the internet.

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree
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ABSTRACT

The need for innovative technologies that monitor and assist the independent living of elderly people 
in their homes is growing. The socio-economic benefits by utilizing such solutions are shared between 
many parties including the elderly people, support services and caregivers, and the medical system. 
This chapter proposes a wearable smart clothing-based monitoring system for home cared elderly 
patients. The development of the prototype smart cloth, which currently senses and alerts about body 
temperature, is discussed in this chapter. The proposed system is expected to provide a more dignified 
life for the elderly home cared patients by maintaining their independence and privacy while saving 
public and private money.

INTRODUCTION

With the exponential growth of ubiquitous and pervasive computing, mobile health (mHealth) applica-
tions for healthcare are emerging with the objective of delivering better healthcare and/or wellness. One 
key consumer group for such systems is elderly patients. Providing home monitoring, assistive and other 
support services for elderly people living in their own home reduces the need for hospitalisation and 
the cost of care. At the same time, such solutions improve patients’ quality of life (Norris, Stockdale, 
& Sharma, 2009), because many older people wish to remain as independent as possible in their own 
home for as long as possible (Magnusson, Hanson, & Borg, 2004).

Magnusson et al. (2004) classify mHealth systems as providing information and services for older 
people at home, for family carers, both older people and family carers, and for all. They further argue that 
the barriers to adoption of these systems, such as the elderly having low affinity for computing systems, 
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and few elderly people having access to a computer (Irvine, 2003), could be overcome by appropriate 
training to enable older people to adopt new technology in their daily lives.

Scholars and practitioners alike predict that mHealth will be one, if not the key, driver for future 
healthcare initiatives (Gov2020, 2019). Despite smartphones having been pervasive for more than a 
decade, adoption of mHealth applications by elderly consumers is still in its infancy. Edirisinghe, Stra-
nieri and Wickramasinghe (2017) argue that the adoption of mHealth applications has been hindered 
by three main factors: (i) device-specific, external server, or storage-related technology limitations; (ii) 
inability to meet user requirements, expectations and goals; and (iii) security concerns. A number of 
studies which have investigated the consumer group of elderly people claim that older adults (over 50 
years old) remain reluctant to adopt smartphones (Pheeraphuttharangkoon et al., 2014; Mohadisdudis 
& Ali, 2014). Years later, elderly consumers continue to show reluctance to use smartphone services 
(Berenguer et al., 2017). Barriers to the adoption of smartphones and associated services by the elderly 
include financial limitations, vision impairments, and lack of interest or know-how (Mohadisdudis & 
Ali, 2014). Supportively, Nikou (2015) argues that sociological and psychological factors, in addition to 
aging-related characteristics, better explain the dynamics of mobile technology adoption by the young-
elderly. According to Berenguer et al. (2017), physical and cognitive decline among seniors remained a 
persistent barrier to adoption. Further, Berenguer et al. (2017) argue that seniors do not adopt popular 
services simply because they are not designed for seniors; they are neither designed to cater to the life-
style changes seniors experience, nor are they associated with seniors’ needs and interests. A study in 
the US found that 90 per cent of elderly people prefer to ‘age in place’ (Bozan & Berger, 2019). Such 
unique preferences, characteristics and requirements from a consumer group place a significant strain 
on researchers and healthcare technologies to provide better support for elderly people to be cared for 
at home.

This chapter presents a monitoring system based on smart clothing that supports elderly home-cared 
patients as an answer to the following research question: how can technology solutions be developed to 
provide better support for home-cared elderly patients? The chapter also discusses the development of 
the smart clothing prototype.

The background section discusses various monitoring systems proposed for elderly people in the 
literature. Studies done since 2004 on home monitoring systems, assistive technologies and wearable 
clothing are discussed in this section. The home care monitoring system we propose is discussed next. 
The development of the smart clothing prototype is then presented, followed by our conclusions.

BACKGROUND

A tremendous number of mHealth systems were proposed for home cared elderly in the literature. 
Recently, Bozan and Berger (2019) presented a survey of ambient assisted living technologies for the 
elderly. This review classifies the literature based on the advancement of the technology (first, second 
and third generation) on the basis of each system’s detection, responsiveness and prevention ability. 
An extensive review of the literature since 2004 revealed that classification of systems based on these 
pillars only considers the technology point of view. We believe, however, that more practical aspects, 
such as user-friendliness and ease of use, are more relevant to the specific consumer group, who are 
not technology-savvy, and amongst whom the adoption of smartphones and associated services is slow 
(Pheeraphuttharangkoon et al., 2014; Mohadisdudis & Ali, 2014; Berenguer et al., 2017).
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Sensor/Body Area Network (BAN) based home monitoring systems for the elderly have been pro-
posed (Rodrigues et al., 2014; Chan, Campo, & Estève, 2005; Hewson et al., 2007; Scanaill, Ahearne, 
& Lyons, 2006; Suryadevara & Mukhopadhyay, 2012; Yuan & Herbert, 2011; Lubrin, Lawrence, & 
Navarro, 2005; Baig, 2014; Ly et al., 2010), while some studies have focused on wearable devices/cloth-
ing to monitor elderly people (Lee & Chung, 2009; Paradiso et al., 2008; Agrawal & Lau, 2010; Deen, 
2015), and the objective of some studies was to offer home assistive services (Doukas et al., 2011; Raad 
& Yang, 2009; Lyu et al., 2014; Lin et al., 2006; Nugent et al., 2007; Do et al., 2018). These studies are 
discussed in detail below.

Rodrigues et al. (2014) propose a mobile healthcare solution for the ambient assisted living environ-
ment. Sensors attached to the body of the elderly person provide electrocardiogram, blood pressure and 
temperature measurements. The sensors, forming a Body Area Network (BAN), connect to a personal 
computer, tablet, or smartphone through Bluetooth. The system immediately alerts both the wearer 
and caregivers of significant changes that might lead to life-threatening situations. The accuracy and 
performance of the system was investigated in controlled clinical trials with three levels of surveillance 
(alerting). Yuan and Herbert (2011) proposed web-based real-time healthcare monitoring. Paradiso 
et al. (2008) developed a wearable system to monitor ECG, heartrate, oxygen saturation, impedance 
pneumography and activity data, which were then transmitted via cellular network for remote access.

Wireless BAN-based sensors monitor the wearer’s location, ECG, blood pressure and blood oxygen-
ation. Interactive medical consultation, and replay, review and annotation of the remote consultation by 
the medical professional are also provided. Lubrin et al. (2005) used an existing monitoring network 
tool, namely MRTG, to propose an infrastructure for recording environmental variables (specifically 
light) as a proof of concept for a remote monitoring system. iCare is a mobile health monitoring system 
developed for the elderly by Ly et al. (2010). It is composed of wireless body sensors and smartphones 
to monitor the wellbeing of the wearer. It can offer remote monitoring for the elderly person anytime, 
anywhere, and provides tailored services for each person based on their personal health condition. When 
an emergency is detected, the smartphone will automatically alert pre-assigned people, who could be 
the wearer’s family and friends, and call the ambulance. The attractiveness of BAN as a technology for 
the elderly consumer group is still to be explored due to its practical inconvenience.

A multi-sensor home monitoring system (Chan et al., 2005) monitors the activities of the elderly 
person. Ten infrared (IR) sensors fitted in the ceiling of the person’s house are connected to an acquisition 
interface, which is wired to a PC. The authors tested the accuracy of the behaviour assessment. Changes 
in activity data and correlations between in-bed restlessness and getting up variables showed trends in 
the behaviour of elderly people, for use as a predictive tool to detect abnormal situations. The system 
provides this information to caregivers. The system was trialled with four participants in a clinical set-
ting. Because the system does not focus on burdening the elderly through tagging or forcing them to use 
smart devices or services, it is expected to be attractive to the consumer group. However, the reliability 
of behaviour monitoring in real-world applications is yet to be determined.

Hewson et al. (2007) proposed a posture and falls monitoring system for elderly people. Their system 
captures images from a camera, and uses advanced image-processing algorithms for fall prevention. 
Similarly, Scanaill et al. (2006) proposed the tele-monitoring of mobility trends of elderly people using 
accelerometer data. The data are sent to a central server via SMS messages over the mobile network. 
More recently, Baig (2014) also proposed a novel falls prediction system for elderly people.
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Suryadevara and Mukhopadhyay (2012) developed a wireless sensor network-based home monitor-
ing system to monitor the well-being of elderly patients. The proposed mechanism estimates well-being 
based on the use of household appliances connected to various sensing units. Normal behaviour and 
well-being were mathematically defined and tested with four elderly people. Whether the research reached 
practical testing of the above technologies is yet to be reported, as is the potential for full adoption of 
such a system by the consumer group.

Various home assistive services developed for elderly patients have been reported in the literature. 
Doukas et al. (2011) reviews the home assistive technology developed for the elderly and for people 
with disability, and highlights the social issues of acceptance and training with the technology. Raad 
and Yang (2009) proposed a smart home for people who are elderly or living with a disability. Medical 
wearable sensors, such as pulse oximeter and blood pressure sensors, together with a number of envi-
ronmental sensors, a camera, weight sensors and motion detectors were used to form the smart home. 
A web interface enabled integration with physicians’ reports.

Agrawal and Lau (2010) developed a remote blood pressure monitoring system to detect chronic 
diseases. The blood pressure data were collected via a mobile phone and sent to doctors over the Internet 
so that doctors could manage the chronic condition by providing feedback to the patient remotely. Lyu 
et al. (2014) developed a robotic walking-aid system with mobility assistance and remote monitoring of 
people with disability and elderly people. The walking accessibility robot included an embedded control-
ler using a laser range finder, ultrasonic radar, grip sensors, and other environmental sensors. The robot 
was able to avoid collision and to adjust the speed during navigation while providing remote monitoring 
service. A healthcare system for elderly people with dementia (Lin et al., 2006) used radio frequency 
identification (RFID), GPS, global system for mobile communications, and geographic information 
system (GIS) data to construct a straying prevention system. A service platform was implemented for 
indoor and outdoor monitoring, emergency rescue, and remote monitoring. Nugent et al. (2007) pro-
posed a system of home-based assistive technologies for people with mild dementia. User requirements 
captured during three workshops with people with mild dementia as well as care givers were presented 
with the overview of the proposed system.

Portugal et al. (2015) proposed the concept of virtual social care for elderly by means of an interactive 
social robot, which is expected to provide personalised companionship for home-cared elderly people. 
The concept considers seniors as active collaborative agents who are able to make personal choices, and 
the robot self-adopts the care model to suit its owner’s lifestyle, personal needs and capability changes 
over the aging process. The conceptual study was critiqued over the ability of such robots to fully satisfy 
the elderly people’s needs, as well as on the reliability of its ability to detect those needs (Kon, Lam, & 
Chan, 2017).

Do et al. (2018) proposed an architecture for a home service robot-integrated smart home testbed in 
which the robot would be capable of perceiving the environment through audio signals. An indoor lo-
calisation system is used to provide the location ground truth for the robot, the human, and other targets 
that need to be tracked. The system offers four services: (i) auditory perception; (ii) wearable monitor-
ing; (iii) human position tracking; and (iv) human activity monitoring. Early stage development of this 
concept is yet to be tested in real-world applications.

More recently, with the exponential growth of wearable technologies and IoT (Internet of Things) 
capabilities, a number of wearable technologies have also been proposed. Al-khafajiy et al. (2019) pro-
pose a smartphone app-based wearable as a home-based monitoring system. They present a case study 
in which heartrate data were sent as smartphone-based email notifications to the patients and records of 
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abnormalities were pushed to the doctor. In this system, however, the sensors are expected to be worn by 
the patients, which limits the practicality of the system, as does the expectation that the wearer would use 
a smartphone for them to be monitored. Wearable clothing designed for elderly is of particular interest 
due to the style of interaction preferred by the consumer group.

Pandian et al. (2008) developed a wearable physiological remote monitoring system. In this system, 
a washable shirt contained an array of sensors connected to a central processing unit with firmware 
for continuously monitoring physiological signals. Lee and Chung (2009) developed a wireless sensor 
network-based wearable smart shirt for health and activity monitoring. ECG and accelerometer data are 
transmitted via ZigBee.

As technologies are becoming more and more advanced, the ability to offer simple, easy-to-use sys-
tems for elderly people are becoming less of a focus. In this vacuum, we propose a smart clothing-based 
monitoring system for elderly people.

PROPOSED HEALTHCARE MONITORING SYSTEM

The proposed project monitors home-cared elderly people. The project aims to deploy a cloud-based 
wireless sensor network system, together with a piece wearable clothing to monitor general health condi-
tions of elderly people, as well as activities involving movement, and to alert appropriate personnel of 
abnormalities. The proposed system is shown in Figure 1, below.

The proposed system is expected to be delivered in two customised forms. One form is intended 
to provide a simple clothing-based solution to trigger alerts for the patient or their caregivers. A more 
sophisticated and complete system (as depicted in Figure 1) is customised to cater for members of the 
elderly consumer group who have extensively adopted smartphones and smartphone services. The com-
plete system is composed of two types of sensor:

1.  Wearable sensors: the smart clothing is equipped with sensors to measure various health-related 
parameters of the elderly person, and can communicate with their home computer/smartphone.

2.  Environmental sensors: the house will be equipped with sensors to measure various environmental 
parameters, e.g. gas sensors to alert the elderly person if the gas has not been switched off, room 
proximity detection sensors to detect the presence of the person in specific rooms, etc. This also 
capable of determining the likelihood of a fall while the patient is in the bathroom.

The sensors attached to the smart clothing measure parameters such as body temperature, pulse 
rate, electrocardiogram (ECG) and motion/activities, and then transmit the data to the mobile device, 
forming a BAN. The environmental sensors, such as fall/weight, temperature, light, humidity, gas and 
smoke sensors, are installed inside the home, communicating via Wi-Fi/ZigBee. The measured sensor 
data are communicated to the mobile device via Bluetooth. This basic unit of information flow enables 
self-education or self-awareness for the elderly patient. The mobile application visualizes the informa-
tion and empowers the person to undertake self-care.

Continuously monitored sensor data are streamed to a local server, forming a Local Area Network 
(LAN). The data are ultimately sent to the cloud. The local information flow is dual purpose: to create 
a link with the outside world through internet protocol (IP); and to execute complex processing of the 
collected sensor data, such as signal and trend analysis, detection algorithms, and pattern recognition.
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The processed sensor data are streamed to the cloud. The cloud enables patient monitoring informa-
tion and information pertaining to treatment response to be sent to healthcare providers, physicians, other 
clinicians, and hospitals. In other words, all of this information can be fed to the health system as a whole.

Abnormality detection, and fall prediction and detection algorithms to be executed on the data will be 
performed on the server. The service will be designed to ensure the patients’ data remain intact regard-
less of whether they are stored in the cloud or in the BAN at home. The system will provide real-time 
continuous visualisation of a patient’s activity status.

For the focus of this chapter, the simpler version of the proposed smart clothing is presented and 
discussed below.

Figure 1. The Complete health monitoring system for home cared elderly patients
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SMART CLOTHING PROTOTYPE

Smart clothing is defined as “Textiles that are able to sense stimuli from the environment, to react to 
them and adapt to them by integration of functionalities in the textile structure” (Van Langenhove & 
Hertleer, 2004, p. 63). As Buechley and Eisenberg (2008) put it, integrating computer science, electrical 
engineering, and fashion and textile design crosses unusual boundaries to provide novel opportunities for 
creative experimentation in both engineering and design. Potential applications of this next generation 
smart clothing are expected to appear in sectors including medical monitoring, therapy and rehabilitation 
(Dunne, 2010). The terms ‘smart textile’, ‘intelligent clothing’ and ‘e-textile’ are used interchangeably.

The first stage of the project involves the development of smart clothing that elderly people can wear. 
We developed a prototype of the smart clothing to sense body temperature – the development process 
is discussed in the next section.

PROTOTYPE DEVELOPMENT TECHNOLOGY

The LilyPad Arduino embedded platform (Buechley et al., 2008) was used to build the prototype. The 
microcontroller board was stitched into the fabric using conductive threads. The board was powered 
with a 3.7V LiPo battery (connected to the JST connector on the board), and was programmed in the 
Arduino programming environment. The smart clothing is shown in Figure 2, below.

A Lilypad Arduino temperature sensor was used to sense body temperature. The temperature was 
measured and recorded every second. To obtain a stable temperature reading, the average of ten read-
ings was used to smooth out the variations and fluctuations. The temperature sensor was stitched into 
the smart clothing using conductive thread. A LilyPad Arduino tri-colour light-emitting diode (LED) 
and a LilyPad Arduino speaker were also stitched into the fabric using conductive thread. The input and 
output sensors of the smart cloth are illustrated in Figures 3 and 4. The temperature sensor and speaker 
are shown in Figure 3, and the tri-colour LED light is shown in Figure 4, below.

Figure 2. Wearable smart cloth
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ALERT MECHANISM

The temperature measurement was recorded every second. The average temperature value of ten read-
ings was taken to smooth out the variations and fluctuations of the sensor readings. A stable temperature 
reading was obtained this way.

The smart clothing also features an inbuilt alert mechanism. The alert mechanism indicates abnor-
malities visually through a change of colour of its tri-colour LED, and audibly using a sound emitted 
by the speaker or buzzer.

In the prototype, temperature variations are signalled by an LED indicator on the back of the smart 
clothing. In the future, when a complete system implementation is achieved, this will be extended to 
send notifications to caregivers or medical professionals.

Figure 3. LilyPad Arduino temperature sensor and LilyPad Arduino speaker in the smart cloth

Figure 4. LilyPad RGB LED light in the smart cloth
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The temperature variations generated based on the pre-defined thresholds are indicated by a red, 
green or blue light on the back of the clothing. A reference temperature, together with an offset, is used 
to indicate the acceptable/normal temperature range. If the sensor reading is in the normal range, the 
green LED is activated. If the temperature reading is lower than the reference temperature and the offset 
temperature, the blue LED is activated, indicating a ‘too cold’ condition. If the temperature reading is 
higher than the reference temperature plus offset temperature value, the red LED is activated, indicating 
a ‘too hot’ condition. The alert mechanism’s audio component uses the LilyPad speaker/buzzer. If the 
temperature is in the normal range, the buzzer is not activated. If the temperature is too cold, the buzzer 
emits a beep every 500ms. If the temperature is too hot, the buzzer is activated to play a warning music.

ALERT ALGORITHM

As discussed above, a reference temperature and offset values are used to indicate the acceptable tem-
perature ranges in the alert mechanism. The alert mechanisms discussed above were implemented using 
the following algorithm: 

IF temperature > reference + offset
THEN Red RGB LED & Danger Warning music
ELSE IF temperature < reference - offset
THEN Blue RGB LED & buzzer beeps
ELSE Green RGB LED & no audio

CONCLUSION

This chapter presents the development of a smart clothing prototype that can be worn by elderly people 
being cared for at home. This prototype is proffered in order to answer the research question: how can 
technology solutions be developed to provide better support for home-cared elderly patients? The chapter 
also discussed the preliminary algorithm used by the alert mechanism. This has implications for both 
theory and practice. The smart clothing developed is the first phase of a larger project aimed at develop-
ing a home monitoring system for home-cared elderly patients.

This project aims to help patients maintain their privacy and independence. The proposed home care 
monitoring system is expected to support elderly patients to live at home for longer, to enjoy a more 
dignified life, and to save public and private money.

Given the aging population in all OECD countries, ever more focus is being placed on caring for 
elderly people, and on how to ensure that care is of excellent quality while remaining affordable. The 
proposed solution is thus significant, and has far-reaching implications.

Future work will include extending the smart clothing, in concert with other sensors, into a complete 
monitoring system. A field study of the prototype, and the development of the home monitoring system 
with the relevant algorithms, are also future phases of this project. The prototype will be tested in a live 
environment to study its usability too. Issues related to user comfort and calibrating the sensors to vari-
ous needs are to be addressed through such testing.
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ABSTRACT

Information technology has enabled healthcare providers such as hospitals to extend their internal 
operations into external facilities such as urgent and ambulatory care centers and optimizeresources in 
support of patient care. With the development of the internet, social media, wearables, and telehealth 
technologies, the potential for patient engagement in preventive and post-discharge care transition has 
increased. Unlike other organizations where the provider has limited insight into the customer ecosystem, 
hospitals, for example, have an opportunity to gain insight into the patient ecosystem and influence patient 
behavior while the patients are within the provider ecosystem. This chapter looks at hospital engagement 
with patients in two settings—the emergency room (ER) and the patient room (PR)—to illustrate both 
the opportunities and the strategies that can help hospitals use patient touchpoints to improve continuity 
of care inside and outside hospital walls.

INTRODUCTION

Information technology has enabled organizations to not only extend their internal business operations 
across supply chains to optimize their resource utilization to reduce costs but also to partner with multiple 
technology partners to respond to market demands faster. With the internet/web enabling organizations 
to extend their business operations to assist and/or influence customer decision making, organizations 
must look at optimizing their resources using not only its internal and external supplier and partner re-
sources, but also customer resources. This may include co-creating value propositions and using social 
media, the Internet of Things, and digital information exchanges that can let customers generate more 
information to help organizations react quickly to changing market demands and create new value propo-
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sitions to stay competitive. In other words, organizations need to include customer resources, both their 
value creating potential and real time feedback, in optimizing their response to customer expectations 
on multiple dimensions, including cost, service, responsiveness, and novelty.

Leveraging customer resources in value creation and assessing value-in-use (post-purchase) to stay 
competitive is the basic tenet of service dominant logic (Vargo & Lusch, 2008) and is becoming critical 
in today’s knowledge economy. S-D Logic refers to this as actor-resource integration, where both actors 
and resources can come from both the provider and the customer ecosystems (Lusch & Nambisan, 2015). 
Optimization of the actor-resource mix of both ecosystems is especially critical for organizations with 
short product use cycles, i.e. service organizations, where customer expectations change rapidly. Not 
leveraging continual feedback from customers on value-in-use can only lead to sub-optimization of the 
provider resource (Vargo et al., 2016) .

While most service organizations try to build agility into their operations using an optimal mix of 
resources, healthcare organizations have both a unique opportunity and a challenge. Their customers are 
patients who spend significant part of their time within the hospital (or clinic) when they need a medi-
cal diagnosis and design of a care treatment plan. This provides hospitals with a unique opportunity to 
learn about patients and their ecosystem (actors and resources patients must use to care for themselves). 
It also provides a challenge: how to convince patients to use this actor-resource mix of their ecosystem 
to optimize care management, given the diverse nature of the patient capabilities. The social, economic, 
cultural, and other factors influencing the behavior of patients within their ecosystem to sustain care 
treatment is unlike the roles the same patients play as customers when they purchase service products 
like food, entertainment, travel, etc. (Doremus, 1976).

Even if sustaining the value created for patients after they are discharged from a hospital is a goal 
healthcare providers have always had, the complexity of the patient ecosystem as well as the lack of 
financial incentives has made providers focus on the value they can provide to patients while they are 
in the hospital (e.g. diagnosis and treatment care plans) and allowing patients and other actors (family, 
community, and other external care providers) to address care continuity outside the provider ecosystem. 
However, recent changes in healthcare reimbursement and regulation in the US (“Medicare Hospital 
Readmissions Reduction Program”, 2013) as well as general costs, care related delays, and hospital 
congestion around the world have started to force hospitals to look outside their own ecosystem to 
begin to optimize the value created for patients. They have started to use external care providers like 
pharmacies, ambulatory and urgent care centers, etc. to support care transition (Dreyer, 2014) and allow 
technology-empowered patients with smart phones and wearables to give them access to care-related 
information for remote monitoring and consultation (Herzig et al., 2016; Koh et al., 2016). However, 
the optimization of resources in patient and provider ecosystems in the US is mostly limited to those 
patients whose unplanned readmission leads to penalties and whose care is paid for as a bundle, i.e. paid 
for over a longer period patients spend inside and outside the hospital.

Patient satisfaction is not as dominant a factor in healthcare as is customer satisfaction in other service 
industries, since patients choosing a hospital consider many other factors, such as a hospital’s clinical 
reputation, physician recommendation, payment related constraints through insurance providers, etc. 
However, with the increased use of provider technologies, such as portals, telehealth consultation, and 
smart phone communication, and improvements in patient empowering technologies such as wearables, 
smart phone apps, etc. patient expectations on demand for services will continue to increase.
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Many hospitals have begun investing large sums of money in rearchitecting hospitals around design 
thinking or customer centered thinking to create an environment that is welcoming to patients in order 
to reduce stress (“Caritas Project”). With many supporting facilities, such as cafeterias, gift shops, work-
spaces to support patients and family members in the hospital and/or in a patient room, along with art 
and music to create a healing space, hospitals hope to attract patients and improve their satisfaction with 
the care provided inside the hospital (i.e. provider ecosystem). While investment in hospital amenities to 
improve patient satisfaction (a fixed cost, like any other capital investments) may improve the hospital 
brand or collective patient experience, it does not directly relate to patient responses to satisfaction sur-
veys, as these surveys track many other metrics besides hospital environment such as staff interactions, 
communication, care quality and staff empathy.

In summary, the optimization of hospital resources to improve patient care has to consider not only 
lean management of hospital operations to reduce costs as patients move through various service units 
within the hospital (ER, OR, or patient room) using technologies, but also inform, engage and empower 
patients in the care related activities to improve patient experience and satisfaction while they are in the 
hospital. Hospitals also can use their access to patients within the provider ecosystem to learn about actors/
resources that can influence patient care and satisfaction when they leave the hospital. This is the goal 
of this chapter— model patient touchpoints when patients are in the hospital and look for opportunities 
to improve their experience and learn about the actors/resources that can influence care delivery after 
they leave, all to sustain care outside the hospital. Specifically, we will look at two use cases—when a 
patient is in the ER and in the patient room.

EMERGENCY ROOM (ER) USE CASE

Resource optimization in an ER has traditionally focused on looking at internal actors (clinical and ad-
ministrative staff) and resources (test labs, transport vehicles, etc.) that are used as part of understanding 
patient flow and leveraging technology (e.g. RTLS badges on patients, RFID sensor tags on hospital 
facilities, etc.) to track the time spent at various points in the patient flow in order to reduce the length 
of stay of the patient in the ER.

Figure 1 below shows the flow of patients that move through multiple stages in the ER. The patient 
walks into the ER (unless brought by an emergency management vehicle) and, after admission, waits 
for a decision to be quickly discharged or be reviewed by an ER doctor to see if s/he needs to be seen 
by a doctor or discharged. If the patient is seen by a doctor, the patient waits in the clinical decision unit 
(CDU). The doctor comes in to review and order any tests that the patient needs before a final decision 
is made. If the doctor cannot make the final decision on discharge or move the patient to inpatient status, 
s/he may seek to consult with specialists. Once this is done, the patient is either discharged to outpatient 
status or inpatient status. The top half of the diagram shows potential reasons for delays, and analysis of 
patient data in a hospital in SE Michigan has revealed some of the reasons listed below.

• Most patients have 4-6 orders for tests each.
• The minimum average time linearly increases with the number of orders for tests.
• A few orders have a high standard deviation (> 6 hrs.) and a high occurrence compared to other 

orders. It was necessary to review three orders, as they have a high impact on the overall patient 
length of stay.
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• “EKG Lead Tracking” has the highest time required for patients to get into the room, and there 
were many orders for this test. It was necessary to check what can be done to reduce this time (i.e. 
add more resources).

• Report reading by doctors to make decisions is not taking much time in comparison to other ac-
tions and is probably not currently a factor in the patient length of stay.

• Most of the orders are placed on weekdays and Thursday, especially. This needs further review.
• The average time before discharge over the year is around 5 days, and the highest average delay in 

discharge is in June (10 days)
• Some physicians order many tests, and some have many consults. This needs further investigation 

into its relationship to specific patient conditions, as we didn’t have enough information in the data 
to analyze this.

This analysis also led to additional questions that needed clarification, including:

• Is the time a patient spends in the ER based on acuity or diagnosis, and what is its relationship to 
decision time on discharge as an outpatient or inpatient?

• What resources are needed most given an acuity or diagnosis?
• What resources are needed to reduce overall patient length of stay for a patient to
• Stage 1: become an outpatient
• Stage 2: become an inpatient and be discharged from the hospital

as some of the lab resources are the same for both ER and PR (patient rooms)?
However, one delay between the time a patient is admitted to the ER and when patient is physically 

in the patient room caused concern, as this is leading to congestion in the ER as shown in Figure 2.
This led to further analysis and the following observations. Most are related to non-clinical actor 

engagement in the patient flow management.

Figure 1. ER Operational Flow
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• Bed assignment delays are lower on weekends, and the number of bed requests increase through-
out the day.

• It is taking on average two hours to move the patient from the ER to the PR, with one hour from 
request to bed assignment and one hour from assignment to the patient moving into the room.

• While the time from request to assignment is a function of bed availability, the time from assign-
ment to patient moving to the bed is a function of multiple non-clinical engagements, such as 
getting cleaning staff to clean the room and transport staff to move the patient to the room. These 
delays increase towards the end of the day, as staff levels do not expand with the demand for pa-
tient rooms.

• Also, some patients who are supposed to be discharged according to the EMR were not discharged 
as quickly towards the end of the day, as nursing staff often do not want to deal with new patients 
before their shift ends.

As the analysis continued, another item surfaced that can lead to delays in getting a bed request made 
for patients who are discharged to inpatient status from the ER. Depending on how the ER is managed 
(by an external ER management firm or by the hospital itself), a decision made by an ER doctor must 
meet certain quality considerations. The inpatient readmit decision must be verified by a registered 
nurse based on interqual-evaluation. If it does not meet the standards, the RN must contact the resident 
physician for input, and communication delays do occur in getting a physician response. Even after a 
physician responds, there can be disagreements, and this can lead to additional tests and possibly three-
way consultations before a final decision is made.

In summary, the optimization of patient flows to address several provider metrics such as reducing 
time spent in the ER requires the integration of clinical and non-clinical actors and hospital resources. 
However, delays in accomplishing these tasks can lead to increased patient wait times and patient dis-
satisfaction. In fact, an ER facility management firm that manages multiple ER rooms has asked for an 
analysis of the patient satisfaction data – how patients perceive the value of care they receive in the ER. 
Using text mining of patient comments as well as quantitative analysis of some key issues that surfaced 
from patient comments (Khuntia, Tanniru & Weiner, 2017, Varanasi & Tanniru, 2015), it was discovered 
that positive and negative experiences of nursing care, communication of information, and ER infrastruc-

Figure 2. Bed Assignment Delays
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ture influence overall satisfaction. Also, nurse interaction with patients and the overall flow in the ER, 
as perceived by patients, is more influential than how much time an ER doctor spends with a patient.

This means that hospitals need to consider a combination of patient experience at each touchpoint in 
the ER as well as provider metrics in optimizing patient flows. In other words, as shown in the Figure 3 
below, a hospital’s desire to optimize provider metrics must balance this need with the need to inform 
patients on what is occurring at each of these touchpoints and engage them in a way to improve their 
experience positively.

Patient goals here may include responding to their need to be treated well, shown empathy, learn 
about the reasons for discharge as outpatients if such is the case, and how best to use the actors/resources 
available within their ecosystem to sustain care upon discharge (Chang & Chang; Trzeciak et al., 2016). 
Educating patients about the flow of activities planned while they are in ER can be very helpful, given 
the stress they are under when they come to ER. Improved communications here can include letting 
patients know about:

• What to expect and the estimated time of various activities. Prior analysis has shown when re-
sources are available on what days and times. Information is also available about when physician 
decisions are under review for consultation or clarification. This can provide estimates to inform 
patients.

• When there are delays, digital services can be deployed to reduce stress and support patient en-
gagement. Examples include bringing patient ecosystem actors to support patient wait time, us-
ing digital media to educate and entertain, and creating opportunities to reduce stress or support 
healing.

Figure 3. Patient and Provider Touchpoints
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In summary, the time spent in the ER is stressful for patients and optimizing care within the ER 
must go beyond patient flow management through resource optimization to engaging patients and ac-
tors/resources of the patient ecosystem to improve patient satisfaction. Next we will look at patient care 
within the patient rooms.

PATIENT ROOM (PR) USE CASE

Patient rooms have always been the center of focus for service innovations in hospitals to reduce costs 
and improve patient satisfaction, and distinct technologies have been used to address these challenges. 
Figure 4 illustrates a hospital in SE Michigan that has systematically analyzed its patient service needs and 
hospital performance metrics to identify several technologies that can simultaneously address these needs 
(Khuntia, Tanniru & Weiner, 2015). The optimization of patient room services by leveraging technologies 
(integrating nursing staff resources with technology resources), from the provider viewpoint, include:

1.  PillowTalk with three different buttons for tailored patient support: bathroom, pain, and general 
info (HillRom)

2.  Reduce complications due to food consumption of diabetic patients by providing either a pill or 
insulin (WallUnit supports glycemic control by allowing catering staff to communicate with nurs-
ing staff)

3.  Reduce patient falls for fall-risk patients (HillRom SmartBed)
4.  Inform and educate patients based on diagnosis and introduce staff as they walk in (GetWell Network 

connected to EMR patient diagnosis information and staff name tags for identification)
5.  Wearables to track patient conditions at the nursing station for detecting abnormalities (Visensia 

and Sotera)
6.  Reduce hospital acquired infections using GelDispenser connected to staff badge and RFID reader 

(HillRom)
7.  Communicate with and coordinate patient services by nurse (Volte phone capable of voice and text 

messaging, as well as an escalation protocol to inform others if the nurse is busy)

Using the discussion earlier, we mapped the provider centric goals with patient and other staff touch-
points in order to assess how service exchanges between the provider and the patient inside the patient 
room could be optimized together. See Figure 5, and each of these are discussed below. As a part of this 
discussion, we will first talk about how the hospital has tried to optimize its resource mix of people, 
processes, and technology to address the provider metrics. Then, we will point out how considering the 
patient and staff metrics added to the provider metrics could have altered the overall strategy of the hospital.

PillowTak (Technology 1): The tailored support by allocating nurses for pain related calls, staff 
assistants for bathroom related support, and nursing staff available with escalation to support general 
calls was designed to improve responsiveness to patient calls. When the responsiveness did not meet 
expectations, response data was analyzed to see why the responsiveness varied among floors. This led 
to the discovery that nurses’ view of urgency varied based on patient condition and the type of treatment 
they went through (surgical or cardiac vis-à-vis others), and they responded to at-risk patients faster 
(Khuntia et al., 2016). Using velocity and uncertainty dimensions, our analysis led to the conclusion 
that those patients whose conditions post operation is either unpredictable (high uncertainty) or can 
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change rapidly (high velocity) may elicit a faster response from nurses when patients call compared to 
the other conditions (Figure 6). The hospital felt that all patients should be treated the same way and 
decided to let the escalation protocols redirect calls to the next nurse available if the attending nurse is 
busy with other patients.

Incorporating patient engagement here could have led to informing and educating patients using an 
audio response that indicates to patients that the attending nurse is spending time on an urgent need and 
the call is being escalated to others, potentially with an estimated time when someone will arrive. This 
can possibly reduce patient anxiety that no one is responding and prevent the patient from repeating calls.

Figure 4. Intelligence Care System Technologies and Services

Figure 5. Patient touchpoints in Patient Room
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WallUnit (Technology 2): One of the goals of this unit is to allow catering staff to call the nurse 
to administer insulin or provide a pill (if there is enough time) when they come to the patient room to 
deliver food, if the patient is a diabetic. Of course, other support services here include asking patients 
to select foods that are suitable for diabetics or providing the nurse an option (pill or insulin) so that s/
he can come and provide the pill before the patient orders food.

Incorporating patient engagement here can include helping patients order the right food for their 
condition (with specific caloric content or color coded for those with diabetic condition), alerting them 
to the need for insulin if they fail to get the pill in time, or alerting the nurse as patients order food so the 
nurse does not have to remember this. Patient’s active engagement here can also help them post-discharge 
by empowering them to make right food choices or take preventive actions prior to consuming food in 
order to minimize future complications.

SmartBeds (Technology 3): Smart bed use has not led to a reduction in patient falls as the hospital 
had hoped. The issues here relate to lack of adaptability of technology, such as not automatically ad-
justing the bed to an “active” condition after a nurse enters the patient room to attend to the patient and 
leaves the room (currently it becomes “inactive” after a nurse comes to the room). Newer versions of 
the product had this feature, but replacing beds with such features has become prohibitively expensive. 
Also, since the alert went to all the staff on the floor with a flashing light outside the room, it became 
an annoyance early on. The hospital recognized the challenges and tried to use other types of interven-
tions, such as planned visits to patient rooms and changing of fall risk scoring using nurse engagement. 
One floor was used to test the impact of this intervention, and it has shown improvement. However, 
implementing this across the hospital was considered not feasible due to costs. It is continuing to use 
a mix of methods to address fall risks, but the smart bed technology is not being used at this time with 
alerts and flashing lights.

Incorporating patient engagement here could have made some difference. For example, patients 
could have been told how the technology works, allowing patients to remind nurses to reset the bed to 
“active” status before they left the room. Also, since patients often move from the bed to walk or sit in a 
chair (which may not be as urgent as visiting a bathroom), they could be educated to use the PillowTalk 
button that seeks general service. This could get a staff assistant to come and help them, as opposed to 
putting stress on the nursing staff.

Getwell Technology (Technology 4): The technology has been successfully used to educate patients 
on diagnosis related information. It has been used to introduce staff as they enter the room, and a pilot 
survey of patients at the end of the day on some areas of concern was tested, given that patient surveys 
that were sent post discharge were not specific to care given to the patient while they were still in the 

Figure 6. Patient characteristics influencing nurse response 

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



112

Optimization of Provider Ecosystem Through Actor-Resource Integration
 

hospital. However, this type of patient feedback tracking was later moved to a different intervention 
(multi-disciplinary rounding discussed later in this section) to make it more personal. Also, the wider 
use of GetWell was put on hold due to the hospital moving its EMR from Cerner to EPIC systems, and 
potential internal products that may be available for more comprehensive education.

Incorporating patient engagement here could have included patients entering questions as they 
surface into the GetWell network using text or audio format and having them displayed when a nurse 
enters the room or having them answered by a remotely monitoring staff member. This could have made 
the network a device that supported two-way communication—education from provider to patient and 
consultation to the patient from the provider.

Wearables (Technology 5): Use of wearables to detect deteriorating patient conditions has shown 
promise, but its use for clinical reasons has been on one floor only. The Visensia data is important in 
tracking multiple vital signs and alerting those manning the nursing station to order “stat” (i.e. call 
those who need to attend to patient condition before it gets worse). However, nursing staff who visit the 
patient rooms and follow some of the vital signs are used to detecting anomalies and felt that wearable 
data is too complex to understand and use. It is used by one floor where staff are well trained to read 
and recognize the combined indicators.

Incorporating patient engagement here could have served dual purposes. The role of staff washing 
hands in and out of room could be used as a teachable moment to educate patients on the value of clean-
ing hands to reduce infections when patients visit various public facilities when they travel or are doing 
different chores within their home. Of course, patients could also alert staff to wash their hands if they 
forget as they rush to attend to patients in an emergency.

HAI technology (Technology 6): Staff use of gel to reduce hospital acquired infections did not ini-
tially lead to anticipated reductions, but adjustments were made to the technology and processes. Some 
of these adjustments involved making allowances on rewashing hands if the nurse is in the room for a 
short time without any patient-related service and creating peer ranking of staff on different floors based 
on their wash-in and wash-out rate to generate competition. Also, the gel mixture has been changed to 
reduce dryness of the hands. The metric was used not to penalize the nursing staff but to educate them 
on how it reduces the cost to the hospital and on the unnecessary extension of patient length of stay in 
the hospital (which is undesirable for the nurses as well).

Incorporating patient engagement here could have provided another teachable moment. While this 
is not directly related to other wearables that patients may be using at home (e.g. FitBit, glucose moni-
tors, etc.), the hospital could have used the role of the different vital signs, such as high blood pressure, 
temperature, oxygen levels, etc., to educate patients about the symptoms when they are on a daily routine 
and alert them to take actions. The hospital later gave a similar technology to some critical patients as 
they were discharged to home to track their condition remotely and provided them with an iPad to track 
their weight and engage in tele-health consultation (Tanniru, 2019).

Volte (Technology 7): Initially, the goal of providing staff with a smart phone was to help them respond 
to multiple requests from a patient room and respond quickly, potentially improving patient satisfaction. 
Despite using many of these technology-based alerts, patient satisfaction has not improved significantly, 
and this led the hospital to undertake several changes in its processes. These included:
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• Using multi-professional rounding to visit patients periodically to answer questions, with several 
people of different disciplines that might be able to provide such answers;

• Reducing the number of people in these rounds to minimize patient intimidation, as that was found 
to be a concern from some patient feedback;

• Using critical incident reports to address identified patient needs quickly, rather than waiting for 
the surveys to reveal their concerns (e.g. providing warm food as opposed to cold, which could be 
easily fixed)

• Using a care plan book to inform and educate patients, as the hospital found that providing pa-
tients with a book with detailed information about their care plans can be effective in reducing 
their uncertainty (Fowler et al., 2018). This allowed patients to record and ask questions and to 
identify the actions they need to engage in once they are discharged, including making their first 
follow-up appointment, which is one of the key goals of patient engagement.

Patient engagement here can include having patients participate in post-discharge care activities while 
they are still in the hospital, with staff support. Not only does it help patients learn how to use others in 
support of activities, but it also can help hospitals learn about actors who patients use to support these 
activities. For example, by having patients set up follow-up appointments to visit labs or pharmacies, 
they may discover that some patients do not have transportation or childcare support and this can lead 
to developing alternative options.

CONCLUSION

Service modeling and use of advanced technology has enabled businesses to gain insight into customer 
decision making in order to create value prior to their purchasing a product and following customers 
during product-in-use to sustain the value created. However, unlike businesses, hospitals have a unique 
opportunity to gain insight into the patient ecosystem and factors that can potentially influence patient 
behavior and actions post-discharge (value in use) while providers are creating value, i.e. giving clinical 
care while patients are in the hospital. This should make sustaining value (i.e. strategies used to improve 
patient adherence) more effective. The chapter summarizes two use cases (emergency room and patient 
room) to elaborate on how hospitals can use various patient touchpoints in these cases to learn more 
about actors and resources needed to enhance patient capacity to sustain care post-discharge. Such an 
understanding of patient capacity can guide hospitals develop strategies to not only inform and educate 
patients while they are in the hospital but also use the actors-resources of the patient ecosystem to as-
sistant in patient adherence to care plans post-discharge.
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ABSTRACT

With the advancement of the technologies of the internet of things (IoT), we are witnessing great advances 
in the areas of analytics, sensors, platforms, 3D printing, and mobile. At the same time and unrelated, 
we are also witnessing a growing increase in the decreasing health and wellness of people in minority 
communities especially with regard to increase in chronic conditions such as diabetes and obesity. Thus, 
there exists an opportunity to leverage these IoT technologies to try to support better minority health 
and wellness. This chapter explores this opportunity.

BACKGROUND

As the worldwide population continues to diversify, the prevalence of health disparity is expected to 
increase with the health inequalities deemed to become harder to diagnose especially amongst the 
marginalized communities. Gibbons (2011) argues that the number of people in America who are the 
members of the minority populations will increase by 10% by the year 2050 making it difficult to con-
sider health disparities. However, recent digital technology in healthcare system indicates that the usage 
of tools such as mobile, sensors, and video conferencing technologies will be of great help in delivering 
health services to minority communities if adopted appropriately. This paper therefore seeks to present 
and discuss some of the major technological solutions that the healthcare system has implemented to 
address health issues and wellness for the underserved groups.

The developments in Information Technology that have been revolutionizing the present-day soci-
ety have incredible potential to advance healthcare system in areas such as medical care, public health, 
consumer health, biomedical research, and clinical professional education. Indeed, IT is seen to have 
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a central role in the remodeling of the healthcare system if considerable advancements in medical care 
quality for all people is to be attained (Gibbons, 2011). However, interest is growing in comprehending 
the latent role of digital health technology in solving healthcare inequalities amid racial and cultural 
minority communities.

HEALTHCARE DISPARITIES IN SOUTH CHICAGO

Despite the current improvements in medical care and disease interventions, health inequalities persist 
and may be escalating for chronic illnesses such as diabetes, cardiovascular ailment, obesity, and can-
cer. In southern Chicago, this health disparity exist among particular population groups and it can be 
measured by variance in disease incidence, burden of illness, adverse health situation, mortality, and 
disease occurrence. Current interventions activities to reduce health disparities in in this region have 
been disease-specific, often targeting individuals and the healthcare system determinants without ad-
dressing the social factors. This paper, therefore, seeks to present and discuss healthcare disparities in 
South Chicago and the various interventions taken to solve the issue. It will also seek to discuss specifics 
about diabetes and obesity conditions in South Chicago.

Though the term disparity is commonly interpreted to reveal gaps between racial and ethnic groups, 
it can also exist across many other extents such as age, geographic condition, socioeconomic status, 
gender, and disability condition. Healthy people (2020) indicates that all of these aspects help to shape a 
person’s capability to attain optimal health. Additionally, the conditions at which people live, play, work, 
and learn can affect health and cause disparities. Social factors that negatively affect health and welfare 
of people in South Chicago include poor and unhealthy housing, lack of access to education, unemploy-
ment, unfavorable working conditions, poverty, and exposure to neighborhood violence (Thornton et al., 
2016). For example, a study carried out by Sinai Community Health Survey (2017) show that the Chicago 
Lawn community has few resources to inspire physical activity as well as healthy eating. Compared to 
other southern Chicago communities, the neighborhood has fewer grocery stores to buy fresh foodstuff 
or places for physical activities. More than 40% of houses in Southern communities in Chicago have been 
recorded to be food insecure in the past years, compared to about 13% of households nationally (Tung et 
al., 2018). Chicago south side, therefore, faces numerous challenges including a significant shortage of 
broad range outlets, crime, and safety problems. Assessing these social determinants is really important, 
and unfortunately, ignored when talking about traditional health measures. According to Shah & Silva 
(2006), social and behavioral aspects have a larger impact on health as compared to traditional health 
measures such as clinical care. Exposure to these disadvantages can have detrimental neurodevelopment 
as well as biological effects that start at childhood and accumulates to produce illness. Therefore, the 
solution to these disparities must be multifaceted. Improving the patient’s know-how and growing their 
drive to make healthy lifestyle changes will have little or no effect if limited access to healthy foods and 
physical activities is not addressed.

In South Chicago, particularly in the Lawndale community, more than 40% of male and approximately 
50% of women gender are reported to have poor general health. Nationally, this figure represents nearly 
12%. These study findings are among the many health inequalities detailed by a research carried out 
by the Sinai Community Health Survey. The study evaluated more than 1900 houses within nine South 
Chicago neighborhoods (Sinai Community Health Survey, 2017). According to the research, the data 
points out a complex depiction of health and wellbeing in numerous Chicago communities, difference 
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in terms of race, ethnicity, and income. People in the southern side of Chicago lack the same opportuni-
ties to improve their health conditions. Thus, they are not able to access early treatment and this delays 
the progression of the illness. Certainly, there is no healthcare system to adequately take care of the 1.1 
million residents of the South Chicago populations (Thometz, 2017). Thus, too many patients lack access 
to healthcare until a small illness becomes critical ones which are costly to treat.

According to Thometz (2017), many residents in South Chicago as per the study claims that they 
forgo medical treatment, eyeglasses, surgery, or prescriptions due to costs regardless of the increased 
access to healthcare brought about by Affordable Care Act as well as the State Medicaid care expan-
sion. For instance, in Gage Park community, one out of six adults failed to receive needed treatment or 
surgery in the past years due to the high-cost (Shah & Silva, 2006). For now, about one in four adults 
in the cities of South Chicago such as Lawndale and West Englewood also failed to take the prescribed 
treatment in the past years due to the high expenses of medications. Chicago is therefore taken to be one 
big statistical region whose disparities are notable.

Up to now, few interventions have taken a multifaceted method of improving results among South 
Chicago patients. Traditionally, healthcare interventions have neither taken a key interest in community-
based programs nor have quality development efforts included a focus on minimizing health inequali-
ties. As a result, this has probably reduced the advantages of prior efforts to minimize health disparities 
among racial and ethnic minorities (Peek et al., 2012).

Nevertheless, the current trends in South Chicago’s healthcare policy and process are inspiring 
greater relations and teamwork among healthcare providers and populations. Notably, Chicago south 
side has many community strengths including community-based firms, whose abilities can be harnessed 
in dealing with diseases’ outcomes. As certified by the affordable care Act of 2010, there has been the 
creation of accountable care organizations which have inspired collaboration (Peek et al., 2012). These 
organizations are likely to have financial aids to take responsibility for wide healthcare results and 
costs for a specific population. Hence, accountable care organizations are possibly driven to prioritize 
evidence-based measures of prevention that develop community resources and establish a continuum 
of healthcare from a social setting to healthcare systems.

The community-based organization program has worked to solve the inequality issue in south Chicago 
as it has been able to employ a multidimensional, integrated method to address a number of root causes 
of these health disparities. Presently, this intervention program is in its third year and it comprises of 
efforts to attain system-level quality improvement within six hospitals in south Chicago (Peek et al., 
2012). This work is expected to continue in informing the plan and development of accountable health-
care methods with the aim of improving health and minimizing disparities.

Diabetes

According to a new report released by the Chicago Public Health Department, diabetes prevalence is 
on the rise in South Chicago. Altgeld Gardens community and Hegewisch have recorded the highest 
increase. In the year 2000 only 20 hospitalized diabetes cases were registered, however, the number rose 
to 139 cases by 2011. Other neighborhoods have also recorded the same increment (Hunt et al., 2014).

Peek et al. (2012), asserts that genetics plays a major role in diabetes with Southern Chicago popula-
tions at higher risks than other communities. With an increase in consumption of inexpensive, unhealthy 
foods in the food supply, most people are being diagnosed with diabetics. The incidence of type 2 dia-
betes is growing nationally, with lifestyle and behavioral aspects supporting obesity cited as the major 
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culprit. Obesity disorder is the major driving force behind Type 2 diabetes endemic. The southern side 
of Chicago has a very high occurrence of diabetes (Hunt et al, 2014). It has a 19.3% estimated incidence 
than a national incidence of 10.7% and a mean occurrence in Chicago of about 7%. Generally, in South 
Chicago, those neighborhoods that are majorly African American records a 5x degree of Leg amputa-
tion as compared to white neighborhoods. However, there is also other racial and ethnic inequalities in 
diabetes treatment, such as the percentage of African Americans and Latinos populations receiving eye 
care and influenza vaccinations compared to the whites (Kanaya et al., 2014).

The healthcare system in southern Side of Chicago has come up with intervention programs to attain 
system-level quality progression within six health facilities, four of which are governmentally owned and 
two of which are academically related. These intervention system level programs are culturally designed 
for patient education, community partnerships that assist in self-care programs at home, and professional 
communication training to providers. However, the healthcare system is tracking transitional health 
outcomes such as the control of cholesterol, glucose as well as blood pressure (Kanaya et al., 2014). 
These are connected to diabetes complications including leg amputations, heart attacks, cardiovascular 
disorders, and renal failure. Therefore, the main work of the healthcare institutions is to inform plan-
ning and improvement of accountable care organizations, and other institutions that focus on integrating 
healthcare and community methods with the aim of improving health and minimizing disparities.

Collaboration in improving quality of care is one of the fundamental interventions in diabetes. Such 
collaborative activities, which usually bring together professionals from varying healthcare places to 
learn better care approaches and share best practices, have proven to be effective in improving diabetes 
care in safety-net health centers (Peek et al., 2012).

Patient activation intervention is designed for low-income population or the minorities. It helps to 
address the problem of patients’ distrust of the healthcare organization or patients’ supposed discrimi-
nation within the healthcare structure (Peek et al., 2012). Moreover, although shared decision making 
is enhanced where patients are equal partners with their doctors in consultations and assessments about 
treatment, is linked to positive diabetes outcomes. Evidently, African Americans from South Chicago 
are less likely to be involved in the shared decision-making process than their non-Hispanic white coun-
terparts (Peek et al., 2012). Therefore, the patient activation intervention is developed in collaboration 
with culturally designed education with skills training in shared management of diabetes.

Training for providers’ intervention by South Chicago healthcare is a physician training that comple-
ments the patient’s education effort. This training helps physicians to develop expertise in cultural com-
petency, effective communication, assisting patients to change their behavior, and collective decision 
making (Peek et al., 2012). Following the improved capability to use the techniques, clinicians are able 
to improve their communication and medical outcomes.

Community partnership is the fourth major intervention that focuses on engaging diabetes patients 
within community settings. Recently, the outreach activities used in this intervention program has en-
hanced the south Chicago healthcare system to identify more than 4000 populace with diabetes who 
lacked a regular source of clinical treatment and to link them to medical households (Peek et al., 2012). 
However, the long term goal to minimize the threat for diabetes is to control obesity, eat healthily, and 
increase physical activities. Therefore, these community-based organizations are partnering with some 
local farmers who offer fresh food produce. As a result, a pilot program majoring on food prescription 
has been established. This program grants diabetes patients access to affordable, discounted free healthy 
foods, such as fresh food produce. Also, in the collaborative efforts, the healthcare system partners with 
other high-use organizations which offers popular monthly food store (Peek et al., 2012). Clinicians and 
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nutritionists offer healthy cooking demonstrations to patients in South Chicago using the donated healthy 
foods, conduct screening for cardiovascular and diabetes, distribute health information, and makes referrals 
to support and medical homes. This intervention has proven to be effective as it has reached more than 
600 patients in the South Chicago community thus far (Peek et al., 2012). Other intervention measures 
to increase patient communication, as well as outreach activities, include digital communication, such 
as, use of text messages in phones to communicate with patients. This helps to send automated, patient-
based diabetes treatment reminders. Peek et al. (2012), argues that about 94% of the patient’s population 
have reported being highly satisfied with the technology, their self-care confidence and expertise has 
improved over some short period of time. Nevertheless, it is crucially important to stress that when people 
have diabetes, they should take advantage of healthcare interventions to treat the illness.

Obesity

Childhood obesity is without a doubt becoming an alarming issue in South Chicago. The prevalence 
percentage of obesity for children between the ages of 2 to 11years in the minority communities is twice 
or thrice higher than that of the U.S as a whole; 16.8%. This means that half of the children population in 
this region are obese (Gopalan et al., 2016). Shockingly, such elevated percentages of pediatric obesity 
have never been recorded. The shift in obesity levels suggests that children’s’ obesity epidemic in South 
Chicago has escalated beyond the state epidemic.

Gopalan et al. (2016) argue that the obesity condition is primarily associated with chronic illnesses 
and incapacitating conditions. It is also believed to affect racial and ethnic minorities unreasonably. Thus, 
it has major effects on the quality of life and the welfare of these minority population groups as well as 
their families. Statistically, the Hispanic children and teenagers between the ages of 2 to 19 years have 
the highest occurrence of obesity in America with about 21.9%.

When comparing South Chicago with other large cities such as New York, where the prevalence 
of obesity is low, Tung et al. (2018) note that the condensed geography of South Chicago is so much 
isolated, and segregated. Thus people have no access to grocery shops, health centers, and green spaces. 
In addition to that, the sprawling South Chicago is faced with the issue of poorer neighborhoods that 
have few safe parks (Tung et al., 2018). There are numerous cases of insecurity and breed crime hence 
causing concern due to safety issues. As a result, children are inhibited from physical exercises, playing, 
outdoor activities and walking. As a result, children become sedentary in their houses.

According to Lord (2013), the healthcare system has been taking the initiative to create healthier 
places over the last decade. In collaboration with the CLOCC, the city is fostering on implementing 
sustainable systems, policies, and environmental changes that solve obese issues in South Chicago by 
establishing healthier environments where Chicagoans from the South live, play, learn, and work peace-
fully (Gopalan et al., 2016).

Moreover, the healthcare system in South Chicago is increasing access to healthy foods through the 
various vending machines option across the city parks. Mobile food carts have also been introduced to 
bring in affordable fresh fruits and vegetables to low-income households (Lord, 2013). The city has also 
emphasized the need for physical activity by tailoring street and sidewalk access for cycles, walking 
paths for pedestrians, and safe access to city parks.

In light of the above discussion, it is evident that racial and ethnic minorities such as African Ameri-
cans in South Chicago experience high rate of disparities in the health care system and also in their 
health outcomes as compared to their white counterparts. This inequalities in healthcare is a critical issue 
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with multiple causes. Apart from racial or ethnic aspects, social, and behavioral factors are some of the 
other major causes of healthcare disparities in the Southern side of Chicago. As a result, the prevalence 
for most of the chronic illnesses is high than other white Americans region in the US. However, due to 
the high cost of treatment for these illnesses and the gaps in the healthcare system, most people have 
had to endure the burden of diseases, delayed care, and ultimately causing high mortality. Though the 
healthcare system and the United States have established the Medicaid expansion, and Affordable Care 
Act to cater for the cost of care for some of these chronic diseases, it is evident that most people in South 
Chicago forego treatment due to the high costs. However, by creating integrated systems that solve these 
multiple causes, there is a greater likelihood that these minority groups in the South side of Chicago will 
start experiencing progress in minimizing disparities. The healthcare approach to reducing disparities 
among Chicago’s population, therefore, combines the power of communities, the health systems, and 
patients, thus showing evidence of efficiency.

Mobile Technology

Compelled by the Affordable Care Act emphasis on patient satisfaction, quality care, value, advanced 
outcomes, and disease prevention, technology is revolutionizing the healthcare delivery and social care 
across the world, but mostly in the United States. According to McLymont (2018), digital health, the 
novel trend in healthcare system makes use of information and communication tools, including mobile 
phones also referred to as MHealth, and Videoconferencing commonly known as TeleHealth. These 
technological advancements are increasingly being used in healthcare to deliver low-cost, faster, and 
more effective care services (McLymont, 2018). It enables patients to access care at any given time us-
ing either a web browser, their devices, smartphones, a mobile clinic or a tablet.

According to Oldenburg et al., (2015), the use of mobile phones has increasingly become a part of 
the day to day life for most people across the world with wireless consumers sending and receiving a 
mean of 6billion text in a day. This technology has been widely adopted with about 90% subscriptions 
globally and has also achieved an 80% subscription rate in the rural areas. With the technology serv-
ing as a two-way interactive communication device, mobile health can offer chances for scientists and 
program developers to get the most out of the existing cultural behaviors of their target study populaces. 
This is enhanced by their high rate of access to and utilization of the mobile technology. According 
to Anderson-Lewis et al. (2018), the prevalent use of the technology and almost global coverage by a 
network signal has offered MHealth a huge opportunity to advance worldwide health. For this reason, 
MHealth interventions have increasingly turned out to be common in low-income and developing states. 
In regions where financial resources, as well as healthcare employees are insufficient, and high illness 
prevalence take place, short messages services could greatly make the capability to attain the healthcare 
more affordable, and accessible (Anderson-Lewis et al., 2018).

For those within the lower socioeconomic status, the MHealth technology is the most cost-effective 
manner to access health information. Additionally, mobile tools have the perspective to upgrade the man-
agement of chronic illness and smoking termination while at the same time advancing communications 
between patients and the caregivers. According to the findings from the Institute of Medicine, health 
information tools offers a chance for engaging people not generally well taken care of by the traditional 
healthcare system (Oldenburg et al., 2015). The influence of promoting patient and population involve-
ment too, and control of their health data, has the capability to offer further awareness into, and chances 
to solve inequalities in minority populations.
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With the high number of people owning smartphones in the US, health communication tools might 
be amazingly useful for those with some degree of English proficiency, persons living in isolated places, 
places from poor backgrounds and those with disabilities. The capacity to adapt MHealth interventions 
in an ethnically proficient way and apply program curriculum at the literacy extent of the target populace 
makes MHealth acceptable, and also ideal (Oldenburg et al., 2015). The flexibility of this high-tech 
platform enables populaces to experience the ultimate health disparities to attain advanced access to 
healthcare, as well as health resources. Currently, the MHealth programs are being applied in health-
care interventions to these minority groups which are presently being highly prioritized (Oldenburg et 
al., 2015). The MHealth capacities include the instant messaging, internet access, social media, video 
streaming, and text messaging.

The use of mobile devices for internet access enables a higher possibility for MHealth involvements 
and programs being implemented among minority groups. Anderson-Lewis et al. (2018) claim that about 
88% of US residents use the internet consistently, while 73% use the high-speed broadband internet 
services in their houses. Among those Americans, the minority groups such as the Hispanics and the 
African Americans have the lowest rate of high-speed internet access at their homes as compared to their 
white counterparts. Nonetheless, it can still be noted that the rate of internet access has increased across 
all groups. Increase in minority internet utilization has also been realized due to the ease of access to 
internet services. This realization has bridged the digital gap between the upper and lower social classes. 
Actually, some innovative uses of mobile technologies have been effectively developed among low-income 
pregnant mothers, homeless, Spanish-speaking immigrants, and youths who are at risk. According to 
Lewis et al. (2018), one of the most outstanding interventions in America is the Text4Baby program 
geared towards advancing maternal and child health results among lower socioeconomic, underserved, 
and minority women. The program uses culturally designed health messages and utilizes deep methods 
to investigate and identify the optimal approaches for the delivery of care and service provision among 
the minority populations. In addition, the program encompasses regular evaluation to make certain that 
the size, frequency, content of the communication sent to patients are suitable. The text4baby program 
also takes into consideration the degree of literacy of the population at the development stage. Therefore, 
just like Lewis et al. (2018) argues, mobile devices are being utilized to communicate locally-generated 
and relevant scientific and health data, to target rural societies whose populaces normally have low 
education and income levels, and would not then benefit from such information. As a result, this benefit 
could be of great importance as it can save lives in rural societies. This, therefore, heightens the need 
for having MHealth interventions to help these minority population subgroups.

According to Lewis et al. (2018), MHealth has been presented to boost the quality of healthcare by 
improving observance to therapeutic policy, and code of behavior as well as informing medical decisions 
and reducing medication mistakes. Particularly, there is now good evidence that the mobile technology 
can advance recognition, linkage to care, maintenance in care, and devotion to taking the Anti-Retro 
Viral Therapy (ARV) in HIV patients. Evidently, the text messages sent from these mobile devices helps 
to remind the patients of the ARV’s and this has ultimately improved their adherence. For instance, this 
mobile technology has also been applied in British Colombia among populations with latent tuberculosis, 
and in Canada among minority populations with HIV. This technology has, in turn, helped to improve 
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the underlying tuberculosis medication completion, and in offering aid to Aboriginal Canadian young 
populaces who are recorded to be the high-risk HIV/AIDS patients (Oldenburg et al., 2015). Moreover, 
in South Africa, the text messaging has also been utilized to advance the HIV healthcare service provi-
sion by advancing the communication between the clinical experts, and patients, and also acts as an 
appointment reminder.

ASSISTIVE TECHNOLOGY; TELECARE, AND TELEHEALTH

According to Doughty et al. (2007), telecare assists patients who require the assistance of health services, 
and also social care to continue living at home with their families. This form of care uses tools that are 
designed to display activities and ensures safety. They offer virtual home visitation, deliver information, 
activate reminders, and home security. It is aimed at helping patients to cope with their own long-term 
health conditions, such as chronic heart failure, and obstructive pulmonary illness while still at the com-
fort of their homes. Assertive technology is, therefore, a widespread idea covering any tool or system 
that enables a patient to undertake a task that they would then be not capable of doing (Doughty et al., 
2007). These technologies help to increase easiness, and safety with which these tasks can be carried 
out by the respective patient. Some of these telecare tools may include fall detectors, large button mobile 
phones, enuresis sensors, key safes, well connected alarming systems, epilepsy sensors, and gas and flood 
sensors. On the other hand, telehealth may include, spirometers, blood oxygen, pressure monitors, and 
simple weighing devices that are connected to a central screening unit that can itself be concomitant to 
a hospital or surgery (Doughty et al., 2007).

Gibbons (2011) asserts that the telehealth technology continues to be viewed as the main solution 
to aid in solving rural healthcare access concerns. Through this technology, rural patients can be able 
to access medical professionals in a timely way while still at home or within their local facilities. Local 
healthcare clinicians can also use the subspecialists’ knowhow offered through telehealth.

According to Gibbons (2011), telehealth technology has the capability to advance remote 24-hour 
care as well as self-care methods and in the end, minimize treatment costs by keeping patients out of 
the health centers and emergency room, and minimizing doctor office visitations. Evidently, chronic 
illness rates are increasing as well as mental health problems, such as depression, which are upsetting 
millions of minority groups in America. In a report by the Department Of Health and Human Services, 
the findings indicate that approximately 80 million US residents live in mental health centers which are 
scarce. Telehealth technology, in this case, may help to solve these situations (Doughty et al., 2007).

Sensory Technology

Gibbons (2011) claims that another way in which healthcare technology tools that link physicians with 
patients may influence healthcare inequality is by allowing improved monitoring of medical consider-
ations amongst patients from minority groups. Since patients are often not able to manage and monitor 
their conditions, patient sensor technology can allow remote monitoring. Additionally, it can enhance the 
direct delivery of patient data such as the vital signs, musculoskeletal injuries, weight, and sugar levels 
to a machine or even to electronic health records. With this data, clinical personnel are able to facilitate 
improved management and supports disease control. As a result, lower complication rates are realized, 
narrowing of potential disparities, and delays in illness progression. The sensory or smart tools may 
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also be used to promote relationships between patients, and caregivers by allowing patients to overcome 
hindrances to attaining regular communication, access to medical care or else maintaining physicians’ 
relationships (Gibbons, 2011). By advancing provider-patient communication, and allowing more stable 
therapeutic relations, these technological tools may also aid in supporting better patient engagement in 
care, enable shared decision making, and improve patient-centeredness of medical care, all of which are 
acknowledged to be determinants of healthcare inequalities and are important for excellent healthcare 
(Gibbons, 2011).

Furthermore, through mobile technology, interventions for cervical cancer screening has been 
established. For instance, the Korean American female is recorded to have the highest mortality rates 
in relation to cervical cancer. According to Anderson-Lewis et al. (2018), mobile devices can be used 
to support cervical cancer screenings and evaluates the changes in know-how and behavior. Using the 
text messaging feature in mobile devices, health experts are able to deliver important information most 
especially during cancer text campaigns designed according to the needs of the target women groups. 
Women from minority groups thus receive personalized text messages in regards to cervical health, 
cancer, and the available screenings within their localities. Evidently, this has increased the apprehen-
sion of wide-ranging cervical cancer, Pap tests, health, and risk factors.

Serious Games

Szczepura (2005) argues that minority groups across the world are associated with poverty and low-
esteem. They are thus more often stressed and this plays a role in their health disparities. These dispari-
ties affect their behavior that is negative for their health. They include drug and substance abuse, and 
physical inactivity thus leading to obesity and depression. These conducts and outcomes such as obesity 
are closely associated with illnesses such as cancer, diabetes, heart failure, and heart attacks. It is for 
this reason that serious games technology are highly recommended within the minority communities.

Thompson et al. (2010) assert that the high regard for video games amongst young people makes it 
a perfect medium for informative purposes. This trend has therefore led to an in-depth approach to the 
issue, emerging into a more detailed term, a serious game. A serious game is a game that is tailored for 
a fundamental role other than wholesome entertainment. Thus, the use of these tailored games to replace 
some of the repetitive tasks have proven to yield better results. In recent years, numerous serious games 
have been established to solve health issues and to offer health education. For instance, one of these 
serious games include the virtual reality games, as well as the augmented reality. These games provide 
great interactivity in a virtual world using audios, sensory stimulus at times, and visuals to augment 
patient engagement and latent therapeutic influence (Fleming et al., 2017).

According to Fleming et al., (2017) these games have the potential to influence mental health internet 
programs and therefore there is need extend the reach for online software database to those who might 
not be able to access them. This internet-based program helps to improve engagement by using both the 
games and the serious motivational changing aspects. Additionally, the program can impact health by 
using varied methods for change, such as the clinical processes and gaming features. It can be helpful 
to patients in training them on some of the procedures about their health habits. For example, a serious 
game can be used to teach a diabetic patient about healthy alimentary habits.
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CONCLUSION

Minority health and wellness provides many opportunities to apply the plethora of digital health solu-
tions to effect better access and quality care. As caregivers effectively adopt and use health technologies, 
it will be possible to enhance access to quality and affordable care among the minority groups in any 
community. It is likely that digital solutions will be an effective strategy to stem the growing healthcare 
challenges of diabetes and obesity. Moreover, these solutions can enable people with often lower levels 
of health literacy and socio-economic standing to get tailored quality care support and information to 
address their health and wellness needs. A critical success factor in this regard is the design, develop-
ment and deployment of responsible digital soltuions.
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ABSTRACT

Many apps and analyzers based on machine learning have been designed to help and cure the stress is-
sue. The chapter is based on an experimental research work that the authors performed at Research Labs 
and Scientific Spirituality Centers of Dev Sanskriti VishwaVidyalaya, Haridwar and Patanjali Research 
Foundations, Uttarakhand. In the research work, the correctness and accuracy have been studied and 
compared for two biofeedback devices named as electromyography (EMG) and galvanic skin response 
(GSR), which can operate in three modes—audio, visual, and audio-visual—with the help of data set of 
tension type headache (TTH) patients. The authors have realized by their research work that these days 
people have lot of stress in their lives, so they planned to make an effort for reducing the stress level of 
people by their technical knowledge of computer science. In the chapter, they have a website that con-
tains a closed set of questionnaires from SF-36, which have some weight associated with each question.
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INTRODUCTION

As we can see that almost everyone is suffering from many kinds of stress and we all get some indicators 
which shows that we are suffering from stress rather it be physical, emotional, personal, sleep or behav-
ioral. But manually the level of stress is difficult to calculate and also the people are much more reliable 
on medication for getting relief. Many times, the individual is lost in physical pleasure, accumulation of 
facilities and due to lack of right understanding about the self, one bears the ignorance about one’s own 
being. Due to which they suffer from stress most of the time. These consist of pharmacological treat-
ment, physical therapy, acupuncture, relaxation therapy or alternative medicine. So the main focus of 
our project is to check the stress level of a person and give remedies to them accordingly. We are more 
focused on giving remedies to people which do not include any kind of medications.[Singh, V. et al., 
2018i] and [Saini, H. et al., 2018j]

Motivation

The experimental research work done by us has motivated us to use our knowledge and make an effort 
to reduce the stress level of people. Automation and mechanization is rapidly increasing with intelli-
gent machines. Science has done miracles and almost in all walks of life, most works are being done by 
scientific gadgets and it has no doubt made human life simpler. It has helped to handle complex issues 
but contrary to this, there is a dark side of the picture that it has created some negative aspects and chal-
lenging situations too. The present crisis of science to human life is that the stress, tension, depression, 
anxiety, hatred, headache, frustration, suicidal tendencies and violence is increasing in our world day by 
day. The happiness index has been reduced rapidly everywhere. The Human personality is degraded in 
terms of value system.[Yadav, V. et al., 2018k] and [Yadav., V. et al., 2018j] and [Gupta, M. et al., 2019a]

Biofeedback

Biofeedback therapy is a non-drug therapy in which patients learn to control physical processes that are 
usually involuntary, such as muscle tone, high blood pressure, and heart rate.

Useful for various conditions such as chronic pain, urinary incontinence, high blood pressure, ten-
sion headaches, and migraine. Because the disease is non-invasive and does not include drug therapy, 
the risk of side effects is low.[Nordqvist, J. 2018].

Working of Biofeedback

Biofeedback therapy by interpreting factors such as brain electrical activity can help people change their 
unhealthy habits.

There are three common ways to treat biofeedback.

• Thermal biofeedback measures skin temperature.
• An electromyogram measures muscle tone.
• Neurofeedback or EEG biofeedback focuses on brain electrical activity.
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Biofeedback therapy by interpreting factors such as brain electrical activity can help people change 
their unhealthy habits.

Uses of Biofeedback Therapy

• Migraine
• Hyperactivity
• Post-traumatic stress disorder
• Incontinence
• Child anxiety at the dentist
• Reynaud’s disease

Mental Fitness and Health

There is evidence that exercise can increase mental health, but scientists don’t know much about whether 
physical fitness can prevent mental health. General mental health issues such as depression and anxiety 
are global issues. They reduce overall well-being and life satisfaction, but may increase the risk of car-
diovascular disease and increase the risk of death.

Biofeedback training, also called biofeedback training, helps manage many physical and mental 
health issues, including:

• Anxiety and stress
• asthma
• Side effects of chemotherapy
• Chronic pain

Biofeedback Appeals to People for a Variety of Reasons

• Non-invasive
• It may reduce or eliminate the need for drugs.
• This may be a cure for those who cannot tolerate medicine.
• There is also an option that the drug does not work well.

Global Annals of Social Mental Fitness Health

The Indian Psychiatric Association has a total of five areas under its wings. The western branch of 
the Indian Psychiatric Association has been around for nearly 50 years. From the first meeting held in 
the small Malorian town of Gujarat in 1970, the 50th annual meeting will be held in Thane in 2019. 
IPSWZB has members who are mental health professionals in three states: Maharashtra, Gujarat and 
Goa. The region conducts several scientific activities every year, including medium-term CME, annual 
conference, and PG CME. Throughout the year, we have implemented community outreach programs 
and won several awards at the national level.
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The three state branches are divided into 13 branches, each producing mental health. There are several 
subcommittees in the region that review regional performance and goals. Each branch and sub-department 
sends an annual report to the regional branch about the various activities performed during the year.

IPS WZB recognizes the excellence of young researchers in this field by awarding national awards 
every year in the fields of psychiatry and mental health at annual meetings, and praises the lifelong suc-
cess of senior experts.

Psychiatric India is the official journal of the Western West Branch. This site has its own interactive 
website and archive section that provides members with updates and new information in the hope of 
making mental health a business priority.[Medknow,S. 2019].

Mental Fitness Data in Indian Society

According to the annual Practo Digital Digital Health Care Map, 82% are psychologists, psychiatrists, 
psychologists in Tier 2 cities such as Indore, Kanpur, Nagpur, Jaipur, Visakhapatnam, Bhopal, Chandi-
garh and Lucknow. I met with a therapist., Coimbatore, Ahmadabad, Patna. People in these cities tended 
to seek management of depression, post-traumatic stress disorder (PTSD), marriage counseling, stress, 
addiction and anger.

In meetings with psychologists, psychiatrists and psychotherapists, meetings with major cities such 
as Delhi, Mumbai, Bangalore, Pune, Chennai, Kolkata and Hyderabad have increased by 24%.

According to a World Health Organization (WHO) report, 7.5% of the Indian population suffers some 
form of mental distress or disability.

OBJECTIVE OF RESEARCH

1.  To study and compare the correctness and accuracy of Electromyography(EMG) and Galvanic 
Skin Response(GSR) biofeedback in three modes: audio, visual and audio-visual.

2.  Our project is to check the stress level of a person and give remedies to them accordingly, by clas-
sifying them into one of three categories: low, medium and high stress level.

3.  Comparing the efficiency of different algorithms used for classification.

SCOPE OF THE RESEARCH WORK

Measuring the effect of various indicators like physical, sleep, behavioral, personal and emotional param-
eters are indicators of stress on different levels of stress. The purpose is to reduce the use of medication 
to lower the level of stress. Measuring the accuracy of the range decided to track the level of stress of a 
person. A runnable system which checks the stress level of a person. The main objective is to develop 
a system which gives the remedies which do not involve any kind of medication to a person according 
to their stress level. [Singhal, P., et al., 2019b] and [Saini, H. et al., 2019c]
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LITERATURE SURVEY

MoodKit a popular app based on IOS which uses the foundation of Cognitive Behavioral Therapy 
(CBT) and provides different mood improvement activities to different users which are more than 200 
in number. Developed by two clinical psychologists, MoodKit helps one to change the thinking pattern 
and method, to develop self confidence, awareness, creativity, situation handling and problem solving 
and wise healthy attitude[Sharma, P. et al., 2018d].

Another very good mental health helping app is Mind Shift which has been developed to facilitate 
teenagers and adults to face the challenges of depression and frustration along with anxiety. The app 
Mind Shift focuses the sight of users about their thought process for.

Khanna A, Paul M, Sandhu JS. exhibited a detailed research work and in depth study to check ac-
curacy and comparison of efficiency of GSR and EMG biofeedback training process and consequently 
progressive muscle relaxation process for decreasing the blood pressure and respiratory rate for those 
subjects who were suffering heavily from acute level of headache [Agarwal, A. et al., 2018g].

Biofeedback is getting popular now as an alternate therapy and informs the subject and experimenter 
both about the current status of headache. It also helps to avoid the excessive use of medications and 
antioxidants for muscle relaxation. It helps the subjects from shifting the dependency on costly medica-
tions and consecutive side effects[Yadav, V. et al., 2019b].

Chronic TTH was found as the most common problem in all subjects of every type of gender, age, 
rural-urban sector of any demographic regions. Since most of the problems are psychosomatic so psycho 
and psychosocial factors are in consideration to study it [Gulati, M. et al., 2018f].

According to Julia Anna Glombiewski Biofeedback (BFB) is an ongoing intervention for headache 
rehabilitation and other pain disorders. Little is known about this treatment option for fibromyalgia 
syndrome (FMS). The purpose of the author of this review is to integrate and critically evaluate the 
evidence for the biofeedback effect of FMS. Method.

The author conducted literature search using Pubmed Search, clinicals.gov (National Institutes of 
Health), Cochrane Central Register, Controlled Trials, PsycINFO, SCOPUS, and manual search. The 
effect size estimate was calculated using a random effects model.

The methodology used by the author was following: One hundred sixteen records were excluded.
The meta-analysis included seven studies of 300 patients on EEG biofeedback and EMG biofeedback. 
Compared to the control group, BFB had a larger effect size and significantly reduced pain intensity. 
Subgroup analysis showed that only EMG-BFB, not EMG-BFB, reduced pain intensity compared to 
the control group.

They described limitations of BFB sleep disorders did not reduce depression, fatigue, or health-related 
quality of life compared to the control group.

Catherine Bernardi showed that there is limited interpretation of these results due to lack of research 
on the long-term effects of EMG-BFB on FMS. Further research should focus on the long-term efficacy 
of BFB in fibromyalgia and identify predictors of treatment response.

According to him, Biofeedback is a promising intervention in the rehabilitation of headaches and 
other pain disorders, and is also effective in FMS. However, little is known about this treatment option 
for FMS and it is not part of the usual care of FMS patients.Therefore, they conclude that the purpose of 
this study is to integrate and critically evaluate the evidence for the biofeedback effect of FMS.[Glom-
biewski, JA. et al., 2018].
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According to Rubin, A. Biofeedback therapy has long been known to treat chronic headaches such 
as TTH due to various psychological challenges, stress, and cognitive and physiological control loss due 
to stress from TTH, resulting in reduced function May cause symptoms such as headaches and gastro-
intestinal tract. Disorder, high blood pressure, chest pain, insomnia, gastric ulcer, sexual dysfunction, 
skin disease, etc.

MMBD is more efficient than IoT when considering health-related applications. This is because 
development activities focus on scale sensor data. Unique complexity and nature of IoT MMBD expan-
sion using biofeedback sensors.

He described in this paper, the analysis of two GSR and EMG biofeedback therapies in the treatment 
of TTH for 12 months in different modes such as acoustic, visual, and visual modalities. Individual 
physical, mental, and total scores in both electromyography therapy and electro dermal responses to 
auditory, visual, and compositional processes have been studied.

The author has made attempts to test hypotheses and evaluate the effectiveness of biofeedback methods 
in individual and potential combination states [Rubin, A. 1992].

The paper “Audio Visual EMG & GSR Biofeedback Analysis and Spiritual Methods for Understand-
ing HumanBehaviour and Psychosomatic Disorders” was written by Biswa Mohan Sahoo,Amar Deep 
Gupta and Basu Dev Shivahare.

According to him, In young professionals between the ages of 20 and 24, psychological imbalances 
are caused by emotional inactivity and lack of self-awareness. Spirituality with conscious mind medita-
tion and a positive attitude is the only way you can see everyone coming soon through some discipline.

They have described the purpose of this study is not to compare the effects of EMG and GSR biofeed-
back on subject headache and quality of life stress. Headache-induced stress (TTH) is the most common 
primary headache. The purpose of this study is to evaluate electromyogram (EMG) biofeedback and 
GSR (electric skin resistance) as effective treatments for headaches. There is no such comparative effect 
of visual and auditory EMG biofeedback for headaches. Tension headache (TTH) is the most common 
type of primary headache. Biofeedback (BF) is information about biological activities that are normally 
unconsciously exposed and is an established treatment for TTH2. Hypertensive pain therapy, which has a 
better effect on coping with psychological and psychosocial consequences, highlights the patient’s active 
role in managing these conditions. BF has few unnecessary side effects. If it is effective for preventive 
treatment or miscarriage of headaches, the use of drugs is clearly preferred.

They revealed the BF forms was used for migraine, tension headache, hybrid headache, and BF 
electromyogram (EMG) was shown maximum benefits [Shivahare, B D. et al., 2018].

The paper was written by Nagai Y et al., titled as “Galvanic Skin Response (GSR)/ Electro dermal / 
Skin Conductance Biofeedback on Epilepsy: A Systematic Review and Meta-Analysis”

He described the dynamic changes in psychological arousal appear directly on the skin sympathetic 
nerves. This activity can be measured as the tonicity of electrode activity and fuzzy oscillations. Biofeed-
back training can voluntarily control this autonomous response and its central communication.In theory, 
psychological arousal control is used as a treatment for epilepsy and reduces pre-discovery conditions. 
Evidence is gathering about the clinical effectiveness of GSR biofeedback training in the management 
of drug-resistant epilepsy.

They have analyzed evidence on the effectiveness of GSR biofeedback and evaluation of work methods 
for each study. They have used the following methodology in which they searched published literature 
on epilepsy intervention GSR biofeedback studies via the MEDLINE and Cochrane databases. Sum-
marizing existing findings using meta-analytic methods has been used as a measure of seizure efficacy 

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



133

Intelligent Mental Health Analyzer by Biofeedback
 

as a measure of the therapeutic effect of GSR biofeedback. It also compares and contrasts study design 
and interpretation of results.

The author found the results: Of the twenty one articles received for GSR / EDA / skin-induced bio-
feedback, four were conducted as interventional trials involving patients with drug-resistant epilepsy. Three 
of these studies reported positive treatment effects of the control group and biofeedback in each of these 
cases. This timely assessment is the large scale currently used to more accurately determine the potential 
value of GSR biofeedback treatment and the application of this non-invasive and non-pharmacological 
intervention for drug-resistant epilepsy. It emphasizes the design of prospective research designs. Give 
awareness [Nagai, Y. et al., 2019].

RESEARCH METHODOLOGY

The Whole Process has been completed in following steps.

• The Data Was collected through Questionnaire
• The Data Was Analyzed
• The App through software tools was designed
• By machine Learning Algorithms, the App was predicting the future results.

In our experimental investigation, a website was designed which contains closed set of Questionnaires 
from SF-36[Sharma, A. et al., 2019a], which have some weight associated with each question. All those 
users who have successfully registered then user will be first login to our website and then answer those 
questions. If they have responded to questionnaire earlier they will be redirected to their dashboard. On 
their dashboard they will find displayed stress level along with three options: given a re-questionnaire 
responses, remedies and statics.

The weight of the user is calculated according to the weight, user will be classified into one of three 
groups: less, average and high level of chronic TTH. After the classification, some remedies were advised 
to the user depending upon his/her stress level. After practicing those remedies for few days he/she can 
again give test and check the reduction in his stress level.

For stress level measurements, Short form of health Survey SF-36 questionnaire was used question-
naire and Biofeedback therapy to know current intensity, duration and frequency of headache of subject 
and for remedy, we applied meditative techniques and alternative therapies.We only used questionnaires 
to measure the participant’s stress level.

Our product measured the subject stress level in specified time and helped them to handle it as per 
their scores and stress intensity.

We have used 70% data to train four classification algorithms Naïve Bayes, Logistic Regression, 
SVM and Decision tree and 30% for testing purposes.

During our research work, we used some data visualization techniques that EMG(Electromyography) 
in audio mode is best among all other modes and in this experiment, we have used a data set of SF-36 
and successfully clustered them into three clusters i.e. low, medium and high using K-means algorithm 
and after clustering we have used classification algorithm to classify a user (depending upon the sum of 
all the weights of questions he had answered) into one of these three classes. We have also implemented 
various algorithms for classifications and compared their accuracy.
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We have used in the Decision tree various test cases given as the input to the trained model and by 
the help of outputs of these test cases we were able to find the range in which the test weight will be 
classified: low, medium or high. Out of which Decision tree has most high accuracy in our case.

The different diagrams of Mental Health Analyzer (MHA) App are shown in the apportioning of 
requirements section. This app is analyzer, a guide for those who want immediate and online relaxation 
in some critical circumstances.

REQUIREMENT SPECIFICATION

Experimental Perspective

The Proposed experimentation and analysis is totally based on our earlier research work named “Chronic 
TTH analysis by EMG and GSR biofeedback on various modes and various medical symptoms”[1] and on 
“Analytical Comparison of Efficacy for Electromyography and Galvanic Skin Resistance Biofeedback 
on Audio-Visual Mode for Chronic TTH on Various Attributes”. This work has been well published and 
cited by many in the same domain of research.

In this work, we created a website which comprises Short Form of Health Survey popularly known as 
SF-36 as the initial survey for the mental status of the subject. Each participants was required to answer 
the questions and based on their responses, their individual different scores on various parameters were 
calculated. Some set of questions were giving one kind of score and other set of questions were giving 
other kind of responses. The scores were clear indicators for the current status of mental, social, physi-
cal and inner health of an individual and high score always indicate that one posses good health and he/ 
she should maintain it. Average score is indicator of precautions and related guidelines and advisory are 
issued to him/ her. The low score is alarming bell and immediately subject is warned to visit psychiatrist 
and nearby mental hospital. Since the extreme situation can be panic and worst to be as suicidal tendency. 
This app is analyzer, a guide for those who want immediate and online relaxation in some critical cir-
cumstances.[Singh, A. et al., 2019d] and [Gulati, M. et al., 2019e] and [Chaturvedi, D.K. et al., 2012]

SYSTEM INTERFACES

1.  Anguler6, CSS, JavaScript and Bootstrap are used for front end of web portal.
2.  Node Js and Express Js are widely used in web platform as back end.
3.  Mongo Db is applied for data storage and database creation purposes.
4.  Jupyter is used to implement Machine Learning Algorithm in Python.
5.  Visual Studio Code platform is used to develop the website [Chaturvedi, D.K. et al., 2013].
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HARDWARE INTERFACES

The project occurred in different configurations of system as below:

1.  Operating System: Linux, Unix, Windows
2.  x86 - 64 processor
3.  8 GB RAM
4.  Web Server: local host provided by Angular CLI and NPM server
5.  For Mongo Db version 4.0 installed in OS
6.  NPM packages should be installed. [Chaturvedi, D.K. et al., 2013]

SOFTWARE INTERFACES

Python 3.6, Angular 6, Node 10.0.0, Mongo db 4.0

PyCharm Platform

Currently, it is very popular as an integrated development environment (IDE). Python is especially used 
for computer programming designed by Czech Jet Brains. Code analysis provides end-user integration 
with graphical debugging, a single integration tester, version control system (VCS), and supports web 
development with Django. [Singh, V. et al., 2018i]

Machine Learning with Python Language

Machine learning uses data mining techniques and other learning algorithms to create models of what is 
happening behind some data and predict future results. This is a specific approach to artificial intelligence.

Deep Learning

This is one of a kind of machine learning, and learning to display the world as a nested hierarchy actu-
ally gained a lot of power and flexibility concepts, each concept with a simpler concept and It is defined 
by a more abstract expression.

Artificial Intelligence

These models use models created by machine learning and other methods of reasoning about the world 
to create intelligent movements, whether in games or robot / machine driving. Artificial intelligence 
predicts how the world will function and how the world will best achieve its goals. This app is very 
deployed.[Chaturvedi, D.K. et al., 2004]
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Machine learning is the name given to a generalizable algorithm that allows computers to perform 
tasks by looking at data instead of hard coding. It is a subset of computer science and artificial intelligence 
that focuses on developing systems that can learn from data and make decisions and predictions based 
on it. With ML, computers can make decisions based on data rather than explicitly planning specific 
tasks. Mathematics provides a model. Understand those relationships and apply them to real objects. 
[Chaturvedi, D.K. et al., 2014]

Supervised Learning

These are “predictive” in nature. The purpose is to predict the value of a particular variable (target vari-
able) based on values of some other variables or explanatory variables). Classification and Regression 
are examples of predictive tasks. Classification is used to predict the value of a discrete target variable 
while regression is used to predict the value of a continuous target variable. To predict whether an email 
is spam or not is a Classification task while to predict the future price of a stock is a regression task. 
They are called supervised because we are telling the algorithm what to predict. Methods are Linear 
Regression, Logistic Regression, Decision Trees, Random Forests, Naïve Bayes Classifier, Bayesian 
Statistics and Inference, K-Nearest Neighbor.[Chaturvedi, D.K. et al., 2014]

Unsupervised Learning

These are “descriptive” in nature. The purpose is to derive patterns that summarize the underlying 
relationships in data. Association Analysis, Cluster Analysis and Anomaly detection are examples of 
Unsupervised Learning. They are called unsupervised because in such cases, the final outcome is not 
known beforehand. With unsupervised learning there is no feedback based on the prediction results. 
Methods are K-Means Clustering, Hierarchical Clustering, Clustering using DBSCAN, Feature Selection 
and Transformation, Principal Components Analysis (PCA). .[Chaturvedi, D.K. et al., 2013]

MEMORY CONSTRAINTS

To run data on python programs, 2 GB memory space will be required and for both to run the node local 
host server and angular frontend local host, 1 GB space will be used.

OPERATIONS

Operations that will be done by user on our product are:

• A user can do registration if they are new users.
• After successful registration, user will be able to login to our site any time.
• All those registered users, if don’t have given any test then they will be redirected to test page as 

soon as they will login
• All those users who have successfully registered, if they have responded to questionnaire earlier 

they will be redirected to their dashboard.
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• On their dashboard they will find displayed stress level along with three options: given a re-ques-
tionnaire responses, remedies and statics.

• He can go to any of the options.
• All the users will get some remedies to follow and practice in their daily life
• After few days they can go through the retest.

FUNCTIONS OF EXPERIMENTAL APP

• Our product measured the subject stress level in specified time and helped them to handle it as per 
their scores and stress intensity.

• We are using dataset of SF-36[5] and we have clustered it into three clusters using k-means algo-
rithm and after clustering we have modified and added the dataset with their respective clusters 
and used it as new dataset for training and testing of classification algorithms

• We have used 70% data to train four classification algorithms Naïve Baye’s, Logistic Regression, 
SVM and Decision tree and 30% for testing purpose.

• Out of which Decision tree has most high accuracy in our case.
• Now in Decision tree we have used various test cases given as the input to the trained model and 

by the help of outputs of these test cases we were able to find the range in which the new weight 
will be classified: low, medium or high.

• We have used the same range limit in website for decided the stress level of the person depending 
upon the weights of the questions he has answered.

USER CHARACTERISTICS

Subject under considerations were users of all ages (18-65), genders, locality and is mainly focused on 
adolescents.

CONSTRAINTS

• The system complied with all local regulatory policies and ethical committee.
• The users had to answer all the questions honestly otherwise they may be classified into wrong 

stress level.
• Our research work was based on EMG and GSR machines with are very costly and very hard to 

find and do analysis.
• This product will be windows-based. So all the users must have windows operating system run-

ning on their pc’s.
• Our product will use client server architecture and therefore be able to handle multiple partici-

pants at onetime.
• Our product will use cookies to help identify the registered users attempting to use the product 

via the internet.
• Our product will provide a backup capability to protect the data.
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ASSUMPTIONS AND DEPENDENCIES

It is assumed that every user who will use our product will have windows operating system or Linux and 
all will satisfy the software and hardware requirements mentioned above.

APPORTIONING OF REQUIREMENTS

We may not be able to do thermal imaging. We only used questionnaires to measure the participant’s 
stress level. The different diagrams of Mental Health Analyzer(MHA) App are as below.

UML SPECIFICATIONS

Use Case Model

Case diagrams are used to show system performance or parts of a system. They are widely used to de-
scribe the functional needs of a system and the interaction with external actors (actors). Use cases are 
illustrations of different scenarios used in the system. The diagrams used show an overview of what a 
system or part of a system does without giving a detailed explanation.

A use case model was used to represent the functions and activities of all users and participants in 
the study. It also shows the performance of a program that shows the actions that a particular user can 
perform depending on the location.

Figure 1. Use Case Model of MHA App
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In the figure 1, we can see that a particular participant can login, register on site, can take test, can 
get a result. An administrator can manage the whole database and login on website. The user will get 
the question set and the evaluation of stress level will be done which will be saved in the database. If the 
stress level is too high, then he will be advised to go to a doctor or psychiatrist.

SYSTEM DESIGN AND METHODOLOGY

System Design and System Architecture

In figure 2, Flowchart shows the flow in which the whole work of site will go on. In this flowchart, 
we can see that when the user will login into the site then they will counter a questionnaire. They will 
attempt that on the basis of given answer their result will be calculated and remedies will be given to 
them, according to where they lie whether low, medium or high.

ACTIVITY DIAGRAM

The activity diagram which shows the control flow of a system. Activity diagram illustrating the steps 
involved in executing a usage file. Use an activity diagram to model sequential and concurrent activities. 
Therefore, you basically use an activity diagram to visualize the workflow. The activity diagram focuses 
on the state of the stream and the order in which the stream occurs. Use activity diagrams to explain or 
graph the cause of a specific event.

Figure 2. Flowchart of MHA App
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Figure 3. Activity Diagram of MHA App

Figure 4. DFD level 0 of MHA app
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Figure 5. DFD level 1 of MHA app

Figure 6. DFD level 2 of MHA app

Figure 7. ER Diagram of MHA app
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Figure 3, the activity diagram shows all the activities performed in the project are shown. 

DFD

DFD (Data Flow Diagram) can be drawn to display the system at various levels of abstraction.
This is also called a context diagram. This design is designed as an abstraction and represents the 

system as a single process with relationships to external entities. Appears as a single bubble containing 
input and output data represented by input / output arrows.

In figure 4, data flow diagram level 0 is shown.
1 At the DFD level, the field diagram is broken down into several bubbles / processes. This level 

emphasizes the core functionality of the system and processes 0 level DFD high level processes into sub 
processes. In the figure 5, data flow diagram level 1 is shown.

DFD 2 Level Go deeper into part of DFD Level 1. Can be used to plan or record specific / required 
details about system performance. In the figure 6, data flow diagram level 2 is shown.

ER DIAGRAM

The ER model is used to model the logical view of the system in terms of data such as: component: Entity, 
entity type, entity set, an entity can be an object with a physical entity (a specific person, car, house, or 
employee), or an object with a conceptual meaning (company, job, university degree).

In figure 7, Entity relationship diagram is shown with entities, attributes and relationships that are 
used in the project.

IMPLEMENTATION AND RESULTS

Software and Hardware Requirements

Software Requirements

1.  Python 3.6
2.  Angular 6
3.  Node js 10.0.0
4.  Express js
5.  Mongo db 4.0
6.  PyCharm
7.  Angular CLI
8.  Mongo shell
9.  Visual Studio Code

10.Tablue (Data visualization)

Hardware Requirements
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1.  Operating System: Linux, Unix or Windows
2.  Web Server: Node js and Express js provided by NPM package
3.  Ram size: 8 GB
4.  x86 - 64 processor
5.  EMG (only used for research not for website)
6.  GSR (only used for research not for website)

ASSUMPTIONS AND DEPENDENCIES

It is assumed that every user who will use our product will have windows operating system and will 
satisfy all the software and hardware requirements mentioned above.

Figure 8. Home Page of the MHA app

Figure 9. Login Page of MHA app
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Figure 10. Test Page of MHA app

Figure 11. Dashboard of MHA app with Medium level of Stress

Figure 12. Dashboard of MHA app with Low level of Stress
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Figure 13. Dashboard of MHA app with High level of Stress

Figure 14. Log of Different responses by a user of MHA app

Figure 15. Remedies proposed of MHA app
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IMPLEMENTATION DETAILS

Snapshots of Interfaces

In the figure 8, Home page which will be loaded on the screen of user
In the figure 9, Login screen will be shown after clicking on Know your mental health option the 

user will have to login or register if he is new to our website.
In the figure 10, Test page is shown in which the user will answer the questions and submit.
In the figure 10- figure 14, dashboard is shown which will be opened after the user has given first time 

his test. This page will contain the result along with three other options to go with i.e. Retest, Remedy 
and Statics. He can again give retest or go to the remedy page.

In figure 15 remedies depending upon the stress level of the user is shown. It is expected from the 
user that they will follow the steps sincerely.

TEST CASES

1.  If stress level lies in range of S >= 25 and S <=57.
2.  If stress level lies in range of S >= 58 and S <=68.
3.  If stress level lies in range of S >= 68 and S<=125.

RESULTS AND DISCUSSION OF OUR RESEARCH WORK

We have found the result that EMG in Audio mode is best among all the other modes of EMG as well 
as it is also better than GSR in all modes i.e. Audio, Visual andAudio-visual. We have published this 
results in a book chapter.[1]

RESULTS OF EXPERIMENTS

In the figure 16, mean calculated by the python code is shown. It is the mean of all the questions answered 
by 399 people as present in the dataset.

1.  We have successfully clustered responses from dataset into three clusters i.e. low, medium and 
high stress level by the help of K-means algorithms and now we classify new user into one of these 
three classes.

The figure 17 shows the clusters that we have got using k-means algorithm on the dataset of 399 
people response of SF-36 questionnaires[5].

Cluster 1 represents Low Stress Level
Cluster 2 represents Medium Stress Level
Cluster 3 represents High Stress Level
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2.  After making three clusters we have modified the dataset and added the respective clusters 
in each row and used the new dataset to train various classification algorithms that we have 
used: Logistic Regression, Naïve Bayes, SVM, Decision Tree algorithm.

3.  For training the machines, we used 70% data and for testing and accuracy, 30% data was used 
for the purposes.

Figure 16. Mean of all questions
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4.  Out of all the algorithms Decision tree gives the best accuracy so we have find out the range 
of each class i.e. low, medium and high using various test cases onDecision tree algorithm 
and we have got range limits from it that we are using in our website for giving results.

The Figure 18 shows the accuracy of various classification algorithms that are used for classification.

Figure 17. Clusters of the Analyzed datasets

Figure 18. Accuracy of various algorithms applied
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CONCLUSION

Performance Evaluation

The time duration for the whole experiment was 6 months which included stress recognition through 
biofeedback devices and providing its remedy through app. For stress level measurements, Short form 
of health Survey SF-36 questionnaire was used questionnaire and Biofeedback therapy to know current 
intensity, duration and frequency of headache of subject and for remedy, we applied meditative tech-
niques and alternative therapies. For backup, we stored the data in Google Drive or Hard Disk to avoid 
any data loss [Chaturvedi, D.K. et al., 2014] and .[Chaturvedi, D.K. et al., 2013].

We have used 70% data for training and 30% for testing purposes. The clusters that we have got using 
k-means algorithm on the dataset of 399 people response of SF-36 questionnaires[5].Low Stress Level 
represented by cluster 1,Medium Stress Level represented by cluster 2 and High Stress Level represented 
by Cluster 3.

After making three clusters we have modified the dataset and added the respective clusters in each 
row and used the new dataset to train various classification algorithms that we have used: Logistic Re-
gression, Naïve Bayes, SVM, Decision The logistic Regression algorithm gives the 77.5% accuracy,the 
Naïve Bayes Classifier gives 96.667% accuracy while SVM gives 93.333%.

We have found the result that EMG in Audio mode is best among all the other modes of EMG as 
well as it is also better than GSR in all modes i.e. Audio, Visual and Audio-visual. We have published 
this results in a book chapter.

Out of all the algorithms Decision tree gives the best accuracy as shown in table 1, so we have to find 
out the range of each class i.e. low, medium and high using various test cases on Decision tree algorithm 
and we have got range limits from it that we are using in our website for giving results. .[Chaturvedi, 
D.K. et al., 2015] and .[Chaturvedi, D.K. et al., 2019]

Table 1. Accuracy of various Algorithms applied

S.NO Algorithm Name Accuracy(%)

1. Logistic Regression 77.5

2. Naïve Bayes Classifier 96.667

3. SVM 93.333

4. Decision Tree Regression 97.5
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EXPERIMENTAL RESEARCH BASED LEARNING

1.  Different technologies like: Angular 6, Mongo db, Node js, Express js, Python,

Tableau, k-mean clustering, logistic regression algorithm.

2.  Practical implementation of tools like: Visual Studio, Tableau and Mongodb Shell
3.  Team Work.
4.  Dividing and Managing the work.

FUTURE DIRECTIONS

1.  Give suggestion of nearby hospitals or psychiatrists by tacking GPS location of the user’s device.
2.  Send the result with the remedies to the user through email.
3.  Make a team for doing survey among people in our college and offices for getting larger dataset 

so that we may increase the accuracy.
4.  Conducting awareness camps for telling people to use this type of application for getting better 

stress free lifestyle.
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ABSTRACT

Governments often create policies that rely on implementation by arm’s length organizations and require 
practice changes on the part of different segments of the healthcare system without understanding the 
differences in and complexities of these agencies. This research describes components of a health system 
and explains how they affect outcomes. It argues that implemented policies affect various components of 
a health system in terms of service delivery, workforce, information, financing, medical products, tech-
nologies, leadership, and governance. Using health system as framework of analysis, the chapter explains 
that the outcome of health policy implementation determines the availability, quality, and equability of 
program service delivery. The chapter further argues that policy implementation barriers affect the poor 
and vulnerable groups from benefiting from public spending on public health policies and programs.

INTRODUCTION

Governments often create policies that rely on implementation by arm’s length organizations and require 
practice changes on the part of different segments of the health care system without understanding the 
differences in and complexities of these agencies (Gholipour & Rouzbehani, 2016). Health care system 
is one of the basic institutions that are universal in nature and without which a society cannot survive. 
The World Health Organization Report (2000) defines health system as comprising all the organizations, 
institutions and resources that are devoted to producing health actions. Health action in this context entails 
any effort, whether in personal healthcare, public health services or through inter-sectional initiatives 
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(Weimer, 2011), whose primary purpose is to improve health. Healthcare institutions consist of formal 
and informal organizations where preventive, social and clinical services are rendered to the members 
of the society. Each of the institutions has specific aims and objectives even though they all exist to 
promote health, to prevent the occurrence of diseases, to bring about a peaceful end for those suffer-
ing from terminal disease, and to treat human illness. Most health care institutions form an arm of the 
government. Their social structure, therefore, follows the same pattern as other government institutions 
which can facilitate or impede policy implementation.

Nearly 20 years ago, Grol and Grimshaw (1999) asserted that evidence-based practice must be 
complemented by evidence-based implementation. The past two decades have been marked by signifi-
cant progress, as the field of implementation science has worked to develop a better understanding of 
implementation barriers and facilitators (i.e., determinants) and generate evidence for implementation 
strategies (Eccles & Mittman,2006; Bauer et al., 2015). The purpose of this paper, therefore, is to ex-
amine policy implementation by institutions of health care delivery and barriers to effective outcomes. 
Specifically, the paper attempts to investigate how health policies support program activities of health 
institutions, such as; elimination of healthcare inequities; access to healthcare facilities, products and 
services; availability of finance infrastructures and other resources; provision of information and educa-
tion to individuals and communities to medical products, facilities and services.

This chapter, therefore, is structured into five parts. Part one examines the introduction, purpose, 
clarification of concepts and underpinning theories of health policy implementation. Part two exam-
ines the inputs required in a healthcare system, such as; finance, structures and power relationships 
equipment, personal and clients. Part three discusses the processes or series of activities that transform 
resources into a desired product, service or output. Part four examines the outputs – direct result of the 
interaction between inputs and processes in the system, the types and quantities of goods and services 
produced by an activity, program or project. Finally, part five identifies the barriers to effective health 
policy implementation and its implications.

CONCEPTUAL ELABORATION

Health System

Health system comprises all organizations, institutions and resources that are devoted to producing health 
actions. Health actions in this context refers to any efforts, whether in personal healthcare, public health 
services or through intersectional initiatives whose primary purpose is to improve health. It is an open 
system with three components of input, processes and outputs. Inputs required in a healthcare system 
include; finance, physical structure, equipment personnel and clients. The process refers to a series of 
activities that transform inputs (resources) into a desired product, service or output. The term output is 
used to describe the direct result of the interaction of inputs and processes in the system, the types of 
and quantities of goods and services produced by any activity, program or project. On the other hand, 
the term outcome refers to the result of the outputs, the effects or impacts.
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Health Policy

Health policy means more than a national law or intervention. Operational policies are the rules regula-
tions, guidelines and administrative norms that governments use to translate national laws and police into 
programs and services. Health policy can be defined as the decisions plans and actions that are undertaken 
to achieve specific healthcare goals in a society. Health policy can also support program activities, such 
as elimination of inequities in healthcare delivery services or mobilization of community health workers.

Policy Implementation

Implementation refers to the stage of the policy process immediately after the passage of a law. Imple-
mentation science, viewed broadly, means administration of law in which various actors, organization, 
states, local authorities, procedures and techniques work together to put adopted polices into effect in 
an effort to attain policy or program goals (Dunn, 2012), to better understand the factors that impede or 
facilitate implementation (Powell et al., 2019). For our purpose, implementation can be conceptualized 
as a process, outputs (series of activities) and outcome. As a process, it is viewed as a series of deci-
sions and actions directed toward putting a prior authoritative federal legislative decision into effect by 
the state or local authorities or organizations. As an output, implementation can be defined in terms of 
the extent to which programmatic goals are supported, such as the level of expenditures committed to 
a program or the number of violations issued for failure to comply with the implementation directive. 
Policy implementation can be conceptualized as some measureable change in the large problem that was 
addressed by the program, public law, or judicial decisions (outcomes).

THEORETICAL UNDERPINNINGS

There are three major theoretical models of policy implementation, namely top-down approach, bottom-
up approach and Principal Agent theory.

Top-down Approach

This approach sees policy as formation and policy execution as distinct activities. Polices are set at 
higher levels in a political process and are then communicated to subordinate levels which are then 
to subordinate levels which are then to subordinate levels which are then charged with the technical, 
managerial and administrative tasks of putting policy into practice. In this approach, certain conditions 
are necessary for policy implementation to be effective:

• Clear and logically consistent objectives.
• An implementation process structured to enhance compliance by implementers.
• Committed, skilful implementing officials.
• Support from interest groups and legislature.
• No changes in socio-economic conditions that undermine political support.
• Adequate time and sufficient resources available.
• Good coordination and communication.
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Bottom-up Approach

This approach recognizes that individuals at subordinate levels are likely to play an active part in imple-
mentation and may have some discretion to reshape objectives of the policy and charge the way it is 
implemented. The bottom-up approach sees policy implementation as an interactive process involving 
policy makers, implementers from various levels of government and other actors.

Principal-Agency Theory

In each situation, there will be a relationship between principals (those who define policy) and agents 
(those who implement policy), which may include contacts or agreements that enable the principal to 
specify what is provided and check that this has been accomplished. The amount of discretion given 
to the agents and the complexity of the principal – agents relationship are affected by the nature of the 
policy problem – including scale of change required, size of affected group; circumstances surrounding 
the problem (political, economic climate, technological change); and the organization of the machinery 
required to implement the policy (number of formal and informal agencies, amount of skills and re-
sources required) the three theories. Whether policies are implemented from the top-down, bottom –up 
or according to the principal agent theory, policy implementation involves three activities (Anderson 
& Sotir, 2006):

• Interpretation: Translation of the policy into administrative directives.
• Organization: Establishment of administrative units and methods necessary to put a program into 

effect.
• Application: Routine administering of the service.

Interpretation of policy directives requires the translation of knowledge on interventions into the 
particular local context. According to Jenkin et al. (2006), factors to take account when interpreting 
health policy include:

• Local resources, including human resources and infrastructure.
• Specific characteristics of the population.
• Baseline incidence of the health problem.
• The latency period before an effect of the intervention will be observed.
• A balance between achieving targets that reflect process change and those that reflect risk factor 

change.
• Local variations in the likely effectiveness of particular interventions.

Implementing health policy, therefore involves the rearrangement and restructuring of institutions 
at the national and subnational levels. It entails determining the power structure and inter-institutional 
dynamics. Some operational policies may pertain to subnational levels, thus resulting in a more decen-
tralized system.
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CONCEPTUAL FRAMEWORK

This paper adopts health system as our conceptual framework of analysis. WHO (2000) defines health 
system as comprising all organizations, institutions and resources that are devoted to producing health 
actions. Health actions in this context refers to any efforts, whether in personal healthcare, public health 
services or through intersectional initiatives whose primary purpose is to improve health. Health system 
is an open system with three components of input, processes and outputs.

Inputs required in a healthcare system include; finance, physical structure, equipment, health informa-
tion, technology, material resources, personnel, health policies and clients. The process refers to a series 
of actions or activities that transform inputs or resources into a desired product, service or outcome. 
The series of activities in the process include treatment, client education, community empowerment, 
official meetings and other health interventions. The term output is used to describe the direct result of 
the interaction of inputs and processes in the system, the types of and quantities of goods and services 
produced by an activity, program or project. It includes treated patient, efficient services, improved health 
status, community empowerment, trained staff, good quality of life and sanitation. On the other hand, the 
term outcome refers to the result of a process, including output, effects or impacts (Quality Assurance 
Project, TASC 2 Eritrea, 2003). All this depends on how efficiently the system is administered and how 
the resources within the operating environment. The enabling environment comprises the government, 
State, Local authorities, health institutions, socio-cultural and economic factors, regulatory quality control 
by government, rule of law, civil society (Tully, 2002), community, individuals, political stability and 
support, accountability and so on.

This conceptual framework is adopted because the analysis is not intended to identify causal pathway. 
The health system, which is an open system, is one of the basic institutions that are universal in nature 
and without which a society cannot survive. According to the WHO(2000), all health systems carry 
out the functions of providing or delivering personal and non-personal health services; generating the 
necessary human and physical resources to the that possible; raising and pooling the revenue used to 
purchase services and acting as the overall steward of the resources, powers and expectations entrusted 
to them. The health system is, therefore, justified as our conceptual framework of analysis for this paper 
since large number of people and institutions are involved at different levels.

REASERCH METHOD

The paper adopts qualitative research technique. The purpose is to select information that would help us 
describe and explain health policy implementation and barriers to its effectiveness. Data were collected 
from secondary sources. They include textbooks, journals, newspapers, internet and records. Data from 
these sources were analyzed using documentary data analysis, thematic analysis and content analysis tech-
niques to elicit key concepts or themes. The concepts were coded and categorized into units of analyses: 
policy implementation of resources or inputs; policy implementation intervention process or series of 
activities; and policy implementation of outputs/outcomes (efficient services or improved health status).
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HEALTH POLICY IMPLEMENTATION: RESOURCES

Formal organizations such as health institutions are made up of people and they are set up to achieve 
specific goals and objectives. The attainment of these goals depends on the availability of resources in 
the right kind, quantity and mix. Ultimately, the attainment of the goals depends on proper utilization of 
resources. Resources are those inputs that help, support and/or have positive impact upon the achieve-
ment of organizational goals (Peretomode & Peretomode, 2005). According to them, resources can be 
categorized into human and non-human resources. Non-human resources can be further categorized into 
financial and non-financial resources. Non-financial resources include: facilities, structures, equipment, 
time, technology, land, transportation, organizational climate, geography, information, policies and so 
on. The provision of health care services, consequently, involves putting together a considerable number 
of resource inputs to deliver an extraordinary array of different service outputs. Finance is an important 
asset in healthcare delivery services (Hurley, 2001). The performance of the health system depends 
ultimately on the knowledge, skills, and motivation of the people responsible for delivering services.

GOVERNMENT INTERVENTIONS IN HEALTH 
POLICY IMPLEMENTATION PROCESS

Perhaps the most pervasive impact of government on the delivery of healthcare services in most nations 
is through regulation. There are many kinds of health-care regulations, namely: facilities, costs, quality 
and pharmaceuticals. Governments attempt to influence health-care delivery indirectly by providing fi-
nancial support for certain activities, and directly attempt to move resources around in the health industry. 
One such attempt is through the regulation of “healthcare facilities and more comprehensive planning 
for the health needs of communities” (Peter, 1988, 258). Another regulatory device is the control of 
costs in terms of making majority of expenses paid by a third party, such as “Blue Cross or Medicare or 
Medicaid” in America health care system (Peter, 1988, 258). For example, the regulation of health-care 
quality is another area of intervention by USA government in health policy implementation. The major 
public instruments used for regulating the quality of medical care are the Professional Standards Review 
Organizations (PSROs). These organizations are designed in part to monitor costs of services provided 
to Medicare Patients but they necessarily become involved in the issue of appropriate some PSROs have 
gone as far as to establish standard profiles of treatment for certain rather common conditions and then 
to question physicians whose treatment differs significantly from those patterns.

Furthermore, the US government and other nations are deeply involved in the regulation of pharma-
ceutical industry and in the control of substances in food and water that are potentially harmful to health. 
The Food and Drug Administration (FDA) in USA is responsible for most of the drug regulation. The 
safety and effectiveness of a drug must be demonstrated by clinical trials. Associated with drug regula-
tion in the Food and Drug Administration (FDA) has been food regulation, especially the prohibition of 
carcinogenic substances in food, especially the substances that induce cancer in human beings or animals.

Another issues related to the regulation of pharmaceuticals is the regulation of tobacco, especially 
cigarettes. It has been observed that smoking cigarettes is harmful to health. It requires warning labels 
on to be placed on packages and forbid advertising on electronic media. Cigarettes and their regulations 
figure prominently in financing of health care, especially increased tax on cigarettes. Moreover, com-
petitive mechanisms using market forces to produce desired changes in the health-service industry have 
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been on the increase in recent times. So, government should develop institutional capacities to ensure 
that appropriate uptake and integration of policies into existing activities. That is, integration of policy 
into private sector and community programs, such as: public-private partnership (Rouzbehani, 2019) and 
community-based distribution network. These health policies can also support other program activities.

HEALTH POLICY IMPLENTATION: OUTPUTS/ OUTCOMES

Outcomes of these activities help increase accountability and identify implementation barriers. There 
have been reported cases of fraud in America’s healthcare system. Home-health fraud, such as charging 
for non-existent visits to giving insulin injections- got- so bad that the “Medicare and Medicaid Centres” 
(CMS), which run the programs called a moratorium on enrolling new providers in several large cities 
in 2013. Since tighter screening was introduced under “Obama care”, the CMS has stripped 17,000 
providers of their licenses to bill “Medicare”- services meant for the elderly recipients. Thousands of 
suppliers also quit after being acquired to seek accreditation and to post surety bonds of $50,000. It was 
reported that health-care fraud in America amounted to about $272 billion in 2013.Thus; the outcome 
of health policy implementation has improved health status for individuals and community. According 
to WHO (2000), the main objective of health action or series of health activities, whether in personal 
health care, public health services or through inter-sectoral initiatives is to improve health. Health policy 
implementation outcomes, therefore, can be summarized as: efficient services, improved health status, 
treated patients, community empowerment, trained staff, good sanitation and good quality of life.

ENABLING ENVIRONMENT IN HEALTH SYSTEM

For efficient services to emerge from health policy implementation, accountability and transparent 
mechanisms should be well established, so that civil society can monitor the implementation process, 
in terms of service coverage and quality, population coverage and equity, healthy behaviors by increased 
number of people.

HEALTH POLICY IMPLEMENTATION BARRIERS

Economics

The most commonly cited barrier to access to healthcare is economics. For example in USA, majority of 
medical care is still paid for privately. Those who lack the income or insurance to pay for medical care 
may not have that medical care. Many who are poor but not sufficiently poor to qualify are not eligible 
to receive Medicaid benefits. Many people do not have health insurance. The elderly poor who have 
access to Medicare as a result of their age must still pay for parts of their insurance, at a rate that may 
deter some taking full advantage of healthcare program. Even having insurance as well as not having it 
can present troubles. The principal problem is that it can minimize mobility in the economy.
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Demand

On the demand side, the economic literature is dominated by adaptations of Grossman model that analyze 
individual investment and consumption decisions to improve health and utilize healthcare (Grossman, 
2000). Demand is influenced by factors that determine whether an individual identifies illness and is 
willing and able to seek appropriate healthcare. The model levels to a demand for healthcare of a given 
quality that is determined by individual and community factors as well as the price of medical care and 
other similar goods. Individual (and household) factors include age, sex, income. Demand barriers to 
utilization of healthcare include:

a.  Information on Health Care Choices: This provides lack of knowledge of the providers.
b.  Education: Low ability to assimilate health choices and negotiate access to appropriate providers. 

Education and knowledge about the characteristics of and need for medical treatment. Information 
and education are related to failures, either in the form of knowledge of healthcare choices or in 
the ability to utilize this information in an effective way.

c.  Indirect Consumer Costs: It includes distance cost and also opportunity cost.
d.  Household Preferences: A symmetric control over household resources.
e.  Community and Cultural Preferences, Attitudes and Norms: There are various reasons why 

some people are reluctant to seek healthcare which can range from being far from their homeland to 
using modern technology in heath sector. For example, cultural barriers such as purdah restrictions 
can prevent women from seeking healthcare outside the home for themselves and their children 
(Rashid et al., 2001). The barrier is often raised still further when men provide services and has 
often offered as one reason why Asian women living in Western countries often make little use of 
health services (Whiteford & SZelag, 2000). Such restrictions may also interact with other barriers. 
Community factors may include cultural and religious influences and other traditional social fac-
tors (Taber, Leyva & Persoskie, 2015) that affect individual preferences. When it comes to online 
healthcare, it is interpreted as health care providers lack certain level of emotional intelligence to 
feel the preference of the public, which increase the unwillingness of people to use online healthcare 
(Rouzbehani, 2019).

f.  Input Prices and Input Availability: Substitute products and services patients seek treatment 
through providers that are inappropriate for their condition such as drug sellers (Ensor and Cooper, 
2004). Price is a complex variable and includes direct price and distance cost, opportunity (time) 
cost of treatment-since treatment can be time consuming and any informal payments made to the 
facility for commodities or to staff. Quality of staff may be absent because of the price of the wages 
and staff not attracted to the area.

g.  Knowledge of Technology of Treatments: Inability to treat disease with given technology
h.  Management Efficiency: Poor quality of management training, lack of management systems.

The determinants of demand may generate barriers to utilization of healthcare services. Education 
and information assist to assimilate health messages and are important in determining demand. Finally, 
barriers may also interact with other demand barriers and act as important determinant of the willing-
ness to travel long distances to obtain treatment. Therefore, increasing demand is far more complex than 
simply the provision of health education advice or information but is also strongly related to the rela-
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tive position and educations are family members. Demand barriers present in low and middle-income 
countries and even richer countries among vulnerable groups.

SUPPLY

The provision of healthcare is, in many ways, a monopoly or cartel. Entry into the marketplace for potential 
suppliers is limited by licensing requirements and further controlled by the professions themselves, which 
limits the number of places available in medical schools. Thus, unlike other industries, the healthcare 
field makes it difficult for competition to develop among suppliers. One possible means for promoting 
competition is to break down the monopoly held by the medical profession by giving nurse practitioners 
and other para-professionals a greater opportunity to practice. The medical profession rather vigorously 
resists such changes. Hospitals do compete increasingly for patients, however, and with that competition 
has come some greater attention to the quality of care. Moreover, price and quality of drugs and other 
consumables and weak cold chain may cause scarcity of supplies. Thus, supply barriers affect patients 
in obtaining treatments, especially for the poor and other vulnerable groups.

a.  High Medical Care Costs: Medical-care costs (Thorpe, 2005) are problem for government as well 
as for private citizens. Half the total medical care bill is paid by government. A number of factors 
have been identified as causing at least part of the increase in medical care costs. For hospitals, one 
factor has been a rapid increase in the cost of supplies and equipment. This has been true of large 
capital investments such as CAT Scanners, as well as more mundane items, such as dressings and 
surgical gloves. In addition, labor costs for hospitals have been increasing rapidly, as many profes-
sional and unprofessional employees unionize to bargain for higher wages (Aaron, 1991, 8-37).

Besides, physician costs also have been rising, not as rapidly as hospital costs. In addition to general 
pressures of inflation in the economy as a whole, increases in equipment and supply costs, increased 
insurance paperwork, the increasing cost of medical malpractice insurance and the practice of “defensive 
medicine” to protect against malpractice suits by ordering every possible diagnostic procedure have all 
produced increases in doctors’ fees (Aaron, 1991: 45-47).

Finally, the method of payment increases the cost of medical care. Over 76 percent of the hospital 
costs and approximately 60 percent of all medical expenses are paid by third party payers (Health Insur-
ance Association, 1993).

b.  Quality: In USA for example, both citizens and government must be concerned with the quality 
of medical care being provided. Citizens’ obvious expressions of concern about quality have been 
the increased number of malpractices suits and complaints against physicians and hospitals. State 
Medical Associations and their Review Boards and other professional organizations that are sup-
posed to discipline their fellow professionals and friends, find it difficult to do so. Government 
concern about quality extends from the general social responsibility for regulating the safety and 
effectiveness of medicines and medical devices on the market to the quality of care provided to 
Medicare and Medicaid patients to perhaps a more philosophical concern with the efficacy of 
modern medical care as a remedy for the health problems of American citizens.
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c.  Unequal Access: Medical care is mal-distributed, that is, the areas and persons with the greatest 
needs for healthcare are not the areas and persons with the greatest access to care. For example, 
in USA, Hospitals, nursing homes, clinics, doctors, dentists and other healthcare professionals 
are disproportionately located in well-to-do urban and sub-urban areas, as the highest fees can be 
generated there. The residents of these areas have better access to care than do the poor and resi-
dents of rural areas. This phenomenon is particularly true for access to specialized institutions and 
personnel, but it is also true to a lesser extent, for general practitioners and basic care institution. 
Medical care is distributed on the basis of ability to pay rather than on need. The limited access 
pattern contributes to the poor health and shorter life expectancy of those who are poor or live in 
rural communities. Black infant and maternal mortality rates are nearly twice those of whites and 
comparable to many countries in the Third world. The average life expectancy for blacks is six 
years lower than that for whites (Cochran et al., 1986).

Unequal access is significant barrier to healthcare. Gaining equality in medical care is often difficult 
to the poor. Geography distantly plays a significant dual role in defining access to medical care. Aside 
from this, medical services would be even more pronounced if the areas of specialization of physicians 
and the standards and equipment of the hospital are considered. In some parts of USA, for example, 
high quality medical care may not be available even for someone who can afford it, without a substantial 
investment in travel. Thus, the relatively high rate of infant mortality in most low-and-middle-income 
countries is often taken as an indicator of poor access to medical care.

d.  Overspecialization of Healthcare: Over specialization contributes to high cost of medical care as 
specialists charge more and use hospitals more than do general practitioners. For example, in USA 
as well as other developing countries, primary healthcare physicians, - family doctors and general 
practitioners constitute a small proportion of American physicians. Cardiologists Pediatricians, 
Urologists and other specialists are the dominant figures in the medical profession. Serious conse-
quence from the predominance of specialists may help to account for the rather poor performance 
on measures of infant mortality and life expectancy relative to those of other developed nations, 
as these measures are more sensitive to high quality routine care than to sophisticated, exceptional 
procedures.

e.  Financial Inequities: Another problem to healthcare is the financial burden imposed on many 
individuals and families by its high cost. The gaps in public and private health insurance are wide 
enough to let millions fall into financial disaster. In America, five to eight percent of the population 
has no health insurance, public or private. Fifty to sixty million persons have no major medical cover-
age. The result is that nearly ten percent of all families every year have out-of-pocket medical-gross 
income. Most of these families are poor, so that even $1,000 out-of-pocket is a catastrophic expense. 
Almost half of all personal bankruptcies each year involve medical debts. Moreover, unintended 
consequences are major concern, as health education policy contributes to the over-specialization 
of physicians and recent changes in that policy have not yet shown an effect. Public policy, again 
particularly Medicare and Medicaid, in American health system contributes substantially to the 
cost of escalation in healthcare. As health care policy reduces the financial burden on specific 
individual, it increases on specific individuals, and increases on the society as a whole. Thus, the 
most important problem in healthcare, shared by many nations is its soaring cost to society.
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There are substantial problems with America healthcare policy. Many differences in quality and 
access to care still remain among various groups. Medicare and Medicaid have contributed to health 
care is inflated costs and have not challenged structural problems in its delivery. And neither regulatory 
policies nor Professional Standards Review Organizations (PSROs); Health Safety Agencies (HSAs); 
Health Maintenance Organizations (HMOs) have had the success hoped for in introducing rational 
coordination and cost control into the system. So, developing countries face financial barriers in health 
policy implementation.

CONCLUSION

Policy implementation in any health care system relies upon provider commitment. Policies that do not 
address the organizational, professional and socioeconomic contexts are unlikely to achieve successful 
implementation. That is political objectives alone, however well intentioned, are inadequate to change 
practice. When barriers to policy implementation exist in any of these contexts, the policy may fail to 
meet its objectives.

Within the fundamental obligations of governments at federal, state and local authorities, the Na-
tional Healthcare system should be developed to support in a coordinated manner a three-tier system of 
healthcare. Essential features of the system should be its comprehensive nature, multi-sectoral inputs, 
community involvement and collaboration with non-governmental providers of healthcare and the goal 
of health policy should be based on primary healthcare that is promotion-based, protective, preventive, 
restorative and rehabilitative to every citizen of the country within the available resources.
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KEY TERMS AND DEFINITIONS

Health Policy: Health policy broadly describes the actions taken by governments—national, state, 
and local—to advance the public’s health. It is not a single action but requires a range of legislative and 
regulatory efforts ranging from ensuring air and water quality to supporting cancer research. Health care 
policy is that piece of health policy that deals with the organization, financing and delivery of health 
care services. This includes training of health professionals, overseeing the safety of drugs and medical 
devices, administering public programs like Medicare and regulating private health insurance.

Health System: It’s the organization of people, institutions, and resources that deliver healthcare 
services to meet the health needs of target populations.

Implementation: Public policy implementation consists of organized activities by government 
directed toward the-achievement of goals and objectives articulated in authorized policy statements.

Inputs: Resources such as people, raw materials, energy, information, or finance that are put into a 
system (such as an economy, manufacturing plant, computer system) to obtain a desired output. Inputs 
are classified under costs in accounting.

Policy Outcomes: The outcome of what is implemented.
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ABSTRACT

Telemedicine maturity models aim to support telemedicine scaling up. Even though a diversity of 
telemedicine maturity models, and further support tools, exist, they are often unable to support users 
proactively or offer substantial guidance for the improvement of the status quo. A new maturity model 
is therefore needed that overcomes the shortcomings evident in existing approaches. This chapter aims 
to identify requirements that such a model has to fulfil based on an analysis of existing maturity models. 
The results guide future research and can support the scaling up of telemedicine initiatives.

INTRODUCTION

Telemedicine maturity models aim to support telemedicine scaling up (van Dyk & Schutte, 2012), i.e. 
the process of pilot projects reaching more people who can benefit from the larger scale of the spread 
of such initiatives (Simmons, Fajans, & Ghiron, 2007). As long as this scaling up process is hampered 
(Boonstra & van Offenbeek, 2010; van Dyk, 2014), the promised increase in access to care for patients 
at decreasing cost (Hjelm, 2005) cannot be reached. The need for scaled up telemedicine initiatives has 
also been recognised by the European Commission (EC) and the World Health Organization (WHO), 
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which included the scaling up of e.g., new applications, organisations and territories (EC, 2015; Uvin, 
1995) in their policy and research agendas (EC, 2015; WHO, 2009).

Even though a diversity of telemedicine maturity models, and further support tools, exist (Mauco, 
Scott, & Mars, 2018; Otto, Whitehouse, & Schlieter, 2019; Yusif, Hafeez-Baig, & Soar, 2017), they 
are often unable to support users proactively or offer substantial guidance for the improvement of the 
status quo. These models help in defining the status quo from different perspectives, but mainly without 
being holistic and easily re-usable (Otto et al., 2019). Therefore, a new telemedicine maturity model is 
needed, which has to overcome the shortcomings evident in existing approaches. This chapter aims to 
identify the requirements that such a new model has to fulfil in order to overcome the deficiencies in 
current models. The requirements are derived from an analysis of existing maturity models and aim to 
support future research in this field.

The remainder of this chapter is structured as follows. In the next section, the concepts of telemedicine 
and maturity are introduced before the existing analysis of telemedicine maturity models is explained 
in section 3. The requirements for a new maturity model are then derived from the analysis. The results 
are placed in the context of existing research and the limits of this research are described (section 4). To 
complete the chapter, conclusions – accompanied by an outlook for future work – are set out (section 5).

TELEMEDICINE AND MATURITY

Telemedicine, as part of eHealth, describes the location- and time-independent delivery of healthcare 
services and/or medical education by professionals through the use of information and communication 
technology (ICT) (Sood et al., 2007). Healthcare disparities, especially in rural or underserved areas, 
can be overcome by the use of telemedicine since it connects electronically patients and professionals 
who are geographically distributed (Zapka et al., 2013). Telemedicine initiatives are highly complex, and 
are influenced not only by their users, their behavioural and ethical concepts, but also by surrounding 
factors like legal, organisational or financial conditions (Broens et al., 2007; Ly et al., 2017). To suc-
cessfully scale up telemedicine initiatives, this complexity needs consideration. Addressing telemedicine 
initiatives’ complexity is mostly done prior to implementation by referring to “telemedicine readiness”. 
Readiness describes the “degree to which users, healthcare organisations, and the health system itself, are 
prepared to participate and succeed” (The Alliance for Building Capacity, 2002, p. 2) with telemedicine 
implementation. Supporting tools for telemedicine scaling up should include the provision of improve-
ment measures, by helping users understand which steps could be taken in what context and by guiding 
them during the implementation process. As one such support tool, a maturity model describes a path 
to reach an advanced stage of maturity, including the definition of the current status quo, an overview of 
next steps, and the provision of a common understanding for different stakeholders to work on (Katuu, 
2016; Klimko & Remenyi, 2001). Being mature is hereby defined as “having reached the most advanced 
stage in a process” (Oxford Dictionaries, n.d.). The entity under consideration can be people, processes 
or objects (Klimko & Remenyi, 2001).

Maturity models typically consist of dimensions – that are described and that reflect the domain to 
which the model refers – and levels, including a descriptor (e.g. initial, defined, optimising) and char-
acteristics for each level (Fraser, Moultrie, & Gregory, 2002). Depending on the model’s design, three 
types of models have been differentiated: Capability Maturity Model (CMM)-like models, Likert-like 
questionnaires, and maturity grids. CMM-like models are based on a formal design: a specific number 
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of levels are described, with no further details for each activity per level. Likert-like questionnaires are 
seen as simple maturity models where each question displays a good practice and needs to be ranked by 
the respondent with a score, mostly from 1 to n. No additional information for each score is provided. 
Maturity grids describe each level of each dimension in a textual manner and further guide the assess-
ment process (idem). Independent from the type of maturity model used, each model can be descriptive, 
prescriptive or comparative in nature. Descriptive maturity models describe the as-is situation, while 
prescriptive models further add the provision of steps for improvement from that point on. Compara-
tive maturity models permit comparison between different industries or regions but require that a wide 
range of adequate data is collected. This implies the development of a descriptive model first, before 
understanding and addressing the need for improvement in a prescriptive model (De Bruin, Freeze, 
Kaulkarni, & Rosemann, 2005).

ANALYSIS OF MATURITY MODELS FOR TELEMEDICINE

In the study reported in this chapter, a systematic literature review in five different databases and a grey 
literature search (Tillett & Newbold, 2006) of the World Wide Web were conducted in order to identify 
maturity models relevant to telemedicine. The detailed search process is described in the original analysis 
(Otto et al., 2019). Ten maturity models met the inclusion criteria and were then considered for further 
analysis. Models were included whenever they constituted a tool that could help to define the status quo 
related to telemedicine maturity in any given context or setting, i.e. the model was a maturity model.

To assess and compare existing maturity models, classification characteristics were defined. The 
classification scheme for maturity models of Mettler et al. (2010) was taken as a basis, as its focus is on 
characteristics that describe maturity models in general. Further attributes were added to the scheme, 
in order to obtain a more detailed impression of each model. These include characteristics of maturity 
models and of telemedicine initiatives (which help selecting an appropriate tool in the complex field of 
telemedicine with its different stakeholders, applications and technologies). The proposed classifica-
tion scheme (see Table 1) was subject to a four-part examination: Research information, general model 
attributes, maturity model design, and maturity model use. Each category (displayed in bold in the 
following) consists of related attributes (in italics) with alternative characteristics (displayed in grey in 
the classification scheme) that are described in Otto et al. (2019).

Analysing the classification of all the identified models was done in two steps. Firstly, due to the high 
variety in the models’ focus and structure, each model was described individually. Secondly, general 
statements were made about all models.

Individual Statements

Individual statements can be drawn for each model according to author and year of publication, name 
and acronym of the model, topic addressed and the country in which it was developed. While some 
models are restricted in their use to the country in which they were developed, others are more general. 
Detailed information can be found in Table 2.
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The composition of the model with its dimensions, levels and intended respondents needs to be 
analysed individually. Also, reliability and further usage, identified via forward search, are considered.

The oldest identified model was developed by Campbell et al. (2001). The six dimensions of turf, 
efficacy, practice context, apprehension, time to learn and ownership are crossed with the three levels 
of fertile soil, somewhat fertile soil and barren soil. The model is similar to a maturity grid and its focus 
on telemedicine providers leads to the inclusion of physicians, nurses and administrative staff as target 
groups of the model. Reliability tests are not reported and further development or usage of the model 
could not be identified. Two years later, Jennett et al. (2003) published their model as a kind of matu-
rity grid. The four identified stakeholder groups, patients, practitioners, public and organisations, serve 
as dimensions, crossed with four types of readiness: core, engagement, structural and non-readiness. 
Each type of readiness contains six different themes arising for all stakeholders at all times (core readi-
ness, structural readiness, projection of benefits, assessment of risk, awareness and education, and intra-
group and inter-group dynamics). Nevertheless, this initial model cannot be considered as an actual 
maturity model since the readiness themes do not necessarily have a relationship with each other or 
describe an evolutionary path (The Alliance for Building Capacity, 2002), i.e. levels are missing. The 

Table 1. Classification scheme (attributes from Mettler et al. (2010) are underlined)

Table 2. Individual information for each model (sorted by date of publication)
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initial model was not tested by the authors, but has been further developed since. In 2004, three 5-point, 
Likert-like questionnaires were designed for organisations, patients/public and practitioners (NSW 
Agency for Clinical Innovation, 2015). Each questionnaire results in one of three readiness levels (being 
in a good position for implementation; some items may hinder a successful implementation; and remain-
ing barriers needing to be addressed). This survey has further been translated into and validated in 
various languages (Légaré et al., 2010) and applied in other countries (Muigg et al., 2018; Schwarz, 
Ward, & Willcock, 2014). Broens et al. (2007) ordered their five identified determinants of technology, 
acceptance, financing, organisation, as well as policy and legislation, in a layered implementation 
model (which can be classified as a CMM-like model). Each determinant builds on the previous one, 
indicating that the levels increase from determinant to determinant. The authors identify different tele-
medicine stakeholders, but the target audience of the model is not stated explicitly. The model remains 
untested, and is not easily benchmarked (van Dyk and Schutte, 2012). Khoja et al. (2007) focus on 
healthcare institutions in developing countries. Two 5-point, Likert-like questionnaires were provided, 
one for managers and another for healthcare providers. Both questionnaires included the three dimen-
sions of core-readiness, societal readiness, and policy readiness. For managers, the dimension “techno-
logical readiness” was added; healthcare providers additionally assess the dimension “learning readiness”. 
The authors conducted validity and reliability testing and showed good content and face validity and 
high reliability for both questionnaires. The tool has been applied in different settings (e.g. Chipps & 
Mars, 2012) and was taken up again partly in the development of the Khoja-Durrani-Scott framework 
(Khoja et al., 2013). Unfortunately, the surveys for the framework (referenced by Khoja et al. (2013)) 
are no longer available online. Five years later, van Dyk and Schutte (2012) presented a maturity grid 
in the form of a three-dimensional cube, based on existing models (e.g. by Broens et al. (2007), Jennett 
et al. (2003) and Khoja et al. (2007)). The cube consists of five dimensions (technology, users, finances, 
procedures and policy) which are crossed with the steps of the underlying telemedicine process. Each 
box in this matrix is then rated at one of five levels (initial; managed; defined; measured process; opti-
mising). A target audience is not clearly stated. Nevertheless, the authors applied and validated their 
model with the help of workshops and focus groups, involving healthcare professionals (doctors and 
nurses) as well as technical staff members responsible for information technology from different regions. 
Later usage of the model has only been found in the further development by the same authors (van Dyk 
& Schutte, 2013). However, this further developed model is even more complex than the original, and 
contradicts the expectation that a maturity model should be easy to understand and use (Klimko & Re-
menyi, 2001). Abera et al. (2014) present two 5-point, Likert-like questionnaires where the dimensions 
of the STOPE model (Strategy, Technology, Organisation, People and Environment) are ranked and 
related to a colour code from the McConnell International tool, thereby implying that the site/location 
has a certain level of readiness. Opinions about the three dimensions, strategy, organisation and environ-
ment, were collected from managers and administrative staff by using a single questionnaire. Another 
questionnaire was administered to healthcare professionals and information technology staff and in-
cluded the dimensions of technology, people and environment. Validity and reliability tests were under-
taken. However, the model seems not to have been used further. Jensen et al. (2015) combined the 
MOMENTUM blueprint with the Telemedicine Readiness Self-Assessment Tool (TREAT) and got the 
MOMENTUM-TREAT toolkit. This toolkit is a 5-point, Likert-like questionnaire, assessing various 
indicators from 18 critical success factors which are categorised into the four areas of context, people, 
plan and run. The toolkit can be adapted to different settings by its users, which are described as “tele-
medicine doers and decision-makers” (Jensen et al., 2015, p. 32). All indicators were validated and 
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tested and the toolkit has been applied in different settings, e.g. by Walters et al. (2016). In the same 
year, Sokolovich and Fera (2015) presented the UPMC (University of Pittsburgh Medical Center) 
model as a conference presentation in which the development process and structure of the model were 
introduced. Therefore, little information is available regarding the model. A clear statement on the re-
spondents of the model is missing, but it can be determined that the tool was based on a practitioner 
survey in different health facilities. The model is a CMM-like model with eight levels (from 0 to 7: 
governance, providers, patients, simple, complex, complete, expanded, integrated). Further statements 
on application or testing of the model cannot be made with the limited information publicly available. 
Another 5-point, Likert-like questionnaire was published by Gholamhosseini and Ayatollahi (2016). It 
consists of five dimensions (e-health readiness, ICT functions, environmental readiness, human re-
sources readiness, ICT readiness), including different indices. Each index is assessed on the Likert scale 
and multiplied with an additional weight for each dimension, resulting in a score between 0 and 1. A 
literature search for other tools on which the questionnaire can be built, e.g. Khoja et al. (2007), has been 
undertaken, but it is not evident which precise parts of which models were considered. A clear statement 
about who are the intended respondents is also missing. The authors applied their model with the help 
of hospital employees, including managers, health professionals and technical staff. Validation was 
conducted during the development phase of the model. Further usage of it could not be found. The most 
recently developed model was the maturity grid by iCOPS (2017). It is presented as an online tool, in-
corporating standards from a code of practice developed by Donelly (2017). The tool contains 16 dimen-
sions (e.g. involvement of stakeholders, users and carers; investment and funding; implementation), 
which can be rated using four levels (inadequate; requires improvement; good; or outstanding). Different 
descriptions for each dimension and level are provided. The tool can be used by “all staff responsible 
for planning, commissioning, procuring, project and contract managing” (iCOPS, 2017) in technology 
enabled care services, but it is not available free-of-charge. Information on testing or application of the 
model is not publicly available.

GENERAL STATEMENTS

A number of general statements can be made for each of the four following categories: research informa-
tion; general model attributes; maturity model design; and maturity model use.

Research Information

The author and year of each published maturity model were shown in Table 2, and each publication title 
is located in the reference list to this chapter. Publication dates for the models range from 2001 to 2017 
(see Figure 1). In fact, the topic of telemedicine maturity is not a new one, but published research on it 
increased over the four years between 2014-2017.

Seven of the ten models were identified via the literature review; three, which are among the latest 
four models to be made available, through the grey literature search.
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General Model Attributes

The name, acronym, topic and country in which the model was developed can be found in Table 2 for 
each model. The seven models identified via the literature review all originate from researchers work-
ing in academia. From the three models identified through the grey literature search, two were created 
by practitioners (iCOPS, 2017; Sokolovich & Fera, 2015) and one from a combination of academic, 
practitioner and governmental stakeholders (Jensen et al., 2015). Regarding purpose, nine out of the 
ten models outlining the status quo are descriptive models that make no recommendations. Only one 
model addresses the improvement of the status quo, i.e. it is a prescriptive model (Campbell et al., 2001). 
Intended respondents for each model were analysed individually in the section “Individual Statements”. 
Four models are classified as being applicable to the technology of telemedicine (Broens et al., 2007; 
Campbell et al., 2001; Jensen et al., 2015; van Dyk & Schutte, 2012), one to telehealth (Jennett et al., 
2003), and two to eHealth (Gholamhosseini & Ayatollahi, 2016; Khoja et al., 2007). Two others are 
applicable to telemedicine and telehealth (iCOPS, 2017; Sokolovich & Fera, 2015), and a further one to 
telemedicine and eHealth (Abera et al., 2014). Each model covers various perspectives of telemedicine 
initiatives, as displayed in Table 3. The perspectives, i.e. core readiness through to legal readiness, were 
derived by the authors of this chapter by examining the items mentioned in all ten models.

Figure 1. Number of models per year

Table 3. Perspectives on telemedicine initiatives covered in each model – “x”: perspective is directly 
included, “(x)”: perspective is indirectly included in the model
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No clear trend can be seen in the various types of readiness that have been added over time. Rather, 
the authors of the ten models combined different types of readiness for their own purposes, without nec-
essarily claiming to be holistic in their approach. None of the models are disease-specific. Eight of the 
models are available free-of-charge, but not two of the three models developed by practitioners, which 
limits the usability of both models (iCOPS, 2017; Sokolovich & Fera, 2015). However, for the iCOPS 
(2017) tool, users can undertake a one-month free trial to test the tool.

Maturity Model Design

In general, seven out of the ten models combine process-, object- or people-focussed elements in their 
concept of maturity. Only three focus specifically on the maturity of people (Campbell et al., 2001; 
Jennett et al., 2003; Khoja et al., 2007). Most identified models were designed as new models (6/10) or 
combined/extended for the first time (4/10), using different development methods (see Figure 2). How-
ever, a theory (e.g. regarding adoption or diffusion) was not incorporated in any of the models in order 
to strengthen its theoretical basis.

Information about model composition, dimensions, levels and reliability was also discussed in the 
section “Individual Statements”. The mutability of models is not addressed in seven of the ten models. 
Jensen et al. (2015) and Khoja et al. (2007), however, report a possible mutability regarding the form of 
the model, and Van Dyk and Schutte (2012) name a form and function mutability.

Maturity Model Use

The method of application for all the models is self-assessment. Nevertheless, support/guidance for the 
application is not given in eight out of the ten models. Even though each of the models is described in 
the individual publications, largely no form of additional support is provided to guide later users on how 
to apply the models. This observation also applies to the work of Abera et al. (2014), Gholamhosseini 

Figure 2. Combination of design strategy and development method (size of and number within each 
bubble represent the number of times each combination was identified)

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



175

Scaling Up Telemedicine Initiatives
 

and Ayatollahi (2016) and Van Dyk and Schutte (2012), who all applied their models directly to assess 
specific institutions/processes. These later authors only described the content of the models, and failed 
to offer detailed descriptions that would be helpful for the models’ reuse. Support for the application 
of the models is given in only two of the models. These are Jensen et al. (2015), with a step-by-step 
procedure to applying the model and the naming of an email address for further support, and iCOPS 
(2017), where a software assessment tool and an email address for readers/users to pose further ques-
tions are provided. Regarding practicality of evidence, it can be said that only one model offers general 
recommendations (Campbell et al., 2001); specific improvement activities are not given in any of the 
models. Generally, in all of the models, the description of the more mature stages of telemedicine could 
also offer guidelines on improvement measures (since they would explain the circumstances needed to 
achieve higher maturity), but they do not give direct guidance. Each model was further used differently 
as described in the section “Individual Statements”.

DISCUSSION AND RECOMMENDATIONS FOR FUTURE RESEARCH

The analysis in this chapter has shown how diverse are the different approaches to telemedicine maturity 
models. Even though each model has different characteristics and foci, the analysis nevertheless reveals 
various possible, systematic aspects for future research. Firstly, none of the models analysed provides 
guidance as an application for increasing telemedicine maturity. This occurs for two reasons: Either 
perspectives to be considered or documentation to apply the model are lacking, or the models are solely 
descriptive and do not provide supporting steps that could improve the status quo. To develop a sup-
portive maturity model in future research, therefore, the following nine requirements have to be fulfilled. 
Five of these solutions affect the development of the model, whereas two each influence the stage after 
development and the actual presentation of the model. For each requirement, the findings leading to it 
are discussed first, before specific solutions to address the requirements are given (All requirements are 
formatted as follows “Requirement” – “Discussion of results” || “Solution”).

During the Development of the Model

1.  Strengthen the Theoretical Basis: In none of the models analysed was there a theory that was 
incorporated that would strengthen the model’s theoretical basis. || To address this weakness, ex-
isting theories, e.g. regarding adoption of innovations, should be considered when building a new 
model. However, existing evidence should not be left out, but should be absorbed by including 
aspects of existing maturity models into a new model.

2.  Apply Existing Process Models: None of the models analysed was developed by applying exist-
ing process models which guide the development of maturity models in general. || The application 
of such a process model can be helpful, and should be considered when developing a new tool. 
The process models that exist are, however, quite general when describing the steps to be followed 
(Becker, Knackstedt, & Pöppelbuß, 2009; De Bruin et al., 2005; Poeppelbuss & Roeglinger, 2011); 
they do not offer specific guidance on the usage of methods. When developing a new maturity 
model for telemedicine, the steps taken can be abstracted to maturity model development in general 
and provided as further methodological guidance in future research.
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3.  Provide Aspects for Improvement: Almost all the ten models analysed defined solely the status 
quo. Nevertheless, it is only when either general or specific recommendations for improvement are 
provided that the model’s users are supported concretely in their efforts of scaling up telemedicine 
initiatives. || Therefore, the model needs to be prescriptive.

4.  Include Important Perspectives: The perspectives analysed (see Table 3) are all important aspects 
needed to assess telemedicine maturity in different settings. Considering them all would provide 
a holistic view on the possible influencing factors when scaling up telemedicine.
4.1 Consider the Community/Public: In eight out of the ten models, the community/public sur-

rounding the individuals involved was not considered sufficiently. (The two exceptions are 
Jennett et al. (2003) and Jensen et al. (2015).) Neither core readiness nor patient readiness are 
considered enough. || Therefore, incorporating community readiness (Edwards et al., 2000) 
and adoption theories (e.g. Venkatesh, Thong, & Xu, 2012) should be included in a stronger 
way in future research, in order to close this identified gap. Community readiness refers to 
“the relative level of acceptance of a program, action or other form of decision-making activ-
ity that is locality-based” (Donnermeyer, Plested, Edwards, Oetting, & Littlethunder, 1997, p. 
68). Even if telemedicine initiatives are not locality-based (as they aim to overcome distances 
through the use of ICT), the users of telemedicine are locality-dependent. This dependency 
results from the environment in which the user is embedded, whether this is the social, financial 
or legal (Ly et al., 2017). The community readiness model (CRM) of Edwards et al. (2000) 
can be used as a good starting point to fulfil this requirement as it incorporates levels and 
dimensions which can be adapted and it relies on the diffusion of innovations theory of Rogers 
(2003), which adds an additional layer of basic theory. The CRM’s levels and dimensions have 
to be analysed regarding their suitability for describing telemedicine initiatives’ scaling up, 
while including aspects of existing models to rely on available evidence (see requirement 1).

4.2 Include Core Readiness as Precondition: Core readiness was the second perspective which 
was neglected in the majority of models analysed. However, it is a strictly necessary precondi-
tion for telemedicine implementation and therefore should not be ignored in a support model. 
|| Adapting the CRM can also help in addressing this requirement, as the first three of the 
nine CRM levels follow this direction (i.e. vague awareness, preplanning, and preparation). 
Combining these three levels into the precondition of “core readiness needs to be fulfilled” 
would result in six remaining stages. The six stages could then potentially be adapted as they 
are as levels of the new telemedicine maturity model.

4.3 Consider Barriers and Success Factors: The perspectives analysed in this chapter are quite 
broad. || To fill the perspectives identified, barriers and success factors can be helpful in 
describing the domain (De Bruin et al., 2005). All aspects in the ten existing telemedicine 
maturity models can serve as critical success factors since they were already incorporated in a 
maturity model and therefore identified as necessary to reach a higher maturity. Furthermore, 
barriers to the implementation of telemedicine need to be identified and matched with the 
success factors, to provide a holistic picture on the topic.
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5.  Consider Mutability: The majority of the authors (seven of the ten authors analysed) did not ad-
dress the mutability of their models. Times are changing and so the maturity of telemedicine can 
also alter. To adjust the model to current needs and ensure the further applicability of the model, 
revising it could be necessary (Mettler et al., 2010). || While developing a new model, the mutabil-
ity of both form and/or function have to be thought through and communicated clearly.

After Developing the Model

6.  Define Respondents: A clear description of the model’s respondents was not given in all of the 
ten models analysed. Nevertheless, it is only if the target users of the maturity model are defined 
that an appropriate usage can be ensured. || Possibly, the people who apply the maturity model and 
those who use the results obtained through the use of the maturity model can be different. This 
calls even more for a clear description of both groups.

7.  Evaluate the Model: While some of the papers analysed did not provide any information regarding 
validity and reliability testing, these two types of testing are needed in order to show the model’s 
possibilities to fulfil its intentions. Once the model is developed, it is crucial to undertake an evalu-
ation of it in order to provide a sound tool for further use. Continuous evaluation is also required 
by Sonnenberg and vom Brocke (2012) in order to justify and evaluate the model developed. The 
authors propose various methods, which can be used for evaluation after different development 
steps. || Various activities are useful when developing a maturity model. They include: undertaking 
a literature review so as to show the research need/problem statement; applying logical reasoning 
to specify the design of the model; doing expert interviews so as to obtain feedback on the proto-
type; and examining case studies with experts who apply the model once it has been developed. 
Whenever experts are involved in the evaluation of the model, adding the “think aloud” method 
(Van Someren, Barnard, & Sandberg, 1994) can also be a supportive additional aid, as it helps to 
avoid bias and increases the interviewer’s understanding as the experts express their thoughts and 
impressions.

Regarding the Presentation of the Model

8.  Think About the Availability: Two of the latest four models to be made available are not available 
free-of-charge, which lowers the number of potential users. || Therefore, it is necessary to provide 
the maturity model free-of-charge. This lowers the barriers to usage and supports the development 
of a supportive community around the model.

9.  Provide a Clear Documentation: Eight of the ten models analysed did not provide any form of 
additional support. However, having clear documentation is an essential step to provide an easy-
to-use tool. || On the one hand, the model itself and its components need to be described clearly 
so as to be applicable without the model’s developers being present. Each and every aspect of the 
model has to be explained in a written format in order to make sure that the users of the model 
understand its meaning and avoid bias. This could be possible in an extended version of the model, 
e.g. as a handbook or web tool. On the other hand, the application of the model needs to be clearly 
described so as to guide actual usage. This description should be done in the context of a research 
paper so as to make sure that when future literature analyses are undertaken in researching such 
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support tools, researchers can find a clear, condensed instruction of the model and its related use 
steps. An accompanying activity diagram could also be especially helpful.

Although the requirements are derived rigorously, there are still some limitations which need to be 
considered. First, the analysis was done based on a literature review, which generally – as a method – 
has a number of limits. However, counterbalancing steps needed to lower bias were taken to mitigate 
these limitations (Otto et al., 2019). Second, the requirements for a new maturity model were derived in 
an argumentative-deductive way. They were also placed in the context of prior research to lower bias. 
Overall, fundamentally, however, the requirements do mirror the results of the analysis.

CONCLUSIONS

Identifying existing maturity models for telemedicine and assessing them in a structured classification 
scheme (which can be re-used for classifying additional or newer maturity models) led to an overview of 
the state-of-the-art. The analysis helped in identifying the shortcomings of existing models that need to 
be addressed in the development of a new maturity model for telemedicine. To support future research 
and the development of this new supportive model, we have outlined nine requirements that can guide 
the development or update of new models for telemedicine maturity and provided different solutions to 
address the requirements. As a result, a support tool for telemedicine maturity can be developed which 
includes the incorporation of community and core readiness, the consideration of aspects in existing 
maturity models and barriers for telemedicine implementation, and guidance to be provided to users - 
through supportive recommendations and necessary documentation. When such a model is accompanied 
by an online tool, the readiness of sites to implement telemedicine initiatives could be achieved in a 
considerably faster way.
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ABSTRACT

For patients undergoing surgery in a multi-day admission, standard care requires that their surgeon 
review the patient post-operatively to check on their progress. This is usually done by the specialist 
attending in person. However, in the Australian setting, most specialists work at multiple institutions. 
As a result, review ward rounds, especially of post-operative patients, can be delayed, which can delay 
management decisions and discharge, which in turn may lower patient satisfaction. A telemedicine so-
lution is designed, and results from a pilot test are examined to assess the benefits of incorporating an 
electronic discharge capability into the current process.

INTRODUCTION

Standard care around discharge typically requires that the patient’s surgeon will review the patient 
post-operatively to check on their progress before the patient may go home. This is usually done by 
the specialist attending in person. However, in the Australian setting, most specialists work at multiple 
institutions. As a result, review ward rounds, especially of post-operative patients for example, can be 
delayed, which can delay management decisions and discharge, which in turn may lower patient satisfac-
tion. To prevent such delays, an often-used alternative is a “phone round”, where the specialist checks 
their patient by speaking with the patient’s nurse by phone. However, a phone round does not allow the 
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specialist to perform the clinically important end-of-the-bed inspection, and does not provide the patient 
with the reassurance that they have been reviewed by their doctor. Especially, in today’s Digital Age, a 
technology solution that can both enable more effective and efficient care delivery as well as ensure a 
higher level of patient satisfaction should be embraced (Haddad, Schaffer, & Wickramasinghe, 2015) .

Telemedicine, whereby doctors consult outpatients via internet video, has been successfully practised 
in Australia for several years, and is reimbursed by Medicare (Cadilhac et al., 2014; EIKELBOOMa’b, 
2012; Thaker, Monypenny, Olver, & Sabesan, 2013). Internet video, using Skype, for example, allows 
patient and doctor to see and hear each other, as if they were in a consulting room together. The video 
enables the doctor to perform inspection, but telemedicine cannot currently enable any other part of the 
physical examination. We contend that this technology could also be used in the inpatient post-operative 
setting as an adjunct to the current in-person ward rounds. The following outlines the design and initial 
results from a pilot study to assess the potential benefits of such a solution.

BACKGROUND

To understand the opportunity this project affords for providing a better patient experience as well as 
supporting more effective and efficient healthcare delivery and addressing and thus support clinician 
needs, it is necessary to understand key aspects around Telemedicine as well as the Point-of-Care, 
bedside terminal that is currently in use. In particular, without the Point-of-Care system the proposed 
study would not have been possible. Hence, a key aspect of this study is also around leveraging existing 
technologies to provide a better patient and clinician experience.

1.1. Telemedicine

Due to rapid developments in health informatics ((André et al., 2008; Basch, 2005; DesRoches, Painter, 
& Jha, 2013; Liu, Shih, & Hayes, 2011; Protti, Johansen, & Perez-Torres, 2009; Trudel, 2008), Telemedi-
cine is becoming an important part of healthcare services and care delivery in both public and private 
hospitals (Zanaboni & Wootton, 2012; Wootton, 1998). Telemedicine enables healthcare organizations 
to expand their boundaries by using integrated and collaborative IT solutions.

Telemedicine uses and adoption in hospitals is considered as a major development not only at the 
technological level, but also at sociotechnical and cultural levels (Bashshur, Reardon, & Shannon, 2000; 
Mahmoud & Lenz, 1995; Perednia & Allen, 1995);. According to Bangert et al. (2000), implementation 
and adoption of telehealth in hospitals represents a “paradigm shift” and is likely to impact all levels 
of healthcare organizations. One of the largest telemedicine networks is the Cleveland Clinics on-line 
second opinion system1 that enables individuals anywhere in the world to access the Cleveland Clinic 
to get a second opinion consult.

1.2. The Point of Care System

The Point-of-Care (PoC) system is designed and developed by OneView. This system is a bedside comput-
erized information system whose terminals provide patients with a range of entertainment, education and 
information services, and clinicians with a range of integrated clinical applications including electronic 
prescribing and administration, patient results, and electronic nurse rounding. In addition, the system 
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also supports non-clinical functions to cover the food and environmental needs for patients. Given that 
the Point-of-Care system is already implemented in the private not-for-profit healthcare environment, it 
makes sense to develop a telemedicine system (e-Viewer) that leverages this existing technology solu-
tion. Critical to designing the e-Viewer is an assessment of its fit and viability.

THE EVIEWER STUDY

To answer the research question “how can we use telemedicine to assist in an electronic discharge 
process?” the following hypotheses were generated around the focus of using the video conferencing 
capabilities in conjunction with the PoC solutions as an adjunct method for surgeons to conduct inpatient 
post-operative reviews which will lead to:

i)  Equivalent or higher patient satisfaction.
ii)  Equivalent or higher VMO satisfaction.
iii)  Equivalent or higher ward staff satisfaction.
iv)  Greater efficiency of care delivery.
v)  Cost savings.

In addition, the following six aims were developed to determine:
1)  Feasibility, usability and validity of video conferencing capabilities in conjunction with 

the PoC as an adjunct for post-operative inpatient review.
2)  If using video conferencing capabilities in conjunction with the PoC as an adjunct for 

post-operative inpatient review is associated with equal or less adverse events than cur-
rent practice.

3)  If using video conferencing capabilities in conjunction with the PoC as an adjunct for 
post-operative inpatient review will provide equivalent or improved patient, staff and 
surgeon satisfaction.

4)  If using video conferencing capabilities in conjunction with the PoC as an adjunct for 
post-operative inpatient review will result in less delays in management decisions and 
patient discharge.

5)  If using video conferencing capabilities in conjunction with the PoC as an adjunct for 
post-operative inpatient review will provide cost savings.

6)  If using video conferencing capabilities in conjunction with the PoC as an adjunct for 
post-operative inpatient review will streamline co-ordination of care.

METHODOLOGY

This study consists of three key phases: design and development of the solution, pilot test of the designed 
solution and then the clinical trial of the final solution. This paper focuses on phase 2 of this study. The 
specific telemedicine solution was designed and developed by leveraging the existing OneView Point-of 
Care (PoC) solution (called the eViewer solution) to incorporate videoconferencing capabilities between 
the patient beside terminal and the doctor’s consulting rooms. This included ensuring required levels of 
privacy and security were established, ensuring that resolution and audio were of an appropriate quality 
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and to clinician satisfaction which included arranging for specific microphones. In order to design and 
develop the eViewer solution, Design Science Research Methodology coupled with user centred design 
principles and co-creation were embraced (A. Hevner & Wickramasinghe, 2018). On the securing of all 
necessary ethical approvals, an initial pilot study of 20 patients was conducted to assess the usability, 
feasibility and proof of concept of the designed telemedicine solution over approximately 8 months. 
Clinicians who have experience with Telehealth were selected to minimise any training issues from the 
clinicians’ side for the pilot study. Clinicians selected patients suitable for the intervention arm using 
the following criteria:

Inclusion criteria:

• Post-operative patient.
• Patient progressing normally on pathway.

Pilot operations:

• TURP/ Greenlight laser.
• Radical prostatectomy (robotic and open).
• Ureteroscopy/pyeloscopy and laser for stones.

These procedures have been picked because 1) they are urological, 2) TURP and radical prostatectomy 
are always overnight stays or more (and stone operations commonly are), 3) they are the commonest 
overnight admission cases

Exclusion criteria:

• Patient requires physical examination beyond simple inspection.
• Impaired cognition of patient.
• New post-operative complication.

Specifically, the study included the video conference application set up on the PoC under biometric 
control. Surgeons wishing to perform a VWR (virtual ward rounding) call the ward in order to notify 
the ward clerk that they will video conference with their patient via PoC at the agreed time. To initiate 
the eViewer discharge scenario, the patient’s nurse fingerprints into the patient’s PoC and receives the 
surgeon’s video conference call. The VWR takes place with the nurse in attendance. All VWR calls 
are logged. All patients who have had a VWR completed a self-administered satisfaction questionnaire 
immediately prior to discharge. In addition all clinicians (nurses and surgeons) complete a satisfaction 
questionnaire. Length of stay, discharge time of day and adverse events are recorded for all patients who 
have had a VWR during their admission. At the end of the pilot study period, all surgeons and nursing 
staff who have used VWR were also part of a focus group session to discuss benefits and challenges of 
the proposed solution as well as any future enhancements.

It is important to stress that this project is NOT being conducted with a view to have VWRs replacing 
in-person specialist ward rounds. Instead, it is hoped that this already widely-used technology will be 
used as an adjunct to in-person ward rounds, to improve efficiency of patient care, only on the condition 
that it is deemed acceptable by patients. In addition patients can opt out of the study at any time with 
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no consequences to the care they will receive. Further, if any unexpected events occur and/or it is found 
that there is discomfort to a patient the study will be terminated.

Finally, the following benefits are expected; including discharge time to 70% by 10am, increasing 
patient satisfaction, staff satisfaction and VMO satisfaction. In addition, with the Geelong location going 
live soon it is expected that this capability will make VMOs more likely to operate in various locations 
since they can perform ward rounding virtually.

DISCUSSION

As noted, the small pilot consisted of 20 patients. Cleary these numbers at best give direction indications 
regarding the potential benefits of the designed eViewer solution but are by no means statistically signifi-
cant. In particular, it was noted that all patients reported high levels of satisfaction with their discharge 
experience, although some patients did note that further modifications to the video conferencing would 
serve to enhance the experience further and these recommendations were taken on board. In no more than 
2 instances a few minor technical issues made sound quality poor. Without exception all the surgeons 
in the study preferred the eViewer solution to conduct discharge over the standard care method. With 
regard to the nurses, while they were positive about the eViewer solution they also noted some process 
and technical aspects that if addressed would make the use of the eViewer system more seamless. These 
aspects included patients being changes to a different ward so the system was not set up to be used in the 
new ward, other nursing activities and unexpected demands on their time which served to interrupt the 
eViewer session and/or mean a nurse who was not familiar with the system had to conduct the eViewer 
session while the trained nurse needed to address a different pressing matter. This serves to identify a 
common aspect when introducing a technology solution into a specific clinical context that workflows 
and processes must also be examined to identify any unintended consequences and/or opportunities to 
streamline processes. It was also possible in the small pilot to reach the 70% by 10am discharge time 
but we note this is only for more than 7 patients in primarily 2 wards; when a result like this run across 
the whole hospital would be impactful.

Primarily, this study has had significant contributions to practice in the area of clinical discharge in 
acute care contexts and enabled the developed solution to be tested for usability, fidelity and to establish 
proof of concept. While we suggested that given the Australian healthcare context with VMOs stands 
to benefit from a telemedicine supported discharge solution, we do not think these results should be 
limited to Australia and can also show benefits in other countries for the discharge process and improve 
patient and clinical satisfaction around this process. The study also contributed to theory at multiple 
levels including the structuring and running of clinical trials of this nature and the use of design sci-
ence research methodology, user-centred design principles and co-creation with regard to designing the 
eViewer solution
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CONCLUSION

The proposed use of video conferencing capabilities as an adjunct method for surgeons to conduct in-
patient post-operative reviews in the small pilot study did lead to a higher patient satisfaction, higher 
doctor satisfaction, higher ward staff satisfaction, greater efficiency of care delivery, and discharge time 
to 70% by 10am, which in turn translates into cost savings. Given these positive directional results a 
much larger study is now under way with 200 patients. In addition, some of the technical suggestions 
made by clinicians and patients have been incorporated.

Patient experience is important, and as the discharge process is the last encounter in the acute care 
facility having a positive discharge experience not only leads to a happy patient but also one who is more 
likely to comply with post-operative instructions and directions. In acute care facilities clinicians, both 
nurses and surgeons are very time poor; hence any/all opportunities to enable them to deliver quality 
care effectively, expeditiously, efficiently and efficaciously is highly desirable. We recognise that this 
was a small trial, which might be considered a limitation but is also a prudent strategy to follow when 
one is trying to also be fiscally responsible as well as considerate of clinician time and patient comfort; 
however, we believe the directional data is useful and does serve to suggest that the stated hypotheses:

i)  Equivalent or higher patient satisfaction.
ii)  Equivalent or higher VMO satisfaction.
iii)  Equivalent or higher ward staff satisfaction.
iv)  Greater efficiency of care delivery.
v)  Cost savings.

Can be upheld. Again, notwithstanding the small sample size, we also contend that our aims:

1)  Feasibility, usability and validity of video conferencing capabilities in conjunction with the PoC 
as an adjunct for post-operative inpatient review.

2)  If using video conferencing capabilities in conjunction with the PoC as an adjunct for post-operative 
inpatient review is associated with equal or less adverse events than current practice.

3)  If using video conferencing capabilities in conjunction with the PoC as an adjunct for post-operative 
inpatient review will provide improved patient, staff and surgeon satisfaction. 4) If using video 
conferencing capabilities in conjunction with the PoC as an adjunct for post-operative inpatient 
review will result in less delays in management decisions and patient discharge.
5)  If using video conferencing capabilities in conjunction with the PoC as an adjunct for post-

operative inpatient review will provide cost savings.
6)  If using video conferencing capabilities in conjunction with the PoC as an adjunct for post-

operative inpatient review will stream line co-ordination of care.

In closing, it is useful to underscore that this simple study has had many far reaching implications 
for both theory and practice. From the perspective of theory, it has extended our opportunities when 
considering telemedicine to focus on an instance in the acute care context around the discharge process 
and is one of the first such studies in this regard. From the perspective of practice it has highlighted op-
portunities to improve the patient and clinician experience simultaneously, streamline a key process and 
critical point; namely, the discharge process, and enable an existing technology solution to be leveraged 
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to do so. In conjunction with these practical implications are also key lessons that can be generalised 
to any/all technology initiatives in healthcare including; addressing patient and clinician issues or pain 
points, design a simple and easy to use solution which leverages off existing systems so that one can 
maximise the return on investment.
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ABSTRACT

Crowdsourcing has a role to play in solving healthcare-based problems as it can tap into a vast pool 
of global medical knowledge. This chapter first categorizes the various problems in the healthcare in-
dustry. It then describes the differences in various medical traditions in solving medical problems. The 
chapter also discusses the challenges in identifying the ideal medical solution. It notes the various types 
of obstacles to adopting effective healthcare solutions and suggests crowdsourcing solutions that could 
build up an impetus for bringing about positive change. Finally, the chapter emphasizes the potential of 
crowdsourcing to disrupt old ideas and introduce new ones as well as make a significant improvement 
in the social quality for different population groups.

INTRODUCTION

The twenty first century has seen the advent of technical advances in storage, transmission and analysis 
of information. This has had a profound impact on the field of medicine. However, notwithstanding these 
advances, various obstacles remain in the world regarding the improvement of human lives through the 
provision of better health care. The obstacles emanate from the demand (i.e., the problem) as well as 
the supply (i.e., the solution) side. In some cases, the nature of the problems might not have been cor-
rectly identified. In others, a solution to a problem could be known only to a small niche of the global 
population. Thus, from the demand perspective, the variety of health care issues can range from the 
quest for a cure for a rare illness to the inability to successfully implement verifiable preventive measures 
for a disease that affects pockets of the global population. Alternatively, from the supply perspective, 
the approach to a host of health issues might vary because of fundamental differences in both medical 
philosophies and organizational policies.
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In many instances, effective solutions to health care problems are lacking because of inadequate 
global knowledge about the particular disease. Alternatively, in other cases, a solution might exist but 
the relevant knowledge about it might only be available to selected pockets of the global medical com-
munity. Sometimes, the barriers to the transfer of knowledge might have their root causes in ignorance 
or prejudice about the initiator of the cure or solution. However, the advent of information technology 
has now provided an opportunity for individuals located at different geographical locations to collaborate 
on solutions to various problems. These crowdsourcing projects now have the potential to extract the 
“wisdom of crowds” for tackling problems which previously could not be solved by a group of experts 
(Surowiecki, 2014). Anecdotal evidence suggests that crowdsourcing has achieved some success in 
providing solutions for a rare medical disease (Arnold, 2014). This chapter discusses crowdsourcing’s 
potential to solve medical problems by designing a framework to evaluate its promises and suggest 
recommended future paths of actions.

The chapter consists of six sections. The first section builds on a phrase used by former US Defense 
Secretary, Mr. Donald Rumsfeld, in the context of Iraq, to devise a classification scheme for all possible 
medical issues likely to be faced by health care professionals. This categorization provides a convenient 
way to evaluate the myriad health care problems affecting the global population. The second section 
summarizes the relevant dimensions that differentiate the various medical approaches to health care 
problems. These are rooted in either different medical philosophies, governmental approaches, ingre-
dients used, etc. The next two sections discuss two different types of problems facing the health care 
industry. The third section discusses the various challenges facing the dissemination of knowledge in 
the health care industry. This section discusses possible solutions for overcoming problems specific to 
these knowledge-based deficiencies. The fourth section discusses an entirely different type of problem 
that also faces the health care industry. This problem emanates from the resistance to adopting more ef-
ficient health care solutions because of resistance from different sectors in society. These include various 
parties, perhaps inadvertently, resisting the adoption of new methods or systems of disseminating medi-
cine within society. The next section summarizes the approach of some popular crowdsourcing sites for 
dealing with health care issues. This section suggests incorporating some of the existing approaches in 
crowdsourcing but also expanding the sources of inputs to include individuals from outside the frontiers 
of traditional Western medicine. The challenge is to aggregate these suggestions from myriad disciplines 
to a cogent whole using transparent methods. The final section concludes the chapter with a discussion 
of crowdsourcing’s potential to evolve beyond the initial stages and be a force for positive changes for 
the quality of life around the world as well as an engine for disruptive innovation.

A CLASSIFICATION OF HEALTH CARE INDUSTRY CHALLENGES

In February 2002, the then US Defense Secretary, Donald Rumsfeld (2002) used the terms ----- the 
“known knowns”, the “known unknowns” and the “unknown unknowns” when discussing the situation 
in Iraq. Later, philosopher Slavoj Zizek (2004) added another term, the “unknown knowns” as a fourth 
classification. While, both Rumsfeld and Zizek used the terms to discuss the US involvement in Iraq, 
this classification scheme is used as a springboard in our chapter to classify the myriad problems facing 
the global health care industry. These four classes allow us to evaluate the different types of challenges 
facing the health care industry and help evaluate how modern methods of knowledge sharing in crowd-
sourcing can provide solutions to these problems.

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



193

The Role of Crowdsourcing in the Healthcare Industry
 

a.  The “known knowns”

“Known knowns” describe situations in which the solutions to a common health problem or issue might 
already be known. However, the applications of the solution to different situations might come up against 
myriad obstacles. Examples include the presence of malaria in geographic areas, which are adjacent to 
places from which the disease has been eradicated. Similarly, while one government can provide better 
health care to its citizens, another with more investments might be lagging on most measures. In some 
instances, an effective solution is available (hence the term “known knowns”), but unfortunately the 
results cannot be easily duplicated for different regions or populations. Sometimes, the answers might lie 
in adjusting the incentive/disincentive programs through specific government policies. In other cases, the 
programs might have to be fine-tuned in order to combat pockets of ignorance based on either tradition 
or misinformation. While the solutions to these problems might not involve breakthroughs in the basic 
field of medicine, health care professionals cannot be left out of this dialogue as their own discipline is 
inextricably linked with the process of solving the “known knowns” generalization problem.

b.  The “Known Unknowns”

In the field of medicine, there are some instances when failures occur because the disease was not 
detected earlier. This is illustrated with the problems of early detection of pancreatic cancer (American 
Cancer Society, 2014). It is currently a “known unknown”. Once a test is validated under stringent labo-
ratory conditions, this problem will then transform to a “known”. However, till such a test gains broad 
acceptance via the medical community, the problem will remain a “known unknown”, still waiting to 
be solved.

c.  The “Unknown Unknowns”

While future predictions for any industry are always difficult to make, it is likely that a company can 
introduce a future drug whose potential harmful side effects can only be discovered years later. As of today, 
both the drug and its side effects are “unknowns”. When both the drug and side effects are “unknown”, 
it is tempting to relegate this problem to the realms of science fiction. However, the history of sulfon-
amide drugs provides an interesting insight into what the future might hold for the medical community. 
Sulfonamide based drugs were a popular antibiotic in the 1930’s. However, the introduction of the drug 
in a liquid form, called ‘elixir sulfanilamide’ caused the deaths of more than a hundred consumers (Akst 
2013). Later, the side effects of sulfa drugs, particularly taken in large doses were discovered (More, 
2014). Although, current rules of drug testing are more stringent than during the 1930’s, competitive 
pressures to bring ‘new elixirs’ to the market could cause future “unknown” problems.

d.  The “Unknown Knowns”

Zizek (2004) contends that there are some facts that a culture might intentionally refuse to acknowl-
edge. These psychological barriers are likely to be present in the health care industry. While traditional 
Western medicine has dominated the delivery of medical solutions, in many instances other alternative 
methods acquired through generations by specific population groups or based on alternative treatment 
philosophies might also exist. These alternative medical approaches include but are not restricted to 
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Acupuncture, Ayurveda, Unani, Homeopathy systems, etc. This list is incomplete as various groups of 
indigenous people such as the Aborigines, American Indians, Tibetans, etc. also have their own medical 
traditions. While such alternative medical practices have long historical traditions, they might not be 
known to a large audience because of various factors. One of these could be the lack of medical solutions 
validated under controlled laboratory conditions, expected in traditional Western medicine. Another 
could be prejudices rooted in attitudes towards the indigenous people who originated the cure. Here, 
the history of the fight against malaria provides an interesting insight. In 1898, Ronald Ross discovered 
the link between the mosquito and malaria. However, in the seventeenth century, a Jesuit missionary in 
South America had already discovered the remedial use of the bark of the cinchona tree in treating ma-
laria. Reportedly, he in turn, had learnt about this from the indigenous population in Peru, who knew of 
the cure for many years (Parker, 2013). Like the cinchona bark, “known” solutions to medical problems 
which are “unknown” to a wider population might still exist. Another example of an “unknown known” 
is the confidential results of a test for a new drug. The wider audience might be ignorant of these results, 
particularly if they revealed undesirable side effects. Thus, various barriers, psychological or profit-
driven, might effectively change the “known” problem to an “unknown” one for a wider population.

SALIENT DIFFERENCES IN MEDICAL TRADITIONS

To provide solutions to the problems facing the health care industry, an effective crowdsourcing service 
must be able to identify and then effectively tap different pools of medical knowledge in the world. Sub-
barayappa (2001) in his survey of ancient remedies identifies the Ayurveda, Chinese and Greek medical 
systems as the three early ones that existed in the first millennia. This contrasts with the twenty first 
century, where multi-billion dollar pharmaceutical companies promote drugs which have been ostensibly 
tested under stringent laboratory conditions. However, the history of recalls in the drug and pharma-
ceutical sector suggests that information about some of these drugs might be incomplete or inaccurate 
in certain cases. These incidents underscore the importance of sharing knowledge about all available 
solutions to health care problems and emphasize the need for a crowdsourcing service. However, for a 
crowdsourcing service to be successful, a proper understanding of the nature of the information to be 
shared is essential. This is only possible if the underlying dimensions that differentiate the various ap-
proaches to medicine are identified.

a.  Empiricism versus Rationalism

Coulter (1995) identifies the empirical and rationalist philosophies as a conflict between traditional 
Western medicine, usually termed as “allopathy”, with other approaches to medicine such as Home-
opathy, Acupuncture, etc. Many of the alternatives to traditional Western medicine adopt an empirical 
approach. This is based on a long experience of studying both the symptoms of the disease and a range 
of possible treatments. Traditional Western medicine on the other hand usually bases its diagnosis on 
theoretical insights backed up by tests conducted under stringent laboratory conditions. The difference 
in the two approaches is related to other differences in medical traditions as well.
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b.  Holistic versus Atomistic

Numerous medical traditions are based on a unified approach. This is the underlying construct used 
in combating health issues. An example is the principle of Qi in Acupuncture (Finando and Finando, 
2012). These holistic philosophies are markedly different from an atomistic approach. Here, each health 
care problem is tackled in disconnected bits and portions. In case of solutions derived from holistic 
medical traditions, the actual application can be appreciated better by understanding the fundamental 
philosophy it originated from.

c.  Structured versus Unstructured

A large component of Western traditional medicine is based on knowledge recorded in encyclope-
dias, medical journals and books. Exceptions exist in the case of more modern treatments whose actual 
impact has only been accepted in a few countries (Schrotenboer, 2015). In contrast, many indigenous 
treatments, which are often based on the skill and individual knowledge of the medical practitioner, follow 
an unstructured path. In several cases, a corollary to this dimension is that the more structured medical 
solutions are sometimes also more transparent and easier to access. Accessibility and transferability are 
often more difficult in the case of medical traditions where the knowledge base is unstructured.

d.  Natural versus Synthetic

The drugs prescribed or bought over the counter as part of traditional Western medicine are in most 
cases mass produced in high volumes. Each drug is expected to be identical to another. This mode of 
delivery contrasts with that followed in some medical traditions where the dosage is designed with a 
specific patient in mind. In some cases, the dosage is composed of naturally occurring ingredients ex-
tracted from herbs and plants. In the continuum on the natural to the synthetic approaches, treatments 
are easier to be fine-tuned for individual patients when the medical traditions are closer to the “natural” 
end of this dimension.

e.  Regulated versus Unregulated

In addition to variances in philosophical approaches, the different medical traditions can also be dis-
tinguished by the diverse rules and regulations of the environment in which they operate. For example, 
a naturally occurring substance can be regulated by rules covering medicine in some countries while 
being regarded as a food product in others. Here, it is important to be cognizant of the variances in the 
global regulation of particular medical remedies, as well as appreciate the rationale behind the underly-
ing reasons for the differences.

In order to efficiently tackle the four types of problems described in the second section, it is impor-
tant for a crowdsourcing medical service to recognize the above dimensions that differentiate various 
medical approaches to treating health care problems.

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



196

The Role of Crowdsourcing in the Healthcare Industry
 

CROWDSOURCING’S ROLE IN SOLVING KNOWLEDGE BASED CHALLENGES

The Different Types of Failures related to Knowledge

The promise of crowdsourcing hinges on accumulating knowledge from a global population and arriving 
at an effective solution to an existing health care problem. In most cases, there could be many possible 
answers. The challenge for a crowdsourcing service is to select the correct solution from myriad provided 
answers. This is a particularly important issue since a wrong selection could result in fatalities in extreme 
cases. Given the impetus to have a zero-defect process, it is important to understand the underlying 
reasons why mistakes occur. In almost all cases, the root cause is lack of perfect knowledge about the 
appropriate solution. This lack of perfect knowledge can be termed as nescience about the problem at 
hand. Three different types of failures can lead to nescience.

a.  Failure to Identify the Median

Surowiecki (2004) summarizes the inherent advantages of the “wisdom of crowds” when he describes 
scientist Francis Galton’s analysis of a crowd’s guesstimate of the final weight of a slaughtered ox. 
Galton found that the average guess of the crowd, who were essentially fair goers, was on the mark. The 
challenge for a crowdsourcing service dealing with health care problems is to home in on the median 
solution. In most cases, particularly for “known” problems, the correct remedy might be known to a 
significant number of people. However, in some cases, vested interests can lead portions of a crowd to 
resort to “block” voting. In these instances, the crowd’s wisdom is limited as the individual members of 
the crowd are not independent of one another (Surowiecki, 2004). Here, a possible solution is to expand 
the width of the crowd in order to combat the problems of lack of individual independence.

b.  Failure to recognize an uneven distribution of knowledge

In case of the guestimates of the weight of a slaughtered ox (Surowiecki, 2004), every participant, 
even if they were not experts, had an opportunity to actually see the ox. In contrast, there might be cases, 
where vast pools of the available population are completely unaware of a cure or the potential side ef-
fects of a drug. However, a few small segments of the crowd could still have detailed knowledge about 
the product in question. For example, a few individuals who were treated with it might only know the 
benefits of an herbal remedy. These are therefore examples of “unknown known” problems. In these 
cases, the challenge for crowdsourcing is to avoid large swaths of ignorance but instead identify and 
utilize small isolated pools of knowledge. Here, preliminary questions can be designed to ascertain the 
responder‘s extent of knowledge about the particular herb in question. Budescu and Chen (2015) have 
shown that it is possible to derive a method that identifies a smaller crowd of premium contributors that 
outperforms the aggregate crowd. Thus, instead of expanding the crowd’s width, the crowdsourcing 
service should concentrate on utilizing the depth of knowledge of particular sections of the crowd. Here, 
the crowdsourcing service provider should be careful to avoid any bias, conscious or sub-conscious, 
to affect their judgment about the differential weightage of crowd opinion. Thus, the utilization of the 
depth of crowd strategy should only be adopted in cases where there is a definite call for the application 
of rare, specialized knowledge about a new drug or hitherto unknown remedy.
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c.  Failure to Recognize Idiosyncratic Knowledge

Hayek (1945) describes the existence of a kind of knowledge which cannot be easily condensed into 
statistics. This type of knowledge is only available to the individual at the scene, i.e., as Hayek states to 
the “man on the spot.” Knowledge which is difficult to transfer across different persons has been called 
“tacit” (Polanyi, 1958). Jensen and Meckling (1990) describe the knowledge of specific skills, peculiarities 
of specific machines, etc., as idiosyncratic. Transfer costs for idiosyncratic knowledge are often high as 
it is impossible to know in advance what piece of knowledge is the critical portion (Jensen & Meckling, 
1990). In the field of health care, medical traditions that have an unstructured knowledge base have a 
wealth of information that can be termed as idiosyncratic. In these cases, sharing it with others through 
a crowdsourcing service becomes difficult. However, one way to recognize the salient aspects of this 
knowledge is to use an ethnographic approach for developing a better understanding of its intricacies. 
Thus, a crowdsourcing service can use an algorithm which gives more weightage to the opinions of 
individuals who have an underlying appreciation of the social and cultural background of the medical 
tradition from which knowledge is being tapped. As idiosyncratic knowledge might be available in un-
expected quarters, the crowdsourcing service should attempt to attract members from many disciplines 
and backgrounds in order to assimilate it. While transferring idiosyncratic knowledge is likely to remain 
expensive, the world-wide access to internet technology provides a chance of selectively utilizing the depth 
of knowledge of certain sections of the crowd. However, a crowdsourcing service must be cognizant of 
the various nuances that inhibit the transfer of medical practices that contain idiosyncratic knowledge. 
It should therefore strive to patiently build a heuristic model that improves with experience over time.

The three different types of failures call for the design of a crowd sourcing service which has the 
appropriate algorithms in place. For the failure to identify the median, the algorithm should give equal 
weightage to individual opinions. This must be linked to a process which attempts to solicit responses 
from the broadest swath of the population possible. However, when the relevant knowledge about a cure 
or a drug is limited, the algorithm should be based on a vetting process that first identifies the pockets of 
the population which have the knowledge relevant to the medical problem at hand. The next step should 
attempt to find the popular consensus from these small pools of knowledge within the respondents. 
However, when the knowledge is idiosyncratic, the crowd sourcing service should try to first identify 
all the dimensions that come into play when discussing a possible remedy or cure. It should then solicit 
responses on these relevant dimensions to arrive at the correct answer. Here, the process is likely to 
take more time as the relevant knowledge might be tacit and difficult to share across the internet. The 
success of the crowd sourcing service might hinge not only on the design of its algorithms, but also on 
its ability to distinguish between the three different types of failures.

CROWDSOURCING’S ROLE IN OVERCOMING OTHER CHALLENGES

While the health care professional’s primary challenges are related to the discovery of effective medical 
solutions, there are cases, where a health care provider’s work is frustrated by the inability to implement 
proven solutions. These are instances of what was earlier described as “known known” challenges. Two 
different types of impediments can inhibit the adoption of “known known” solutions. The first emanates 
from ignorance or misapprehension about a proven medical method. Often, this leads to public resis-
tance to a medical program. The second type of resistance arises from vested interests who are focused 
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on their own profit motives to the detriment of the provision of a broad-based cost-efficient solution. 
Crowd sourcing platforms manned by medical professionals can lower the resistance to the adoption of 
efficient solutions by providing information appropriate to each situation.

a.  Public Misapprehension or Ignorance

Researchers suggest that the opposition to vaccination programs in the USA has its roots in the resis-
tance to excessive government interference or misinformation about previous programs (Novak, 2018). 
Past programs which had defects in its implementation or wrong information about the contents of a 
vaccine sometimes increased public resistance to vaccination (Dartmouth College, 2019). In these types 
of situations, a slow and patient campaign, both in ensuring the quality of the final product as well as 
its delivery, should be developed. A crowd sourcing site available to the general public should be able 
to overcome public misapprehension and ignorance. This site should provide unbiased information and 
also enable certified health care professionals to respond to queries from concerned citizens. The suc-
cess of these crowd sourcing sites will however be inextricably linked to the quality and delivery of the 
actual medical solution, as any potential defect will increase future resistance.

b.  Resistance from Vested Interests

In many cases, various public bodies, including but not limited to pharmaceutical and insurance com-
panies, medical retailers and health care professionals, could have a vested interest in the continuation 
of existing systems of providing health care. Unfortunately, these systems might not be cost effective in 
providing satisfactory medical solutions. Here, rather than only medical solutions, improvements in service 
delivery are also called for. This is because in addition to questions about the type of medication and the 
dosage, other elements of more cost-effective preventive schemes could come into play. In these cases, 
concerned health care professionals can play an important proactive role by starting a crowd sourcing 
service which solicits opinions and potential solutions about the key ingredients of an ideal health care 
system. Comparison of notes across a global body of experienced health care experts can over time build 
a “wish list” of the elements of an ideal health care delivery system. These experts should then solicit 
global support for the adoption of methods that have the promise of improving the status quo. The suc-
cess of these type of crowdsourcing sites will be dependent on having a start-up group of dedicated and 
knowledgeable, health care professionals, not associated with groups with vested interests. This vanguard 
team must be willing to change the existing order of things. The crowd sourcing site should be seeded 
by a core group of such health care professionals. Gradually, this crowdsourcing service should be able 
to build up support for better health care delivery systems. Over time, the groundswell of this support 
should be able to overcome narrow, profit based vested interests.
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EXISTING CROWDSOURCING SERVICES

With the increasing global influence of the internet, many healthcare professionals have already started 
different crowdsourcing sites to share knowledge within the medical community. Harper (2013) discusses 
the approaches of some popular healthcare crowdsourcing sites. An analysis of their diverse approaches 
provides an opportunity to evaluate the salient features that need to be incorporated by new entrants in 
the field. At the same time, an analysis of existing sites reveals gaps that need to be filled in the future.

Some of the sites discussed by Harper (2013) are: HealthMap, Sickweather, Global Public Health 
Intelligence Network (GPHIN) and CrowdMed. In addition to these sites, other crowdsourcing sites 
such as Patientslikeme, CureCrowd and SERMO also cater to health care problems. These sites have 
different approaches. For example, HealthMap monitors outbreaks of diseases around the world and 
tracks disease trends in real time. Sickweather and GPHIN also monitor social network sites to track the 
outbreak of diseases around the world. All these sites attempt to track the spread of diseases in real time 
and provide health care professionals with advance knowledge of the regions where specific diseases 
are likely to spread. In contrast to these sites, CrowdMed and Patientslikeme offer platforms to actual 
patients to discuss their personal stories and remedies that worked (or did not work) for them. CrowdMed 
also invites practitioners and the public at large to offer their insights about specific medical conditions. 
CureCrowd and SERMO are sites started by medical practitioners to discuss specific healthcare issues. 
Doctors can ask for advice from other doctors and also offer their own insights about questions posted 
by other health care professionals1.

These sites show the potential of crowdsourcing sites to share knowledge among both healthcare 
professionals and patients. However, two unexplored areas need to be also brought into the scope of 
discussion. First, the “known known” problems alluded to in the last section call for the inclusion of 
opinions from professionals such as economists and managerial staff who have worked in the health care 
industry. Because of their experience in the health care industry, these individuals might be aware of 
the barriers that prevent the adoption of efficient health care delivery systems. At the same time, crowd 
sourcing systems must also make an effort to provide factual based evidence to overcome misinforma-
tion in the public domain about common diseases and their cures. Second, the potential crowdsourcing 
sites should make an attempt to widen their net to include the inputs of sectors of the population who 
are aware of cures and remedies from disciplines outside the scope of traditional Western medicine. This 
involves not only soliciting opinions from groups who have not been actively involved with mainstream 
crowdsourcing sites before, but also finding a middle ground which incorporates testing their sugges-
tions using the “tried and tested” standards of modern Western medicine. This challenge of bringing 
individuals from different medical backgrounds to communicate with one another is daunting, but has 
the potential of uncovering many “unknown known” solutions for the future.

CROWDSOURCING IN THE HEALTH CARE INDUSTRY

In the information age, business entities as well as individuals can benefit from innumerable talents 
via open-ended networks, which provide access to accumulated individual experience. This aggregate 
knowledge, termed as collective intelligence, has immense potential in the health care industry. In this 
context, crowdsourcing can enable medical providers and other stakeholders for using their collective 
intelligence to deliver higher quality health care (Tepper, 2013). In addition to efficiently selecting the 
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correct medical solution, crowdsourcing can also break down the barriers that exist between different 
medical disciplines and traditions. Thus, it has the potential to disrupt old ideas and herald in new ones 
(Peisl et al., 2014). In addition, if crowdsourcing in the health care industry brings to light effective 
medical remedies that were originally based on the wisdom of indigenous people, it will empower these 
groups through world-wide social recognition and the provision of both intrinsic and extrinsic rewards. 
Thus, the efficient use of information and communications technology has the potential to highlight 
the contributions of hitherto neglected pockets of the global population (Wallace, 2012). In addition 
to bringing to light neglected sources of remedies and discovering completely new medical solutions, 
crowdsourcing sites also have the potential to bring together health care professionals, who are dissatis-
fied with existing medical delivery systems. Dialogue between groups of such professionals can offer 
insights into possible routes to improving existing medical coverage schemes.
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ABSTRACT

The negative and unbalanced nature of media and social media coverage has amplified anxieties and 
fears about the Ebola outbreak. The authors analyse news articles on the Ebola outbreak from two lead-
ing news outlets, together with comments on the articles from a well-known social media platform, from 
March 2014 to July 2015. The volume of news articles was greatest between August 2014 and January 
2015, with a spike in October 2014, and was driven by the few cases of transmission in Europe and 
the USA. Sentiment analysis reveals coverage and commentary on the small number of Ebola cases in 
Europe and the USA were much more extensive than coverage and commentary on the outbreak in West 
Africa. Articles expressing negative sentiments were more common in the USA and also received more 
comments than those expressing positive sentiments. The negative sentiments expressed in the media and 
social media amplified fears about an Ebola outbreak outside West Africa, which increased pressure for 
unwarranted and wasteful precautionary measures.
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INTRODUCTION

The Ebola outbreak in West Africa began in late 2013, and was declared as an international public 
health emergency by the World Health Organization (WHO) on 8th August 2014 (WHO 2014). A total 
of 28,616 cases of Ebola virus disease (EVD) and 11,310 deaths were reported in Guinea, Liberia, and 
Sierra Leone (WHO, 2016). There were an additional 36 cases and 15 deaths that occurred when the 
outbreak spread outside of these three countries that include Italy, Mali, Nigeria, Senegal, Spain, United 
Kingdom and United States. By 7th October 2015, the WHO reported its first week with any new Ebola 
cases, and on 26 March 2016, it lifted the Public Health Emergencies of International Concern (PHEIC) 
status of West Africa.

In the 2014 – 2015 outbreak, coverage of Ebola was extensive in the media and social media but 
was also narrow, negative, and unbalanced (Funge et al., 2014). As mentioned in a Lancet editorial of 
November 2014, a “disproportionate airtime has been given to the nine confirmed American cases of 
Ebola compared with the massive human crisis unfolding in Liberia, Guinea, and Sierra Leone” (Lan-
cet, 2014, pg 1). While Europe and the USA demonstrated preparedness by identifying cases, isolating 
them, treating and quarantining contacts, media coverage of the outbreak created a parallel epidemic of 
fear and fueled demand for additional, ineffective and unnecessary precautionary measures (Mira et al., 
2015). These measures included temperature screening at airports, the cancellation of flights to West 
Africa, and the isolation and quarantining of asymptomatic health workers and other returning from the 
region (Mello et al., 2005).

However, evidence is missing on the role played by the social media in molding public perceptions 
about the risks of Ebola. The research problem addressed in this study is to determine how the attitudes 
of writers of news articles and comments on the Ebola outbreak influenced public perceptions towards 
it in Europe and America, thereby amplifying fears about an Ebola outbreak in the West. This paper 
employs sentiment analysis (Deng et al., 2018; Lak et al., 2017), a textual analysis method originating 
in the computational linguistics and natural language processing literature, to determine the attitudes of 
writers of news articles and comments toward the Ebola outbreak. We applied design science steps to 
plot and present the findings from the sentiment analysis based on the six activities of design science 
research (Baskerville et al., 2018). Thus, to analyse the research question, we collected coverage on the 
Ebola outbreak from two leading news services on either side of the Atlantic (the British Broadcasting 
Corporation (BBC) and the US-based Cable Network News (CNN), together with follow-up comments 
from a well-known social media platform (Reddit), and conducted an in-depth sentiment analysis. Our 
findings suggest that the negative and unbalanced nature of news coverage in Europe and the USA am-
plified public anxieties and fears about the Ebola outbreak outside West Africa.

Literature Review

From the start of Ebola in August 2014 till to its official end in March 2016, most studies focused on how 
to handle Ebola (Kruk, 2015; Gostin, 2015). The loss of life, social disruption, and failure of health-care 
systems demonstrate what happens when a crisis like Ebola hits the world (Peterson, 2015; Asamoah at 
al., 2015). Ebola is covered as an emerging social issue often led to rumors breeding and propagation in 
social media in various parts of the world (Ye et al., 2018). Guah (2017) presents the resilience during 
Liberia’s Ebola epidemic while, Ding et al., (2016) investigates people’s online prosocial microlending 
decision making after a natural disaster like Ebola in Africa. Chung et al., (2015) visualized Ebola out-
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break discussions on Twitter by presenting an approach to social-media-based public health informatics 
by using 255,118 tweets posted by 210,900 users in January 2015. The Western media’s coverage of 
the Ebola outbreak in West Africa in mid-2014 has been compared to their response to avian influenza, 
H1N1, SARS, and even the early years of the HIV-AIDS pandemic (Honigsbaum, 2017). Another study 
analyzed 2,276 unique tweets about Ebola in twitter and showed the use design science methodology 
that provides direct guidelines for better understanding the problem (Chatterjee et al., 2017).

Sentiment analysis is an area that is active in the field of information systems, computer science and 
media studies (Deng et al., 2018; Lak et al., 2017). Media and social media plays an important role in 
sentiment analysis of the content shared specially, due to the recent growth of social media platforms 
through numerous blogs, microblogs, forums, and social networks (Riloff et al., 2003; Yu & Hatzivas-
siloglou 2003). Sentiment analysis are important tools used today for understanding large amounts of 
social media data (Abbasi et al. 2008; Mohammad et al. 2013). Social media are increasingly important 
information sources for understanding public sentiments by identifying opinion leaders in discussion 
forums (Song et al. 2007) and visualizing networked relationships of infectious disease transmission. 
However, very little work is found in analyzing emotion to support public health policy decision making 
in situation like Ebola in Africa.

Design science is a new research paradigm in information systems (Gregor & Hevner, 2013). Design 
science is used to solve an identified problem by building socio-technical artefacts (Myers & Venable, 
2014). Seven guidelines presented by Hevner et al. (2004) originated from information-systems design 
theory originally proposed by Walls et al. (1992). The six steps proposed by Peffers et al. (2007) are 
problem identification and motivation, definition of the objectives for a solution, design and develop-
ment, demonstration, evaluation, and communication. The design science theory as a methodology needs 
to be incorporating these steps. There is also a need to give a minimal procedure and a mental model 
for offering and assessing the design science research (Peffers et al., 2007). As we propose sentiment 
analysis, the design science theory provides a groundwork for thoroughly specifying its design. Thus, this 
paper presents an instantiation of solving the problem of sentiment analysis of media and social media by 
developing a computational model for sentimental analysis. This is a classic example of computational 
genre of design science research (Rai, 2017).

Data and Methodology

To identify news coverage on Ebola outbreak, we used two leading news services, the BCC and CNN. 
This selection was based on Alexa’s rankings of the top 15 news sites, in which BBC and CNN scored 
the top global ranks among reputable news outlets. We then downloaded all news headlines in 2014 
and the first half of 2015 from these news services with the search term ‘Ebola’. For BBC, we filtered 
to ‘News’ and for CNN, we filtered to ‘Story and article’ in English. This resulted in 889 unique news 
headlines from BBC and 486 unique news headlines from CNN.

To capture the perceptions and the sentiments generated in the social media by the news articles, 
we collected comments from Reddit.com. Reddit is the top news social media ranked by Alexa where 
registered members can submit content such as text posts or direct links. Reddit comments are the follow 
up discussions to news articles posted by users. We located 502 articles with the word ‘Ebola’ in the 
title that has been shared and discussed in Reddit, of which 276 were BBC articles and 226 from CNN. 
A total of 26,948 comments were made on these 502 articles.

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



205

A Sentiment Analysis of the 2014-15 Ebola Outbreak in the Media and Social Media
 

Sentiment analysis involves calculating polarity scores—which show whether the opinions expressed 
in the text are positive, negative or neutral—for pieces of text (such as sentences or paragraphs) using 
an algorithm and sentiment dictionary (Pang & Lilian, 2005; Liu, 2015) This article employs the widely 
used R package qdap to code the algorithm for analyzing the sentiments of the articles together with the 
sentiment dictionary developed by Hu and Liu, 2004. Polarizing words, such as ‘contagious’ or ‘epidemic’ 
(negative) or ‘recovery’ and ‘treatment’ (positive), are identified in each sentence.

The cluster of neighboring words is then examined to see how valence shifters (such as ‘highly’,’ 
partially’, or ‘never’) act as amplifiers, deamplifier or negators of the polarized words. By identifying 
positive or negative words and weighting using the neighboring valence shifters, a polarity score be-
tween minus one and plus one is assigned to each sentence. For example, the sentence, ‘If I contracted 
Ebola, I’d definitely kill myself.’ has two negative words (‘contracted’ and ‘kill’), one valence shifter 
(‘definitely’) and results in a polarity score of -0·458. In contrast the sentence, “This is good news for 
getting an effective vaccine for Ebola.” has three positive words (‘good’, effective’ and ‘vaccine’) and a 
polarity score of +0·424. The polarity scores assigned to each sentence are then summed and averaged 
over the number of sentences to give a total polarity score for the article or comment. Table 1 gives a 
list of the top twenty articles about Ebola based on the number of social media comments.

To identify news coverage on Ebola outbreak, we used two leading news services, the BCC and CNN. 
This selection was based on Alexa’s rankings of the top 15 news sites, in which BBC and CNN scored 
the top global ranks among reputable news outlets. We then downloaded all news headlines in 2014 
and the first half of 2015 from these news services with the search term ‘Ebola’. For BBC, we filtered 
to ‘News’ and for CNN, we filtered to ‘Story and article’ in English. This resulted in 889 unique news 
headlines from BBC and 486 unique news headlines from CNN.

To capture the social media’s perceptions and the sentiments generated by the news articles, we 
collected comments from Reddit.com. Reddit is the top news social media ranked by Alexa where reg-
istered members can submit content such as text posts or direct links. Reddit comments are the follow 
up discussions to news articles posted by users. We located 502 articles with the word ‘Ebola’ in the 
title that has been shared and discussed in Reddit, of which 276 were BBC articles and 226 from CNN. 
A total of 26,948 comments were made on these 502 articles.

We applied design science to plot and present the findings from the sentiment analysis based on the 
six activities of design science research as detailed by Peffers et al. (2007). These are:

• Problem identification and motivation: The problem identified in this paper is to determine how 
the attitudes of writers of news articles and comments on the Ebola outbreak influenced public 
perceptions towards it in Europe and America, thereby amplifying fears about an Ebola outbreak 
in the West. The problem identified will help in understanding the linkage between the digital 
artefact designed for conducting sentiment analysis by embracing design thinking practices.

• Define the objective of a solution: Developing sentiment analysis and applying to the data col-
lected from various news and social media defines the objective of the solution that result in a 
viable artefact.
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• Design and Development: The designed artefact in this paper is an instantiation of sentiment 
analysis as evidenced in the figure 2 and 3.

• Evaluation: We evaluated the artefact based on data collected from BBC, CNN and Reddit.com. 
The evaluation demonstrated clear evidence of improved precision of sentiment analysis.

• Communication: We published the findings and its applicability on media and social media. This 
study can be extended to apply and evaluate the sentiments of other types of content in social me-
dia, like tweets and comments in social media.

Table 1: List of top twenty articles (2014 – 2015) about Ebola based on number of social media comments

Headline Source Date
Total Article 

Polarity 
Score

Number of 
Comments

A 2nd American has now tested positive for Ebola CNN 27/07/2014 -0·17893 2356

People actively resisting Ebola Treatment BBC 28/07/2014 -0·74212 213

Liberia closes borders. Trying to stop spread of the Ebola Virus BBC 28/07/2014 -0·89686 425

Ebola ‘spreading too fast’ – WHO BBC 1/08/2014 -0·75898 1426

Ebola is declared an international health emergency BBC 8/08/2014 -1·22527 1249

A Spanish missionary who contracted the Ebola virus while 
working in West Africa has died in hospital in Madrid BBC 12/08/2014 -1·45326 561

Blood-stained bedding looted from Ebola quarantine centre BBC 17/08/2014 -3·05078 929

Ebola Doctor to be released from Atlanta hospital after tests 
show he has recovered CNN 21/08/2014 1·756349 192

Ebola outbreak “threatens Liberia’s national existence” BBC 10/09/2014 -4·02918 171

Ebola Patients Buying Survivors’ Blood from Black Market, 
WHO Warns CNN 20/09/2014 -2·16222 377

Woman saves three relatives from Ebola. Her protection method 
is being taught to others in West Africa CNN 29/09/2014 -0·27185 471

Ebola outbreak: ‘80 monitored’ in Dallas, Texas BBC 2/10/2014 -1·12334 341

Four People Still Living Inside Apartment of U.S. Ebola Patient CNN 3/10/2014 0·960795 222

Nurse ‘infected with Ebola’ in Spain BBC 6/10/2014 -2·46897 2548

Texas healthcare worker tests positive for Ebola CNN 12/10/2014 -4·37207 4323

The Ebola epidemic threatens the “very survival” of societies 
and could lead to failed states BBC 13/10/2014 -1·69021 165

Ebola cases now over 8900, death toll rises to 4,447, says WHO BBC 14/10/2014 -1·25622 326

Spanish nurse who became first person to contract Ebola outside 
Africa tests negative for the virus BBC 19/10/2014 -1·13586 164

Patient in NYC Tests Positive for Ebola CNN 24/10/2014 -2·40009 5830

Quarantined nurse who tested negative twice for Ebola said that 
her human rights were violated CNN 26/10/2014 0·30013 456
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RESULTS

Figure 1 plots the number of news articles on Ebola on a fortnightly basis between January 2014 and July 
2015. In the four months following the WHO’s declaration of the Ebola outbreak in Guinea (23rd March 
2014), there were just 47 articles published by the BBC and 32 articles published by the CNN. However, 
once an American doctor with Ebola virus diseases arrived in the USA and was confined in isolation at 
Atlanta (2nd August 2014), news coverage of Ebola increased more than tenfold. News coverage then 
spiked in October, when healthcare workers in Madrid and Dallas tested positive for Ebola, and a doc-
tor was diagnosed with Ebola in New York. With no further cases recorded in Europe and the US, and 
declining rates of infection and improved survivals rates in West Africa, subsequent news coverage of 
Ebola was less extensive. However, a confirmed Ebola case in Glasgow led to a sudden increase in the 
number of BBC, though not CNN, articles in late December and mid-January. The declaration of end 
of the Ebola outbreak in April 2015 and a few new Ebola cases in Liberia in June/July 2015 generated 
very little news coverage.

Thus, Figure 1 provides strong evidence of a news ‘bubble’ generated by the four confirmed Ameri-
can and two confirmed European cases of Ebola in third and fourth quarters of 2014. This is the same 
period during which an ‘epidemic of fear’ concerning Ebola occurred in the USA, which led to the 
quarantining of asymptomatic health workers and travelers in at least eight US states plus the District of 
Colombia (Gonsalves et al., 2014). At this time, several European countries (including Belgium, France 
and the United Kingdom), introduced airport screening of travelers arriving from West Africa, despite 
disagreements among European Union health ministers about the need for such measures. An opinion 
poll in November 2014 revealed that the American public ranked Ebola as the third most urgent health 
problem in the country, after cost and access and above cancer and heart-diseases.

The sentiment analysis was performed on a total of 14,327 comments for 502 articles during the 
period of intense media interest concerning Ebola that occurred between July and November 2014. The 
sentiment analysis illustrates the flow of sentiments demonstrated by users in Reddit, with the average 
total polarity of the comments posted, reported on a daily basis. The average polarity score (-0·118) of 
the 6,403 comments on CNN articles were more negative than the average polarity score (-0·088) of the 
7,924 comments on BBC articles. Social media sentiment started out as highly negative and remained 

Figure 1. Number of BBC and CNN news articles concerning Ebola, 2014-15
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negative, with an average score of -0·1 until October but started to neutralize during November based 
on the recovery of healthcare workers in the US and Europe and the news of declining rates of infection 
in Guinea and Liberia. However, as can be seen from the analysis that, there was a wide variation in the 
average polarity scores on the daily comments, with 83% of days attracting negative comments on average.

To understand the relationship between the sentiments of the articles in the media and related discus-
sion by the community in the social media, we selected the 20 articles with the highest number of social 
media comments. Table 1 gives the list of twenty articles sorted according to the chronological order. 
Among the twenty articles, twelve articles are from BBC and eight articles are from CNN. It is interest-
ing to note that the article on “Patient in NYC tests positive for Ebola” (24th October 2014) received 
the highest number of comments (5830 comments), followed by “Texas healthcare worker tests positive 
for Ebola” (12th October 2014) with 4323 comments, and “Nurse infected with Ebola in Spain” (6th 
October 2014) with 2548 comments. It should be noted that articles with positive polarity are both rarer 
(3 articles among the top 20 articles) and attracted fewer comments (an average of 290 comments for 
positive articles compared to 1215 comments for negative articles).

Articles with the most negative or positive polarity scores did not receive the most comments. The 
article with the lowest negative polarity score is “Texas healthcare worker tests positive for Ebola” 
(CNN, 12th October 2014) which is the second most commented article with 4,323 comments. However, 
the article with the second most negative polarity score is “Ebola outbreak threatens Liberia’s national 
existence” (BBC, 10th September 2014), and received just 171 comments and is one of the least com-
mented articles among the top 20 articles. The two articles with the highest positive polarity scores are 
“Ebola Doctor to be released from Atlanta hospital (CNN, 21st August 2014) and “Four people still 
living inside apartment of U.S. Ebola patient” (CNN, 3rd October 2014). Both these articles received 
less than 225 comments.

Figure 2: Polarity scores of articles and their comments
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Articles on the small number of Ebola cases in Europe and the USA received far more comments, 
and comments of a more negative nature, than those on the Ebola outbreak in West Africa. The ten top 
articles on Ebola in Europe and the USA received a total of 16,993 comments while the ten articles on 
the Ebola in West Africa received a total of 5,753 comments. Furthermore, the total polarity of all com-
ments on the European and US articles was - 785·1 compared to -383·8 for comments on the outbreak 
in West Africa. This suggests it was fears of an Ebola outbreak outside Africa, in particular news that 
healthcare workers in Europe and the USA had contracted the disease, which drove the wave of negative 
sentiments in the Western social media.

Figure 2 compares the polarity scores of the original news articles and the social media comments 
they generated. The triangles show the polarity scores of the original articles. The box plots show the 
interquartile range, outer quartiles and outliers for the polarity scores of the comments on each news 
article. There is very low correlation between the polarity scores of the article and comments (ρ<0.06) 
with a slightly higher correlation found for the comments on CNN articles. It is interesting to note that 
the polarity of the comments on BBC articles were generally more positive than those for the original 
articles, while those for CNN articles were more one-sided. This may indicate a more optimistic and 
independent stance among commentators of the BBC articles. The BBC articles were also generally 
reporting on different events than the CNN’s and contained more detailed coverage of the situation in 
West Africa. Figure 3 gives the sentiments of the comments for the top 20 most commented articles. It 
is evident that the comments were negative.

CONCLUSION

In this paper, we have conducted a sentiment analysis of BBC and CNN news articles and social media 
comments during the Ebola outbreak in West Africa from 2014-15. By using a sentiment analysis com-
bined with a design science approach, we show that the volume of news articles and comments peaked 
between August 2014 and January 2015, with a marked spike in October 2014. Both news articles and 
comments were heavily biased towards the few cases of Ebola transmission in Europe and the USA (Pe-
terson, 2015). While there was a wide variation of polarity scores of comments on these articles, more 
than four-fifths were dominated by negative comments. This is similar to the Western Media’s response 
to avian influenza, H1N1, SARS, and even the early years of the HIV-AIDS pandemic (Honigsbaum, 
2017). Articles expressing positive sentiments about Ebola received substantially fewer comments than 
articles expressing negative sentiments, with the commentary on BBC news articles being generally 
more positive than those on CNN articles.

Thus, largely unwarranted public fears about an Ebola outbreak outside West Africa appear to have 
been amplified by negative sentiments in the media and social media, especially in the United States. 
In the absence of prompt and effective communication by public health agencies, this led to a series of 
unwarranted and wasteful preventative measures being implemented at the state and national levels. To 
add on, as reported on 7th April 2019, in the recent outbreak, the number of Ebola virus disease (EVD) 
cases in the North Kivu provinces of the Democratic Republic of the Congo is 1156 cases and 731 deaths 
(WHO, 2019). However, the recent outbreak is well handled when compared to the earlier outbreak. As 
part of future work, there is a need to examine the second Ebola outbreak in the Democratic Republic 
of the Congo, in media and in social media and how the lessons learnt from 2014-2015 Ebola outbreak 
improved the situation.
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ABSTRACT

Blockchain is a decentralized, digital ledger that keeps a permanent, unalterable record of transactions 
between users. One of the greatest advantages of Blockchain is that it is much more secure than other 
data storage platforms, and thus particularly relevant for healthcare. The chapter serves to outline areas 
and opportunities for deploying this technology into key healthcare contexts to support effective and 
efficient operations as well as heightened transparency and trust around activities between and within 
stakeholders.

BACKGROUND

The healthcare sector is one of the globe’s largest industries. It consumes over 10% of the Gross Do-
mestic Product of the most industrialized states. Simply, this sector includes generalization as well as 
commercialization of products and services to treat patients with preventive, palliative care, curative, 
and rehabilitative care. Being a multifaceted system of interconnected institutes under heavy regulatory 
boundaries, patient information is highly fragmented, and the expense of healthcare delivery is con-
stantly increasing because of ineffectiveness in the system and dependence on various intermediaries. 
Moreover, transparency on the whole process on enhancing data sharing between many parties, even 
though supposedly important to the patient, is still inefficient on full transparency and control from the 
patient’s outlook. This inadequacy in the system has heightened the need for Information Technology 
(IT) systems that can eliminate the middle steps, improve efficiencies and cut costs while cultivating trust 
and transparency. The blockchain is a technology which can aid in solving these healthcare challenges 
by offering decentralized trust and the establishment of a trust architecture. It enables decentralization 
which promises to reduce the issue of vendor lock-in that has plagued the medical care industry.
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INTRODUCTION

Patient data dispersed across varying institutes in the value of the medical care sector known as the data 
silos and sharing of data is susceptible to a multi-level practice of permission control (Gordon & Catalini, 
2018). As a result of this, most often, critical data is inaccessible and unavailable at the time when they 
are needed urgently (Gordon & Catalini, 2018). Dimitrov (2019) claims that Blockchain can address this 
challenge with health data exchange by serving as a foundation for a reliable decentralized database. It 
can enhance one-stop access to the entire health history of an individual across all the medical physi-
cians Dimitrov (2019) . Access control systems that are built using trust in blockchain places patients 
in control of their information Dimitrov (2019) . They can gain consent and access rights to external 
parties such as scientists to have access to all or even a subset of their health records Dimitrov (2019) . 
This element of the blockchain fits nicely with the patient-centric structure of the medical sector where 
the blockchain can act as a catalyst encouraging trust (Gordon, & Catalini, 2018).

The records stored in the blockchain technology are absolute and cannot be altered or even deleted 
(Gordon, & Catalini, 2018). According to Delgado-Mohatar, Fierrez, Tolosana, & Vera-Rodriguez, 
(2019), this feature of blockchain offers primitives such as provenance and data reliability which can 
be utilized in building solutions to mitigate drug counterfeiting and clinical fraud. For example, deceit-
ful results and removal of information in medical investigations which fail to align with the scientist’s 
bias or the funding source can be controlled by strengthening the integrity of information in blockchain 
(Frandsen & Joynt, 2015). Additionally, it enhances the storing of the indisputable log of subject’s 
consent in a healthcare trial (Frandsen & Joynt, 2015). In terms of financial views, blockchain helps in 
saving hundreds of billions of dollars, especially for the pharmaceutical sector as it helps in defining a 
chain of custody in the supply chain (Frandsen & Joynt, 2015).

With the blockchain technology, it is possible to write custom laws and regulations hence forming 
contracts on the blockchain (Frandsen & Joynt, 2015). This process is similar to that of the real world 
contracts and is majorly legally binding (Frandsen & Joynt, 2015). These types of contracts in blockchain 
are known as smart contracts (Frandsen & Joynt, 2015) and can be used in various processes within 
medical care including insurance and billing which aids in automating the whole process and minimiz-
ing the expenses.

FOCUS AREAS AND FACILITATORS FOR BLOCKCHAIN IN HEALTHCARE

Pharmaceuticals are one of the promising capacities for blockchain (Gordon & Catalini, 2018). One key 
area of use is in drug traceability (Gordon & Catalini, 2018). Blockchain could thus not only be used in 
prescription traceability but also in tracing counterfeit drugs (ibid). All the information entered into the 
system is complete and time stamped (Gordon & Catalini, 2018). The time-stamped permanent records 
could possibly eliminate the expense of medical trials and data management and promote interoperability 
as well as (Gordon & Catalini, 2018). Significant resources are currently being wasted on drugs because 
of non-conformation to consumer genetics and the incapacity to offer a conventional health solution 
(Gordon & Catalini, 2018). Therefore, Blockchain can minimize the leeway for counterfeit drugs to hit 
the black market as well as reduce prescription mishandling (Gordon & Catalini, 2018). Blockchain 
technology’s security could aid in restructuring patient-centric drug improvement for future targeted 
therapies by better smoothing of the exchange of personalized data and direct medical sources for stud-
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ies or investigations (Gordon, & Catalini, 2018). The resulting improvement in collaboration amongst 
industry participants, researchers, scholars, and patients could increase progress in health research, and 
population-based genomic research to encourage precision medicine (Gordon & Catalini, 2018).

The financial facet of healthcare is fundamental in today’s medical landscape. This area of the finan-
cial element in medical care however, is rife with inadequacies, mostly related to integrity and transpar-
ency, which can potentially be addressed by the use of blockchain. In particular, the technology offers 
a mechanism for direct links between individuals who make the claims, and the bearers as there is trust 
inbuilt (Frandsen & Joynt, 2015).

Cybersecurity threats are a critical concern for healthcare technology and device firms (Frandsen & 
Joynt, 2015). The medical systems, drug manufacturers, as well as supplies require safe and sound health 
IT ecosystem to manage the medical value chain, information, and patient records (Frandsen & Joynt, 
2015). The present growth of linked health devices will be challenging for the Internet of Medical things 
(IoMT) as the current infrastructure will be unable to maintain the developing IoMT ecosystem (Kuo, 
Kim, & Ohno-Machado, 2017). Blockchain technology is seen as a feasible solution to bridge the gaps 
of device data interoperability while making certain that security and trustworthiness around IoMT use 
scenarios (Kuo, Kim, & Ohno-Machado, 2017).

In addition, blockchain can also be used chronic care coordination area (Kuo, Kim, & Ohno-Machado, 
2017). The changeability in chronic disease management, commonly referred to as fragmented care, is 
a common issue throughout the healthcare system and has been found to bring about suboptimal care 
and higher expenses (Kuo, Kim, & Ohno-Machado, 2017). In a study as stated by Frandsen & Joynt 
(2015), findings indicate that the patients of primary medical care providers with the higher division 
of care had a 7% to about 9% higher rates of preventable hospitalizations, and a mean of $4,542 in 
higher medical expenditure. For instance, a chronic illness state with challenging care breakup issues is 
managing kidney transplant patients, who need complex long-term care that encompasses various care 
transitions and hand-offs amongst a number of health providers as well as health experts (Gill, Wright, 
Delmonico, & Newell, 2017). However, with blockchain technology, the patients’ medical records could 
be centralized in a care management network, with health providers and care teams of patients working 
in collaboration among separate amenities, sharing information from varying points along that patient’s 
continuum of care, connecting hometown primary care physicians with distant specialists when needed 
(Gill, Wright, Delmonico, & Newell, 2017).

Furthermore, blockchain technology is increasingly being used in the area of personalized healthcare 
(Gill, Wright, Delmonico, & Newell, 2017). Today, more and more patients are increasingly getting involved 
in their healthcare delivery (Gill, Wright, Delmonico, & Newell, 2017). Digital healthcare solutions are 
enhancing this by creating personalized medical data, and a sense of consumerism in individuals (Gill, 
Wright, Delmonico, & Newell, 2017). Patients are starting to track their condition symptoms and demand 
news feeds on related medical issues. Some will change their doctors if they are unable to access their 
records (Kuo, Kim, & Ohno-Machado, 2017). Mostly, patients want to know their health state before 
the physician is called and access the information on their health history (Kuo, Kim, & Ohno-Machado, 
2017). The existing healthcare system fails to offer this and raises a question on information ownership 
and the integrity of health workers (Kuo, Kim, & Ohno-Machado, 2017). Blockchain technology with its 
peer to peer data exchange network models provides identity management frameworks with predefined 
consumer access rules (Kuo, Kim, & Ohno-Machado, 2017). This will make certain that patients have 
more control over their medical data, and will also support patient engagement programs (Kuo, Kim, 
& Ohno-Machado, 2017). In addition, it enables the permanent storage of encrypted patient-generated 
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information on the entire blockchain systems (Kuo, Kim, & Ohno-Machado, 2017). This could offer a 
single, unified standpoint of patient data (Kuo, Kim, & Ohno-Machado, 2017). Hence, patients will be 
empowered to talk about their anonymized personal medical data for research selectivity and mostly 
receive incentive payments for sharing from the research institute or some incentives from insurers for 
resulting betterment in health behavior (Gordon, & Catalini, 2018).

BARRIERS

Existing systems is one of the main barriers in implementing the blockchain technology in the healthcare 
system (Gordon, & Catalini, 2018). Blockchains are unable to manage data as it is already being man-
aged by existing systems (Gordon, & Catalini, 2018). A large sum of time and money has been spent 
into establishing these architectures and implementing a novel technology would require rebuilding 
some aspects of the platforms (Gordon, & Catalini, 2018). The current systems store information in lo-
cal databases with a fewer likelihood of sharing it between several firms (Kuo, Kim, & Ohno-Machado, 
2017). On the contrary, Blockchain technology would imply a total change, going from centralized as 
well as small-scale technologies to diverse and worldwide systems (Kuo, Kim, & Ohno-Machado, 2017). 
Though it is a proof that it would bring corporation and interoperability between health and scientific 
societies, some view it as not worthy of the money and the time (Kuo, Kim, & Ohno-Machado, 2017).

In addition, blockchain technologies are affected by negative image following the security breaches 
in the prominent Bitcoin blockchain (Kuo, Kim, & Ohno-Machado, 2017). Thus, using such technology 
to manage health information could look as inappropriate (Kuo, Kim, & Ohno-Machado, 2017). In fact, 
from a larger perspective, the core concern when dealing with the storage and utilization of health data 
is security (Kuo, Kim, & Ohno-Machado, 2017). Such data is extremely valuable and sensitive while the 
number of medical data being hacked every day is increasing exponentially 9ibid). According to Kuo, 
Kim, & Ohno-Machado (2017), the Break Level Index findings indicate that nearly 554 million records 
were lost while others were stolen in the first half of the year 2016. Moreover, whether healthcare systems 
consider either on-chain or off-chain mix, most of the data would not be put in the safekeeping of the 
blockchain technology, but rather on the traditional databases as well as the cloud (Kuo, Kim, & Ohno-
Machado, 2017). Hence, the adoption of the blockchain technology will not be the aspect that will help 
in solving the security issues (Vazirani et al, 2019). Other systems will need to be built to make certain 
that the databases or the cloud structures are safe (Kuo, Kim, & Ohno-Machado, 2017).

Another inherent challenge is that the healthcare industry lacks the important structures to collect, 
exchange, and analyze data results in the absence of interoperability (Kuo, Kim, & Ohno-Machado, 
2017). The existing systems are controlled in an off-line architecture, with central, local databases, 
while blockchain technology is decentralized and operates in the cloud (Vazirani et al., 2019). Directing 
the healthcare systems in this move and implementing the blockchain technology will be impossible in 
without having an effective HER system proficient of promoting collaboration as well as interoperability 
among medical and researchers’ communities (Vazirani et al., 2019).

The absence of universal standards Acts is also another barrier for the merging of Blockchain and 
the healthcare industry 9 (Vazirani et al., 2019). For stowed data to be standardized in the map, a large 
number of firms will need to collaborate (Vazirani et al., 2019). Intermediaries in the medical care sec-
tor will also be mandated to the interface (Vazirani et al., 2019). Most of these firm changes will need 
to happen in order for the health sector to fully adopt the blockchain technology (Vazirani et al, 2019).
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ADVANTAGES AND DISADVANTAGES

One of the main aims of the Federal Health IT focus in the US is to spur confidence and trust in the 
healthcare sector and to offer better-quality care. It also seeks to improve the population health and 
minimizes healthcare expenditures through the use of health IT (Vazirani et al., 2019). In this case, 
blockchain could help in attaining this Federal health IT aims (Vazirani et al., 2019).

By the fact that blockchain is a distributed ledger that is often updated and synched in real time, it 
builds an absolute, spread out, and transparent record of all the transactions using a peer network (Vazi-
rani et al., 2019). In a statement by Forbes, blockchain is able to securely and privately track the health 
records of patients. Presently, a patient’s health history is distributed between various EMRs by a number 
of physicians and organizations, most of which is inaccessible by the patient (Gordon, & Catalini, 2018).

Notably, blockchain has the capacity to bring all of the health records together in one source that is 
a complete and present record which illustrates any alterations made and by the person who has made 
those changes (Gordon, & Catalini, 2018). Essentially, blockchain could empower patients with a whole 
set of information in relation to their own healthcare (Agbo, Mahmoud, & Eklund, 2019). This absolute 
dispersed ledger can better make sure that resilience and origin, traceability, and management of medical 
data are achieved (Agbo, Mahmoud, & Eklund, 2019).

Despite the numerous advantages that the blockchain would bring in the healthcare sector, the no-
tion is controversial due to the fine line between right and wrong access to health care histories (Agbo, 
Mahmoud, & Eklund, 2019). In America, breaches of privacy in the medical system are happening at 
an alarming rate (Agbo, Mahmoud, & Eklund, 2019). While blockchain technology ought to normally 
serve to enhance data security, about 40% of the medical breaches apparently yield from inside actors 
(Vazirani et al, 2019). This is to mean that the higher levels of accessibility enhanced by blockchain 
technology might bolster higher rates of inside privacy breaches (Vazirani et al, 2019).

To add to those challenges, there exist limitations as of the present state of the blockchain (Vazirani 
et al, 2019). Presently, every node in the blockchain network that processes transactions makes the 
blockchain very slow and unsuitable to deal with in the transactions in the real world which range in 
10,000 transactions per second (Agbo, Mahmoud, & Eklund, 2019). This inconsistency highlights the 
scaling challenge that the blockchain technology has to overcome for wider adoption across all the sectors 
(Agbo, Mahmoud, & Eklund, 2019). In addition, with the increase in use, the size of the blockchain is 
growing exponentially, making it hard for normal users to maintain the full copy of it (Agbo, Mahmoud, 
& Eklund, 2019).

It is important to note that blockchain is not at a level of optimal maturity (Agbo, Mahmoud, & 
Eklund, 2019). Its implementation needs a decent infrastructure and interconnectivity (Agbo, Mahmoud, 
& Eklund, 2019). Hence, there are highly technical challenges that can slow down it’s leaking into health-
care (Agbo, Mahmoud, & Eklund, 2019). Blockchain networks use nodes to run (Agbo, Mahmoud, & 
Eklund, 2019). However, most of the networks are novel and they lack the number of nodes to assist in 
extensive usage (Agbo, Mahmoud, & Eklund, 2019). According to Vazirani et al (2019), this inadequacy 
of resource manifests itself in the higher expenses as nodes look for higher compensations for completing 
transactions in a supply and demand cases. It also manifests itself in the slower transactions where the 
nodes priorities transactions with greater recompenses, the buildup of transactions.
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DISCUSSION AND CONCLUSION

Data sharing across health stakeholders and even within healthcare organizations is fragmented and 
inefficient (Vazirani et al., 2019), This leads to medical records often becoming inaccurate as they are 
passed between providers, potentially leading to duplicate or unnecessary treatment (Vazirani et al., 
2019). Enabling interoperability would allow information from appointments, wearable devices, and 
demographics to be shared among providers, giving them a more accurate and complete patient medi-
cal history and thus enabling them to provide a higher quality of care. This is important for healthcare 
delivery at multiple levels because the lack of interoperability in healthcare is one of the most common 
pain points that providers report. Through utilization of Blockchain technology we have the potential 
to ameliorate this problem.

This chapter has set out to bring awareness to the potential benefits for Blockchain in healthcare and 
as such serve as a primer. As discussed above, it is evident that blockchain technology has the capabil-
ity to solve several challenges afflicting the healthcare sector today. As a trustworthy technology, it can 
enhance new healthcare solutions. Also, as an incentive device, it can enhance new business models 
that may result in a novel dynamic among several healthcare shareholders such as patients and medical 
practitioners. It is true that there are a number of barriers as discussed above, but the relevant stakeholder 
needs to work together and to overcome these barriers for blockchain technology to go mainstream in 
the medical care industry. As blockchain is in its infancy, there is much that needs to be done in relation 
to exploring and learning about technology. However, this aligns to the responsibilities of the healthcare 
organizations and regulators. Nevertheless, the opportunities in medical care are obvious and thus it is 
time for a change in the medical care industry. Considering the need for transparency and the establish-
ment of a trusted architecture so that all healthcare stakeholders can share data in confidence efficiently 
and effectively, blockchain technology appears to offer a promise of an appropriate environment with 
multiple benefits to enable such a future to be realized and thus, is likely to develop into a needed tech-
nology for enabling prudent health data exchange management at various levels in the healthcare sector.
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ABSTRACT

3D printing has developed as a modification of an old injection printer. Today, it is rapidly expanding 
offering novel possibilities as well as new exciting applications for various sectors including healthcare, 
automotive, aerospace, and defense industries. This chapter presents key application areas within the 
healthcare sector. In medicine, 3D printing is revolutionizing the way operations are carried out, dis-
rupting prosthesis and implant markets as well as dentistry. The relatively new field of bioprinting has 
come to be because of advances with this technology. As will be discussed, numerous applications of 
3D printing in healthcare relate to personalized medicine. For instance, implants or prostheses are 3D 
printed for a specific user’s body, optimizing the technology to work for an individual, not an average 
user as with most mass-produced products. In addition, 3D printing has applications on the nanoscale 
with printing of drugs and other smaller items. Hence, 3D printing represents a disruptive technology 
for healthcare delivery.

INTRODUCTION

Chuck Hall is credited with the invention of 3D printing (Valchanov, 2017); he made the first 3D printer 
and used it to print a tiny cup. These were the first steps towards a revolution that would see major 
changes in the health sector over the years. Technology has played a key role in ensuring that the medi-
cal field continues to thrive. It therefore means that with the increasing needs in the market, engineers 
and other stakeholders have a sole responsibility of ensuring that more products are invented for better 
healthcare. The use of 3D printers has been one of the ways in which revolution has occurred in the 
healthcare system. 3D printing enables medical professionals to provide treatment for their patients 
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in different ways depending on their ailments. 3D printing is used to create replicas of organs, blood 
vessels, and bones to specific patients’ specifications (Valchanov, 2017). In addition, it is important 
for developing new surgical cutting and drill guides, and prosthetics. Recently, inventions in 3D has 
contributed to stronger, lighter, and safer products. This in turn has lowered the overall costs and the 
amount of time spent during treatment. Benefits have been accrued as the parts are tailored to fit each 
individual’s requirements. As such, patients are comfortable with their medical personnel interactions 
as they are assured of products that fit their anatomies (Wen & Korakianitis, 2018). Research has been 
conducted on 3D printing inventions with many scholars making several conclusions. In this literature 
review, the chapter will focus on the opportunities, benefits, challenges, and facilitators in 3D printing, 
an evolving area in supporting superior healthcare delivery.

BACKGROUND

3D printing is also known as additive manufacturing and has developed from rapid prototyping tech-
niques of the 1980s (Gibson et al., 2015). The drivers to change the design and manufacturing process 
are around new requirements such as a better integration on production line, a larger series of manufac-
turing and/or the need to reduce weight of products due to heavy costs of machines and materials (ibid). 
The ability to produce complex geometries allows proposing of design and manufacturing solutions in 
the industrial field in order to be even more effective (Gibson et al., 2015). The additive manufacturing 
(AM) technology has thus, developed rapidly with new solutions and markets which sometimes need to 
demonstrate their reliability. One developing market is the healthcare sector.

3D APPLICATIONS

Additive manufacturing, also referred to as 3D printing, has been used by different industries since its 
inception. Medical technology has however applied it extensively and this is an excellent opportunity 
to help patients with speciifc needs. Medical imaging techniques including computed tomography (CT) 
scans, X-rays, ultrasounds, and magnetic resonance imaging (MRI) scans are used in the production of 
the original digital model (Barrow, 2018). The produced model is then fed into the 3D printer which 
manufactures an excellent replica of the organ (ibid). The growth of additive manufacturing has been 
forecasted to increase in the future since the medical field comprises of numerous cases that need more 
inventions (Wen & Korakianitis, 2018). However, 3D printing offers opportunities in four core areas 
in the medical field that are important. These areas are the leading cause of its introduction into the 
medical field.
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ORGANOIDS AND BIOPRINTING TISSUES

Bioprinting is one of the readily available types of 3D printing used in the medical field (Wen & Koraki-
anitis, 2018). Bioprinters use computer-guided pipettes which layer living cells, known as bio-ink, on one 
another’s top, thus creating an artificial tissue (Wen & Korakianitis, 2018). The tissues made, known as 
organoids, are extensively used in healthcare research since they mimic organs but on a miniature scale. 
Recently, there have been trials to have them as cheaper alternatives to human organ transplants since 
they would function the same (Wen & Korakianitis, 2018). In the United States of America, a company 
known as Organovo, is currently researching and experimenting on how printed liver and intestinal tis-
sue can be utilized in studying human organs (Valchanov, 2017). In addition, the company is using the 
same technique to see whether they can develop drugs for treating certain diseases (Valchanov, 2017). 
The company’s efforts have been succeeding since in May 2018, they presented pre-clinical information 
showing the functioning of its 3D printed liver tissue (Valchanov, 2017). The organ was developed in a 
program targeting type 1 tyrosinemia, which is a condition that impedes the metabolic ability of a body 
when handling tyrosine, an amino acid due to lack of a crucial enzyme (Valchanov, 2017).

Research has also been conducted at the Wake Forest Institute in North Carolina, where they adopted 
a 3D brain organoid (Valchanov, 2017). This has potential applications incorporating discovery of drugs 
and disease modelling (Valchanov, 2017). In May 2018, the university announced they had made sig-
nificant progresses having acquired a fully cell-based brain with functioning blood which is a mimicry 
of the normal human brain (Valchanov, 2017). The university has also been working hard to mimic skin 
grafts that would play a significant role in assisting burn victims (Valchanov, 2017).

SURGERY PREPARATION USING 3D PRINTING

Prior to undertaking comprehensive surgical operations, there is always a need to practice with similar 
organs. 3D printing makes this possible by allowing the creation of patient-specific replicas which the 
surgeons can use in undertaking the processes. Such procedures have been carried out over the years 
and they are slowly becoming routine. Spinal procedures and complete face transplant are some of the 
specific areas that have seen 3D printing undertaken and great successes have been realized (Valchanov, 
2017). In Dubai for instance, hospitals are at liberty to apply 3D printing when they are carrying out 
different operations (Valchanov, 2017). Recently, doctors operated on an individual that had cerebral 
aneurysm occurring in four veins (Valchanov, 2017). They used a replica of the arteries and this assisted 
them greatly in navigating the complicated parts of the patient and the operation was fully successful 
(Valchanov, 2017).

Kidney transplant has also been a candidate, with doctors taking crucial operations using 3D prior 
to the main operation (Valchanov, 2017). Such happened in Belfast, whereby doctors operated on a 22-
year old woman but developed complications later (Valchanov, 2017). The problem was that her father 
had an incompatible blood group and they discovered a cyst in the donated kidney (Valchanov, 2017). 
The doctors however, used 3D printing to determine the size and location of the cyst (Valchanov, 2017). 
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Clearly, 3D printing is making milestones in easing operations (Vander & Stocksman, 2017). Previ-
ously, doctors did not have clear knowledge on the patients that they would be operating on and this 
made it more difficult. As a result, more people would die because of challenges resulting from human 
error performed during the operations. With 3D printing being in place, doctors are able to determine 
the exact procedures that they are going to undertake and have it in their mind. When they undertake 
operations therefore, it is always easier. 3D printing has therefore proved to be a great way of carrying 
major and complex operations.

SURGICAL INSTRUMENTS PRINTING USING ADDITIVE MANUFACTURING

In a research conducted on 3D printing, Valchanov (2017) discovered that they have the ability to produce 
haemostats, forceps, scalpel handles, and clamps. Not only does 3D printing have the ability to make 
these sterile surgical tools but it also uses a traditional Japanese practice known as origami, where they 
can be made extremely small (Valchanov, 2017). The instruments created in this instance can be used to 
carry out operations in tiny areas without causing unnecessary damage to the patient (Valchanov, 2017). 
However, working with such instruments needs a high-level concentration to avoid leaving them in the 
body of the patient (Valchanov, 2017). There has been reported cases where patients have suffered long 
after their operations ended (Vander & Stocksman, 2017). Therefore, the discovery of 3D printing has 
made it possible for better and more minimally invasive operations to take place (Vander & Stocksman, 
2017).

CUSTOM MADE PROSTHETICS USING ADDITIVE MANUFACTURING

Additive manufacturing can be utilized in the making of prosthetic limbs that suit the individual wear-
ing them (Vander & Stocksman, 2017). Traditionally, people with amputated limbs have had to wait for 
long periods of time before they could get their limbs but with 3D printing, the process has been sped 
up (Vander & Stocksman, 2017). The process is also cheaper since the materials used are better and 
they offer the same functionality as the traditional forms of manufactured limbs (Vander & Stocksman, 
2017). Dodziuk (2016) notes that the lowered prices are most appropriate especially for children who 
naturally would outgrow the limbs and might need replacement which in the traditional forms would be 
expensive (Dodziuk, 2016). Consequently, with 3D printing, the patient gets the chance to choose the one 
that suits his or her needs (McDaniel, 2017). Body Labs has created a system where patients can get to 
design their limbs in ways that suits them (McDaniel, 2017). Research is also ongoing at Massachusetts 
Institute of Technology to design better limbs sockets (McDaniel, 2017).

3D printing is not a new technology (McDaniel, 2017). It is slowly entering into high dynamism with 
wide range of advancements and increased adoption levels (McDaniel, 2017). There are more clinical 
applications and researches are ongoing to introduce more forms of additive manufacturing (McDaniel, 
2017). Radiologists and other stakeholders are positioned to spearhead this revolution in the medical field 
(Dodziuk, 2016). Such people have the opportunity to engage key challenges taking place in the medical 
field. Undertaking such moves will take imaging into greater heights and help to solve clinical problems.
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BARRIERS TO 3D PRINTING

Despite the successes enjoyed by 3D printing, it is clear that there are numerous challenges that the 
medical advancement faces. Manufacturing blood vessels in the bioartificial graft is a great challenge 
even now. In his research, Valchanov (2017) notes that the manufactured vessels can develop necrotic 
core due to inadequacy in oxygen and nutrients supply (Valchanov, 2017). Therefore, the only solution 
is the manufacture of simple organs that do not experience such complexities (Valchanov, 2017).

In addition, carrying out these printing requires a high-level knowledge. Most of the engineers in 
the industry might not have the knowledge required to manufacture these complex printers (Valchanov, 
2017). The lack of such engineers makes it difficult for greater progress to be made in the long run. 
Consequently, Valchanov (2017) states that the most excellent height required for extrusion-based 
printers is in most cases 10 micro-meters. However, this is only achievable by some high-end machines 
and most of the low and middle-end machines can only go up to 50 micro-meters at most (Valchanov, 
2017). Therefore, the manufacturing of complex structures including liver lobes or kidney glomerulus 
is not achievable for now.

LACK OF REIMBURSEMENT

In a detailed study carried out in 2018, Bryant (2018) discovered that deficiency in reimbursement is 
a major blow to hospitals planning to establish 3D printing labs. In some cases, a joint 3D printed im-
plant or bone fixator may have been reimbursed (Bryant, 2018) However, the 3D model of an individual 
patient’s anatomy and the professional fees are not paid in most cases (Bryant, 2018). This is a great 
barrier since some of the patients may not be able to afford these treatments as it might be too expen-
sive for them (Bryant, 2018). The key is that professionals have to be paid for their services since they 
undertake their work seriously (Bryant, 2018). Any individual willing to have an implant or any other 
product must pay the professional fees and many researches have cited this as a great challenge for this 
form of treatment (McDaniel, 2017).

ETHICAL CONCERNS

In addition, there are ethical concerns in regards to using 3D printing in human treatment (McDaniel, 
2017). A key issue is whether it is ethical to use human stem cells, implant biomechanical devices into 
human bodies, and the complications that might arise from undertaking such measures (Valchanov, 
2017). For some people, they think that inasmuch as these practices help humans, they are not favour-
able owing to the structure that God made man and hence there is the notion that adding anything new 
is not ethical (Valchanov, 2017). Such remain unresolved concerns that stakeholders have to encounter 
while advancing the processes (Valchanov, 2017).

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



225

3D Printing in Healthcare
 

REGULATIONS

The future of 3D printing is dependent on the numerous regulations that have been introduced into this 
field (Valchanov, 2017). In the United States, medical devices have to be regulated by the Food and Drug 
Administration (FDA) (Wang, 2019). The FDA has been tracking the 3D printing industry and flagged 
several devices for use made from imaging data. Moreover, such regulations have been a challenge since 
high experience and expertise has to be applied if the devices have to pass (Wang, 2019). However, the 
growth of technology is fast and regulations have to keep changing based on what is being manufactured. 
For better devices and products, regulation plays a fundamental role overall (Wang, 2019).

BENEFITS

The medical field is one that is directly impacted by advancements in technology. The incorporation of 
3D printing into the medical field has helped in improving health for numerous people. Doctors can now 
work faster since the new technology shortens theatre time and improves operation results (Jones et al., 
2016). Specialists are using 3D printing in various ways and this has contributed to faster advances (Jones 
et al., 2016). Prosthetics and implants enable patients to experience improved care (Jones et al., 2016). 
Other advances such as the use of 3D printing pens also play a key role when carrying out orthopaedic 
surgery (Jones et al., 2016).

Consequently, the low cost prosthetics created makes it possible to treat people especially in war torn 
countries. In such nations, it is impossible to afford advanced prosthetics and the cheaper ones come 
in handy (Jones et al., 2016). In addition, the waiting time is drastically reduced as the manufacture of 
these products does not take time (Barrow, 2018). Low income or hard to access areas can therefore 
benefit from the products made from 3D printing (Barrow, 2018). In addition, customization is also 
another benefit that patients can get from using 3D printed products (Barrow, 2018). The traditional way 
of making prosthetics is extremely expensive since they involve personalization (Jones et al., 2016). 3D 
printers give the patients an opportunity to choose the size, colour, design, and form of their prostheses 
(Jones et al., 2016). Thus, patients are able to have a prosthetic which suits him or her at an affordable 
price (Jones et al., 2016).

FACILITATION OF 3D PRINTING

According to research, there are no universities and colleges in the United States that are currently 
teaching on ways to handle 3D printing. Therefore, it is more of a mentor/mentee relationship in this 
advanced field of medicine. Hence, people have to learn on their own or reach out to colleagues with 
better ways of handling 3D printing price (Jones et al., 2016). Experience is vital when teaching this kind 
of practice as the person receiving it has to understand and know how to apply the same (Matsumoto et 
al., 2015). However, this has caused concerns on craftsmanship. For instance, compensation has to be 
offered when melted metals cool down (Matsumoto et al., 2015). Trial and error is a huge risk in this 
field and hospitals seeking to undertake it need to have better personnel to handle (Matsumoto et al., 
2015). Thus, the hospitals avoid losing money to trial and error (Matsumoto et al., 2015).
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DISCUSSION AND CONCLUSION

It is clear that 3D printing is a revolution to the medical field. Many of the complications that have oc-
curred in the past, for example around joint surgery, are being addressed with the introduction of this 
technology. As outlined, 3D printing has numerous opportunities where applications have played a 
fundamental role in helping patients. In particular, key areas include: 1) bioprinting and tissue engineer-
ing to ensure implants e.g.; artificial lung are personalised and specifically designed, 2) pharmacology, 
where it could be possible to 3D print drugs, 3) surgical rehearsal, 4) customised prosthetics, so that 
knee replacements, hip replacement or spin vertebrae replacements can be tailored and more effective, 
5) especially in very complex cases it is possible to practice using 3D printed models of the real person, 
and 6) it is even possible to envisage distribution of production so that joints and models can be printed 
as need in the local hospital or clinic.

In addition, there many accrued benefits such as cost reduction, faster treatment and better healing. 
However, this does not come without experiencing problems. Doctors have been facing the challenge of 
manufacturing blood vessels and other complexities that patients may need. Comparing this advance-
ment to the previous medical milestones, it is clear that it has changed numerous things (Matsumoto et 
al., 2015). The facilitators which include the radiologists, face the training challenge but they need to 
undertake the human anatomy of the victim before carrying out any major operation in them. Ethically, 
3D printing has been challenged with people being concerned whether it is appropriate to have foreign 
material in someone’s body. However, with these advancements and more developments, it is without 
a doubt that 3D printing has been fundamental in providing changes to healthcare delivery and a better 
patient experience and opportunities for medical practitioners worldwide.
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ABSTRACT

Cancer is among the top three chronic diseases both in developed countries as well as underdeveloped 
countries. The diagnosis, medication, and treatment for cancer is extremely costly. Typically, cancer 
treatment involves surgery, radiotherapy, and chemotherapy. Owing to the extremely high price of 
medicine and treatment along with cytotoxicity of medication, cancer treatment warrants extraordinary 
care in treating cancer patients. Oncology information systems (OIS) provide an all-in-one solution 
for such problems. The OIS can integrate different treatment protocols and update change in dose and 
treatment in real time.

BACKGROUND

Cancer is considered as one of the leading causes of death among other chronic diseases (AIHW, 2017, 
Torre et al., 2016, Pesec and Sherertz, 2015, Torre et al., 2015). In Australia, it was found that by the age 
of eighty five, one in two Australians is detected with cancer whereas cancer will be the cause of death 
for 20% of population (1 out of 5) . Cancer is affecting more males (approximately 53.8%) than females 
(approximately 45.6%) (AIHW, 2017). Around 33% of males while 20% of females are diagnosed with 
cancer by the age of 75 (2017). It was estimated that in 2017 around 134,174 people were identified as 
cancer sufferers and it appears that by the year 2020 there will be 150,000 people suffering from cancer 
(AIHW, 2017).
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Figure 1, shows the age specific pattern in the Australian population (Connell, 2017). As can be eas-
ily seen, below the age of 30, the pattern is almost the same in both males and females while it shows 
a change in pattern over 30 (ibid), more females are found to suffer than males until it reverses around 
54, where the male population seems to suffer from cancer more prominently than females ibid). In 
general, people living in Australia have a better chance of survival than people living in other parts of 
the world (2017). This is attributed to better awareness and improved clinical care (Crawford, 2013). 
The overall reduction in cancer incidences in Australia is primarily due to decreased number of cases in 
prostrate cancer in men (2013). This decline in cancer trends could be associated to increased awareness 
and prostrate specific antigen (PSA) testing in males (2017). For a cancer patient surgery, radiation and 
chemotherapy are considered as a generalized treatment (Crawford, 2013), which are expensive treatments 
(Paul et al., 2017, Paul et al., 2016); fortunately, for Australians, the healthcare system pays most of the 
cost which is estimated around $4.5 billion (AIHW, 2017). As cancer treatments involve utilization of 
radiation and cytotoxic doses, critical control over the amount and time duration for procedure is very 
critical so as to avoid any damage to the healthy cells (Wickramasinghe et al., 2015).

What is OIS (Oncology Information System)?

Thanks to new innovative technologies and their non-traditional employment in disease detection and 
treatment, we have better health outcomes and improved survivor rates (AIHW, 2017). We are living in 
the age of information technology and have effortless access to new research findings being conducted 
in any corner of the world. This influx of information through electronic and print media serves to im-
prove health and wellbeing (Duckett and Willcox, 2015). In general, people are living longer and demand 
better disease management, which stretches the overall healthcare budget of global healthcare systems 
(Nutbeam, 2008). This situation becomes critical when we are dealing with cancer treatment which is 
already expensive and can lead to fatal consequences with tiny mistakes in treatment, records or failing 
to get to a scheduled appointment, consequently wasting resources and time for such a costly treatment 
in already stretched healthcare system is a key problem (Berwick, 2003).

To increase the efficiency and usefulness of healthcare, providers have started using medical infor-
mation systems which reduce errors and keep up to date information regarding patients’ medication, 
electronic health records and their test results all in one place (Sulaiman and Wickramasinghe, 2014, 
Wickramasinghe and Schaffer, 2010). These electronic healthcare records (EHR) aid in better management 

Figure 1.
Source: Australian Institute of Health and Welfare
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of records thus avoiding duplication of records, eliminating repetition of tests /imaging and treatment 
(Duncan et al., 2010, Hillestad et al., 2005). The need to use information systems for cancer patient has 
become very important, as it uses toxic medicine and radiation to control the malignant tissues, thus 
oncology information systems were developed to aid healthcare providers and enable an all in one solu-
tion (Evans et al., 2014, Fasola et al., 2008). The oncology information system (OIS) can coordinate 
different treatments from multiple sites and multiple users. Many oncology information systems (OISs) 
are capable of instant access and update records in real time and can convey change throughout the treat-
ment chain to keep surgeon, physician, pharmacist and nurse up to date regarding the state of tumour/
disease progress as well as help in supporting informed decision making drawing on cancer registry 
data (Duncan et al., 2010). Each patient has its own journey of recovery and recurrence of cancer thus 
each patient requires a unique pathway for treatment as their treatment plan and recovery vastly differ 
owing to a variety of factors (2018d, Štambuk et al., 2010). To achieve better and faster results for each 
patient, the entire journey to recovery needs to be customised and personalised (2018c), and thus we are 
seeing the adoption of precision medicine techniques.

Oncology information systems can not only integrate all treatment plans e.g., surgery, radio or chemo 
therapy but also control and update pharmacists to prepare for reorder or cancel further ordering saving 
cost on inventory and time for reordering all through one single system (Crawford, 2013, Herre and 
Heller, 2004). The oncology information system (OIS) is also capable of integration within a single facil-
ity or across different healthcare providers giving access only to authorized personnel to data regarding 
radiation oncology, particle therapy and medical data database (Janssen et al., 2017, Wickramasinghe 
et al., 2015). OIS also acts as an agent for quality control and creating disease specific clinical protocols 
through managing standardized and coherent care (Krayenbuehl et al., 2015). OIS helps clinicians observe 
and attach images in single files and supervise the dose quantity and later review progress in treatment 
through images without leaving the single system to establish if a dosing plan needs to be changed or 
kept to the same pathway (Cheng et al., 2011).

METHODOLOGY

This study was conducted with a focus to analyse the oncology information systems (OISs) to evaluate 
and compare their suitability and operability within the Australian healthcare system. We selected 3 
leading Oncology information solutions which were developed and are already being used in the United 
States or Europe. A Comparative analysis was done from data and information available from electronic 
and print media. Moreover, we visited different healthcare sites (both in the public and private sectors) 
to conduct focus group discussions with patients, clinicians and healthcare management to gain in depth 
understanding of their point of views and desired features they would like to see in OIS and how these 
features might help in making these OISs a better choice. Appropriate ethic clearances were secured. 
The preliminary comparison is presented in Table 1 and described in discussion section.
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Oncology Information Systems and their Evaluation in the Australian Context

In the current study, we reviewed 3 different leading international oncology information systems. Our 
main focus was to determine their relevancy and valuable features and find missing and mismatched 
components for the Australian Healthcare system. In particular, we searched for the oncology (cancer) 
treatment and information system features to integrate them into Australian healthcare system. Overall 
a brief and to the point summary is reported in Table 1. The overall review of these systems as relevant 
to oncology patients, clinicians & healthcare managements was then discussed further with the different 
focus groups. From a comparative point of view, most of the systems have been designed either in the 
US, Europe or other advanced countries, these countries and regions have different healthcare systems 
to that of the Australia, which has a two tier complementary public and private system. The Australian 
public healthcare system is unique in providing healthcare services which is substantially supported by 
Government agencies, augmented by private insurance, while there is also a parallel system of private 
healthcare providers which includes VMOs (visiting medical officers). Thus, any system designed for 
overseas healthcare system needs to be customized or adopted to make full utilization of the system and 
improve the patient experience and satisfaction in the Australian context.

Almost all the systems have in common inclusion of billing system, image visualization & manage-
ment, paperless communication and fast data transfer while all of them lack the inclusion of Pharma-
ceutical Benefits Scheme (PBS)/Medicare Benefits Schedule (MBS) and insurance share calculation. 
Pharmaceutical Benefits Scheme started in 1948 to provide free medication to pensioners and a limited 
life-saving and disease prevention listed medicine free to general public. Now PBS provides subsidized 
medication for most of the diseases for eligible persons (2018a), whereas MBS helps in managing sub-
sidised medical services (2018b).

The OIS -1 has some features which distinguish it from other including review dosimetric images for 
IMRT, ability of scheduling appointment, remote image review, customisation of forms & questionnaire, 
ability to attach images/files/photographs to documents and continuous data protection while ensuring 
minimal data loss and immediate data recovery through HARRP system. Whereas prominent features for 
OIS -2 are 3D viewer, RTP, XVI, iView GT integration, stereoscopic & volume registration and elimination 
of error-prone work through tight integration that enables transition of seamless data between different 
tools. In OIS – 3, along with other features, the most intriguing feature is estimation and comparison 
of cost, complications, toxic analysis and even analysis between different practice centres and clinics.

DISCUSSION AND INFERENCEX FROM COMPARISON OF OISS

Table 1 gives the major comparative details of the OISs under consideration. On examination, it is 
obvious that these OISs have been designed to provide a unique solution for oncology clinicians and 
healthcare providers to access data regarding patient history, treatment plan, amount of dose, tracking 
improvement, image visualisation, medication prescription, and other relevant information but they 
overlooked the main character in whole story “the patient”. It is completely understandable that the 
clinicians and healthcare providers have a key responsibility in determining which OIS suits best for 
treatment and their existing infrastructure but they altogether miss the patient and their care and only 
focus on the provider’s point of view. Consequently, the patient was not at the centre of treatment rather 
the clinicians were (Saletti et al., 2018).
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In the modern era, the focus is shifting from clinicians and hospitals to the patient, family members 
and care givers. From the patients, family members and care providers’ point of view, it was found that 
the person who suffers the most is the cancer patient and family members. However, patient and family 
members’ needs and desires tend to be the most ignored during the treatment and recovery phases and 
hence the patient experience is less than satisfactory. For many clinicians, nurses and healthcare pro-
viders, the patient is just another subject and one more case study for different treatments. The patients 
were desirous of more empowerment and access to information and data through psychological surveys, 
awareness/training, visual treatment and booking/cancelling/rescheduling their appointments. Further, 
having the capacity to participate in patient reported outcomes and self-reporting pain and progress of 
recovery on a daily and hourly basis was key for them to improve their patient experience. Many patients 
also wanted the ability to log their medication e.g., missing and on-time or ordering for repeats.

To summarise, the key factors from Australian patients’ point of view include:

• Pain time/date, duration grading and registering
• User friendly interface, graphical icons and ease of interpretation
• Automatic concession and payments through PBS/ MBS and private insurance
• Personal and individualized psychological, emotional and social support or stories
• Up to date knowledge on their disease, new treatments and ongoing research in the field
• Visual experiences and training for clinics, treatments, therapies and location/parking
• Making sure for privacy and confidentiality of patient data while making it anonymously acces-

sible for researchers to compare similar cases for implications and treatment.

Clinician and healthcare provider’s highlighted that the different healthcare providers of the variety 
of systems for patient data registering. Most of the systems are unable to communicate with each other 
which creates hurdles for clinicians who must work with multiple systems. With the mergers and collabo-
rations, hospitals and healthcare providers are forming alliance to better utilize resources. Therefore, the 
alliance of healthcare providers warrant the integration of isolated old operating systems and machines 
to get patient data access from within and across multiple sites. Once this challenge of integration is 
overcome through OIS, variation in already existing infrastructure and their versions; poor integration, 
disrupted work flow is expected to be resolved.

After discussions with oncology clinicians and managers at different healthcare organisations, critical 
factors were identified to improve the overall performance of OIS include:

• Compatibility with international, Australian, states and regional standards
• Ability to operate and transfer of data with already present assets and future provision
• Inclusion of Australian/Victorian healthcare system e.g., VMOs (visiting medical officer) and 

nurses for calculation of share and payments by patients after Medicare.
• Capability of billing and applying concession through PBS, MBS and insurance systems
• Communication of change in plan in real time with access to data from multiple sites/users
• Highly secure communication by encryption and safe from cyber security issues
• Capability of auto initiating and notification for change in plan in medication or radiation to the 

related doctor, radiologist, pharmacist and patient.
• Keeping track of treatments across the facilities for consistency, timelines and cost
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Table 1. Comparison of different leading international oncology information systems (OIS) in Australian 
context

OIS – 1 OIS – 2 OIS – 3

Therapies (Chemo & 
radiation)      Yes • Yes • Yes

Payment

• Billing 
• Calculation for missed-procedure 
billing 
• Export billed items to billing 
software

Billing and other third-party systems Claims and billing data from financial systems

Image management

• Comprehensive review of clinical 
images 
• Optimized image-guided treatment 
techniques 
• Review images remotely and send 
set-up instructions to the treatment 
machine 
• Review dosimetric images for IMRT 
pre-treatment quality assurance 
• Compare images using automatic, 
manual or fiducial marker-matching 
algorithms 
• Attach images, files or patient 
photographs to documents

• Sophisticated image visualization 
& distribution 
• 3D viewers: RTP, XVI, & iView 
GT™ integration, adding and 
synchronizing tools, 2D image 
registration, volume image viewing 
• External image registration 
• Stereoscopic & volume image 
registration 
• Setup details, immobilization 
devices and reference images 
entered into treatment chart

Present complex, personalized analytics on 
individual patients based on clinical, molecular, 
and other relevant data in a clinically actionable 
format

Clinician led & 
patient-centric

• Appointment scheduling, review 
images remotely, customisable data 
collection forms and questionnaires 
• Attach images, files or patient 
photographs to documents

• Electronic patient management 
allows users to achieve a paperless, 
filmless working environment; 
treatment setup workflow 
management

• Configure CARE reports to contain 
personalized analytic content and historical 
patient content formatted to your institution’s & 
clinician’s specific needs

Information & 
analytics Pain scoring to identify trends Trend analysis

Integration, aggregation & personalized analytics 
on highly complex, disparate, multi-institutional 
data sources

Adherence to agreed 
standards and 
interoperability 
& leveraging 
existing assets and 
capabilities

• Automates patient-data transfer 
with external hospital systems using 
standard communication protocols

• Seamless connectivity to virtually 
any linear accelerator & treatment 
planning system from any vendor, 
providing unmatched integration, 
freedom and flexibility

IT team, data and network security resulting in 
very fast time-to-value.

PBS / MBS __ __ __

Robust privacy, 
security and data 
protection

• Built-in EDI (electronic data 
interchange) for secure online claim 
submissions 
• High Availability and Rapid 
Recovery Protection (HARRP) 
continuous data protection and 
ensures minimal data loss and 
immediate recovery

• Eliminate error-prone work 
through tight integration that enables 
the seamless transition of data 
between tools

__

Safety and Quality • Facilitates compliance with the 
Work Health and Safety (WHS) Act

• Manual, barcode and biometric 
patient identification and 
verification options provide 
multilevel safety checkpoints

Quality and safety reporting.

Comparison of 
cost, complications, 
toxicity and practice

__ __
Comparison of cost, complications, toxicity 
and even comparison between different practice 
centres or clinics
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From the healthcare provider perspective, the existing assets are equally important and their utiliza-
tion/integration in the OIS and future features needs to be considered to make the OIS more attractive 
to healthcare providers. Similarly, calculation of payment share for VMOs and nurses, integration of 
PBS/MBS and private insurance benefits are missing and it also makes it difficult for OISs incorpora-
tion and implementation. Healthcare providers also had a desire to add safety and quality control related 
forms and protocols to avoid any legal or ethical issues. The need for web-based login was also a point 
to be considered as specialists work in different organizations as independent and they need to access 
data/images of patients and treatment equipment and not all the organizations have same solutions and 
licensing issues restrict access. Consequently, the patients suffer delays and missing of appointments 
and procedures.

• The new system being introduced should create value in terms of money and productiveness
• The OIS should be able to Integrate with existing assets and must have capabilities with future 

equipment and easy to upgrade
• Calculation and distribution of share for PBS/ MBS, specialists and nurses should be available
• To make it more attractive to VMOs, there should not be any licensing issues within and among 

different healthcare providers, better if its web-based with login access from anywhere
• There should be protocols and registering system to track safety and quality issues in treatment 

dose, cost and scheduling of appointments.
• Compatible data format for real time data accessing, updating, storing and transferring of change 

in plan from multi sites/users without compromising on patient privacy.

CONCLUSION

Cancer has already became a significant global health issue and has caused substantial disruption to the 
budgets of the general public and governments around the world because of expensive medicine and 
treatments. Using oncology information systems can help in providing more effective and efficient care 
for patients. OIS can also help in bringing imaging data, medication, radiation, recovery, progress and 
change in plan all in one place giving multiple users and multiple sites access. A comparison of 3 leading 
international OISs followed by focus group discussions with patients, clinicians and healthcare service 
providers was conducted. The key points have been summed up in Table 1. It is evident that as most of 
the leading international OIS are developed either in the US or Europe, they are not aligned with the 
Australian context and cannot be adopted as is into Australian healthcare system but must be suitably 
tailored first if their true potential is to be realised. Patients indicated the need for these systems to also 
support their needs such as access for making/ modifying appointment, having literature regarding their 
symptoms, disease and possible pathways related to treatment, its protocols, out of pocket costs, con-
necting with survivors, support for family members, recording of pain time, its duration, rating & and 
last but not least the missing or overdose logging of medicine. While clinicians and healthcare providers 
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highlighted the need for web based omni login from anywhere, easy transmission of data & operability 
between existing systems and assets along with provision of inclusion of future equipment, access to 
visiting medical officer (VMOs) and government agencies (PBS/MBS) for up to date data monitoring and 
for subsidised treatment through Medicare (PBS/MBS) need to be considered with respect to designing 
such systems of these key factors into any oncology information system will make such system more 
likely to gain strong clinician and healthcare providers’ support and better patient satisfaction for the 
Australian healthcare environment.. Hence, our study serves to highlight key areas that must be attended 
if these systems are to be actually beneficial in the Australian healthcare context.
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ABSTRACT

Patient lead time in emergency units is a critical factor for quality of care and patient safety. The objective 
of the chapter is a public emergency care hospital of a Brazilian city, important for its localization in the 
second more populated area of the city. Green risk patients constitute more than half of attendances and 
represent the largest volume of out-of-goal attendances in the hospital. Considering this analysis, it was 
conducted the process modelling in order to understand patient pathway and the main related problems. 
A list of undesirable effects was subsequently composed, allowing the construction of the current reality 
tree (CRT). With the root causes identified, the literature suggested fast track as an alternative to reduce 
the average waiting time in queue until the medical care. The method used for testing scenarios of fast 
track was discrete events simulation.
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INTRODUCTION

In the last few decades, hospitals across the world have faced economic pressure (Capkun et al., 2012). 
Modernization of hospital structures has a two-fold objective: improving quality of care and reducing 
healthcare costs. The demand for productivity and quality in service recognized in the past still an issue 
now a day (Sundbo, 1994; Vahatlo & Kallio, 2015; Spiegel & Assad, 2018).

In Brazil, as a constitutional principle, people have the right to health, which is a State duty (Brasil, 
1988). However, pragmatic differences and difficulties arise when the resources needed to support this 
right are restricted (Tieghi, 2013). As defined by Hollnagel et al. (2013, p. 59), healthcare is “an open, 
extensive and widely effective system characterized by large numbers of people, emerging and adaptive 
behaviors over time.”

In this context, designing healthcare operations refers to a complex object, which includes making 
decisions about the size of the health unit and its location, which healthcare flows will be available, 
what is the policy of hospital materials management, which IT system should be implemented accord-
ing to the regulatory apparatus, among others (Spiegel & Cameira, 2016). The healthcare operations 
management refers to decisions and actions that occur within the limits defined by the operating system 
design. It includes activities such as the implementation of policies, procedures and strategies, contingent 
decision-making, process coordination, problem identification and resolution, response to uncertainty 
and unforeseen problems, and rewarding people (Spiegel et al, 2016). Improving the system refers to 
experimentation and learning activities aimed to improve operational performance over time (Gino & 
Pisano, 2008, p. 6).

In healthcare delivery systems, the problem of long waiting times is complex and highly variable 
(La & Jewkes, 2013). In some particular cases, such as emergency hospital units, the system is subject 
to demand peaks triggered by external and therefore uncontrollable events, where each patient presents 
a unique set of needs (Smith et al., 2007). Thus, this system needs to be designed to deal with variabil-
ity in a scenario where there is an incompatibility between the investments and their potential demand 
(Hall, 2013).

The inefficiencies from wastes in the health service management also constitute a problem. To obtain 
efficiency gains in health services means reconciling different dimensions, such as quality, reliability, 
speed, availability and cost compatibility (Spiegel & Assad, 2016). Within the service operations strategy 
literature, there is a small but growing body of work that explores the links between operations strategy 
and healthcare performance (Silva et al., 2015). As discussed, this link is now even more important con-
sidering healthcare costs, the increasing importance of quality in healthcare, and current demographic 
patterns. Operations strategy has flourished as a field, yet there is still much to be learned regarding how 
this knowledge can be effectively applied within the healthcare setting. Specifically, how transferable 
are these manufacturing-derived principles to a setting where quality and costs take on a very different 
meaning (Spiegel & Cameira, 2016)?

La & Jewkes (2013) suggested that operations research (OR) techniques provide healthcare adminis-
trators a method of applying advanced analytical methods to facilitate better decision making. From this 
perspective, simulation and process modeling are essential tools for understanding resource allocation 
and utilization, as well the assessment of current and proposed system workflows.
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In this sense, this research aims to use Process management tools and Discrete event simulation to 
reduce the average waiting time until the medical care process in an emergency unit. It contributes for 
both the healthcare area and the literature.

BACKGROUND

Emergency Departments Operations Management

According to Hall (2013), in emergency departments, depending on the nature of the disease, patient 
can be referred to an outpatient clinic or to a doctor and nurse in treatment rooms. This referral must 
be specialized by the level of urgency or disease type (orthopedics, for instance). It is conducted in risk 
classification phase by nurses whose associated functions are the patient’s prioritization and stabilization. 
However, the emergency department proposal for resolution also involves patient’s ability to provide 
resources, which are necessary for patient treatment and diagnosis.

Emergency department (ED) provides services to patients carrying various clinical conditions, who 
demand instant and efficient medical operations at any time (every day and 24 h per day). Planning an 
efficient medical operations leads to dealing with a great challenge: patients who do not need appoint-
ments to come to an ED, while managers efficiently try to allocate professionals to fill all ED attendance 
phases (e.g., registration, risk classification, and consultation). This effort is done in order to provide 
timely treatment to patients within limited financial budgets (Guo et al., 2017).

ED plays an important role in the whole healthcare system and regardless of hospital sizes, it is an 
area with complex interactions and multiple actors who are involved in interrelated processes. These in-
teractions must occur in an orchestrated way in order to provide optimal patient care. In terms of volume, 
it is estimated that emergency department accounts for 40% to 70% of all hospital care (Strauss, 2014).

Sometimes the demand of emergency department exceeds capacity (overcrowding) (Hopp & Lovejoy, 
2013) due to demand characteristics, which are described above. ED overcrowding is considered to be a 
serious problem and it has a critical impact on patient’s safety. It could reduce survival chances of severe 
patients caused by the long waiting time (Nahhas et al., 2017).

EDs face, worldwide, an ever-increasing arrival of patients. Patients average in waiting to be evalu-
ated by an ED physician in the USA has increased from 46.5 to 58.1min between 2003 and 2009. In 
Canada median risk classification-to-physician time has increased from around 40 min to nearly 120 
min between 2000 and 2007. This increase in waiting time has lead to adverse clinical outcomes and a 
more stressful environment at ED. Evidence suggests that mitigation of crowding in EDs is associated 
with better clinical outcomes (Barak-Corren et al., 2017).

According to Litvak (2009), hospital flow can be affected by natural and artificial variability. Natural 
variability is the one where parameters are not measurable, such as, professional variability (knowledge 
asymmetry, experience and skills among the professionals that provide service), clinical variability 
(patients come with different diseases, different clinical conditions and different responses even when 
they undergo the same treatment) and flow variability (patients do not arrive with certain rate, they come 
when need medical attention).
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Therefore, natural variability occurs randomly and must be managed on a daily basis. On the other 
hand, in artificial variability, parameters are measurable. Such as those associated with scheduling 
practices (a schedule that seeks to maximize resource utilization can, for instance, generate conflict 
with emergency patient care, leading to cancellation of one or more elective surgeries); patient flow 
management (treating hospital patient flow on an aggregate basis instead of distinguishing patients with 
more severe conditions, those who must be seen faster than others) and resources availability (ICU beds 
or nursing ward, equipment, human resources are, among others, unavailable and can increase queues, 
leading to surgeries cancellations and, in some cases, increase death rates). So, they are non-random 
variability and must be eliminated.

Table 1. Optimizing hospital processes models: classifications and categories.

Classifications Categories

Type of model

Computer simulation

Descriptive

Analytical

Type of problem

Process Design

Capacity problem

Scheduling problem

Kind of department

Operating room

Inpatient

Outpatient

Imaging diagnosis

Other

Objective of study

Designing a model

Comparing models

Using a model

Critiquing/ proposing a model

Outcome measures

Waiting times

Needed capacity

Cost

Utilization

others

Validated in practice Yes/no

Generic Yes/no

Source: adapted from Van Sambeek et al., 2010.
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Discrete Event Simulation

Van Sambeek et al. (2010) categorize decision-making models related to design and control processes 
that involve patient flows in hospitals. The authors’ objective is to map out how hospitals try to achieve 
the goals of higher quality and higher resource allocation efficiency in the field of operations manage-
ment (OM) and operational research (OR). The synthesis of this categorization is presented in Table 1.

Shannon (1975) defines simulation as “process of elaborating a model of a real (or hypothetical) 
system and conducting experiments with the purpose of understanding the behavior of a system or 
evaluating its operation”.

Discrete Event Simulation (DES) consists in a model that, according to Law and Kelton (2000), can 
be defined as “a set of assumptions about how a system works, to try to gain some understanding of 
how the system behaves”.

According to Sakurada and Miyake (2009), Discrete Event Simulation covers the study of simula-
tion models whose variables change state instantaneously at specific points of time, in contrast to what 
happens with continuous models, whose variables may change the state continuously along the time.

Günal & Pidd (2010) concluded that even after 25 years of Wilson (1981) review, there are still many 
barriers to the successful implementation of simulation to some degree in all domains, including health 
care and expose reasons:

1.  A simulation project is often initiated by decision-makers who seek urgent solutions to their par-
ticular problems, having already carried out a thorough analysis of the situation. As the timing is 
crucial for the decision-makers, simulation analysts are expected to generate quick solutions, which 
they failed to do so, due to the time spent in collecting and analyzing data.

2.  The simulation process is expensive (this may have changed due to better software).
3.  When quick solutions are expected, modelers tend to oversimplify the models, which can cause 

decision-makers lack of confidence.

Despite the high efforts for data collection and development and validation time, a simulation model, 
according to Chwif (1999), has as advantages:

1.  Reduced risk of accidents: in case there is any problem with the control Logic, it will be detected 
in the simulation, avoiding problems or material damage;

2.  Reduction of problems that may occur in the field: since before testing the control logic in field, 
it is tested in the “laboratory”, the possibility of still encountering logic errors is minimized;

3.  Extensive Tests: With the simulation, a wide range of situations can be generated to test the control 
logic, making it “stronger”, since it may work either for common situations as for uncommon ones, 
which may occur;

4.  The cost of each simulation round/set-ups, in the simulation model is despicable: once the 
simulation model was built and customized, the time cost of assembling new configurations is 
minimal (just some simulation in the keyboard). In practice to test logic in a new system configu-
ration may generate costs since there is all the time real time and costs set-ups.
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Many authors have proposed new approaches to define general rules/configurations in order to deals 
with uncertainties about patient arrival and resource utilization.

For instance, Elalouf and Wachtel (2016) proposes sending patients, if possible, to receive treatment 
in other hospital departments (instead of in the ED) in order to reduce waiting time for examinations and 
treatment and in the same way Gasmi, Marcon, and Chakroun (2014) proposes a patient flow control that 
limits a maximum amount of non-urgent patients that could be accepted when the ED is overwhelmed.

In another direction for a given ED capacity (resource allocation) and patient prioritization criteria 
He, Lei, and Kremer (2014) compared several ED workflow strategies (first-in-first-out (FIFO) with 
priority, fast-track, physician triage and team triage) to conclude, in their case, which strategy provide 
the best ED performance.

An alternative way is proposed by Ashour and Kremer (2016) by softening the patient prioritization 
criteria using a dynamic grouping and prioritization (DGP) algorithm in order to identify appropriate 
patient groups and prioritize them according to the benefits to patients and to the system. Using a discrete 
event simulation (DES) they provide statistical evidence that the DGP system outperforms alternative 
(and traditional) prioritization methods in terms of all performance measures.

In addition, although many researches state the ED overwhelmed problem and strategies to reduce ED 
patients waiting time only Huang, Carmeli, and Mandel-baum (2015) evaluated the trade-off between 
a relevant and a little explored question: how to schedule patients that need to see a doctor again if new 
patients came from triage and cannot wait a lot.

Fast Track

The high volume of people arriving at the emergency department is one of the most relevant issues in 
healthcare management (Mazier et al., 2010) and there is a peculiar characteristic: patients simply “ap-
pear” with a unique set of needs (Smith et al., 2007). As they need no appointments, variation range of 
patient demand in emergency care is an old issue that has been studied for almost five decades. Accord-
ing to La and Jewkes (2013) previous simulation studies in healthcare systems have been used to make 
improvements in operational efficiencies and reducing wait times.

According to Hopp and Lovejoy (2013), fast track units are separate units to diagnose and treat patients 
with minor conditions that do not require as much emergency resources and are likely to be released after 
treatment. Based on La and Jewkes (2013) the introduction of fast track systems aims to reduce waiting 
times within EDs. Reducing patient waiting times allows an increase in the number of low-complexity 
patients that can be treated and discharged, thus increasing the effective capacity of the ED.

Welch and Savitz (2012) highlight that the concept of fast track is one of the most successful strate-
gies used in medical emergencies to improve patient flow. Based on Considine et al. (2012), previous 
studies on fast track show a reduction in the patient’s permanence in the emergency unit. Many examples 
investigated the implementation of fast track in a variety of settings, such as rural and urban areas, pe-
diatric centers, international EDs and with care supplied by either a physician or mid-level provider (La 
& Jewkes, 2013).

Furthermore, Considine et al. (2012) looks at the disruptions and reallocations of staff that have 
an impact on the effectiveness of rapid assessment and initiation of treatment, as well as the fact that 
clinicians spend up to 28% of their time on activities which do not add value to the patient. This indi-
cates that a study of the practices in the hospital is necessary so that the time of service is optimized. 
However, increasing the resources of the fast track was not always accompanied by an increase in the 
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general flow of patients, sometimes leaving these resources underutilized. For Yoon (2003), fast track 
is an organizational approach that evaluates and treats acute or minimally ill outpatients in parallel in 
an emergency. Common elements of an emergency fast track system include selecting patients with low 
severity determined in a classification system, a separate physical space dedicated to patients fast track, 
dedicated medical and nursing staff and attached to a major emergency.

The Ministry of Health has identified that hospital overcrowding is an in-hospital flow problem. As 
a result, brought to the Brazilian Unified Health System the lean methodology which translates into lean 
production, rationalizing resources, which optimizes space and inputs. The use of fast track is one of the 
ideas driven by methodology lean (Bonelli & Souza, 2018a). The Municipal Hospital Odilon Behrens 
(HOB), located in the city of Belo Horizonte, Minas Gerais, was one of the six Brazilian public hospi-
tals pioneering the implementation of the methodology lean started at this hospital in August 2017. Of 
the 12 thousand patients attended in May 2018 in this hospital, 63.8% were classified in green risk and 
have an average waiting time of 1.5 hours, comparatively lower than 5 hours of waiting time before the 
system’s implementation (Bonelli & Souza, 2018b).

The manager of the studied Public Hospital is a public health company that is also pioneer in the use 
of lean in health care area, implementing this philosophy since 2014. The central idea is that in order to 
operate efficiently it is necessary to eliminate unnecessary activities of companies.

THE RESEARCH

Contextualization: Emergency Network in Brazil

The public health system is characterized in Brazil by the Brazilian Unified Health System, which is 
based on the 1988 Constitution and the Organic Health Law (8,080 / 1990). According to article 197, 
“health actions and services are of public relevance, and it is a Government responsibility to provide, 
under the terms of the law, its regulation, supervision and control”. In this way, the Brazilian Unified 
Health System is based on the health context as a right of everyone and the duty of the State, “ensuring 
political and economic measures aimed at reducing the risk of disease and other diseases and universal 
and equal access to actions and services for its promotion, protection and recovery” (article 196 of the 
1988 Constitution).

The emergency network of Rio de Janeiro in Brazil is made up of three different types of units: 
Emergency Care Unit (UPA), Regional Emergency Coordination (CER) and Emergency Hospitals. This 
segmentation is necessary to distribute the patients according to the degree of complexity, thus avoiding 
overloading, reducing the waiting time and allowing hospitals to dedicate themselves to cases of greater 
severity and trauma. Emergency hospitals are dedicated to the most serious emergencies, surgical cases 
and hospitalizations (Municipal Health Secretary, 2012).

The emergency network works with the policy of reception and risk classification and attends pa-
tients according to their specific disease profile. At the entrance of each unit, the patient is evaluated by 
professionals who analyze the individual cases: those who are in a more serious condition are cared for 
before the least serious, regardless of the order of arrival. The risk classification is based on situation 
/ complaint / duration (SQD), history, use of medications, vital signs check, physical examination and 
so on. The risk classification is given at the following levels: emergent - immediate risk to life (red), 
very urgent - imminent risk of life (orange), urgent - potential life threatening potential / potential for 
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serious complications (yellow), little or less urgent (green) and non-urgent (blue) (Municipal Health 
Secretary, 2012).

Each color is assigned a maximum limit of waiting time for the patient to be attended, determined as a 
goal by the Municipal Health Secretary (SMS). Patients classified as red should be treated immediately, 
orange in up to 10 minutes, yellow in up to 30 minutes, green in up to 1 hour and blue in up to 2 hours 
or redirected to the primary care network (Municipal Health Secretary, 2002).

Research Method

The research methods are the basis for the creation of knowledge, being the tools that lend themselves 
to understand the reality (Pinsonneault & Kraemer, 1993). Following the classification proposed by 
Eisenhardt (1989) and Yin (2005), this research is an exploratory single case study. Its objective is to 
deepen the comprehension regarding a problem that is not yet sufficiently studied, to suggest hypotheses 
and questions, or to develop the theory.

Green risk patients constitute more than a half of attendances at the studied Hospital, and that they 
represent the largest volume of out-of-goal attendances. Considering this analysis, it was conducted the 
process modelling through semi-structured interviews at the Hospital with nurses, administrative assis-
tants and physicians, in order to understand patient pathway and the main related problems. Afterwards 
a list of undesirable effects (Dettmer, 1997) was created through field observation, which were organized 
according to the Current Reality Tree (CRT) following Noreen et al. (1995) steps. A prioritization matrix 
was used to prioritize the root causes, which will be the focus of proposition of improvements.

Considering the findings, this article proposes testing a fast track solution, indicated by literature as 
an alternative to reduce the average waiting time until the medical care (La & Jewkes, 2013). The method 
used is discrete events simulation (Shannon, 1975) using real data analysis, considering the creation of 
a fast track service for this profile of patients.

Then, the simulation technique in ARENA software were conducted to test the scenarios previously 
proposed. These scenarios aim to improve the time of service. This lead time reduction aims to reach 
the service level defined in the management agreement with the Municipal Health Secretary. The con-
sequences are increasing quality of care and population satisfaction that uses the Hospital and also its 
employees satisfaction (Considine et al., 2008), when subjected to less pressure of the environment.

Object of Analysis

Benbasat and Weber (1996) highlight the relevance of the definition of the analysis unit that is most ap-
propriated for the study. Different analysis units imply in distinct ways to gather data and which results 
and conclusions might be withdrawn from the research (Patton, 2002), namely, the definition of what is 
waited to be said at the end of the study.

The object of the article is the public emergency care hospital of a Brazilian city. It is an important 
health care emergency unit considering its localization in the second more populated area of the city. It 
is inserted in a network of 10 large scale emergency hospitals of Municipal Health Secretary. In addition 
to emergency care for adult patients, it also offers pediatric and pregnant emergency services. Emer-
gency care of pregnant women occurs in a specific and isolated area of the hospital. Despite pediatric 
emergency care initiates at the same location of adults, the consultations with pediatric physicians occur 
in an separated area, no longer consuming the same resources of the main flow.
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Therefore, the focus of the study are the non-pediatric and non-pregnant patients classified as green 
risk awaiting the first medical care that are referred to specialized medical care. The hospital offers 
general, orthopedics and surgery evaluation.

Description of the Current Situation

This section address the description of the hospital layout, the human resources organization, the char-
acteristics of the risk classification and the process details.

Hospital Layout

The hospital offers 3 main services that are organized in different layout structures, such as emergency 
care, hospitalization and surgical procedures. The layout description is is focused on the attendance until 
the first medical appointment.

1.  Patient reception and registration workstation: it is located at the entrance of the emergency unit. 
The reception is conducted by a nurse that collect the first patient complaint and may refer this 
patient for any service if it is necessary. For the registration, patients are organized on a first-come, 
first-served basis. Sometimes service tickets are manually distributed in order to organize the queue. 
It occurs when there are more than 20 waiting patients in queue.

2.  Risk classification workstation: there are 2 rooms available for the patient risk classification. Patients 
are organized on a first-come, first-served basis and there is a call manager screen (visual and sound 
signal) that allows the communication between nurses and patients in queue. A life sign measure-
ment equipment integrated to the classification information system (a decision tree n algorithm) 
is available in each classification room, so that the nurses can complete the risk classification on 
average in 3 minutes.

3.  Medication room: this area is near the classification risk workstation to allow fast patient referrals. 
There are 4 workstation in this room and a isolated area where electrocardiogram is conducted. It 
is also in this room where blood collection occurs when a laboratory analysis is necessary.

4.  Medical offices: in this emergency units there are 2 general medical offices, 2 orthopedic medical 
offices and 1 office where surgeon evaluates specific cases. There is a hall separating the risk clas-
sification workstation and these medical offices. Each physician must record patients information 
on the information system.

5.  Waiting area: there is one central area where patients must wait each step. They are called through 
a call management screen. There are specific waiting areas for each service, to allow a visual 
management of patient in queue.

Risk Classification Protocol

This emergency unit uses an adaptation of Manchester Protocol. The codes of risk classification are 
red, orange, yellow, green and blue according to patient risk of death. The maximum waiting time al-
lowed for each classification is immediately attendance for the red classification, and 15, 30, 60 e 1440 
minutes for the following respectively. According to the hospital management reports, patients in green 
classification often are not evaluated by the physician in established time.
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Processes Description

Patient care begins in reception process where nurse hear the first patient complaint and may refer this 
patient for any service if it is necessary. If it is a patient without a serious health condition, he is referred 
to the registration queue. This registration process is an important step for the information workflow. 
It is in this process where patient receives the bar code that will organize and track all his attendance.

After registration, he is referred to risk classification process. From this process until the end of patient 
stay in hospital, patient flow is supported by the information system and organized by the call manager 
screen. The priority of care defined in risk classification will determine patient position in queues and 
also change his care rout by hospital services. The classification is a standardized process performed 
by a nurse using life sign measurement equipment integrated to the classification information system.

Patients classified as red risk is immediately referred to medical care or to observation room, depend-
ing on his health situation. The other risk codes are referred to clinical or specialized medical care and 
may after be addressed to observation, hospitalization or surgical processes. The physicians of medical 
care process may also prescribe some procedures such as exams or medication.

After having crossed the appropriated processes, patient must be evaluated by the physician before the 
discharging process. The model in figure 1 represents the Value-Added Chain (VAC) of the emergency 
care in the studied hospital. It was elaborated using the ARPO modeling tool, using ARIS notation.

The field observation and interviews to construct process modeling allowed the identification of prob-
lems, or undesirable effects (Goldratt & Cox, 1984). These problems were reported and organized in a list 
used as an input to construct the CRT. According to Bornia and Neto (2001), CRT can be conceptualized 
as being basically a cause-effect relationship that seeks to identify which undesirable effects occur and 
objectifying the location of the cause of these undesirable effects, the so-called root problem. Dettmer 
(1997) defined a CRT as a logical structure that depicts the state of reality as it currently exists in a given 
system. According to Dettmer (1997) constructing a current reality tree is the first and most critical step 
on the path to improvement, because it makes us verbalize the symptoms and the underlying causes.

Figure 1. Emergency Patient VAC.
Source: The authors, 2019.
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The CRT identifies cause and effect relationships in a system. It is constructed from the top-down 
by identifying undesirable effects, and depicting probable causes for those effects (effect-cause). It is 
however, read from bottom-up (cause-effect), when the construction is complete (Goldratt & Cox, 1984; 
Goldratt, 1990; Goldratt, 1994). The Figure 2 was constructed following Noreen et al. (1995, p.156) 
steps to develop CRT.

Figure 2. Current Reality Tree (CRT) with undesirable effects.
Source: The authors, 2019.

Table 2. Prioritization matrix.

Criteria Ease of 
Intervention

Impact on risk 
classification 

time

Impact on green 
patient care 

time

Impact on 
return patient 

time

Impact 
on patient 

crossing time

Weights 1 4 3 3 2 TOTAL

Patients do not accept to be welcomed as 
blue and await registration and classification 1 4 2 3 3 38

The reception nurse is not always available 
in the salon 3 4 3 0 3 34

Nurses do not follow the care standards 3 4 1 1 3 31

Patients interrupt classification and 
welcoming 1 4 1 1 3 29

The vigilant removes the patient’s 
identification at the end of the process 1 0 0 0 4 9

Subtitle: 0 (little) until 5 (very)
Source: The authors, 2019.
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It is important to highlight that the CRT allows to identify the root causes from all the undesirable 
effects (Dettmer, 1997). Through this analysis, the project must solve/propose alternatives to this root 
causes and not to its effects. Figure 2 shows that contrasted gray problems causes the white one, so that 
solving any white one means a wasting of resources, because the root cause will make the white one oc-
cur again. From this point of view, the focus is to analyze and discuss how to solve this gray root causes.

The prioritization matrix shown in Table 2 was constructed to identify from the five root causes in 
the Current Reality Tree, which will be the focus of the proposed improvements.

Data Analysis

According to the Current Reality Tree and the prioritization matrix, root causes are directly related to 
the patient’s total waiting time, mainly for the green risk. Usually, the nurse of the reception process is 
not available in this process and the waiting time for registration and classification increase, especially 
because of constant interruption of these processes by patients asking for some information. Observing 
Municipal Hospital statistics in Tables 2 and 3, we can see that the classified patients are not being at-
tended within the limit established by the Municipal Health Department.

Once green patients make up the largest percentage of patients served outside the established goal, 
the present study focus on reducing their waiting time.

The current situation process was implemented in ARENA® software. The parameters used were 
obtained from company’s information management system and three alternative scenarios were simulated 
in order to evaluate which hospital configuration could reduce green patient waiting time.

The following assumptions were adopted in simulation:

• Only physician care process was considered in the model (2 physicians consultation rooms).
• The registration process was considered constant, estimated in forty seconds, because this process 

is the patient’s data collection.

Table 3. Number of patient attendance in April 2019.

Patients 
Served

Average time 
of attendance

Green Yellow Red

Average 
time

In the 
goal

Out of the 
goal

Average 
time

In the 
goal

Out of the 
goal

In the 
goal

Out of the 
goal

14502 81 83 5092 2524 57 3281 1150 353 0

Source: The authors, 2019.

Table 4. Number of patient attendance in May 2019.

Patients 
Served

Average time 
of attendance

Green Yellow Red

Average 
time

In the 
goal

Out of the 
goal

Average 
time

In the 
goal

Out of the 
goal

In the 
goal

Out of 
the goal

15425 94 68 5739 2284 44 3656 1240 383 0

Source: The authors, 2019.
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• Reception process of non-emergency patients was estimated in five seconds as they are referred to 
the Registration queue. Critical patients are processed within one minute and thirty seconds, due 
to the need to gauge the vital signs of the patient. As these patients are rarer among the total, it is 
estimated a probability of one in fifty (1/50) of five-second patients.

• The time of referral to the primary care unit was considered as one second, since these patients 
will not be considered in the analysis.

• There are two possible pathways that the patient makes when arriving at the hospital depending 
on their arrival time (from 9 am to 6 pm there is a nurse who performs the Reception process). 
Through database analysis it is observed that the weekday with higher number patient admission 
is Monday. For better adapting the model to the reality of the higher number of attendances, the 
data collected from 9 am to 5:59 p.m. on Mondays will be used for the model.

• Due to the distribution of patient arrivals varies according to the day period, the distributions were 
calculated creating blocks of patient entries (time intervals), in order to make the model more 
realistic. The distribution and ranges considered are expressed in Table 4.

The data collected from the Hospital database were inserted in the Input Analyzer tool (provided by 
ARENA software) to verify the best distribution of each process. These results are shown in Tables 5 and 6.

Table 5. Distribution of patients’ arrival time.

Interval Limits Distribution Expression Patient’s sample

09:00 – 11:59 0-21 Gamma -0.5 + GAMM(0.937, 2.38) 3976

12:00 – 12:59 0-15 Beta -0.5 + 16 * BETA(4.22, 22.4) 1084

13:00 – 15:59 0-16 Gamma -0.5 + GAMM(0.953, 2.41) 3817

16:00 – 17:59 0-23 Beta -0.5 + 24 * BETA(3.47, 28.2) 2128

Source: The authors, 2019.

Table 6. Distribution of other processes.

Process Limits (minutes) Distribution Expression Patient’s 
sample

Total rating time 0-15 Logarithm -0.5 + LOGN(2.96, 2.08) 3985

Total Time of Medical Care 0-20 Logarithm -0.5 + LOGN(4.12, 2.83) 4420

Source: The authors, 2019.

Table 7. Data considered constant.

Constant Average

Reception process 6.67 sec

Registration 40 sec

Source: The authors, 2019.
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Considering that patients identified as red risk in the Reception process have their names registered 
in the information system, the number of patients that doesn’t consume the classification and medical 
care processes is 74 of 11,161 patients from the base data, which is equivalent to 0.66%.

Besides that, patients classified as blue risk at the time of the Reception process (1,887, 17.02%) are 
referred to primary care. Therefore, these patients should also not occupy the hospital’s medical care 
resource that is analyzed in this article. However, some patients refuse to go to the primary care unit, 
choosing to stay in the Hospital and consumes the resources of Classification process. In the analysis, 
only 393 accepted to be referred to the primary care unit, leaving 1,494 non-emergency (blue) patients 
who chose to wait the attendance in the Hospital. After being attended by the risk classification nurse 
and being referred to primary care again, 1,437 accepted this referral, leaving only 57 patients classified 
as blue who opted to wait for the doctor’s care. Thus, in Registration process 9,200 patients (82.98%) 
are considered in emergency situation and must be processed in hospital service.

It should be noted that some patients change their emergency status (risk classification) in queue, 
during the waiting time. In addition, some patients may give up the attendance after Registration process 
or the red risk can be verified at the moment of waiting in queue and patient can be referred directly 
to observation process, without occupying the classification and medical care processes that will be 
analyzed in that article.

Because of this, the number of patients classified differ from those recorded in Registration process. 
The classification occurs according to Table 7, out of the total of 6,853 classified patients.

The data collected from the information system shows the quantities of each classification risk in 
Table 8, out of a total of 4,546 attendances. These values   were used to calculate the percentage of each 

Table 8. Classified patients.

Classification Amount Percentage

Red 96 1.4%

Orange 368 5.37%

Yellow 1,809 26.40%

Green 3,086 45.03%

Blue 1,494 21.80%

Source: The authors, 2019.

Table 9. Patients attended.

Classification Amount Percentage

Red 14 0.31%

Orange 334 7.35%

Yellow 1,569 34.51%

Green 2,572 56.58%

Blue 57 1.25%

Source: The authors, 2019.
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risk in the model, which will be object of study in order to test scenarios to verify the best configura-
tion that the Hospital can provide to allow reduction in waiting time within the limits established by the 
Ministry of Health.

It was observed that the Risk classification process often becomes the bottleneck, while medical 
care is idle, the first scenario is to withdraw patients from Classification when the queue in that process 
exceeds 20 patients and releasing them directly to the doctor in order of arrival. The Reception process 
remains to direct patients who would be in red risk to immediate care and direct non-emergency patients 
to primary health care units.

The second scenario proposed considers that as there are two medical care rooms available in the 
Hospital, one consultation room will be available for patients classified as green, leaving the other for 
orange, yellow and blue patients. This fast track would work full time.

In the third scenario, as there are two consultation room available in the Hospital, one of them would 
be available for green patients when there were more than 20 patients waiting in queue. At these times, 
the other consultation room would work with patients with orange, yellow and blue risk classification.

SOLUTIONS AND RECOMMENDATIONS

We retrieved the data collection from hospital database system and implemented the simulation model 
in ARENA® simulator in order to:

1.  Evaluate outputs from current ED configuration (following current patient ordering rules);
2.  Propose and implement in the simulation model alternative strategies to ED configuration in order 

to decrease patient crossing time.

In addition, we analyze in all sceneries (including in current one) if the waiting times queues for each 
kind of patient can be lesser or equal to maximum waiting time limit defined by Health Secretary of Rio 
de Janeiro. These limits are defined according patient’s risk classification as follows: patients classified 
as orange should be treated in up to 10 minutes, yellow in up to 30 minutes, green in up to 1 hour and 
blue in up to 2 hours or redirected to the primary care network.

In current scenario patient ordering rules are:

1.  Green, yellow and orange patients must pass to registration, triage and consultation room;
2.  Blue patients must pass to registration, triage and redirection to the primary care network;

Table 10. Current scenario results in minutes all over 1000 replications.

Queue Average Minimum Average Maximum Average

Patients classified as orange 1.25627 0.153681 3.116258

Patients classified as yellow 1.643544 0.453636 5.994

Patients classified as green 7.068 1.130989 125.94

Patients classified as blue 23.298 0 339.546

Source: The authors, 2019.
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3.  In registration and triage processes all patients will be served following first in first out rule (FIFO);
4.  In medical consultation process patients will be served following highest classification risk (red, 

orange, yellow, green and blue, respectively) and after, in the same classification risk by first in 
first out rule (FIFO);

Table 10 summarizes the results obtained throughout 1000 replications showing the average waiting 
time by patient classification risk color.

In Table 10 the results match the reality observed in ED. The waiting time of patients classified as 
green and blue in some moments exceeds the stipulated limit, with a mean maximum time of 125 and 
339 minutes respectively, although the average time is 7 and 23 minutes.

A report extracted from the simulation showed that the common ED overcrowding between 09:00 
– 11:59 throughout 10 replications and all over sceneries proposed the main objective is to reduce that 
level and peaks for the same process time and patient arrival parameters presented in tables 5, 6 and 7.

In order to reduce the patient crossing time, we propose the first scenario, in which patient’s pathway 
are based on the following rules:

1.  Green, yellow and orange patients must pass to registration, triage and consultation room;
a.  If the queue in triage step exceeds 20 patients all patients will be load in consultation room 

queue where patient will be served in FIFO order;
b.  If the queue in triage step is lesser or equal to 20 than patients the sequence of steps remains 

the same of current scenario (registration, triage and consultation room);
2.  Blue patients must pass to registration, triage and redirection to the primary care network;
3.  In registration process all patients will be served following first in first out rule (FIFO);
4.  If the number of patients waiting for triage step do not exceed 20 patients the triage processes all 

patients will be served following first in first out rule (FIFO) else this step only load patients to 
consultation room queue, in other words, there is no triage process;

5.  In medical consultation process patients will be served following highest classification risk (red, 
orange, yellow, green and blue, respectively) if exists and after by first in first out rule FIFO;

Table 11 summarizes the results obtained throughout 1000 replications showing the average waiting 
time by patient classification risk color is presented.

In this scenario a several reductions of the maximum average time of the 1000 replications is observed. 
The maximum waiting time for patients classified as green reduced from approximately 2 hours to 13 
minutes, and the classified as blue reduced from more than 5 hours to the exact 2 hours, time limit for 
the goal. Thus, the first scenario is viable.

Table 11. Scenario 1 results in minutes all over 1000 replications.

Queue Average Minimum Average Maximum Average

Patients classified as orange 0.917806 0 3.31301

Patients classified as yellow 1.139873 0.287397 3.920343

Patients classified as green 3.479675 0.40732 13.782

Patients classified as blue 8.532 0 120.558

Source: The authors, 2019.
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Besides feasibility ensured by Table 11, according to data extracted from the simulation is possible 
to use this rules to decrease in 2:30 hours the maximum waiting time of green patient and in 1:00 hour 
the maximum waiting time of yellow patient.

Seeking better results and taking into account the patient classification proportion the second scenario 
consists of allocating a specific consultation room to green patient and, therefore, leaving the other for 
orange, yellow and blue patients. In other words, the difference between current scenario and scenario 
2 is an exclusive consultation room for green patients while the other consultation room serves all other 
patients classification risk.

Table 12 summarize the results obtained all over 1000 replications. In Table 12 the average waiting 
time by patient classification risk color is presented. 

For the second scenario tested, it is observed that although the mean maximum queuing time of patients 
classified as green and blue also reduced significantly, they still remain outside the 60 and 120 minute 
goal, respectively. In addition, the mean maximum queue time of patients classified as orange, who was 
within the goal in the scenario that represents reality, increased from 3.1 to 10 minutes, remaining at the 
limit of the target for certain patients, which is not desirable, although its average waiting time is only 
2 minutes. So, the second scenario is not feasible.

Table 12 shows that a single consultation room is not able to process all green patients and including 
could increase their waiting time. The waiting time of yellow patients remains near to the first scenario 
and decrease yellow patients waiting time in 1 hour comparing to current scenario. So, although that is 
a current solution adopted in other researchers presented in previous section, in our case this solution is 
worse than the current ED configuration. The purpose of test and present a worse scenario than the cur-
rent adopted by the company is to show a concrete contribution of discrete event simulation importance 
to refuse even some “state of art” solutions. 

Finally, the third scenario, merges the two scenarios previously presented in order to evaluate the 
viability of changing the current scenario with the following patient ordering rules:

1.  Green, yellow and orange patients must pass to registration, triage and consultation room;
a.  If the green patient queue exceeds 4 patients the ED will serve green patients in a specific 

consultation room and that green queue can be served by both consultation rooms.
b.  If the green patient queue does not exceed 4 patients the ED sequence of steps remains the 

same of current scenario (registration, triage and consultation room);
2.  Blue patients must pass to registration, triage and redirection to the primary care network;
3.  In registration process all patients will be served following first in first out rule (FIFO);
4.  In medical consultation process patients will be:

Table 12. Scenario 2 results in minutes all over 1000 replications.

Queue Average Minimum Average Maximum Average

Patients classified as orange 2.104798 0 10.482

Patients classified as yellow 4.33228 0.751118 26.64

Patients classified as green 10.692 1.478288 77.598

Patients classified as blue 9.804 0 161.682

Source: The authors, 2019.
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a.  Served following highest classification risk (red, orange, yellow, green and blue, respectively) 
and after by first in first out rule FIFO if ED configuration in that moment share consultation 
rooms for all patients (see scenario 3 first rule);

b.  Served following highest classification risk (red, orange, yellow, green and blue, respectively) 
and after by first in first out rule FIFO if ED configuration in that moment share consultation 
rooms for all patients in one consultation room and serve only green patients in the other (see 
scenario 3 first rule);

Table 13 summarize the results obtained all over 1000 replications. In Table 13 the average waiting 
time by patient classification risk color is presented.

In this scenario it is observed that the average time of all the queues reduced compared to the current 
scenario, as well as the average maximum waiting time for patients classified as yellow, green and blue. 
The average maximum waiting times are below the stipulated target, except for the blue-labeled patient 
who is within 120 minutes, although the average time is 8 minutes. The result found is similar to the 
one obtained in the first scenario tested.

Table 13 shows that using this merge rule proposed is possible to decrease in 45 minutes the maxi-
mum waiting time of green patient comparing it to scenario 1 and in 3 hours from current scenario. The 
waiting time of yellow patients remains near to all scenarios tested and decrease yellow patients waiting 
time in 1 hour comparing to current scenario.

So, if these settings parameters presented in Tables 4 to 9 do not radically change the merge rule 
proposed and evaluated in scenario 3 should be adopted.

FUTURE RESEARCH DIRECTIONS

An interesting scenario to be approached that was not possible in the present study is the compulsory 
attendance of one green patient for every four attendances of a patient in the order stipulated by the 
classification of risk (including green patients). The idea is that this configuration occurs in both offices 
and full time.

Another interesting work to be approached is to use the return patient as the focus of the study. It is 
now known that returning patients are waiting in line for a long time, since their waiting time does not 
have a goal. A proposed scenario for future work is to attend in one of the offices, full time, one patient 
returns to every two patients. This is possible because, according to the collection in the hospital data-
base, it is verified that the patients who return are only 1.98% of all the attendances.

Table 13. Scenario 3 results in minutes all over 1000 replications.

Queue Average Minimum Average Maximum Average

Patients classified as orange 0.941677 0 3.341217

Patients classified as yellow 1.146686 0.287397 3.71496

Patients classified as green 3.248477 0.40732 11.298

Patients classified as blue 8.508 0 120.558

Source: The authors, 2019.
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Another proposed scenario is that of attending a patient to return to each three attendances in each 
of the offices, configured in this way full time.

CONCLUSION

This chapter sought to discuss a fast track solution to reduce patient crossing time in the hospital. In the 
first stage, the process modelling was carried out with structured interviews in the hospital with the main 
process actors. After the data collection, ARPO modelling tool using the ARIS notation was adopted to 
represent the current patient flow in the emergency unit.

This step of modelling the current situation and identifying problems allowed the construction of a 
list of undesirable effects. The list was an input to Current Reality Tree (CRT). The CRT was used to 
identify the root causes. Later, the problems were prioritized in a matrix according to criteria such as 
facility of intervention, impact on the time of risk classification, impact on the time of care of the green 
patient, impact on the time of patient care of return and impact on patient crossing time.

The next step was to collect data about the processes in the hospital to use the discrete event simula-
tion tool. Some premises were established to adequate the use of these data in ARENA and to test the 
scenarios proposed. Three scenarios were tested: withdraw patients from risk classification when the 
queue in that process exceeds 20 patients and releasing them directly to the doctor in order of arrival; 
two consultation room available in the Hospital, one consultation room will be available for patients 
classified as green risk, leaving the other for orange, yellow and blue risk patients and an office will be 
available for green risk patients at determined times when the demand is more than 20 patients waiting 
to be evaluated by a doctor (in queue).

The first scenario allows a several reductions of the maximum average time, the maximum waiting 
time for patients classified as green reduced and the classified as blue reduced to limit for the goal. In 
the second scenario, although the mean maximum queuing time of patients classified as green and blue 
also have reduced too much, they still remain out-of-goal and the mean maximum queue time of patients 
classified as orange, who was within the goal in the scenario that represents reality, increased. In the 
third scenario the average time of all the queues reduced compared to the current scenario, as well as 
the average of the maximum wait time for patients classified as yellow, green and blue. The average 
maximum waiting times are below the stipulated goal, except for the patient classified as blue. The result 
found is similar to the one obtained in the first scenario tested.

It is possible to conclude from the simulation of the scenarios tested that the first and third scenarios 
have similar results, that is, by evaluating the question of time of service and queues for the patients, the 
two scenarios are equally efficient.

But according to the concepts presented in the paper, it was taken into account that as the first 
scenario considers the risk classification as a bottleneck releasing patients when the queue is larger 
than 20 people and the third scenario focuses on the issue of the patient classified as green, proposing 
a temporary fast track clinic to help in times where the queue of this type of patient is larger, the third 
scenario is better suited to the initial objective of the work, being chosen as the best scenario to be put 
into practice by the hospital.
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KEY TERMS AND DEFINITIONS

Discrete Event Simulation: A model that set of assumptions about how a system works, to try to 
gain some understanding of how the system behaves.

Emergency Department: The structure that aim to solve most of the emergencies (intermediate 
severity injuries), such as high blood pressure and fever, fractures, cuts, heart attack and stroke. They 
help to reduce queues in the hospital’s emergency department.

Fast Track: Operational model of care used to expedite emergency care of low complexity. The 
goal for this group of patients is the rapid accomplishment of care by a clinical team. This care model 
is designed to reduce the time and length of stay for a defined group of patients.

Healthcare Operations Management: The decisions and actions that occur within the limits de-
fined by the operating system design. These include activities such as the implementation of policies, 
procedures and strategies, contingent decision-making, process coordination, problem identification and 
resolution, response to uncertainty and unforeseen problems and rewarding people.

Lead Time: Total time of patient crossing within the health unit, from when it arrives at the hospital 
until it is discharged.

Operations Management: A multidisciplinary field that investigates the design, management and 
improvement of processes aimed at the development, production, distribution and delivery of products 
and services.

Simulation: Process of elaborating a model of a real (or hypothetical) system and conducting experi-
ments with the purpose of understanding the behavior of a system or evaluating its operation.
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ABSTRACT

Digital innovation for health data analytics has faced obstacles in systems implementation and consumer 
acceptance. Research suggests that digital health innovation has been a challenge and a slow process 
for acceptance. At the same time it offers tremendous opportunities in health data analytics for consum-
ers of health services and service providers, such as health information portability, personalization of 
health information by consumers, easy access and usefulness of health information, better management 
of data records by institutions and government, and management of information by healthcare staff for 
patients’ engagement and care. Health data analytics is the key for driving digital systems for health 
innovation. This research seeks to identify the digital health innovation opportunities and obstacles, 
develop a framework and a conceptual model for digital health innovation that empowers consumer of 
digital health to use the information to make informed decisions and choices.

INTRODUCTION

Digital Systems Innovation for Health Data Analytics have faced obstacles in systems implementation & 
consumer acceptance. Research suggests that digital health innovation has been a challenge and a slow 
process for acceptance. At the same time it offers tremendous opportunities in Health Data Analytics for 
consumers of health services & service providers, such as health information portability, personalization 
of health information by consumers, easy access and usefulness of health information, better management 
of data records by institutions & government, and management of information by healthcare staff for 
patients’ engagement and care. Health Data Analytics is the key for driving a Digital Systems for Health 
Innovation. This research seeks to identify the digital health innovation opportunities and obstacles, 
develop a framework & a conceptual model for digital health innovation, that empowers consumer of 
digital health to use the information to make informed decisions and choices.
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DIGITAL SYSTEMS INNOVATION FOR HEALTH DATA ANALYTICS

Researchers have long argued that the adoption rate of Electronic Health Record (EHR) systems is an 
important indicator of the degree of national e-health (Bonomi 2016). This is also a measurement in the 
success of creating, sharing, distribution, of data analytics. Health Data is essential for digital innova-
tion systems to function. Hambleton and Aloizos (2019) argue that the health care industry is one of 
the last industries to be disrupted by digital technologies. It arguably has the most to gain, particularly 
from timely, accurate communication and clinical improvements, especially medication safety. At a 
time when governments of different countries willing to provide quality healthcare to their citizens on 
a digital platform. For example: Singapore government have made digital health a top priority for their 
citizens (RIE2020). Jha et al. (2008) state that health information technology in general and EHRs in 
particular, are tools for improving the quality, safety and efficiency of health systems in countries. They 
observed that in UK, Netherlands, Australia, and New Zealand generally used EHRs among general 
practitioners (each country>90%); Germany was far behind (40–80%); and there was a small minority 
of doctors in the U.S. and Canada who used EHRs (10–30%). They also explained that it is difficult 
for hospitals to obtain quality data and that only a small fraction of hospitals (<10%), of the countries 
analyzed had the key components required by an EHR. As shown in table 1 digital systems have many 
benefits over paper-based systems.

Despite having many benefits, EHR is not uniformly used for national and international healthcare 
(Bonomi 2016). Data portability within country and across different states pose a real problem due 
to different jurisdiction applications on data transfer and ownership. Even though the data belongs to 
consumers of EHR, its not clear about the use and transfer of such records with or without consumers 
knowledge. The next section seeks to review the literature and propose a conceptual model for digital 
health innovation. The next section build on the literature review and the conceptual model.

Table 1. Comparison of Digital Systems with Paper-based Systems

Digital Systems

Level of 
Customer 
Engagement 
& Managerial 
Implications: 
Digital 
Systems

Paper-based Systems

Level of 
Customer 
Engagement 
& Managerial 
Implications: 
Paper-based 
Systems

Digital Health Systems High 
Engagement Paper-based Health Systems Low 

Engagement

Digital Health Records

Easy to use & 
useful, Fast 
access, 
Quick records, 
High Data 
Portability, 
Better 
Decisions, 
Highly Cost 
effective

Paper-based Health Records 

Not easy 
to use, less 
useful, Slow 
access, 
Slow record, 
No Data 
portability, 
Slow 
Decisions, 
Least cost 
effective
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LITERATURE REVIEW AND CONCEPTUAL MODEL

Research suggests that the use of electronic medical record has the potential to help improve safety, 
quality, and the cost efficiency of healthcare services (Mohammed & Younus 2017; Agarwal et al 2010). 
Not only EHR provide better management of consumer health data online, it also provides instant data 
portability across internet, for providing better access to physician for patient medical treatment. Digital 
health is about electronically connecting up the points of care so that health information can be shared 
securely. This is the first step to understanding how digital health can help deliver safer, better quality 
healthcare (ADHA 2019).

Bonomi (2016) discovered that successful implementation of Digital Health Innovation leads to better 
access to medical records with detailed past and present clinical information regardless of space or time 
in order to support more informed decision-making; improvement of safety: digital records reduces the 
number of possible medical errors and prevents the loss of documents or misreading them of the entered 
data; improvement of healthcare quality and access to past and present information therefore reference 
to a larger number of data which facilitates decision-making and promotes the quality of services; im-
provement of healthcare: it optimizes treatments, consolidates and standardizes information, and links 
together the various areas of the health system and reduces administrative and management costs (Pat-
rick et al 2016). The information is automatically updated and can be promptly obtained by authorized 
personnel. At the same time there are various reasons for the obstacles that hinder the implementation 
due to lack of universal standards or guidelines; Difficulty in economic returns; operational problems 
(i.e. data input); and reluctance to change.

Mohammed & Younus (2017) report that Paper-based records are still by far the most common method 
of recording patient information for most hospitals and practices in the U.S. most of the doctors still find 
their ease of data entry and low cost hard to part with. However, as easy as they are for the physicians to 
record medical data at the point of care, they require large amount of storage space compare to record 
in electronic form. Data portability from paper records is a slow, time consuming, and a costly process 
and in circumstances of emergency time can be a critical factor for patients’ medical diagnosis and care, 
compared to digital data that can be made available instantly when needed anywhere and anytime.

Fragidis & Chatzoglou (2018) found that the main reasons which are responsible for adopting a 
specific Digital Health Innovation implementation approach are usually political. Further, it is revealed 
that the most significant success factor of a nationwide Digital Health system implementation process 
is the commitment and involvement of all stakeholders (Yoo et al 2010). On the other hand, the lack of 
support and the negative reaction to any change from the medical, nursing and administrative community 
is considered as the most critical failure factor.

An issue that should never be overlooked or underestimated is the alignment between the functionality 
of the new Digital Health system and users’ requirements. Management and maintenance and funding 
for a national digital health system is also an important area that sometimes hinder the development, 
due to several issues such as political, cultural, technical, digital data interoperability, sharing analysing 
data from different systems, and lack of digital leadership expertise as shown in figure 1.

Ginsburg et al (2018) argue that recent developments in data analytics also suggest barriers to change 
that might be more substantial in the health care field than in other parts of the economy. The authors 
further emphasise that compared to other industries, the slow pace of innovation reflects challenges that 
are unique to health care in implementing and applying “big data” tools (Krumholz 2014). These barriers 
include the nature of health care decisions, problematic data conventions, institutionalized practices in 
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care delivery, and the misaligned incentives of various actors in the industry. To address these barriers, 
federal policy should emphasize interoperability of health data and prioritize payment reforms that will 
encourage providers to develop data analytics capabilities.

Ginsburg et al (2018) study shed deeper insight and found that despite the immense promise of health 
analytics, the industry lags behind other major sectors in taking advantage of cutting-edge tools. Most 
health care organizations, for example, have yet to devise a clear approach for integrating data analytics 
into their regular operations. One study even showed that 56 percent of hospitals have no strategies for 
data governance or analytics.

Summarising key points for Digital Health Innovation as shown in figure 1 below, requires consoli-
dation of several important concepts that will lead to development of Digital Health Innovation and its 
Acceptance by the consumers.

Cripps and Standing (2012) reported that while much of the recent attention on EHRs has been on 
the establishment and integration of computer systems, little attention has been paid to privacy and 
security in the health context. From a technical standpoint, consumers have voiced their concerns about 
their medical records being stored and used in electronic form citing issues including loss, theft, and 
misuse of what they consider private and personal information. It has been suggested that the emphasis 
on privacy and security in digital health information as a requirement for building consumer trust in 
these systems. Some digital health information systems lack bullet proof security that leads to online 

Figure 1. Digital Systems Innovation for Health Data Analytics 
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information being vulnerable for unauthorised access and use. Figure 2 shows high digital connectivity 
among Australians and that 84% went online for searching health information.

Prior studies have examined the application of Technology Acceptance Model (Davis 1989) and 
this research adopts TAM variables usefulness and ease of use and user acceptance. Other research 
framework from Electronic Servives Acceptance Model, E-SAM, (Sandhu & Corbitt 2008) have been 
adapted. This research is important because it seeks to adopt TAM to understand the process for Digital 
Innovation for Health Data Analytics.

This research seeks to investigate the drivers for Digital Innovation for Health Data Analytics by 
studying a set of following hypotheses. This study proposes the assumption that consumer experience 
(H1) affects digital health information ease of use. Such a concept is based on consumer having (positive/
negative) experience will impact on the ease of use of digital health information. The second assumption 
proposed is that consumer motivation (H2) affects digital health usefulness, such a concept is based on 
consumer motivation will impact on the digital health information usefulness.

The third assumption proposed is that digital health usefulness (H3) affects digital health informa-
tion acceptance, such a concept is based on digital health usefulness will impact on the digital health 
information acceptance. The fourth assumption proposed is that digital health information ease of use 
(H4) affects digital health information acceptance, such a concept is based on digital health ease of use 
will impact on the digital health information acceptance. And finally, the fifth assumption is that digital 
health information acceptance (H5) affects digital health innovation, such a concept is based on digital 
health information acceptance will impact on the digital health innovation.

The proposed conceptual model for Digital Health Innovation Model is shown in figure 3.

RESEARCH METHODOLOGY

The main purpose of this research is to examine the variables that influence consumer acceptance of 
digital health information that leads to innovation for digital health. The participants in this study having 
access & knowledge about digital health and are users of technology and have access to digital data, on 
their smart phones, tablets, and laptop. Mixed methodology using combination of qualitative research 
(e.g. interviews, focus group data for case studies, institutional data records) and empirical analysis 
(e.g. survey data for statistical analysis & PLS modelling, institutional data records) are adopted in this 

Figure 2. Key statistics about digital connectivity in Australia
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research. Adopting the two different methods provides deeper insights into the research for Digital In-
novation for Health Data Analytics.

A set of key interview questionnaires (open and exploratory) in Digital Innovation for Health Data 
Analytics will be asked and recorded from the eighteen respondents. The interviews will be transcribed, 
and data analyzed for important findings and for further development of the survey’s instruments. A 
number of following multiple Case Analysis were conducted to examine and improve on the survey 
instruments that would then lead to identifying important variables in this study.

A set of survey questionnaire will examine thirty-five respondents’ attitude towards acceptance of 
digital health information and innovation. The questionnaire will be set on a Likert scale for responses to 
be measured on a scale from low (1) to high (5). The survey data will be analyzed using SPSS software 
to make meaningful sense of the data using descriptive statistics and confirmatory factor analysis. Partial 
Least Square modelling (Chin 2010) will be adopted for examining and testing the conceptual model 
for hypotheses path testing and validation and for measuring the variables developed in this study. The 
next section is into the three Case Analysis.

CASE ANALYSIS

Case Study 1: Empowering Customers with Digital Health Information

Customers interact with vast amounts of information online, whether it is visiting websites, social media, 
travel arrangements, online learning, emails, and the activities are endless. Customer’s interaction with 
digital health information has been slow. Digital health information access has been restricted due to 
number of reasons, such as people’s health privacy, non-availability or limited and restricted access to 
one’s health data from health organisations perspectives such as hospitals and government institutions, 
and as well as bureaucracy towards data access within health institutions.

Over the year’s government and health institutions maintained digital health data records for people, 
but in the last few years’ technology such as World Wide Web has made it easy for consumers to get 
access to digital data online. Health institutions and governments have been least prepared towards know-
ing how to make the health data available to consumers. Some organisations are struggling to meet the 
demands of the consumers, whereas other have not yet started planning or implementing strategies for the 
delivering digital health data to their customers. Customers should have access to their digital health data.

Figure 3. Digital Health Innovation Model (Digital HIM)
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Case Study 2: Digital Health Transformation

Health institutions such as hospitals, have for a long-time maintained records (paper and digital) of 
customers, with very limited or restricted access to customers. Though paper records demonstrate what 
information the customers “need to know”, such as medical history, medications, doctors & hospital 
visits, and financial transaction, whereas access to other information which the intuition considers “sen-
sitive” are not available to customers. Hospitals and institutions policies differ on information access to 
customers, which in today’s time does not take into account the technology adoption by customers for 
digital information availability online.

Hospital institutions are also faced with legislations that they have to follow, and which have not been 
updated for recent times. Hospital and government institutions have been slow adopters of digital health 
technologies. Many institutions in regional areas lack technological capabilities and infrastructure due to 
lack of funding, and availability of skilled personnel that can steer the digital health innovation project. 
And hence reliance on the old paper-based record system as the only option for driving and maintaining 
a paper-based health record system.

Case Study 3: Digital Health Innovation

Innovation has been studied in different disciplines, but its understanding in digital health has been lim-
ited. For an idea or a concept to lead to innovation must meet the following requirements: (1) provide 
newer ways for a method, idea, or a product, to be usefully adopted; (2) needs to be cost effective; (3) can 
be applied widely; (4) have technological element; and (5) outcomes can be measured. To bind Digital 
Health Innovation together, means linking Digital Technology, Health, and Innovation, as one. Research 
has shown that Digital Technology has a track record of widescale penetration and adoption across sev-
eral industries such as social media, shared economy, travel, tourism, online learning, and many more.

Digital Technology has shown to have the potential to transform Health by injecting the element 
of Innovation, as customers are the biggest driver of technologies. Digital Health Innovation can not 
only provide newer ways for customers to interact with digital health information, it can also transform 
health organisations business models for doing business. Customers are not only information users, they 
are also content creators as seen on social media, which is user driven, which is unique and distinctive, 
which have learning lessons for health institutions to develop digital systems that can cater to customers 
creating content in digital health and engaging with that content. For a long time, “health” has had an 
“image” of being serious, sad, when people are sick.

This “image” is quickly changing around the world, when people engage with digital health informa-
tion online, such as wearing smart watches, smart phones, and monitoring health devices, that tracks 
their steps, calories, heart beats, blood pressure, and gym workouts, which also is linked to studies about 
better health and image for individuals to stay fit and active and taking control of their health. With the 
availability and engaging with newer data to customers digital health innovation can slow down several 
diseases such as obesity, diabetes, heart attacks, by people taking control of their health, which also 
means low medical insurance bills for the government, and the savings can be invested into other in-
novations that can further drive digital health innovations like a ripple effect. The next section is about 
conclusions, limitations, and future research directions.
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SUMMARY OF THE RESULTS FROM STATISTICAL ANALYSIS

The statistical evidence revealed that consumer experience and empowerment were the key drivers for the 
adoption of digital health and need for information was considered significant to make a decision to use 
or not to use digital healthcare. Consumer motivation enhanced the use of digital healthcare, but it was 
not known the level of impact it had on their attitude towards newer technologies implementing digital 
healthcare (e.g. smartphones, smartwatches, etc.). Digital health information usefulness was highly valued 
as a core driver, further it also had emphasis and differentiates on different ways the usefulness could 
be spread across different areas of digital healthcare transformation, as consumer expected usefulness 
to be multifaceted that can be made available on a wide variety of digital platforms to boost healthcare.

The data disclosed that Digital health ease of use though was a primary driver, nevertheless the use 
of technology being simplified in terms of ease, had an important interplay with other distinct features 
by easily interfacing with digital healthcare. Consumers reported that it was easier to transform their 
healthcare records and that Digital health information acceptance lead to making important decisions 
and participation in their healthcare management, which also demonstrates a level of autonomy consum-
ers enjoyed in managing their healthcare digitally. The evidence revealed that Digital health innovation 
was highly dependent on modern technology for transformation, which meant as newer technologies 
were integrated into healthcare, more pronounced versions of digital health innovation were discovered, 
similarly lower integration of technology also had an impact, which lead to fewer innovations being 
discovered. Statistical data shows that there is a strong bond between modern IT and Healthcare that 
leads to amalgamation of these two important elements to transform digital healthcare innovation.

CONCLUSION, LIMITATIONS AND FUTURE RESEARCH DIRECTIONS

This research in progress (from a bigger study being conducted in Global Digital Health in 12 countries) 
attempts to understand the key factors for Digital Innovation for Health Data Analytics. Literature review 
shows that Digital Health Innovation provides many opportunities to manage digital data for consum-
ers, but it also at the same time faces obstacles such as: consumer’s resistance, technical problems, 
political, digital leadership, data portability, data sharing and use, data security and access, data transfer 
and ownership, and data authorization. Some of these issues are technically related with digital health 
systems development whereas other issues relate to trust and consumer confidence, and significance of 
consumer culture, in data management by health service providers.

From a technical perspective each of the issues that are studied here have an important role to play in 
digital health innovation to be successful. The limitation of this study is based on the data being inves-
tigated from respondents at universities, and findings of this study needs to be amplified and used with 
caution, and the conceptual constructs, variables, research instrument scales and validation, hypotheses 
and the model, further tested on larger population of respondents. This study will focus on the discovery 
of key factors and provide a deeper insight into successful functioning of Digital Health Innovation.
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ABSTRACT

A key activity in healthcare is clinical decision making. This decision making typically has to be made 
rapidly and often without complete information. Moreover, the consequences of these decisions could be 
far reaching including the difference between life or death. Today analytics can assist in clinical decision 
making as the following chapter highlights. However, to gain the most from any type of analytics, it is 
first necessary to fully understand the dynamics around the clinical decision making process.

CRITICAL ATTRIBUTES OF CLINICAL DECISION-MAKING PROCESS

Clinical Decision Making (CDM) is a central aspect of healthcare in the present day (Stinson, 2017). 
While making patient care decisions has always been connected to clinical staff, it is gradually becoming 
a major facet in the role of radical caregivers; now present in the healthcare sector (Smith et al., 2008). 
The general aim of clinical decision making is to offer better-quality patient care (ibid). Further, it plays 
a significant role in value-based care that physicians can offer to patients (ibid). While its impacts the 
overall spectrum of the care team, it is typically encountered with primary medical choices on a daily 
basis (ibid). According to Stinson (2017), pitiable decision making can result in detrimental happenings 
and lead to adverse costs for individuals (ibid). In fact, it is projected that about sixty-five percent of the 
detrimental happenings may possibly have been mitigated had caregivers made improved choices (Smith 
et al, 2008). Therefore, being aware of the aspects that impact decision-making practice intensifies the 
probability of offering improved and relaxing patient care (ibid). Clinicians are responsible for their 
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patients, their occupation, and the institution for which they work (ibid). For that reason, it is beneficial 
that critical tools are involved in clinical decision making (ibid). Given that the decisions that the care 
team make have such greater consequences; it is prudent to understand critical aspects of clinical deci-
sion making as the following sets out to do.

CDM PROCESS

According to Hardy & Smith (2008), many psychologists have come up with numerous interpretations 
to define clinical decision making. However, Gillepse (2010) defines CDM as the reasoning practice of 
selecting another course of action in offering patient care concerning both clinical judgment and reason-
ing. This comprises of managing a range of data from diverse sources to come up with critical judgment. 
In CDM, physicians most precisely evaluate and realize deviancies from a standard medical depiction of 
healthiness or disease and make a choice in accordance with the information accessible (ibid).

With changes in the delivery of care-services, augmented patient insight, and improved responsibility 
in physicians’ choices, it is crucial to comprehend in what ways caregivers come up with medical choices 
and the key aspects that impact them (Hardy and Smith, 2008). Individuals within acute care settings 
have worse conditions that require more experienced clinical experts who will offer the utmost degrees of 
value-based care (ibid). This is predominantly accurate in acute precaution (ibid). In this environmental 
setting, choices are made with urgency and more frequently (Smith et al, 2008). An interruption in the 
decision making practice with such a setting can be a problem of survival or death (ibid). According 
to Stinson (2017), there are several key aspects of clinical decision making which influence the entire 
decision-making process. These include the experience, environment, education, and intuitions (ibid). 
Moreover, the experience aspect is vital when considering a CDM practice (ibid). It continues to be a 
critical provider even when determining medical choices (ibid).

Clinical decision making is an intricate practice that obliges nurses to be experienced and to have 
access to suitable data sources and work in a supportive environmental setting (ibid). As the health 
practitioner’s occupational role expands, they turn out to be accountable for a wider array of medical 
decisions (Kozlowski et al, 2017). Clinical decisions necessitate that physicians ought to be experienced 
and well informed in pertinent facets of nursing (ibid). Consequently, clinical decision making becomes 
less complicated and more manageable (ibid). Physicians have to decide what the issue is, what data to 
collect, how to handle the concern, if the therapeutic is efficient or whether the patient requires to have 
a clinical review for further examination and cure (Stinson, 2017).

INTERNAL ASPECTS

Several decision making studies in the healthcare sector have recognized that aspects of patients impact 
CDM, with specific reference to decision making biases (ibid). Aspects of the practitioners (decision 
makers) such as their degree of expertise and experiences, intuition capabilities, and confidence also 
impact their decision making (ibid). Most of the clinicians have a number of personal qualities as well 
as abilities in CDM that enhances them to make efficient decisions in association with the task, and also 
putting into account the framework of the practice (ibid). When physicians poses a higher self-efficacy, 
they experience a greater willingness and confidence in making the right decisions (ibid).
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Experience is one of the core internal aspects that determine the physicians’ capability to undertake 
decisions (Gillespie, 2010). Clinical experiences have been found to positively enhance practitioners 
care as well as influencing the level of clinical knowledge which ultimately determines the accuracy of 
medical decisions. Knowledge is the basis of the CDM and it offers physicians the capability to realize 
data cues involving the choice concern (Gillespie, 2010). If a physician’s know-how is limited, little 
choices will be centered on incomplete data resulting in lesser judgments (ibid). Medical experience, 
therefore, improves the real-world and efficient familiarity that practitioners want to make intricate 
choices (ibid). Through experience, the healthcare practitioners become more informed of their role in 
CDM process (Smith et al., 2008). Stinson (2017) indicated that, through experience, practitioners turn 
out to be more relaxed as well as confident in their medical practice and their capabilities to offer safe 
medical care. Additionally, they are more poised and at ease with their performance and acts in a focused 
and therapeutic manner (ibid). Experience is also thought to offer physicians power and reliability and 
is regarded as the core backup for the intuitive actions which the practitioners participate in (Smith et al, 
2008). Experienced doctors make medical decisions in accordance with the cues that they realize during 
the situation at hand (ibid). These clues are learnt from earlier experience as well as explicit knowledge 
(ibid). On the other hand, such experience is believed to be obtained from identifying patients’ healthi-
ness conditions and then coming up with action approaches to manage these illnesses (Gillespie, 2010).

Experienced practitioners adopt CDM that is more explicit, creative, and advanced towards the patient 
needs (ibid). They use more interpretations, and critiques in the decision-making process, being more 
confident and self-dependent (ibid). Further, they handle uncertainty in CDM more efficiently by em-
bracing a concrete certainty, being capable of participating in prudent risk-taking and acquiring a better 
knowledge base that minimizes the relative uncertainty of the CDM (Gillespie, 2010). The practitioners’ 
knowledge base is usually adapted, multidimensional, and often includes better knowhow of the limits 
of their familiarity in regards to what could be known (ibid). More experienced practitioners also have 
more improved cognitive abilities for CDM, being more adaptive, flexible, and having greater extents 
of emotional abilities, being at a position to separate emotions from the actual tasks, understanding 
the patients’ disease experiences, and being knowledgeable on how to use their personal traits and its 
impacts in their CDM (Stinson, 2017). Therefore, experienced practitioners critically apply norms as 
well as a strategy for decision making, where they understand the origins of the regulations and hence 
implement them more prudently (ibid).

Intuition is another internal aspect impacting the CDM process (ibid). Clinical decisions undertaken 
by physicians are intuitive in nature rather than being logic (ibid). Intuition is the instant apprehension 
of knowhow devoid of sensible thought. Stinson (2017), claims that intuition in medical care is a pro-
cess in which physicians identify something about the individual that is actually hard to verbalize. It is 
characterized by factual understanding, which is independent of the linear rationale process (ibid). As 
soon as intuition is used, the decision maker filters data initially spurred by the imagination, resulting in 
the incorporation of all awareness and data to problem solve (ibid). Physicians use their relations with 
the individuals and intuition, drawing on inferred knowledge, to apply the right knowledge to come up 
with correct decisions to solve patients’ needs Hardy & Smith, 2008).

Intuition is a manner through which expert practitioners depend on their intuitive judgment that has 
been established over time (ibid). It is an informal, amorphous, non-analytically based, and measured 
calculation that enhances the solving of clinical problems, a process of reaching salient conclusions 
according to comparatively small data and knowledge (ibid). Professional clinicians can have a rapid 
understanding of a condition by using intuition to realize patterns and commonalities and attain a rational 
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comprehension (Gillespie, 2010). Intuitive acknowledgment of commonalities, as well as resemblances 
between situations, is often the first diagnostic cues or rather early cautions that must then and there be 
followed-up with an acute assessment of evidence among the competing situations (ibid). This condition, 
therefore, calls for intuitive clinical judgment that shows decisions made by expert physicians (ibid).

According to Kozlowski et al (2017), acute care team usually comes up with decisions basing on their 
experience in similar conditions and in line with cues they recognize in the medical conditions that they 
meet. Similar to the Hardy and Smith, (2008) argument, intuitive decision making capability emanates 
from years of experience and know-how accumulated from analogous circumstances or pattern cases 
(ibid). Nonetheless, it does not mean that the physicians are undertaking the first chance to resort back 
to normal procedure, instead, the experienced caregiver can adjust to increasingly changing patient con-
dition and undertaking the correct action at the given time to attain the desired patient outcome (ibid).

EXTERNAL ASPECTS

The broader framework of CDM can be viewed to comprise of varying attributes that become significant 
to certain decisions such as social, environmental, and organizational extents. In a number of studies, 
several examples have been used to demonstrate how decisions are impacted by these contextual attributes 
(Gillespie, 2010). The social factor, for instance, has been presented to have a large impact on CDM 
(ibid). Studies have revealed that physicians talk about attributes of their decision making to others in 
the framework, specifically when a decision is challenging to make, use chatting with other practitioners 
to check their CDM (ibid). Additionally, they use their views to come up with new perspectives and 
often anchor their decision making to the choices others have made in the past (ibid). However, Wu et 
al (2016) assert that the influence of the social aspect can either be positive or negative.

In addition to social factors, it is evident that the most dynamic aspect of CDM is the environment 
which illustrates the intricacy of the decision task (ibid). According to Williams & Brown (2014), intricacy 
can involve several influences that proliferate the cognitive burden on the decision makers. Empirically, 
the quality of decision making is shown to be affected when the obscurity is increased (ibid). Time pres-
sure is another strong aspect that impairs the clinical decision-making process (ibid). Wu et al (2016) 
assert that physicians come up with choices about involvements either in certainly no time restraint or 
in no time pressure. Health practitioners with added capability often make improved choices as soon 
as they are self-driven (ibid). However, presenting time pressure disregard this gain and all physicians 
performs below par. In the health process, time pressure is established in numerous types. For instance, 
learners’ practitioners feel pressured to accomplish their role and to prepare a well-organized sheet after 
their shift for the practitioners coming in the next shift (ibid). This shows a self-imposed burden in time 
which may affect the practitioners’ CDM (ibid).

Disruptions within the environmental aspects influence the CDM process (Wu et al., 2016). When 
interruptions occur it places an added reasoning pressure on the decision maker by imposing the physi-
cians to process data that is often inept to the present role (ibid). The contending data put out of place 
memory subjects, some of which is crucial to and significant to the medical decision (Wu et al, 2016). 
Nevertheless, this interruption does not result in worse choices as such. Simply when rational strains 
exceed the physician’s reasoning capability it will affect the decision precision. Thus, this aspect relates 
to task intricacy (ibid).
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ROLE OF KNOWLEDGE MANAGEMENT IN CDM

Shahmoradi et al (2017) indicate that the healthcare industry depends heavily on knowledge in its everyday 
activities, and mostly, the delivery of care relies on the cooperation of several partners that ought to share 
knowledge to offer quality care for individuals. For this reason, clinical knowledge ought to be made 
accessible and freely available to all in need of it. Thus, knowledge management is significant for coop-
eration and sharing of know-how so that utmost results of the care services is attained (ibid). Generally, 
there are a number of benefits of implementing knowledge management in the healthcare sector (ibid).

As noted by Shahmoradi et al (2017), knowledge management (KM) has significant consequences 
on medical decision making in the healthcare industry. Effective KM ought to support the practice of 
CDM and strategic planning (ibid). For instance, KM plays a core role in the planning stage of healthcare 
projects to ensure that patients receive quality and timely care services (ibid). Based on the current data, 
clinical analysts guide medical decision makers in making intricate decisions in the healthcare sector, 
which is characterized by augmented risks as well as uncertainties (ibid). The overall decision-making 
effort is thus made in accordance with the outcome of the clinical analysis, a knowledge rigorous task 
(Simon, 2016). KM is therefore essential in tactical Clinical Decision Making (ibid).

The purpose of KM in CDM to advance the value of care delivery is concerned with adopting the 
right approach of handling knowledge for prudent decision making (ibid). Though the use of the knowl-
edge management techniques to support CDM, chances become open to advance individual care and 
minimize expenses that result to a constructive social transformation in reducing the inequality in the 
medical care delivery structure (ibid). Furthermore, KM helps clinicians to monitor the situations within 
their environmental settings (Simon, 2016). They are thus able to collect data which enables them to 
track the existing conditions and become aware of new warnings as well as emerging conditions (ibid). 
In addition, clinical decision makers are able to do evaluations (ibid). This evaluation assists them to 
learn from their previous experiences (Shahmoradi et al, 2017). Therefore, it is evident that KM offers 
an immense contribution at varying stages of the CDM (ibid).

Better-quality decision making is a crucial element of the good clinical process (Simons, 2016). If the 
physicians are to apprehend, evaluate, and advance CDM, it is vital that the physicians should apprehend 
the aspects that are considered during decision making (ibid). When working towards improving the 
clinical decisions, a wide-ranging perspective ought to be adopted that considers elements such as the 
practitioner’s decision-making attributes (including, experience, and intuition) as well as the impact of 
external aspects on decision making (ibid). The evidence-based process is constantly viewed as a means 
for advancing the quality of clinical processes (ibid). A broader context of aspects impacting clinical 
decision making shows how evidence-based process needs to be incorporated with several other facets 
of medical practice (ibid). For healthcare sector to promote efficient CDM, they need to comprehend 
how best they can teach clinical decision making that takes into account and manage the complexity of 
aspects that impact it, instead of paying attention only to the instant CDM tasks of illness identification 
and interventions (ibid).
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PREDICTIVE ANALYTICS TO SUPPORT CLINICAL DECISION MAKING

The rapid growth in the healthcare sector is producing a massive amount of important facts on patient’s 
insurance covers, therapeutic plans, populations, and payments thus becoming an issue of interest to 
technologists and physicians (Shahmoradi et al., 2017). With the growth in the healthcare sector, some 
challenges have started to emerge such as the escalating expenses, pitiable quality, increased inefficien-
cies, and intricacy (ibid). For instance, in America, the expenditure rates between 2010 and 2015 had 
increased by about 123% (ibid). Some of these outlays are connected to poor quality care (ibid). Statisti-
cally, so many patients in America die each year because of therapeutic errors (ibid). However, with the 
available information, clinicians are able to have a better decision making which helps to mitigate these 
problems and promotes the transition of the healthcare from a non-value to a value-based healthcare 
sector (ibid). This transition needs clinicians to overwork to be more effective and productive (ibid). 
Currently, hospitals are adopting information technology in their management process (ibid). Big data 
is collected through these technological systems on a consistent basis with an aim of predicting and 
mitigating poor medical outcomes (ibid). Therefore, analytics offers technologies and methods to gather 
data from this intricate and capacious information (ibid). Moreover, analytics also offers approaches 
to translate the big data into information to aid in policymaking in healthcare (ibid). Once the analytic 
tools are applied correctly, medical practitioners attain a high level of effectiveness and accuracy of the 
workflow is achieved (ibid).

PREDICTIVE ANALYTICS

Predictive analytics has been defined in various ways by different authors. Alharthi (2018) has defined 
predictive analytics as the use of data and algorithms, as well as machine learning methods to detect 
the probability of upcoming outcomes according to the historical data. Normally, historical facts are 
used to form a mathematical model that captures significant trends in the healthcare industry (ibid). The 
predictive model is used on the current statistics to identify the future happenings and suggests actions 
that the care team ought to take for optimal results (ibid). The aim of this technological advancement is 
to go beyond gaining insights on what has happened to offer the best evaluation of what will take place 
in the future (ibid). Its implementation in the healthcare sector can determine individuals who are at a 
higher risk of developing particular conditions including asthma, heart conditions, diabetes, and other 
chronic diseases (Wessler et al, 2015). The clinical decision systems integrate predictive analysis to 
enhance clinical decisions at the care level (ibid).

Healthcare prediction focuses on minimizing future expenditures. According to Janke et al (2016), the 
retrieving and reviewing of the past details of a patient, data, and diagnosis from the records enhances 
the predictive approaches to take place by forecasting, minimizing on expenditures and time. Some 
hospitals in the US have launched a predictive structure which scans all the individuals’ data and details 
to detect potential threats and outcomes (ibid). Thus, the health centers have saved more million dollars, 
and especially in some illnesses such as heart failure. Similarly, the hospitals have been able to predict 
diseases in regards to the performance of patients’ monitoring and mitigating future complications (ibid).
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ROLE OF PREDICTIVE ANALYTICS

The healthcare sector is being faced with numerous challenges that result in poor quality and pricey 
care services (Alharthi, 2008). As a result, the improvement of the healthcare industry in regards to 
quality and cost as well as the lessening of waste is a worldwide imperative (ibid). It is estimated that 
about 21% to 47% of what may be used on health services in America is for non-value interventions 
(Wessler et al, 2015). Various inept activities such as readmissions, fraud, and the wrong consumption 
of antibiotics comprises of a greater percentage of these massive expenses (ibid). Though the percent-
ages may vary across nations, it is evident that the challenges are a global concern (ibid). However, with 
predictive analytics, these challenges can be addressed (ibid). This enhances the healthcare facilities 
to identify patients who require alternate therapeutic accounts for some of the poor clinical as well as 
economic outcomes in the present day healthcare model (ibid). With prediction analysis, care teams are 
able to learn adequately about a patient, and significant healthcare data, to aid in making choices that are 
most probable to benefit the patient (ibid). For instance, if hospitals can identify which diabetic, cancer 
and heart conditions individuals need a changed treatment plan, then they may advance outcomes and 
save a lot of finances by not employing an inefficient or possibly risky treatment (Wessler et al, 2015). 
With predictive analytics tools, evidence-supported decisions are enhanced. Evidence-based decisions 
in healthcare are a stride in the right direction and offer more support than simple guesses for doctors 
(ibid). Prediction analysis can thus help physicians to decide the precise treatments for those patients 
(Alharthi, 2018). The healthcare sector will only be transformed if the administrators will be able to use 
all the data available to them to make improved decisions (ibid).

Predictive analytics helps the healthcare industry to attain a high level of efficient overall care as well 
as preventive care (Wessler et al., 2015). As the prediction outcomes enhance appropriate therapeutic 
actions to be undertaken when all the threats are identified in early stages, this help to reduce expenses. 
Moreover, Amarasingham et al (2014) assert that the technology era has increased considerable value 
to the clinical decision-making system. These systems can be enhanced by paying attention to patients’ 
diagnoses, and prevention so as to attain a high level of therapeutic care and advance healthcare econo-
mies (ibid).

APPLICATION OF PREDICTIVE ANALYTICS TO CLINICAL DECISION MAKING

According to Parikh et al (2016), doubt over a medical decision often leads doctors to over-treat or 
under-treat patients. However, clinical decision support tools have increasingly become renowned among 
healthcare sectors to blend the massive data and make certain that the major information does not escape 
doctors’ attention (ibid). The rise in the adoption of predictive analytics has therefore generated delight 
over the potential for caregivers to transform diagnostics, such as in the areas of radiology, imaging as 
well as pathology (ibid). Predictive analytics can enable doctors to direct high expense interventions to 
those high-risk patients who truly need them (ibid). These tools will revolutionize the expertise levels 
of human physicians, medical goals and priorities, reliance and consistency of the underlying data, diag-
nostic decision making, integration of clinical decision systems into the EHR, and medicament support 
(ibid). According to Amarasingham et al (2014), nearly 86% of health centers that have adopted the 
new prediction system have confirmed that this tools are highly scalable, which allows health centers 
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facilities to determine if the already existing data are adequate to support novel algorithms created to 
spur actionable insights from operational, patient-driven sources, and financial clinical sources (ibid).

Parikh et al (2016) claim that, as the healthcare industry moves into the next level of clinical decision 
systems, it is time to incorporate content. In the days to come, healthcare systems need to consolidate 
clinical decision systems to support all members of the care providers’ team. The care teams are cur-
rently moving beyond alerts to offer all-inclusive content in the healthcare workflow to motivate each 
intended medical action (ibid). This would help to cover post-acute care, more home care, inpatient, as 
well as ambulatory care, and would ultimately result in an improved decision making and a decline in 
the unpremeditated variability of care (ibid).

Currently, healthcare systems are finding the need to harmonize data (Parikh et al., 2016). They are 
thus thinking about patients and are working towards delivering directly to patients the same information 
it offers to providers but in a patient-centered manner (ibid). Parikh et al (2016) assert that by aligning 
the decision support system of the care team with that of the patients, the healthcare system will be able 
to deliver patient participation with their care in a manner that aligns to the general plan of treatment. In 
numerous cases, feedback gathered from a patient, such as the measurements of the blood sugar levels 
by a diabetic individual, would spur not only the patient’s direction but also the provider direction (ibid). 
Having a look at the clinical decision support systems in the long term, hospitals must start to take the 
data collected by caregivers, learn from the information, and then use it in a simulated feedback circle 
to enhance informed direction content (Twa, 2018). In addition, healthcare systems are creating a cycle 
where they offer decision support, come-up with evidence, apprehend what do and don’t work for the 
caregivers and patients, and responds in a constant and iterative drive to improved care delivery (ibid).

The prediction data analytics are not only used to analyze the past data but they also assist in maxi-
mizing the decision value in the healthcare industry (ibid). The utmost fundamental use of the search 
analytics comprises of gathering and scrutinizing data about the healthcare performance and maximizes 
on the decision making procedure without necessarily depending on others (ibid). With numerous dif-
ferent tools, most health facilities waste a large amount of time as well as finances whereby using the 
predictive analytics initiative every person can be able to attain huge benefits and make the most of the 
decision making procedure (Kankanhalli et al, 2016).

Therefore, healthcare data when mined for predictions, they offer major awareness for decision 
makers in regards to diseases patterns and trends or predicting certain demands for certain healthcare 
services (ibid). Getting an apprehension of these trends assists the healthcare administrators to redesign 
their operations and placement of health services to the individuals who are at a greater risk of illness 
prevalence leading to improved healthcare delivery (ibid). Parikh et al (2016) state that prediction of 
demand for particular services helps in improved planning ahead of major trends identified in the medi-
cal sector. Analysis of the massive data coming from health centers offers indicators of care delivery 
failures thereby bettering the service care delivery as well as avoiding wastage of resources (ibid). It is 
therefore evident that predictive analytics helps the healthcare sectors to leverage their past data to learn 
what is likely to occur in the upcoming days or years, realize actionable understandings, and intervene to 
minimize on costs (ibid). In most cases, these analyses often offer a direct improvement in patient care 
and operational effectiveness. It also shows factual promises in demographic health management (ibid). 
Actually, there are almost incessant potential applications of prediction analysis (Parikh et al, 2016).

According to Wang et al (2018), a number of visionary organizations have developed real-time deci-
sion-making abilities using the predicted information. The use of predictive analytics, allows healthcare 
administrators to have a real-time decision-making capacity that cannot be compared to the traditional 

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



279

Predictive Analytics to Support Clinical Decision Making
 

models (ibid). The tools offer real-time information for both the patient and the care team on their de-
vices such as smartphones or tablets (ibid). They receive a constant stream of great capacity healthcare 
demand data and availability of care services in varying geographic regions (ibid). The administrators 
in the hospital, therefore, come up with demand management methods building on the real-time demand 
data (Janke et al, 2016). The real-time reflectiveness is very crucial to make improved decisions faster 
and finding the weaknesses in healthcare service delivery (ibid). When the data is accessed instantly 
from all locations without wastage of time, the care team is able to make better-informed decisions 
(ibid). Additionally, the caregivers are also able to make more precise and faster decisions by attaining 
deeper understandings as well as greater visibility towards the healthcare sector (Kankanhalli et al, 2016). 
Prediction analytics instrument panel helps to organize and to convey information for the administrative 
decision-making method in such a manner that improves overall effectiveness and performance (ibid). 
Healthcare facilities, therefore, end up making the best decisions according to the right information due 
to the increased understandings of the analyzed data (ibid).

APPROACHES

Predictive analytics are comprised of three characteristics: timely, actionable, and role-specific features 
which make the technology successful in the healthcare sector (Kankanhalli et al, 2016). They promote 
clinical decision making and also informs organizational priorities as well as actions (ibid). According 
to Parikh (2016), risk stratification approach plays a major role in prioritizing the clinical workflow, 
minimizing system waste, and creates financially effective demographic management initiatives. Es-
tablished risk scoring can play a core role in a number of healthcare scenarios (ibid). For instance, a 
calculated risk score can aid in reducing system waste by establishing workflow priorities for follow-ups 
of patients’ populations suffering from heart failure (ibid). Based on this predictive risk stratification 
approach, caregivers are prompted to pay attention to those patients at higher threats and preventively 
get involved with prescription reconciliation, home care as well as follow-up appointments (ibid).

Budgaga et al (2016) assert that the simulation approach in predictive analytics deals with what if 
cases, which are valuable when doctors want to ask simple questions such as what if the question about a 
particular clinical area or administrative role. This helps to reduce variation in a particular medical care 
process (ibid). Predictive analytics used in this simulation approach offers physicians and administrators 
a prevue into what if cases and the possible outcomes of a certain combination of occurrences (ibid). 
On the other hand, the mapping approach in predictive analytics is routinely used to envisage weather 
and capitalize supply chains (Bedeley et al, 2018). The approach aims at leveraging GIS mapping of 
healthcare centers, responsible care populaces, and patient illness burden (ibid). Mapping is an effective 
visual method to analytics as well as decision making (ibid).

In light of the above discussion, it is evident that the healthcare industry has come a long way since 
the technological revolution has transformed the way health sector works (ibid). Big data is assisting 
the health care facilities to deliver better-quality care services using the analytic approach (ibid). From 
the discussion presented, it is clear that the predictive analytics methods assists the healthcare sector 
to gain better understanding, patterns, connections, and relationships which could not be apprehended 
through traditional analytics (ibid). The prediction analysis helps to support decision making procedure 
for healthcare executives with the aid of massive data, cost and time reduction plans (ibid). Many hos-
pitals thus use predictive analytics in almost all elements of care delivery services to reap the benefits 
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of the analyses grounded decision making (ibid). With prediction analysis, health facilities can identify 
and optimize patterns contained within the data to realize risks as well as opportunities (ibid). Predictive 
analytics model designed to identify the connection between different behavioral elements enables the 
evaluation of anticipated risks and chances presented by a certain set of health conditions (ibid). This 
guides health administrators into making informed decisions across the various aspects of healthcare 
(ibid). As the healthcare sector creates shares, examines, and depends on more and more massive data for 
service delivery and medical intelligence, caregivers are likely to witness continued developments in the 
decision support systems (ibid). The decision support will, in turn, enable the hospitals to maintain their 
upward trail in the quality of their patients’ care (ibid). All the predictive whistles across the healthcare 
facilities globally will improve care service delivery through thoughtful and significant interventions 
(ibid). Medical leaders who are willing to improve their service delivery ought to base their interventions 
on proven predictive information (ibid).

DISCUSSION AND CONCLUSION

Rapid decision making is key in quality healthcare delivery. Technology and more especially analytics 
can assist to enable clinicians to make better decisions. It is necessary though that clinical decision mak-
ing processes in various contexts are fully understood before analytics is applied to ensure appropriate 
and quality results ensue.
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ABSTRACT

On the one hand, predictive analytics is an important field of research in information systems; however, 
research on predictive analytics in healthcare is still scarce in IS literature. One area where predictive 
analytics can be of great benefit is with regard to unplanned readmissions. While a number of studies on 
readmission prediction already exists in related research areas, there are few guidelines to date on how to 
conduct such analytics projects. To address this gap the chapter presents the general process to develop 
empirical models by Shmueli and Koppius and extends this to the specific requirements of readmission 
risk prediction. Based on a systematic literature review, the resulting process defines important aspects 
of readmission prediction. It also structures relevant questions and tasks that need to be taken care of 
in this context. This extension of the guidelines by Shmueli and Koppius provides a best practice as well 
as a template that can be used in future studies on readmission risk prediction, thus allowing for more 
comparable results across various research fields.
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INTRODUCTION

Hospital readmissions, especially unplanned readmissions are an important quality measure in healthcare, 
as they can indicate issues around treatments, rehabilitation and/or discharge management. Moreover, 
readmissions are often associated with increased costs resulting from penalties and regulations enforced 
by policy makers and insurers. At the same time, the increasing availability of healthcare data leads to an 
uptake in predictive analytics research conducted in the healthcare sector. The identification of patients 
at high risk of readmission is a significant issue in this context. The main motivation behind this research 
area is to identify patterns that can help to unravel high-risk patients to allow for timely interventions. 
The starting point of these interventions lies in the screening of individuals at high risk of discharge 
failure (Scott, 2010). By identifying high-risk patients, hospital resources can be allocated accordingly 
and interventions and discharge planning can be adapted. Multiple factors associated with a higher risk 
of readmission have been identified in research, including health factors (e.g., co-morbidities (Kumar 
et al., 2017; van Walraven, Bennett, Jennings, Austin, & Forster, 2011), social factors (e.g., marital sta-
tus (Hasan et al., 2010)), clinical factors (e.g., hospital utilization (Shadmi et al., 2015)), length of stay 
(Heggestad, 2002)) or effective discharge management (Ohta, Mola, Rosenfeld, & Ford, 2016).

Determining the risk of readmission is an imperative and highly complicated task, relying on differ-
ent risk factors for various health conditions. While some studies propose general risk scores (Donzé, 
Aujesky, Williams, & Schnipper, 2013; van Walraven et al., 2010) applicable for all kinds of diseases, 
research shows significant variation in risk factors for different health conditions. Thus, to be able to 
accurately predict patients at high risk of readmission, individual prediction models for different health 
conditions should be preferred. Even though there are a number of studies dealing with this phenomenon, 
currently no theoretical framework exists to guide these kinds of research projects. This leads to the issue 
that studies on readmission risk prediction often disregard key characteristics for this prediction task. 
Also, results from different studies are often difficult to compare and thus unsuitable to generalize best 
practices. This study proposes a theoretical framework to guide studies on readmission risk prediction 
by providing a structured overview of relevant definitions, tasks and questions that need to be taken care 
of in this context. To identify these steps previous studies are analysed to identify project characteristics 
specifically for hospital readmission prediction.

Background

Hospital Readmissions

While there is no standard definition for readmissions available, they can be broadly described as “a second 
admission to a hospital within a specified period after a primary or index admission” (Kristensen, Bech, 
& Quentin, 2015, p. 265). For each healthcare system, criteria concerning the index admission and the 
second admission to account as a readmission as well as the considered time frame, have to be defined. 
These criteria can include clinical characteristics (e.g., diagnosis), demographics (e.g., patient age), 
type of the admission (e.g., elective or emergency) or the treatment facility (Kristensen et al., 2015). To 
determine the applicable time frame, readmission days are counted from the discharge date of the index 
admission until the admission date of the second admission. Consequently, a readmission is defined by 
the relation between two admissions and the time frame in between. There is no international consensus 
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considering the specified period between admissions. The time frame varies among studies from 14-day 
to 4-year with the most common being 30-day readmissions (Kansagara et al., 2011).

Predictive analytics methods are used in a variety of application fields to extract patterns from historical 
data to create empirical predictions as well as methods for assessing the quality of those predictions in 
practice (Shmueli & Koppius, 2011). Predictive analytics are part of data mining, which aims at deriv-
ing models that can e.g., use patient-specific information to predict a specific outcome. As opposed to 
descriptive models that aim to identify human-interpretable patterns and associations in existing data 
based on pre-defined attributes, predictive analytics tries to foresee outcomes or classifications for new 
input data using a special response variable, thus the classification (Bellazzi & Zupan, 2008).

Shmueli and Koppius (2011) present a general approach for conducting predictive analyses. They 
postulate that in general, predictive analyses consist of two components: First, the empirical predictive 
model, such as statistical methods or data mining algorithms and second, methods that evaluate the 
predictive power of a model. The latter refers to the ability of a predictive model to accurately represent 
new observations. The explanatory power, in turn, is related to the strength of the association induced 
by the statistical model (Shmueli & Koppius, 2011). Figure 1 illustrates the general process steps, which 
are carried out for the creation of all empirical models. The individual tasks in this process, however, 
differ extensively when developing an explanatory or predictive model. For example, while explanatory 
models investigate the explanatory power of their identified relationships (e.g., theoretical coherence, 
strength-of-fit, statistical significance), predictive models assess the predictive accuracy of a model, 
e.g., using cross-validation or split-validation measures. The individual modelling steps as proposed by 
Shmueli and Koppius (2011) guide the development of the readmission prediction framework presented 
in this paper.

Imbalanced Data

A major concern in predicting readmissions is the occurrence of imbalanced data. Imbalanced data, also 
known as skewed data, has a strong unequal distribution of the minority and majority classes (Sun, Wong, 
& Kamel, 2009). In the case of hospital readmissions, this is especially true for unplanned readmis-
sions, as rates usually vary between 1.1 to 6.7% (Kreuninger et al., 2018). The main issue with handling 
imbalanced data is that traditional classifiers tend to perform best with an equal class distribution while 
the relevant information from the minority class might be overlooked with regards to the majority class 
(Sun et al., 2009, 2009). There are a number of different approaches to handle imbalanced data (Nitesh 
Chawla, 2005; Galar, Fernandez, Barrenechea, Bustince, & Herrera, 2012; He & Garcia, 2009; Kotsi-
antis, Kanellopoulos, & Pintelas, 2006; Longadge & Dongre, 2013; Sun et al., 2009), the most popular 
being sampling or ensemble techniques (Haixiang et al., 2017).

Figure 1. Process to build an empirical model (Shmueli & Koppius, 2011)
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Sampling

Two main sampling approaches can be differentiated, namely oversampling and undersampling. Un-
dersampling reduces the entities from the majority class, while oversampling creates additional entities 
of the minority class (Galar et al., 2012; Kotsiantis et al., 2006). A variety of sampling approaches are 
available to reach this goal, the most prominent being random over- and undersampling, informed un-
dersampling, synthetic minority oversampling (SMOTE), adaptive synthetic sampling, sampling with 
data cleaning, and cluster-based sampling methods (He & Garcia, 2009). From the variety of over- and 
undersampling methods presented in literature (Galar et al., 2012; Haixiang et al., 2017), random under-
sampling (RUS) is still one of the most commonly applied undersampling techniques (Haixiang et al., 
2017). In RUS, entities of the majority class are randomly removed to reduce the data imbalance (Galar 
et al., 2012). The most commonly used oversampling technique is SMOTE and its derivations (Haixiang 
et al., 2017). The SMOTE process is introduced by Chawla et al. (2011; 2003). For each entity of the 
minority class, the k-nearest neighbours are identified; after this, a distance vector from the minority 
entity to its neighbours is calculated. By randomly multiplying the vector with a number between 0 and 
1, SMOTE creates a new data entity, which is added to the training data.

Ensemble Learning

Hybrid methods of predicting imbalanced data include cost-sensitive learning and ensemble learning. 
Cost-sensitive learning follows the approach of manipulating the algorithm to weight the minority class 
higher and improve classifier performance. Cost-sensitive approaches have the downside that the actual 
costs of misclassification must be known (Sun et al., 2009). Another issue in readmission prediction 
as pointed out by Kansagara et al. (2011) is the poor performance of individual classifiers. Ensemble 
methods counter this issue by combining multiple classifiers into one classification system to produce a 
higher accuracy than achieved by its individual components (Galar et al., 2012). Ensemble learning can 
either be performed by combining different classifiers or by applying variations of the same classifier 
(Haixiang et al., 2017). Two main approaches that can be differentiated are bagging and boosting. Bag-
ging, which is short for bootstrapped aggregating, is introduced by Breiman (1996) and combines several 
base classifiers into one classifier. In the first step, data subsets are sampled from the training data. The 
bagging approach bootstraps the data to create several different bags. Bootstrapping means that random 
samples are added to the subset until the subsets have the same number of entities as the training data. 
This leads to intended duplicates in the subsets. Next, for each of the bags, the base classifier is trained 
and applied to the application set. Subsequently, the differently trained classifiers vote as to which class 
a new entity belongs, and a majority vote of the classifiers determines in which class the observation fits 
best. A prominent bagging method are RandomForests, which combine individual decision trees into a 
single classifier. In boosting, the training set is again split into k subsets. The model building, however, 
is done sequentially as opposed to the independent training for bagging models. Here, a weight is set for 
each data element, where misclassified examples increase their weight for the subsequent training round. 
In addition, a weight is set for each classifier dependent on its individual error rate. Thus, a weighted 
vote from all classifiers is used for the prediction of a new example (Quinlan, 1996). The most prominent 
boosting method, AdaBoost (adaptive boosting) (Freund & Schapire, 1997) is based on the principle of 
boosting introduced by Schapire (1990) and uses the base principle of improving the algorithm in every 
iteration to achieve a higher performance. Here, the base classifier is applied to the entire training data 

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



286

A Theoretical Framework for Research on Readmission Risk Prediction
 

set. Next, AdaBoost calculates the error rate for each individual sample and adds it to the data. In the next 
iteration, the algorithm selects the training data by considering the assigned weight to give misclassi-
fied samples higher attention. After each iteration, AdaBoost weights the models according to accuracy.

FRAMEWORK DEVELOPMENT

Goal Definition and Study Design

As a first step in any prediction project, the analysis goal has to be defined. While the main objective is 
to predict patients at risk of readmission to the hospital, the specific terms and criteria to successfully 
reach this goal need to be defined, namely the type of prediction, the interpretation of a high-risk patient 
as well as the parameters for an episode to count as a readmission.

Prediction: In supervised learning, two types of prediction tasks can be differentiated, namely classifica-
tion and regression. Classification aims at predicting discrete values, i.e. predefined categories or classes, 
whereas regression provides continuous values. In the task of readmission prediction, a categorical value, 
hence a classification approach, is required. At the highest level, a dichotomous differentiation between 
readmitted and non-readmitted patients is chosen. If necessary, the classes can be extended to further 
distinguish the time of readmission (e.g., early versus late readmissions) in a specified time frame, they 
can be separated by the reason for readmission (e.g., complications or corrections) or the level of risk 
(e.g., low risk, medium risk, high risk). The main issue for each of these cases is the prior classification 
of examples in the historical dataset that has to be aligned with the goal of the analysis task. In the case 
at hand, the main goal is to find out, whether a patient will be readmitted or not. Thus, a binary variable 
reflecting either 1 (readmission) or 0 (no readmission) is chosen as the classification target.

High-risk: The binary distinction can further be extended by considering the probability of class 
memberships. This way, prediction models cannot only specify, whether a patient belongs to the predicted 
readmission group or not, but also the probability of belonging to a group can be determined. The lower 
the threshold for a required class membership is set, the more risk patients can be identified. On the other 
hand, this also increases the likelihood of false positives. If the costs for a false positive prediction or a 
false negative prediction are known, weights can be specified accordingly. The concrete value of wrong 
predictions, however, is difficult to determine and poses a major challenge in readmission prediction. 
Costs for a prolonged length of stay or intervention programs can be used as approximations (Jamei, 
Nisnevich, Wetchler, Sudat, & Liu, 2017).

Readmission: Another issue in readmission prediction lies in the basic definition of the readmission 
episode itself. Readmissions are commonly differentiated between planned or unplanned readmissions 
and related or unrelated to the index admission (AHA, 2011). While the identification and prediction of 
readmissions should primarily focus on unplanned, related readmissions, it is often difficult to assess the 
relationship between admissions. Also, planned readmissions are often not documented within hospitals 
and therefore exacerbate the distinction of unplanned readmissions. Besides the admission intent, some 
studies also differentiate between avoidable and unavoidable readmissions (van Walraven et al., 2011; 
van Walraven, Wong, & Forster, 2012). The proportion of avoidable readmissions in that context and 
the underlying criteria to determine whether they are indeed avoidable varies strongly between studies. 
For example, van Walraven et al. (2011) suggest a median proportion of around 27% of readmissions to 
be avoidable, or similarly van Galen et al. (2017) propose 27-28% be at least predictable.
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To specify which episodes qualify for this definition, a variety of factors, including the timespan 
between admissions and the reasons for readmission have to be clarified. The timeframe can be selected 
based on regulations at a country or hospital-level or adhere to protocols by insurers. The reasons for 
readmission to be related to the index admission are highly dependent on the episodes under study. If 
certain diagnoses or procedures are investigated, the most common diagnoses for readmissions can be 
identified apriori and categorised into the presented scheme for readmissions (AHA, 2011). This task 
requires sufficient domain knowledge to undertake the classification for a specific procedure or diagnosis 
group. Alternatively, existing guidelines or regulations by insurers or governments can also be used.

Data Preparation

The data preparation process covers various steps of cleaning, visualising and reducing the available 
dataset in order to be suitable for the subsequent analysis. This includes dealing with missing and in-
consistent data as well as creating and selecting appropriate features. To get a better understanding of 
the underlying data and identify noise, exploratory analysis and simple visualizations of the dataset are 
conducted. Figure 2 gives an overview of the individual steps that are taken to develop the appropriate 
feature sets in the following sections.

DATA SELECTION

As a first step, data is filtered to only include relevant admissions for the prediction task. It is impera-
tive that the prediction model is trained on the data of the admission episodes that might have led to a 
readmission, not on the readmission episodes. The following criteria are important for each episode to 
remove irrelevant data points accordingly:

• The patient is admitted to acute care.
• The patient did not die during or after the hospital stay.
• The patient did not leave the hospital at his/her own risk.

FEATURE CREATION

To complement the data set with further relevant attributes, the availability of the identified risk factors 
from previous studies is assessed for each procedure group. Based on the insights from systematic reviews 
by Kansagara et al. (2011) and Zhou et al. (2016) relevant attributes for readmission risk prediction from 
previous studies can be analysed and, if applicable, integrated into the dataset. Furthermore, if no studies 

Figure 2. Data preparation steps
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on predictive models are available for the diagnosis or procedure under study, explanatory models can 
also provide an indication of relevant risk factors.

DATA CLEANING

The term data cleaning describes the process of detecting and removing data errors and inconsistencies. 
Unclean data can either occur on attribute, record, record type, or source level. According to Rahm (2000) 
errors can appear on a schematic or at an instance level.

Schematic errors can consist of the following:

• illegal values in attributes (e.g., a BMI of 0),
• inconsistencies on record level (e.g., between age and date of birth),
• record type errors, such as uniqueness violations (e.g., multiple uses of patient or episode IDs), or
• referential integrity violations (e.g., missing descriptions of diagnosis codes).

On an instance level,

• missing values,
• misspellings,
• abbreviations or non-defined codes,
• embedded values (i.e., multiple attributes in one column), or
• misfielded values (e.g., age in the date of birth column) can occur.

Duplicate records or varying value representations (e.g., data types) also affect the integrity of the 
data set (Rahm & Do, 2000). According to Chen et al. (2014), completeness, accuracy, and timeliness of 
data are the major factors for data quality specifically in health information systems. To identify errors, 
data profiling can be performed, which provides metadata to discover errors in the data.

Missing values can be handled in different ways, where entities can either be deleted, missing values 
can be imputed or the missing values can present knowledge themselves (Grzyb et al., 2017). If miss-
ing values don’t indicate additional insights, attributes with too many missing values are not taken into 
further consideration. Also, attributes contributing low or now information are identified by calculat-
ing the variance of each variable. Attributes with a variance lower than a predefined threshold can be 
excluded from the dataset.

EXPLORATORY DATA ANALYSIS

The goal of the exploratory data analysis (EDA) is to analyse the dataset visually and numerically to 
ensure that the data is suitable for the prediction model. In addition, dimensions are systematically 
reduced in this step as too many predictors can introduce noise and thus decrease the performance of a 
prediction model. Depending on the type of the attribute under study, different graphical representations 
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can be used to gain insights into the analysed records. For univariate and bivariate data (e.g., gender), 
simple plots, such as histograms or scatterplots can be used. The numerical distribution gives an insight 
into how the two cohorts differ.

CHOICE OF VARIABLES

After reducing dimensions, the next step is to select which variables to use for the prediction models. 
To this end, the variables must have a measurement quality, which means variables that do not assist in 
predicting unplanned readmissions are not relevant for the model. A feature is seen as beneficial if it is 
correlated with the prediction flag but is not redundant to any other relevant feature (Yu & Liu, 2003). 
This means that the variables must have the ability to predict readmissions while not being highly corre-
lated with each other. Since variables with correlations above 0.70 are seen as highly correlated (Asuero, 
Sayago, & González, 2007), features with a correlation above 0.70 can be removed.

An additional aspect that distinguishes prediction models from explanatory models is the time of 
data availability. While explanatory models can utilize all data that is available to identify relationships a 
posteriori, prediction models need to be based on data that is available at the time of prediction (Shmueli 
& Koppius, 2011). As the prediction models are usually utilized before patient discharge, only attributes 
that are available before a patient leaves the hospital can be considered.

Model Development

According to a systematic review by Artetxe et al. (2018) on predictive models for hospital readmission 
risk, machine learning methods can improve the prediction ability over traditional statistical approaches. 
Such contributions to this academic field are aimed at first aligning complex and sensitive information 
across multiple sources, using, among others, administrative, insurance, clinical, and government registry 
data. This information is thereafter used to identify patients in need of additional healthcare resources 
by means of various intervention methods (Billings, Georghiou, Blunt, & Bardsley, 2013). The model 
development is split into several steps (cf. Figure 3) and is tightly connected to the internal evaluation 
and optimization of a prediction model.

SPLIT THE DATASET

As a first step, the prepared dataset is split into a training and a validation set. The training set is further 
used to train, test and optimize the models, while the validation set is used in the very last step to evalu-
ate and compare the predictive performance of the final models. The data is split in a stratified fashion, 
thus the distribution of readmitted and non-readmitted patients is equal in both datasets.

A major issue in predictive analytics is overfitting, which refers to a model that fits the training data 
perfectly, but fails to generalize in order to correctly predict new examples. Different strategies can 
be applied during model training to avoid and test if a model overfits, namely hold-out validation and 
cross-validation. To perform these validations, the data is split into three subsets, a training set and a 
validation set for cross-validation or hold-out validation and a test set for final evaluation. Depending 
on the evaluation strategy, these sets are created and used in different manners.
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Training set: This subset is used to fit the model, i.e., derive the relationship between the input vari-
ables and the target class.

Validation set: Next, the developed model is tested on unseen data, where the predicted values are 
compared with the real class membership to determine the error rate of the predictions.

Test set: The test set is used in the last step to evaluate the final model that is built on the full dataset 
(training + validation) given the optimal hyperparameters previously determined by the training and 
validation data.

For both approaches, a test set is omitted for final testing of the developed model. The training and 
validation of the model, however, differs. In hold-out validation, for each parameter setting, the model 
is only trained once on the training set and then applied to the validation set. When the best parameter 
setting is found through this approach, the final model is again trained on the entire dataset (training + 
validation data) and then evaluated using the test set. In cross-validation, on the other hand, the data is split 
into k subsets, where k equals a positive integer. Next, the model is trained on k-1 subsets and validated 
on the remaining subset. This is repeated until every subset has been used as a training and validation 
set (cf. Figure 4). A special form of cross-validation, termed leave-one-out cross-validation (LOOCV), 
splits the data into k subset, where k equals the number of examples in the dataset. Thus, each data point 
is used on its own to evaluate the model that is built on the remaining dataset. This approach, however, 
gets extremely cost-intensive with regards to computing time the bigger the data set. While hold-out 
validation requires less computing time as the model only has to be trained once, sampling of the train-
ing and test set can lead to an unwanted bias. In cross-validation, on the other hand, each data point is 
used both as a training and a validation example, eliminating the sampling bias. Since computing time 

Figure 3. Model development process
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is not an imitating factor in this analysis and the size of the data sets is appropriate for cross-validation, 
this technique is used for evaluating the prediction models in the following sections.

SAMPLING

If the utilized algorithm doesn’t support class weights, sampling can be performed on the training data 
set to handle an imbalanced class distribution. There is no clear suggestion, whether over- or undersam-
pling performs better in a given prediction task, thus both approaches should be tested. In order to avoid 
shrinking the data set in the sampling process too extensively, the desired ratio between the minority 
and majority class can be specified.

Figure 4. Hold-out validation versus cross-validation

Figure 5. Feature selection approaches (cf. Suppers, van Gool, & Wessels, 2018, p. 7)
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FEATURE SELECTION

Next, different feature selection approaches are performed for each classifier. In general, filter, wrapper 
and embedded methods can be distinguished (Guyon & Elisseeff, 2003). The main difference between 
these approaches lies in the point in time of feature selection with regards to the model development 
and evaluation (cf. Figure 5).

Filter methods clearly separate the feature selection and model building process. As a first step, 
attributes are chosen based on model-independent factors, such as variance or correlation thresholds. 
Wrapper methods, on the other hand, iteratively build and evaluate a model and adapt the feature set based 
on the results of the model evaluation until a certain threshold is reached. This adaption can be done by 
increasing or decreasing the number of features. In forwards selection, the initial feature set consists of 
one attribute that is consistently extended. The main issue with forwards selection is that features whose 
usefulness is dependent on other features (“feature synergy”) might be lost (Kohavi & John, 1997). To 
overcome this issue, backwards elimination initially uses the entire feature set to build the classification 
model and attributes are iteratively removed. Recursive feature elimination (RFE) is a type of backwards 
selection, where the model is first trained on all features, which are then ranked based on their contribu-
tion to the prediction task. The lowest-ranking features are removed until the prediction accuracy of the 
model decreases. Lastly, embedded methods perform the feature selection task during model building. 
Decision trees are a prominent example of an embedded feature selection model, as the information gain 
of each attribute is used to choose the features for model building. Since KNN and NB can’t consider 
varying importance of different features, the models are fitted on all attributes. L1 regularization (also 
termed “least absolute shrinkage and selection operator (LASSO)”) also presents an embedded method 
for a linear regression that adds a penalty for overly complex models, i.e., the number of input factors. 
Since DT have an embedded method of feature selection based on the information value of attributes, 
RFE is performed with cross-validation (RFECV) for all other methods. In RFE, attributes are continu-
ously excluded from the data set based on their contribution to the prediction task.

HYPERPARAMETER TUNING

As a next step, hyperparameter tuning is performed where the classifier is fitted to the sampled training 
set with the remaining relevant attributes. Each model can be trained using a set of hyperparameters 
relevant for each algorithm. The hyperparameters determine various criteria on how a model is trained, 
the learning speed and the structure of the model. To identify the best combination of hyperparameters, 
different search strategies can be applied. With sufficient computing power, formerly popular manual 
“trial-and-error” settings can be neglected. Instead, parameter combinations can be tested within a given 
scope using search algorithms, such as random search or grid search. In random search, each parameter 
setting is sampled from a distribution over possible parameter values. On the other hand, grid search of-
fers an exhaustive search in a specified scope parameter value. Research has shown that random search 
provides a more efficient way of identifying the optimal parameter setting with at least equally satisfying 
results (Bergstra & Bengio, 2012).
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MODEL BUILDING

In the last step, the prediction model is built by training the classifier on the entire training and test data 
set using the identified hyperparameter combination. The resulting model can then be used for the final 
validation. Depending on the classifier, sample weights or embedded feature selection can be employed 
during model building. Otherwise, the over- or undersampled data is used to build the prediction model 
based on the previously identified relevant features.

Evaluation, Validation, and Model Selection

In the last step, the prediction model is applied to the final test set. Thus, the model is tested on previ-
ously unseen data that hasn’t been involved in the development process. A major issue in predictive 
analytics is overfitting, which refers to a model that fits the training data perfectly, but fails to generalize 
in order to correctly predict new examples. A popular strategy to test if a model overfits is to perform 
cross-validation. For this purpose, the data is split into three subsets, a training set, test set and valida-
tion set. For the training and testing data sets, the data is split into k subsets, where k equals a positive 
integer. Next, the model is trained on k-1 subsets and tested on the remaining subset. This is repeated 
until every subset has been used as a training and testing set. While cross validation already aims to avoid 
overfitting of the model during training, it is argued that a final test on an unseen validation set should 
be performed in addition using data not present in the cross-validation (Ripley, 2009).

For evaluation, different metrics to investigate model performance are available. Since projects on 
readmission prediction usually concentrate on identifying as many risk patients as possible, the positive 
class should be focused on in the model evaluation. For this purpose, either the sensitivity or the F-2 

Table 1. Evaluation metrics

Evaluation metric Formula*

Accuracy  
TP TN
N
+

Sensitivity (Recall pos. class)  
TP

TP FN+

Specificity (Recall neg. class)  
TN

TN FP+

Precision  
TP

TP FP+

F-Score (1+ β2) * þ 
precision recall

precision recall

�*

�*β2( )+
* TP = True Positives, TN = True Negatives, N = All examples, FN = False Negatives, FP = False Positives
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Process Step Main questions Example

Goal definition

Prediction: What is the main 
purpose of the prediction?

Define time of prediction, e.g., identify patients at risk for readmissions at 
admission, before or after discharge

High-risk: At what level should the 
readmission be predicted?

Discrete: Binary prediction (readmission / no readmission) or Multinominal 
prediction (e.g., high risk, medium risk, low risk)
Continous: Risk probability (0 - 100%)

Readmission: How is a 
readmission defined?

Reason for readmission (procedure-specific or general)
Timeframe of readmission (28-day, 30-day, 6 months, etc.)

Data collection and study design

Study design: When is the data 
collected? Retrospective study versus real-time

Data collection: Which episodes 
should be excluded from the 
dataset?

Patient is admitted to acute care
Patient died before or after discharge
Patient left the hospital against medical advice

Data preparation

Selection: Which data points 
(episodes) are relevant for the 
context at hand?

Focus on specific procedures, diagnoses, patient groups

Feature creation: Which 
additional attributes are potentially 
interesting?

Create additional attributes from collected data that are not directly reported 
(e.g., from previous studies on predictive or explanatory models)

Cleaning: Which data points are 
usable for the prediction task?

Missing values
Outliers
Low variance
High correlation
High cardinality

Exploratory data analysis: What 
does the population under study 
look like?

E.g., use histograms or scatterplots to compare the distribution between two 
cohorts (readmission, no readmission)

Choice of variables: What data is 
available at the time of prediction? Depends on the prediction goal (at admission, before or after discharge)

Model development

Split dataset: How does the data 
need to be split for evaluation?

Training + test dataset (e.g., 80%)
(Final) validation dataset (e.g., 20%)
Cross-validation (during model training) versus holdout-validation

Sampling: Which sampling method 
should be applied to reduce the 
issue of imbalanced data?

Methods that support class weights (e.g., SVM)
Undersampling (e.g., Random Undersampling)
Oversampling (e.g., SMOTE)
Hybrid Sampling

Feature selection: Which attributes 
contribute to the predictive 
performance of a model?

Filter methods (subsequent approach, e.g., variance threshold)
Wrapper methods (iterative approach, e.g., backwards elimination)
Embedded methods (integrated approach, e.g., decision trees)

Hyperparameter tuning: Which 
hyperparameter combination leads 
to the best predictive performance?

Random search (specify the number of parameter combinations in a given range)
Exhaustive search (test all parameter combinations in a given range, e.g., grid 
search)

Model building
Build the model on the entire training + test dataset using the identified optimal 
hyperparameters
Use sample weights and embedded feature selection (if applicable)

Evaluation, validation, and 
model selection

Evaluation: Which evaluation 
measure should be chosen? Focus on readmission cohort: F2-score, Precision-recall curve, AUC

Validation: How well does the 
model perform on unseen data? Apply the model on the validation set

Interpretation: How can the final 
model be interpreted?

Logistic regression: Odds ratio for each attribute
Decision tree: Deduct rules from tree

Selection: What model should be 
selected for the final prediction 
task?

Predictive performance, computing time, interpretability

Table 2.
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score should be chosen as they put more emphasis on the positive class (cf. Table 1). Besides the result-
ing predictive performance stated by the evaluation metrics, model interpretability and computing time 
should also be considered for the final model selection.

Table 2 summarizes the results of this study by defining five main process steps that are further sub-
categorized in relevant tasks and questions that need to be answered in any readmission prediction project.

DISCUSSION AND CONCLUSION

This study set out to identify and unpack key issues around applying predictive analytics to healthcare 
especially in the area of hospital readmissions. In doing so the study has several contributions for theory 
and practice as follows: The proposed framework can be used to perform future studies on readmission 
risk prediction in a more systematic and guided way. Common mistakes in these kinds of projects can 
therefore be avoided and results are better comparable. Furthermore, this work extends the theoretical 
knowledge on predictive analytics based on Shmueli and Koppius (2011). In a next step, the proposed 
framework will be further tested and adapted by means of a systematic literature review on readmis-
sion risk prediction. Furthermore, an exemplary prediction project is conducted based on the presented 
guidelines to test its applicability in practice. For this purpose, episode data from an Australian hospital 
group is used to predict unplanned readmissions.

ACKNOWLEDGMENT

This research received no specific grant from any funding agency in the public, commercial, or not-for-
profit sectors.

REFERENCES

AHA. (2011). Examining the Drivers of Readmissions and Reducing Unnecessary Readmissions for 
Better Patient Care. Retrieved from https://www.aha.org/guidesreports/2018-02-09-examining-drivers-
readmissions-and-reducing-unnecessary-readmissions

Artetxe, A., Beristain, A., & Graña, M. (2018). Predictive models for hospital readmission risk: A sys-
tematic review of methods. Computer Methods and Programs in Biomedicine, 164, 49–64. doi:10.1016/j.
cmpb.2018.06.006 PMID:30195431

Asuero, A. G., Sayago, A., & González, A. G. (2007). The Correlation Coefficient: An Overview. Criti-
cal Reviews in Analytical Chemistry, 36(1), 41–59. doi:10.1080/10408340500526766

Bellazzi, R., & Zupan, B. (2008). Predictive data mining in clinical medicine: Current issues and guide-
lines. International Journal of Medical Informatics, 77(2), 81–97. doi:10.1016/j.ijmedinf.2006.11.006 
PMID:17188928

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.aha.org/guidesreports/2018-02-09-examining-drivers-readmissions-and-reducing-unnecessary-readmissions
https://www.aha.org/guidesreports/2018-02-09-examining-drivers-readmissions-and-reducing-unnecessary-readmissions


296

A Theoretical Framework for Research on Readmission Risk Prediction
 

Bergstra, J., & Bengio, Y. (2012). Random Search for Hyper-Parameter Optimization. Journal of Ma-
chine Learning Research, 13(Feb), 281–305. Retrieved from http://www.jmlr.org/papers/volume13/
bergstra12a/bergstra12a.pdf

Billings, J., Georghiou, T., Blunt, I., & Bardsley, M. (2013). Choosing a model to predict hospital ad-
mission: An observational study of new variants of predictive models for case finding. BMJ Open, 3(8), 
e003352. doi:10.1136/bmjopen-2013-003352 PMID:23980068

Breiman, L. (1996). Bagging Predictors. Machine Learning, 24(2), 123–140. doi:10.1007/BF00058655

Chawla, N. (2005). Data Mining for Imbalanced Datasets: An Overview. In O. Z. Maimon & L. Ro-
kach (Eds.), Data mining and knowledge discovery handbook (pp. 853–867). New York, NY: Springer. 
doi:10.1007/0-387-25465-X_40

Chawla, N., Bowyer, K., Hall, L., & Kegelmeyer, W. P. (2011). SMOTE: Synthetic Minority Over-sampling 
Technique. Journal of Artificial Intelligence Research; Advance online publication. doi:10.1613/jair.953

Chen, H., Hailey, D., Wang, N., & Yu, P. (2014). A Review of Data Quality Assessment Methods for 
Public Health Information Systems. International Journal of Environmental Research and Public Health, 
11(5), 5170–5207. doi:10.3390/ijerph110505170 PMID:24830450

Donzé, J., Aujesky, D., Williams, D., & Schnipper, J. L. (2013). Potentially avoidable 30-day hospital 
readmissions in medical patients: Derivation and validation of a prediction model. JAMA Internal Medi-
cine, 173(8), 632–638. doi:10.1001/jamainternmed.2013.3023 PMID:23529115

Freund, Y., & Schapire, R. E. (1997). A Decision-Theoretic Generalization of On-Line Learning and 
an Application to Boosting. Journal of Computer and System Sciences, 55(1), 119–139. doi:10.1006/
jcss.1997.1504

Galar, M., Fernandez, A., Barrenechea, E., Bustince, H., & Herrera, F. (2012). A Review on Ensembles 
for the Class Imbalance Problem: Bagging-, Boosting-, and Hybrid-Based Approaches. IEEE Transac-
tions on Systems, Man and Cybernetics. Part C, Applications and Reviews, 42(4), 463–484. doi:10.1109/
TSMCC.2011.2161285

Grzyb, M., Zhang, A., Good, C., Khalil, K., Guo, B., Tian, L., ... Gu, Q. (2017). Multi-task cox propor-
tional hazard model for predicting risk of unplanned hospital readmission. In 2017 Systems and Infor-
mation Engineering Design Symposium (SIEDS) (pp. 265–270). IEEE. 10.1109/SIEDS.2017.7937729

Guyon, I., & Elisseeff, A. (2003). An introduction to variable and feature selection. Journal of Machine 
Learning Research, 3, 1157–1182. Retrieved from http://dl.acm.org/ft_gateway.cfm?id=944968&type=pdf

Haixiang, G., Yijing, L., Shang, J., Mingyun, G., Yuanyue, H., & Bing, G. (2017). Learning from class-
imbalanced data: Review of methods and applications. Expert Systems with Applications, 73, 220–239. 
doi:10.1016/j.eswa.2016.12.035

Hasan, O., Meltzer, D. O., Shaykevich, S. A., Bell, C. M., Kaboli, P. J., Auerbach, A. D., ... Schnipper, 
J. L. (2010). Hospital readmission in general medicine patients: A prediction model. Journal of General 
Internal Medicine, 25(3), 211–219. doi:10.100711606-009-1196-1 PMID:20013068

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use

http://www.jmlr.org/papers/volume13/bergstra12a/bergstra12a.pdf
http://www.jmlr.org/papers/volume13/bergstra12a/bergstra12a.pdf
http://dl.acm.org/ft_gateway.cfm?id=944968&type=pdf


297

A Theoretical Framework for Research on Readmission Risk Prediction
 

He, H., & Garcia, E. A. (2009). Learning from Imbalanced Data. IEEE Transactions on Knowledge and 
Data Engineering, 21(9), 1263–1284. doi:10.1109/TKDE.2008.239

Heggestad, T. (2002). Do Hospital Length of Stay and Staffing Ratio Affect Elderly Patients’ Risk of 
Readmission? A Nation-wide Study of Norwegian Hospitals. Health Services Research, 37(3), 647–665. 
doi:10.1111/1475-6773.00042 PMID:12132599

Jamei, M., Nisnevich, A., Wetchler, E., Sudat, S., & Liu, E. (2017). Predicting all-cause risk of 30-day 
hospital readmission using artificial neural networks. PLoS One, 12(7), e0181173. doi:10.1371/journal.
pone.0181173 PMID:28708848

Kansagara, D., Englander, H., Salanitro, A., Kagen, D., Theobald, C., Freeman, M., & Kripalani, S. 
(2011). Risk prediction models for hospital readmission: A systematic review. Journal of the American 
Medical Association, 306(15), 1688–1698. doi:10.1001/jama.2011.1515 PMID:22009101

Kohavi, R., & John, G. H. (1997). Wrappers for feature subset selection. Artificial Intelligence, 97(1-2), 
273–324. doi:10.1016/S0004-3702(97)00043-X

Kotsiantis, S. B., Kanellopoulos, D., & Pintelas, P. E. (2006). Handling imbalanced datasets: A review. 
Retrieved from https://pdfs.semanticscholar.org/95df/dc02010b9c390878729f459893c2a5c0898f.pdf

Kreuninger, J. A., Cohen, S. L., Meurs, E. A. I. M., Cox, M., Vitonis, A., Jansen, F. W., & Einarsson, 
J. I. (2018). Trends in readmission rate by route of hysterectomy - a single-center experience. Acta 
Obstetricia et Gynecologica Scandinavica, 97(3), 285–293. doi:10.1111/aogs.13270 PMID:29192965

Kristensen, S. R., Bech, M., & Quentin, W. (2015). A roadmap for comparing readmission policies with 
application to Denmark, England, Germany and the United States. Health Policy (Amsterdam, Nether-
lands), 119(3), 264–273. doi:10.1016/j.healthpol.2014.12.009 PMID:25547401

Kumar, A., Karmarkar, A. M., Graham, J. E., Resnik, L., Tan, A., Deutsch, A., & Ottenbacher, K. J. 
(2017). Comorbidity Indices Versus Function as Potential Predictors of 30-Day Readmission in Older 
Patients Following Postacute Rehabilitation. The Journals of Gerontology. Series A, Biological Sciences 
and Medical Sciences, 72(2), 223–228. doi:10.1093/gerona/glw148 PMID:27492451

Lavrač, N., Gamberger, D., Todorovski, L., & Blockeel, H. (Eds.). Chawla, Nitesh, Lazarevic, A., Hall, 
Lawrence, & Bowyer, Kevin. (2003). Smoteboost: Improving Prediction of the Minority Class in Boosting. 
In N. Lavrač, D. Gamberger, L. Todorovski, & H. Blockeel (Eds.), Lecture Notes in Computer Science: 
Vol. 2838. Knowledge Discovery in Databases: PKDD 2003: 7th European Conference on Principles 
and Practice of Knowledge Discovery in Databases, Cavtat-Dubrovnik, Croatia, September 22-26, 2003. 
Proceedings (Vol. 2838, pp. 107–119). Berlin: Springer. 10.1007/978-3-540-39804-2_12

Longadge, R., & Dongre, S. (2013). Class Imbalance Problem in Data Mining Review. Retrieved from 
http://arxiv.org/pdf/1305.1707

Ohta, B., Mola, A., Rosenfeld, P., & Ford, S. (2016). Early Discharge Planning and Improved Care 
Transitions: Pre-Admission Assessment for Readmission Risk in an Elective Orthopedic and Cardio-
vascular Surgical Population. International Journal of Integrated Care, 16(2), 10. doi:10.5334/ijic.2260 
PMID:27616965

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://pdfs.semanticscholar.org/95df/dc02010b9c390878729f459893c2a5c0898f.pdf
http://arxiv.org/pdf/1305.1707


298

A Theoretical Framework for Research on Readmission Risk Prediction
 

Quinlan, J. R. (1996). Bagging, boosting, and C4.S. AAAI Press.

Rahm, E., & Do, H. H. (2000). Data Cleaning: Problems and Current Approaches. In Zinc Industry. 
Woodhead Pub. doi:10.1016/B978-1-85573-345-9.50005-4

Ripley, B. D. (2009). Pattern recognition and neural networks. Cambridge, UK: Cambridge University 
Press.

Schapire, R. E. (1990). The strength of weak learnability. Machine Learning, 5(2), 197–227. doi:10.1007/
BF00116037

Scott, I. A. (2010). Preventing the rebound: Improving care transition in hospital discharge processes. 
Australian Health Review: a Publication of the Australian Hospital Association, 34(4), 445–451. 
doi:10.1071/AH09777 PMID:21108906

Shadmi, E., Flaks-Manov, N., Hoshen, M., Goldman, O., Bitterman, H., & Balicer, R. D. (2015). Predict-
ing 30-day readmissions with preadmission electronic health record data. Medical Care, 53(3), 283–289. 
doi:10.1097/MLR.0000000000000315 PMID:25634089

Shmueli, G., & Koppius, O. (2011). Predictive Analytics in Information Systems Research. Management 
Information Systems Quarterly, 35(3), 553–572. doi:10.2307/23042796

Sun, Y., Wong, A., & Kamel, M. (2009). Classification of imbalanced data: A review. International Journal 
of Pattern Recognition and Artificial Intelligence, 23(04), 687–719. doi:10.1142/S0218001409007326

Van Galen, L. S., Brabrand, M., Cooksley, T., van de Ven, P. M., Merten, H., So, R. K., ... Nanayak-
kara, P. W. (2017). Patients’ and providers’ perceptions of the preventability of hospital readmission: A 
prospective, observational study in four European countries. BMJ Quality & Safety, 26(12), 958–969; 
Advance online publication. doi:10.1136/bmjqs-2017-006645 PMID:28642333

Van Walraven, C., Bennett, C., Jennings, A., Austin, P. C., & Forster, A. J. (2011). Proportion of hospital 
readmissions deemed avoidable: a systematic review. CMAJ: Canadian Medical Association Journal = 
Journal De L’Association Medicale Canadienne, 183(7), E391-402. doi:10.1503/cmaj.101860

Van Walraven, C., Dhalla, I. A., Bell, C., Etchells, E., Stiell, I. G., Zarnke, K., . . . Forster, A. J. (2010). 
Derivation and validation of an index to predict early death or unplanned readmission after discharge from 
hospital to the community. CMAJ: Canadian Medical Association Journal = Journal De L’Association 
Medicale Canadienne, 182(6), 551–557. doi:10.1503/cmaj.091117

Van Walraven, C., Wong, J., & Forster, A. J. (2012). Derivation and validation of a diagnostic score based 
on case-mix groups to predict 30-day death or urgent readmission. Open Medicine: a Peer-Reviewed, 
Independent, Open-Access Journal, 6(3), e90–e100. PMID:23687525

Yu, L., & Liu, H. (2003). Feature Selection for High-Dimensional Data: A Fast Correlation-Based Filter 
Solution. Academic Press.

Zhou, H., Della, P. R., Roberts, P., Goh, L., & Dhaliwal, S. S. (2016). Utility of models to predict 28-day 
or 30-day unplanned hospital readmissions: An updated systematic review. BMJ Open, 6(6), e011060. 
doi:10.1136/bmjopen-2016-011060 PMID:27354072

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



299

Copyright © 2020, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Chapter  22

DOI: 10.4018/978-1-7998-1371-2.ch022

ABSTRACT

This study aims to identify predictors for patients likely to be readmitted to a hospital within 28 days of 
discharge and to develop and validate a prediction model for identifying patients at a high risk of read-
mission. Numerous attempts have been made to build similar predictive models. However, the majority 
of existing models suffer from at least one of the following shortcomings: the model is not based on 
Australian Health Data; the model uses insurance claim data, which would not be available in a real-
time clinical setting; the model does not consider socio-demographic determinants of health, which have 
been demonstrated to be predictive of readmission risk; or the model is limited to a particular medical 
condition and is thus limited in scope.

INTRODUCTION

Like all OECD countries, Australia is also facing cost pressure regarding delivering high quality care. 
In the private healthcare sector in Australia unplanned readmissions are 3.1 typically requires the joint 
analysis of multiple sources of data (Sherman, 1984). However, this can be challenging as data is often 
incomplete, fragmented and/or consists of misaligned information (Buhl, Röglinger, Moser, & Heidemann, 
2013). This limitation in data quality in turn has hindered epidemiologists to extrapolate demographic 
information to within plausible limits (Murray, Lopez, & Organization, 1996). Additionally, fragmented 
data spread across multiple sources makes it difficult for policymakers to compare the relative cost-
effectiveness of different interventions (Chechulin, Nazerian, Rais, & Malikov, 2014). Thus, measuring, 
gauging and creating benchmarks for unplanned readmission is difficult and yet trying to solve this 
problem, as is the goal of this research, will have many far reaching consequences.
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LITERATURE REVIEW AND BACKGROUND

Recent developments in the fields of data warehousing and data science have enabled researchers to 
contribute to a growing body of knowledge in predictive analytics (Buhl et al., 2013). In particular, the 
building, training and application of predictive models to stratify patients into various risk groups based 
on information from administrative, insurance, clinical, and government registry sources is becoming 
a key focus (Chechulin et al., 2014). Such studies are aimed at first aligning complex and sensitive 
information across multiple sources (Blumenthal, Chernof, Fulmer, Lumpkin, & Selberg, 2016). This 
information is then used to identify patients in need of additional healthcare resources by means of vari-
ous intervention methods (Blumenthal et al., 2016).

The preponderance of research on predicting unplanned readmissions applies logistic regression 
models using dichotomous dependent variables (Blumenthal et al., 2016; Chechulin et al., 2014; Cunning-
ham, 2017; Fleishman & Cohen, 2010; Hartmann, Jacobs, Eberhard, von Lengerke, & Amelung, 2016; 
Leininger, Saloner, & Wherry, 2015; Li, Cairns, Fotheringham, Ravanan, & Group, 2016; Rodriguez, 
Munevar, Delaney, Yang, & Tumlinson, 2014) and occasionally linear regressions (Fleishman & Cohen, 
2010; Rodriguez et al., 2014). Although the variable to be explained is dichotomous, logistic regression 
can additionally determine the probability of belonging to a certain group, for example, whether a patient 
is cost intensive (i.e. a likely unplanned readmission or high risk patient) or not (a relatively healthy 
patient unlikely to have complications) (Snider et al., 2014). Compared to logistic regression, the scale 
level of the dependent variable in linear regression is metric (Snider et al., 2014). On the one hand, the 
use a dichotomous dependent variable with a well-defined threshold allows for a better comparability. 
However, the dichotomous dependent variable has the disadvantage that potential cost savings can not 
directly be assigned (Cunningham, 2017). In addition to regression models, classification models such as 
Support Vector Machine (SVM) and Decision Tree (DT) methods can be applied (Behnke, 2014; Bertakis 
& Azari, 2010; Koukouvinos, 2016). Classification is the assignment of data objects to a suitable class, 
whereby, for example, the minimization of the classification error or the maximization of the degree 
of affiliation are used as performance evaluation criteria (Moturu, Johnson, & Liu, 2007). In SVMs, 
data objects are represented as vectors in a d-dimensional data space. An SVM looks for a boundary 
where the objects with different class affiliation are separated as distinctively as possible. This limit is 
represented by so-called support vectors. In case of more than two attributes, the separating boundary 
corresponds to a hyperplane (Moturu et al., 2007). Drosou and Koukouvinos (Bertakis & Azari, 2010) 
use SVM to find an optimal hyperplane that separates cost-intensive from “regular” patients. However, 
comparing different classification and predictive models, Moturu, Johnson, and Liu (Behnke, 2014) 
show that SVM have the lowest performance. In their study, Bertsimas et al. (Bertsimas et al., 2008) 
utilize DT to classify high-cost patients. The advantage of decision trees lies in the ability to be easily 
interpreted, where the importance of an attribute is reflected by its proximity to the root node. However, 
especially for data sets with many attributes, the danger of overfitting occurs (Moturu et al., 2007). In 
this case, very large decision trees are created. Although a large decision tree leads to a high classifica-
tion accuracy on the training data, it does not necessarily lead to a high classification accuracy on the 
test data (Moturu et al., 2007). Since the mentioned classification models have not shown a sufficient 
performance in literature and logistic regression has the advantage of generating probabilities as well, 
this method is chosen for the predictive analysis. In order to evaluate whether overfitting occurs when 
learning a classifier, cross-validation of the models is applied.
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There are a variety of different influencing factors in literature that increase the likelihood of becoming 
a cost-intensive patient. Especially demographic variables are often used as the first factor in predictive 
analysis, where aspects such as age and gender are known to be reliable predictors (Behnke, 2014; Buhl 
et al., 2013). Bertakis and Azari (Bertakis & Azari, 2010) intensively examine the influence of gender in 
their study and confirm that women are associated with higher costs. Chechulin et al. (Chechulin et al., 
2014) further verify that good estimates of future costs can be made based on a person’s age. Although 
pure predictive demographic models perform worse in terms of prognosis quality compared to models 
with clinical variables, they provide meaningful predictions for the small amount of information avail-
able. This allows for categorization at a time when no other information is given (Behnke, 2014). Other 
important indicators are clinical variables based on the ICD9 and ICD-10 diagnostic codes (Buhl et al., 
2013). Cucciare and O’Donohue (Cucciare & O’Donohue, 2006) further suggest that predictions that 
include diagnoses show very accurate results. Here, certain chronic diseases, such as diabetes, chronic 
heart failure (CHF) and chronic obstructive pulmonary disease (COPD), should be studied separately, 
as these have a major impact on the resulting costs (Buhl et al., 2013). Hartmann et al. (Cunningham, 
2017) identify accordingly that the metabolic system, especially diabetes, is a trigger for a high number 
of other diseases and may have long-term effects. Snider et al. (Li et al., 2016) support this finding by 
identifying obesity as an important indicator in their study. This is also related to the body mass index 
(BMI), sociodemographic variables and other comorbidities. Additionally, people who suffer from a 
CHF tend to become cost-intensive because they tend to use more healthcare resources of all kinds 
(Lenz, 2013). Li et al. (Li et al., 2016), define different levels of care, showing that patients with regular 
care needs are characterized, among other things, by COPD and asthma. In general, diseases can also be 
summarized in co-morbidity indices and incorporated into the modeling as a predictor (Rose, 2017). An 
example is the Charlson Comorbidity Index, which includes diagnoses based on ICD-10 codes (Leininger 
et al., 2015; Quan et al., 2005). Other relevant predictors include the self-assessment of one’s own health 
status (Leininger et al., 2015; Quan et al., 2005), previous healthcare costs (Amin, Rahim, Ali, Khan, & 
Anwar, 2015; Hofmann & Klinkenberg, 2013), resource demands such as number of hospitalizations and 
number of visits (Buhl et al., 2013; Quan et al., 2005), and medication (Crawford Albert, Fuhr Joseph, 
& Hubbs Brandon, 2005; Rose, 2017). In the current study we built several models to predict all-cause 
28-day readmission risk and included Socio-economic Indexes for Areas (SEIFA) data as proxies for 
socio-demographic determinants of health. Additionally, instead of using insurance claims data, which 
could require several weeks to process, we focussed on building our own models using data that is readily 
available during the inpatient stay or at the time of discharge, as the following presents.

METHODOLOGY

To address shortcomings in previous studies, several models were built to predict all-cause 28-day 
readmission risk and included Socio-economic Indexes for Areas (SEIFA) data as proxies for socio-
demographic determinants of health. Additionally, instead of using insurance claims data, which could 
require several weeks to process, the presented models use data that is readily available during the 
inpatient stay or at the time of discharge.
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One of the primary objectives of this study is to accurately predict, (ultimately) in real time, the risk 
of hospital readmission within 28 days of discharge. The following sections describe the underlying data 
constructions and assumptions that were built into our models.

Data Preparation

Before developing prediction models, the data set has to be cleaned and prepared. First, variables that 
have more than 90% missing values or have a constant value over all cases are excluded. Due to input 
errors in the data set, cases showing inconsistencies across multiple attributes are removed.

Dataset

The developed models of readmission risk utilised hospital activity, patient characteristics and clinical 
data, which were derived from six years of admitted patient episode care data, from fiscal year 2012-2013 
through fiscal year 2017-2018. These datasets contained episode level information regarding hospital 
activity, patient characteristics, procedures performed and diagnoses. A separate dataset containing 
information regarding the specialist, including specialist identification, name and age, was also utilised 
to develop the model. Eight different SEIFA 2016 scores at a postal code level were incorporated as 
proxies for socio-demographic determinants of health. This initial dataset contained 202 variables across 
926,778 episodes.

OUTCOME VARIABLE

A not for profit tertiary healthcare organisation counts readmissions at the episode level. For the pur-
poses of this study, readmissions were considered for any patient that was readmitted under the following 
conditions:

• Readmission occurred within 1 to 28 whole days following discharge; and
• readmission occurred for a unique episode; and
• The readmission sequence was discarded.

Episodes were excluded from the outcome variable for the following reasons:

• Patients were readmitted at a rehabilitation facility; or
• Patients were readmitted at cancelled or hold wards; or
• Patients were readmitted with dialysis or oncology codes; or
• Patients were readmitted with same day mental health treatment; or
• Patients were readmitted with electroconvulsive therapy (ECT) treatment.

Of the 926,778 episodes in the initial dataset, 102,282 are identified as readmissions, which represents 
a readmission rate of 11.24%.
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It is important to note that the readmission rate is not included in our model as the dependent (outcome) 
variable, as a readmission is the final consequence. Because our goal is to predict the risk of readmis-
sions prior to the discharge on the first instance, we instead used the readmission index. The readmission 
index considers the admission immediately preceding the readmission episode, as quantifying the risks 
of readmissions prior to discharge from the initial episode can allow clinicians to identify patients who 
might benefit from more intensive pre-discharge care.

The readmission variable was calculated according to the formula described in the next section IV.1.2. 
Then the index readmission was derived and validated to predict the risk of readmissions within 28 days 
after discharge from this not for profit tertiary healthcare organisation.

Data Cleaning

To further refine the variables used in the model, we excluded or transformed factors based on the fol-
lowing reasons:

Unrelated Variables

An extensive consultation process was undertaken with the Clinical Outcomes and Analytics team, the 
Chair of Health Information Management for a not for profit tertiary healthcare organisation, and exter-
nal consultants to determine the potential risk factors for readmissions. Empirical evidence suggested 
that the following variables do not have significant impacts on the risk that a particular patient will be 
readmitted to the hospital within 28 days of discharge: the division type, the care type, the number of 
noncertified days of stay, the number of private bed days, the conversion from outpatient to inpatient 
stays, the conversion from inpatient stays to outpatient stays, the rehabilitation episode type, death after 
discharge, fund diagnosis related group (DRG) version, hospital DRG version, principal Commonwealth 
Medicare Benefits Schedule (CMBS) date and principal CMBS banding.

Missing Feature Values

An important number of variables did not include complete records. Careful consideration of methods 
for dealing with missing data was performed, as failure to appropriately consider missing data can lead 
to biased results. Variables were generally treated with one of the following methods:

Elimination

When the missing data represented more than 10% of the total records, the variable was excluded from 
the modelling dataset. Eliminated variables included the following: unplanned admissions to the ICU, 
referred by doctor, referred by specialty doctor, referred by doctor at a clinical institute, referred to doc-
tor, referred to specialty doctor, principal shared care doctor clinical institute, miscellaneous code 1, 
miscellaneous code 2, miscellaneous code 3, miscellaneous code 4, miscellaneous code 5, miscellaneous 
code 6, miscellaneous code 7, miscellaneous code 8, miscellaneous code 9, miscellaneous code 10, the 
Australian national subacute and non-acute patient (An-Snap) classification, Snap version, assessment 
only indicator, date of discharge plan, usual accommodation prior to admission, living arrangement prior 
to admission, employment status, existing comorbidity, emergency department treating doc 2, emergency 

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



304

Trying to Predict in Real Time the Risk of Unplanned Hospital Readmissions
 

department treating doc 3, emergency department treating doc 4, emergency department waiting, emer-
gency department time, triage category, emergency department provisional dx code, emergency depart-
ment provisional dx, discharge to usual accommodation, policy type and admission patient classification.

Mean Substitution

For continuous variables that contained a low percentage of missing variables, such as the age of the 
practitioner, the mean value was computed from available cases and was used to replace the missing 
data values for the remaining cases.

Method of treating missing feature values as special values
For categorical variables that contained a low percentage of missing variables, such as the insurer 

group model and SEIFA 2016 factors, the missing variables were treated as new values.

Inaccuracies

After careful quality inspection of the data, we eliminated the values of discharge age, readmission within 
28 days, readmission days, readmission option, height and weight, as these variables were identified as 
having formulation problems, making their calculations inaccurate.

Descriptive data

While descriptive data is important for the team to understand the data, these variables were not impor-
tant for modelling purposes and were therefore excluded: fund DRG description, CMBS description 1, 
CMBS description 2, CMBS description 3, CMBS description 4, CMBS description 5, CMBS descrip-
tion 6, CMBS description 7, CMBS description 8, CMBS description 9, CMBS description 10, principal 
diagnosis description, principal coding onset code description, diagnosis coding onset code description 
2, diagnosis coding onset code description 3, diagnosis coding onset code description 4, diagnosis cod-
ing onset code description 5, diagnosis coding onset code description 6, diagnosis coding onset code 
description 7, diagnosis coding onset code description 8, diagnosis coding onset code description 9, 
diagnosis coding onset code description 10, and principal procedure description.

Insurance claim data

Our primary objective is to develop a model that can be employed in hospital settings to support data-
driven discharge interventions to mitigate the risks of hospital readmissions. Thus, we excluded insurance 
claims data, which could take several weeks to process, as our models requires data that is available 
during the inpatient stay or at the time of discharge. The variables that fall into this category are the fol-
lowing: fund DRG code, principal diagnosis code, diagnosis code 2, diagnosis code 3, diagnosis code 
4, diagnosis code 5, diagnosis code 6, diagnosis code 7, diagnosis code 8, diagnosis code 9, diagnosis 
code 10, principal procedure code, procedure code 2, procedure code 3, procedure code 4, procedure 
code 5, procedure code 6, procedure code 7, procedure code 8, procedure code 9, and procedure code 10.
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Redundant data

The following variables overlap with other relevant factors and were therefore excluded: discharge des-
tination, Local Government Areas (LGA) code, discharge patient classification, ICU hours, discharge 
doctor clinical institute, reference to doctor clinical institute, principal procedural doctor clinical institute, 
CMBS code 2, CMBS code 3, CMBS code 4, CMBS code 5, CMBS code 6, CMBS code 7, CMBS code 
8, CMBS code 9, and CMBS code 10.

Feature construction/Transformation

Based on our previous experience, the discovery of meaningful features contributes to a better under-
standing of the underlying causes of readmissions. Thus, after another extensive consultation process 
with the Clinical Outcomes and Analytics team, the Chair of Health Information Management for a not 
for profit tertiary healthcare organisation and external consultants, the following features were derived 
and/or transformed: admission patient, insurer identifier grouping, marital status, language, age of ad-
mitting doctor, age of discharge doctor, age of procedural doctor, age of anaesthetic doctor, indicator of 
emergency admission, number of emergency procedures, number of procedure codes used, admission 
month, admission year, discharge year, discharge month, patient age at discharge, number of previous 
admissions, and number of previous readmissions within 180 days.

Normalization

As part of our normalization process, we performed discretization on some continuous variables, such 
as previous readmissions within 180 days. We also attempted to normalize the remaining continuous 
variables; however, this approach did not improve modelling performance. Therefore, we did not nor-
malize continuous variables in the final dataset.

De-Identification

A crypto-graphical hash function was applied to the following sensitive variables: patient identification, 
episode identification, insurer group, doctor identification, and patient date of birth. The variables were 
internally serialized, and we implemented a cyclic redundancy check (CRC) hash function algorithm to 
compute a compact digest of the serialized object.

PATIENTS

To develop a robust risk prediction model, a number of records were removed based on characteristics 
related to the episode of care. These records were removed to ensure that their inclusion in the modelling 
dataset did not reduce the robustness of the risk prediction model. These trimmed records generally fell 
into one of three categories.
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The first category included episodes that were considered to be outliers, as their inclusion would 
disproportionately skew the risk prediction model. These episodes included the following:

• The number of wards for patients that had visited more than four wards;
• The number of anaesthetic doctors for patients with more than three anaesthetic doctors;
• Patients with negative lengths of stay or lengths of stay greater than 41 days for a single episode;
• Patients that spent more than 300 minutes in the operating theatre;
• Patients that visited more than 7 operating theatres for a single episode;
• Patients over 100 years old; and
• Patients that have visited A not for profit tertiary healthcare organisation more than 95 times.

The total number of episodes considered to be outliers represented 5% of the dataset.
The second category included episodes that were removed on the advice of the Clinical Outcomes 

and Analytics team, as having admission characteristics could not lead to readmission or being generally 
unrepresentative for the purposes of determining the probability of readmission. This category included 
the following:

• Episodes related to rehabilitation health admissions in Brighton, Richmond and the Transitional 
Living Centre.

The final category was related to decisions regarding which episodes were considered out-of-scope 
or not representative of the patient population. These episodes were trimmed if they included the fol-
lowing characteristics:

• Duplicate episodes; and
• Intersex or indeterminate patients (2 patients in the whole dataset).

MODELLING

Feature Selection

Feature subset selection is the process of identifying and removing variables that do not have significant 
impacts on the risk of a particular patient being readmitted to the hospital within 28 days of discharge. 
We conducted a univariate logistic regression to identify relevant variables.

Univariate Variable Selection

This step identified the top-ranked attributes. For categorical variables, the significance of the correlation 
between each variable and the index readmission was determined using the likelihood ratio test (LRT), 
using the p values of the fitted logistic regression. In addition, the prevalence, the chi-squared test and 
the odds ratio were also considered. For continuous variables, the significants of the correlation between 
each variable and the readmission outcome index was determined using the LRT, using the p values of 
the fitted logistic regression. In addition, the odds ratio was considered. For all variables, the response 
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factor was the index readmission, and the explanatory factor was the tested variable. Attributes with 
significance levels of p<0.01 in the univariate analyses were retained for further analyses. In addition, 
all factors and conditions with prevalence values of less than 1% within the population of patients were 
excluded from further analyses. The following features were excluded at this stage: ICU days, language 
v1, language v2, discharge method, admission shift, urgency of admission, discharge month, admission 
month, discharge day, unplanned theatre visit during episode, admission day, robot use and same-day 
or overnight stay indicator.

At this stage, the socioeconomic attribute (Decile Index of Relative Socio-economic Advantage and 
Disadvantage (IRSAD) that most correlated with the index readmission outcome was selected among the 
following eight variables: Rank IRSAD, Rank Index of Education and Occupation (IEO), Rank Index 
of Relative Socio-economic Disadvantage (IRSD), Rank Index of Economic Resources (IER), Decile 
IRSAD, Decile IEO, Decile IRSD and Decile IER, based on the lowest univariate AIC value.

In addition, the Clinical Outcomes and Analytics team confirmed that some values related to the 
insurer group could be further grouped together.

Correlated Variables

Correlation coefficients were obtained among all of the continuous variables A consultation process with 
the Clinical Outcomes and Analytics team was undertaken to select the most representative variables 
among heavily correlated variables (<0.30).

• The total number of beds and the total number of wards exhibited a correlation of 0.83. The total 
number of wards was selected.

• The total number of anaesthetic doctors and the total number of procedure doctors exhibited a 
correlation of 0.38. The total number of anaesthetic doctors was selected.

• The length of stay and the total number of procedure doctors exhibited a correlation of 0.31. The 
length of stay was selected.

• The total number of procedures codes and the total number of procedure doctors exhibited a cor-
relation of 0.78. The total number of procedures codes was selected.

• The length of stay and the total number of beds exhibit a correlation of 0.30. The length of stay 
was selected.

• The admitting doctor age and the discharge doctor age exhibit a correlation of 0.99. The discharge 
doctor age was selected.

Variables related to the admitting doctor and the discharge doctor were heavily correlated; thus, it 
was decided that variables related to the discharge doctor should be retained for further analyses.

Training, Testing and Validation Datasets

A training dataset composed of 80% of the total sample was used to train the models. A validation dataset 
composed of 20% of the total sample data was used for the unbiased evaluation of suitable models. A 
testing dataset composed of 10% of the total sample data was used to provide an unbiased evaluation of 
a final model fit to ensure that the model did not overfit the data.
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We ensured that the three datasets followed the same probability distributions among key variables, 
such as the index readmission.

Unbalance Dataset

For machine learning problems, differences in prior class probabilities and class imbalances have been 
reported to hinder the performance of classification algorithms. To account for these potential issues, 
we tested several re-sampling techniques, such as under-sampling the majority (normal) class, over-
sampling the minority (abnormal) class, random over-sampling examples (ROSE), and synthetic minority 
oversampling (SMOTE), which have previously been proposed to address class imbalance problems, 
and compared their effectiveness. The performance of these techniques was measure by the receiver 
operating characteristic curve (ROC) method. In previous studies, the results obtained by using similar 
methods on artificial domains have been linked to the results obtained in real-world domains.

Classification Algorithms

Initially, we experimented with several classic and modern classifiers, including logistic regression, 
elastic net and random forests. In each case, a 5-fold cross validation was performed.

DISCUSSION AND CONCLUSION

This exploratory study served to identify key steps when analysing large healthcare data sets including: 
defining the index, managing imbalanced data using various techniques and yet achieving a reasonable 
ROC and assessing various classification algorithms. Crucial insights include the need to focus on index 
so as to assess ahead of time likelihood of readmission, gender did not play a key role but being alone 
at home did appear to have an impact. There were also aspects that might be addressed due to more 
focussed patient education in some procedures so that bleeding/pain does not automatically mean the 
need to return to hospital or the emergency department.

While it is exploratory in nature, this study has several contributions to both theory and practice. As 
noted above we have been able to provide insights into strategies to adopt in order to develop reasonably 
reliable predictive models using unbalanced data as well as assess the merits of different classification 
algorithms in the context of data analytics in healthcare. From the perspective of practice, given that 
today private healthcare organisations in Australia are facing increasing pressures around reducing 
unplanned readmissions, a necessary first step is to be able to develop robust strategies to best predict 
likely readmissions at the time of the initial admission and then implement appropriate risk mitigation 
strategies to avoid the likely unplanned readmissions. Our results have enabled us to progress with this 
approach for the specific healthcare organisations data and patient population; however, we believe are 
findings have wider implications and benefits given the move to value-based care in many healthcare 
systems globally and thereby the need to manage problematic unplanned readmissions in a systematic 
and critical fashion. To date, while the need for data analysis, machine learning and deep leaning in the 
context of healthcare is recognised as important, key findings, algorithms, models and solutions are 
still not well developed. This study has served to try to assist in this regard. The developed models will 
now be tested in a large not for profit tertiary healthcare organisation to assess their predictive powers.
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ABSTRACT

Intelligent tools and collaborative systems can be used in healthcare contexts to support clinical decision 
making. Such an approach is concerned with identifying the way in which information is gathered and 
decisions are made along specific care pathways. This study develops a real-time collaborative system 
using an intelligent risk detection model (IRD) to improve decision efficiency in the clinical case of 
patients undergoing hip or knee arthroplasty. The benefits of adopting this improved clinical decision-
making solution include increasing awareness, supporting communication, improving the decision mak-
ing process for patients and caregivers while also improving information sharing between surgeons as 
key collaborative parties in the research case. This in turn leads to higher levels of patient and clinical 
satisfaction and better clinical outcomes.

INTRODUCTION

Leading healthcare organizations are recognizing the need to incorporate the power of a decision ef-
ficiency approach, driven by intelligent solutions (N Wickramasinghe, Bali, Gibbons, Choi, & Schaffer, 
2008). The primary drivers for this include the time pressures faced by healthcare professionals coupled 
with the need to process voluminous and growing amounts of disparate data and information in increas-
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ingly shorter time frames yet making accurate and suitable treatment decisions. These decisionshave 
a critical impact on successful healthcare outcomes and far reaching implications for the lives of their 
patients (Gibbons, Bali, & Wickramasinghe, 2010; N Wickramasinghe et al., 2008).

This paper directly examines the benefits of an Intelligent Risk Detection (IRD) Model (F. Moghimi, 
Wickramasinghe, & Zadeh, 2011; H. Moghimi, Zadeh, Schaffer, & Wickramasinghe, 2012) to support 
and facilitate superior decision making in the context of hip and knee arthroplasty. An important, unique 
feature of the IRD Model is the integration of the three well established IT [information technology] 
solutions [Knowledge Discovery, Decision Support Systems and Risk Detection], which have proved to 
be very successful in providing collaborative decision support in complex, high risk decision making 
scenarios in various business contexts (Pulakkazhy & Balan, 2013).

The aim of this paper is to present the initial outcomes of the study conducted in one of the biggest 
private hospitals in Melbourne, Australia to develop and then investigate the benefits of using the IRD 
Model to design a collaborative system for supporting surgical decision making in the context of Hip 
and Knee Arthroplasty. The research question is:

How can key tools and technologies of today’s information age be designed, developed, and adopted 
to support clinical decision making in the context of hip/knee Arthroplasty?

Table 1 below lists the key objectives of this study.
To answer the research question and thereby achieve the stated aims a Design Science Research 

Methodology (DSRM) is adopted to design and develop a prototype of the IRD Model in the chosen 
research case. This paper focuses on identifying the problem and specific motivations in the case of hip 
and knee arthroplasty and then identifying requirements towards design and develops the IRD applica-
tion by using on-line survey and an expert focus group.

Table 1. The Key Objectives

Objective Description

Reducing the burden of hip and 
knee arthroplasty

This will be achieved by supporting the prediction of the surgery results to identify patients at risk 
during surgery and thereby, enabling better planning and appropriate measures to be taken in the 
design of an appropriate treatment protocol. Ideally this includes risk identification preop, periop 
and postop.

Improving the treatment and 
management of hip and knee 
arthroplasty

This will be achieved by supporting better, informed collaborative decision making which will in 
turn allow for more appropriate/successful treatment choices to be made.

Gaining an even better 
understanding of the consequences 
of hip and knee arthroplasty

This will be achieved by developing an initial repository for analysis and to discover and extract 
hidden knowledge (patterns and relationships) associated with surgeries and other treatments 
from historical data to detect important surgery risk factors which will not only lead to a better 
understanding of critical and potentially confounding aspects to recovery but also facilitate more 
tailored and appropriate treatment regimens in the specific context. In addition patient reported 
outcomes will be considered.

Developing preventative measures 
to reduce side effects of hip and 
knee arthroplasty

This will be achieved by developing important KPIs (key performance indicators) as a set of 
metrics and then using these to design and develop more suitable protocols and recommendations 
which when applied can result in measures to reduce side effects.
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Hip and Knee Arthroplasty

By 2030, the number of total hip arthroplasty (THA) and total knee arthroplasty (TKA) performed an-
nually in the United States is projected to exceed 500,000 (Kurtz, Ong, Lau, Mowat, & Halpern, 2007). 
Most patients undergoing TKA are older; the mean age at surgery was reported to be 70 years (Smith, 
Blake, & Hing, 2011) while in terms of THA, 40% increased risk for complications after the surgery is 
noted for every decade above the age of 65 years (Keener et al., 2003).

Numerous studies state that detecting pre and post operation risk factors (Wetters et al., 2013), esti-
mating the quality of life (Arenaza, 2009; Bruyère et al., 2012) and planning relevant wellness services 
(Stevens, Reininga, Bulstra, Wagenmakers, & van den Akker-Scheek, 2012; Wagenmakers et al., 2011), 
may impact morbidity rates after THA and TKA.

Post-surgical indications for THA and TKA are guided by pain, functional impairment, physical 
examination, and radiographic imaging (Philippon, Briggs, Yen, & Kuppersmith, 2009). However, an 
initial course of conservative therapy should always be monitored and attempted with analgesia, activ-
ity modification, ambulatory aids, and weight loss (Hunter & Lo, 2008). Also, regular post-operative 
assessment of patient and implant outcomes is necessary to monitor long-term patient satisfaction, 
results of surgical techniques and also patient perceptions (Carr et al., 2012; Dorr et al., 2010; Westby 
& Backman, 2010).

The other important risk factor that should be detected after the surgery is infection. Most infections 
related to the surgery occur within two years of the initial surgery (Urquhart et al., 2010) and are related 
to the implanted prosthesis (Jämsen et al., 2010; Senneville et al., 2011). Patient risk factors for deep 
post-operative infection include previous surgery of the joint, rheumatoid and inflammatory arthritis, 
corticosteroid therapy, poorly controlled diabetes mellitus, poor nutritional state, obesity and advanced 
age (Lau, Bozic, Berry, & Parvizi, 2010; Senneville et al., 2011; Wright, 2013).

In general, total hip and total knee arthroplasty surgeries are successful and are performed frequently, 
especially for people experiencing pain associated with degenerative joints (Katz et al., 2004). However, 
there are different types of partial hip and knee arthroplasties that are more complex and involve addi-
tional operative risk factors such as early revision. Since, these risk factors can contribute to a decrease 
in the patient’s quality of life (Dijkman, Kooistra, Ferguson, & Bhandari, 2008), regular assessment and 
risk detection processes are of significant importance for post hip and knee arthroplasty. Additionally, 
hip and knee implants and operative procedures are undergoing a relatively rapid rate of innovation and 
improved technology with unknown outcomes that should be monitored effectively (Nilmini Wickra-
masinghe, Bali, Choi, & Schaffer, 2009).

Benefits of Using IRD as a Collaborative Solution 
for Hip and Knee Arthroplasty

Decision-making regarding the treatment and surgery for patients undergoing hip and knee arthroplasty 
can be especially multi-faceted and complex, including for example the clinical condition of the patients, 
their age and body mass index (Karlson et al., 2003). The decision to embark upon orthopaedic treat-
ments with either drugs, or surgery, or a combination of both depends on a large number of factors (Roy 
& Brunton, 2008). Hence, applying the IRD Model to detect surgical risk factors prior to the surgery 
and better predict the surgery outcomes based on these risk factors is postulated to be an effective and 
efficient to improve surgery outcomes.
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The decision making process in the context of THA and TKA can be divided into six broad phases 
(figure 1). Phase 1 and phase 2, awareness programs and outpatient orthopaedic clinical environment 
are varied in different hospitals. In the third phase, or pre-operation optimization and evaluation phase, 
the surgeon, having received much information about the patient and their associated medical condi-
tions, needs to make a decision relating to whether surgery is in fact the best treatment option. Once 
patients and surgeons have agreed to proceed with surgery, in phase four, ad-hoc decisions pertaining to 
the unique situations that may arise during the surgery must be addressed. In the post operative phase, 
or phase five, decision making is primarily done at two levels;

1.  Assessing relevant clinical factors to ensure a sustained successful result for the patient during 
aftercare and beyond,

2.  Developing and modifying an initial plan for post-operative treatment through rehab programs.

The IRD Framework can be applied in each of these six phases. The benefits of using the IRD Frame-
work by surgeons, as a real-time collaborative tool, are summarized as follows:

• Increasing awareness: by early assessment that can help inform patients and lead to detection of 
operative and post-operative risk factors

• Improving decision making process: by building a common understanding of operative risks and 
possible outcomes between caregivers and patients.

• Reducing costs: by optimizing costs and the time towards collaborative decision making while 
avoiding untoward events and additional operative procedures

• Improving information sharing: by providing a large set of information as inputs
• Supporting communication: by enabling communication between caregivers and with patients 

regarding logistics and the care process; all of which can help avoid complications. Moreover, 
having the data organized and classified can assist the systematic assessment of clinical processes 
and outcomes especially when evaluating permutations to protocols.

Conceptual Framework

In order to develop the IRD Model, it is necessary to present the supporting conceptual framework of the 
decision making stages and risk assessment (figure 2). The left-most block in figure 2 depicts the first 
stage of risk assessment. The output of the risk assessment process will help in determining important 
surgery risk factors and will also assist in predicting outcomes (in risk detection block) based on the 
specific risk factors. The predicted results enable the surgeons to then make better informed decisions 
regarding whether (or not) to proceed with the surgery in the first phase, to be followed by a second and 
third surgical phase.

Figure 1. Orthopaedic Continuum of Care Process. Adapted from (Bali, Wickramasinghe, & Lehaney, 2009
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If the decision is indeed to proceed with the surgery, all relevant information then needs to be passed 
on to the patients/parents, in pre-operative phase, in order to allow them to make their final decision 
regarding the surgery. Depending on their decision there will be a move to a second phase of surgery, 
or the process will be concluded. Any such conflicts become feedback into the system for future risk 
assessments for the same or other similar patient conditions.

Methodology and Research Design

A design science approach is recommended to be used quantitatively, where improving an existing 
solution is desired or needed, or qualitatively, where there is a need for a solution to address a specific 
unsolved problem (Hevner, March, Park, & Ram, 2004). Based on this and on other studies on using 
design science in IS research, Peffers et al. (Peffers, Tuunanen, Rothenberger, & Chatterjee, 2007) de-
veloped their Design Science Research Methodology (DSRM) as a process model to carry out research 
on designing artifacts to serve in IS. Today DSRM is widely used in IS research to create new solutions 
or to improve existing ones.

In this research, we use DSRM to carry out our research toward designing a decision making support 
system in the context of Hip and Knee total Arthroplasty. Table 2 maps the application of DSRM to the 
proposed decision-support solution.

Problem-Centered Approach

The lack of appropriate and clinically developed computerized decision support systems in the context of 
hip and knee arthroplasty is an obvious void in the current use of information technology for healthcare. 
With the increasing number of these surgeries, providing decision support to surgeons based on well-
organized and categorized risk factors is expected to be highly beneficial, both clinically and financially.

Design Data Collection and Analysis

After identifying the research problem and the objective of the planned artifact, collecting the required 
data launches the start of Activity 3: Design and Development. To do so, an online survey was designed 
to target 58 clinically active and busy arthroplasty surgeons at one of the biggest private hospitals in 
Melbourne with specific questions regarding THA and TKA. The survey had 6 main sets of questions; 
the first asked whether, or not, the respondent agrees with the suggested grouping of the risk factor in 
the survey, and the other five sets of questions related directly to five categories of risk factors as follow:

Figure 2 Conceptual Framework
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1.  Device related risk factors
2.  Surgeons’ factors
3.  Patient factors
4.  Co-morbidities
5.  Process issues

The online survey was left open for three weeks and final response rate was 76%. During the inter-
vening period, preparations were made for the second round of data collection by organizing a focus 
group to gain an in-depth evaluation of the responses. This focus group was held two weeks after closing 
the online survey and included four senior arthroplasty surgeons who were expected to provide further 
details on the responses.

For data analysis of the online survey, IBM SPSS Statistics 21 (IBM, New York) and the integrated 
data analysis tool within SurveyGizmo (SurveyGizmo, Colorado) were used to analyze the online sur-
vey. The data coding from the focus group was analyzed using NVivo (QSR International, Melbourne, 
Australia). These analyses were expected to assist in the design and development of the prototype com-
puterized decision support solution.

Design Results

The results to date can be examined under specific categories as follows:

Table 2. Mapping DSRM (Peffers et al., 2007) to IRD proposed system

DSRM Activity Activity description Application on this study

Problem identification and 
motivation

Defining the specific research problem 
and justifying the value of a solution 
based on knowledge of the state of the 
problem.

With the increasing number of TKA and THA surgeries, and 
diversity of emerging risk factors, the lack of computerised 
decision support system is vital and key for better outcomes.

Definition of objectives of 
the solution

The objectives can be qualitative or 
quantitative i.e. create or improve 
an artifact respectively based on 
knowledge of the state of the problem 
and current solutions, if any, and their 
efficacy.

The objective is qualitative, as this research aims to CREATE 
an artifact to reduce the burden of THA and TKA, improve 
the treatment and management of these surgeries, gain better 
understanding of the consequences of THA and TKA, and 
to develop preventative measures to reduce complications or 
suboptimal results with THA and TKA.

Design and development

Creating the artifact, including 
the desired functionality and its 
architecture based on the knowledge 
of theory that can be used to apply in 
developing a solution.

The artifact is to be designed to estimate risk factors for each 
patient according to their individual conditions. Prior to the 
planned surgery, a surgeon and their medical team would have 
developed better understanding of the risk factors. To do so, 
a precise data collection process has taken place to categorise 
possible risk factor.

Demonstration Demonstrate the use of the artifact to 
solve the problem.

The artifact is to be tested and tried, and then in-depth analysis 
will be performed to measure the level to which the proposed 
system helps solve the problem.

Evaluation Iterate back to better design the artifact 
if needed.

As needed, iteration back will take place, based on in-depth 
analysis to identify rooms of improvement.

Communication Publish and let the value of the 
solution talk about itself.

Conference publications and other presentation activities to 
develop the project further.
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• Grouping Risk Factors

The first action is to categorise the risk factors into broad groupings. Ideally, these groupings are 
mutually exclusive and collectively exhaustive. The following comprised the suggested grouping:

1.  Device related (example: type of prosthesis, method of fixation such as cemented or cementless).
2.  Surgeon’s factors (Type of approach for THA, experience of surgeon, and volume of cases).
3.  Patient factors (demographics, age, mobility, BMI, ASA, educational, socioeconomic factors).
4.  Co-morbidities.
5.  Process issues (time out, antibiotics, DVT prophylaxis, theatre where operation performed).

The respondents were asked to say if they agreed or disagreed with this grouping. 96.6% of the re-
spondents agreed while 3.3% disagreed. During the focus group, the participants provided further clari-
fication and agreement with the minor modification of changing “process Issues” to “process logistics” 
to provide a more global connotation.

• Device Related Risk Factors

Device related risk factors are identified as one of these major risk categories affecting surgery 
outcomes. Thus, the respondents were asked to agree or disagree with the proposed device related risk 
factors and to estimate risk level for each of them. Table 3 shows the results:

• Surgeons’ factors

Surgeons’ related risk factors are identified as one of the major risk categories affecting surgery 
outcomes. Accordingly, the respondents were asked to state whether or not they agree with the proposed 
risk factors and to estimate the risk level of each of them. The results come from the online survey ad-
ministered to all surgeons to complete are in Table 4.

These results initiated extensive discussions between the surgeons during the focus group. In sum-
mary, the participants suggested keeping “volume of cases” as is, changing “Experience of the surgeon” 
to more measurable quantity as “Years of Experience”: Less than 5 years, 5 - 15, 15 - 35 based on the 
contextual conditions of the case study. A number of issues were raised during the focus group, like 

Table 3. Results on device related risk factors 

Risk Factor Percentage of respondents 
indicating Yes Estimate risk level (Out of 5)

Type of prosthesis 86% 2 44%

Correct sizing of components 72% 2 – 4 29%

THA Femoral head size 66% 3 42%

Cementless fixation 55% 3 50%

Cemented fixation (THA) 55% 1 38%

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



318

Using Intelligent Tools to Support Clinical Decision Making
 

physical and mental health for surgeons, bias in theatre settings (left-handed vs. right-handed surgeons), 
and assigning different weighting for different risk factors based on their individual risk levels.

• Patient’s Factors and Co-morbidities

Patient factors and comorbidities were also identified as major risk categories affecting surgical out-
comes. The respondents were asked to opine whether or not they agree with the proposed risk factors 
and to estimate the risk level of each of them. Patient’s factors and comorbidities included age, gender 
and ethnicity as well as obesity, diabetes, cardiac conditions and use of blood thinning anticoagulation 
medications.

During the focus group, “Ethnicity” as a patient’s factor was recommended to be replaced with “cul-
ture” and the impact of that on patients’ expectations from the surgical team. All participants agreed that 
obesity and diabetes represented major risk factors. Psychological health of patients was raised as an issue 
during the discussions, and the surgeons suggested capturing that by analysing the drugs or medications 
the patient takes. A number of suggested risk factors in this broad group were emerged from both the 
online survey and the focus group, like compensation status (who pays what for the operation), patient 
expectations and understanding of the treatment, and prior surgery (THA or TKA).

• Process Issues

Process issues are also identified as the other major risk categories affecting surgery outcomes. Table 
6 shows the responses from the online survey, including the percentage of surgeons agreed with the 
proposed grouping and estimated risk levels.

During the focus group, the title “Process Issues” was recommended to be changed to “Process 
Logistics” and to be extended to cover: theatre temperature, single-bed vs. dual-bed theatre, discharge 
disposition (whether the patient is going to a ward, home, or rehabilitation, etc.).

Based on the previous results, and aligning with the DSRM model, the next step is to develop 20-40 
subcategories of risk factors and entering that to the system. Once that is done, the prototype would be 
built and then arthroplasty surgeons will be invited to participate in Activity 4: Demonstration, where 
this research intends to trial this software and provide decision support. Case study methodology will 
be used in this stage and sufficient proof will be sought to permit the next step Activity 5: Evaluation.

Table 4. results on surgeon’s related risk factors

Risk Factor Percentage Estimate risk level (Out of 5)

Volume of cases 75% 3 52%

Surgeon experience 71% 3 40%

THA Approach 55% Lateral: 2 
Posterior: 2 Anterior: 3

38% 
50% 
31%
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DISCUSSION

This study attempts to explore the potential of today’s intelligent tools to facilitate better healthcare and 
better healthcare outcomes. The first phase of the research, presented in this paper, has revealed findings 
that identify relevant risk groups and risk factors that are significant for patients undergoing hip or knee 
arthroplasty procedures while also assessing the design and development of a prototype IRD solution.

The major contributions of this study to practice include: emphasizing the importance of knowledge 
sharing between clinicians as well as between clinicians and patients, the importance of clinicians’ involve-
ment during systems development, the acceptability and capability of the system and the high demand 
of outcome predictions to improve collaborative decision making efficiency in the research case study.

Furthermore, this study has contributed to theory and the body of knowledge by proving the impor-
tance of Design Science Research Methodology for a clinical context; i.e., hip and knee arthroplasty. 
In addition, this study contributes to the importance of knowledge discovery, clinical decision support 
systems, and risk detection in developing and designing a collaborative decision support solutions for 
healthcare contexts. Given the current challenges facing healthcare today this is particularly germane.

Of the hospital clinicians who were participants in the study on-line survey and focus group, all 
indicated an intention to use IRD to detect surgical risk factors and to predict surgical outcomes more 
accurately. The participants also commented and believed that the IRD model can be useful in improving 
collaboration and knowledge sharing between clinicians.

Although risk groups, risk factors and levels were captured through the survey, experts in the focus 
group had some divergent views regarding these items. “Patient’s Factors and Co-morbidities” were 
the issues that provided the most common risk topic for discussion between participants. For example, 
one of participants raised the issue of patient’s mental health as an important risk factor, to be placed 
in the “Patient’s Factors and Co-morbidities” group. In this regards, the other participants opined that 
capturing psychological issues is not easy; however, it might be possible by reviewing at the patient’s 
medication. There are other instruments that could also be considered. Hence, we inserted the “psycho-
logical health”, as a risk factor as well. Moreover, “Prior Hip and Knee Surgery” also was proposed as 
a risk factor within this group.

“Process Issues” also generated significant discussion in the expert focus group. Surgeons proposed 
the alternative term “Process Logistics” for this risk group and proposed that that discharge status, de-
sign of the operating theatre (single bed, double bed) and duration of operation are other important risk 
factors that should be included under “Process Logistics” and in the prototype.

The findings from this study become more relevant during the transition to a value based healthcare 
system and a bundled payment model with well-defined care paths that dictate specific care processes 

Table 5. Results on process issues

Risk Factor Percentage Estimate risk level 
(Out of 5)

Appropriate administration and timing of antibiotics 68% 3 26%

DVT prophylaxis 68% 2 – 3 32%

Theatre where operation performed 64% 2 56%

Time out being documented 64% 1 – 2 31%
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(Porter and Teisberg, 2009). Specifically, a value driven bundled payment system focuses on six key 
enablers: 1. Organising around an integrated practice unit, 2. Measuring outcomes and costs for every 
patient, 3. Moving to a bundled payment system for care cycles, 4. Integrating care delivery across separate 
facilities, 5. Expanding excellent services geographically and 6. Having an enabling IT platform (Kaplan 
& Porter, 2011; ME. Porter, 2010; M Porter & Teisberg, 2014; M. E. Porter & Lee, 2013). Given that 
a critical success factor of this approach is the ability to measure risk and outcomes our model could 
therefore make an invaluable contribution.

CONCLUSION

The management of long term clinical conditions in pre- and post-operative processes normally requires 
close collaboration between care providers. The IRD solution proposed aims to support such collabora-
tion by providing immediate access to the patient’s record to detect surgical risk factors, as well allow-
ing the user to add any new identified risk factors and actual operation results into the system. Hence, 
this study is conducted to answer this question that “How can key tools and technologies of today’s 
information age (such as IRD solution) be designed, developed, and adopted to support clinical decision 
making specifically for patients undergoing a hip or knee arthroplasty procedure?” The hip and knee 
arthroplasty clinical experts involved in this study uniformly agreed that this approach could be very 
useful and beneficial to optimize clinical decisions and patient outcomes.

This study presents initial data from research in progress that seeks to enable better clinical decision 
making especially around risk detection and mitigation using intelligent tools and collaborative systems. 
Our initial findings indicate that this is likely to have far reaching implications and benefits especially 
in a value based care model that uses bundled payments. Next steps for this research include the testing 
and validation of the proffered IRD solution. There is little doubt that better risk detection and conse-
quent mitigation will lead to better clinical and patient reported outcomes, higher clinician and patient 
satisfaction and higher value in care delivery.
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ABSTRACT

Diabetes type 2 is a chronic condition that currently has no cure. Hence, proper management is key 
as the best approach to ensure the wellness of sufferers. To establish the attitudes of self-care patients 
towards the management of this ailment, the authors designed a study that targeted 100 Australian 
residents in the first phase. These participants provided quantitative and qualitative information about 
various diabetes type 2 management practices that include exercising and diet management and the 
co-morbidities they currently suffer.

INTRODUCTION

As the population of people suffering from diabetes type 2 increases in Australia (Shaw and Tanamas 
2012) and around the world (WHO 2016) due to factors that could be prevented, the need for proper 
management of the pandemic cannot be overstated. Effective management is therefore expected to rely 
heavily on the understanding and motivation of patients (Albright et al. 2001) who can better their qual-
ity of life through conscious self-management effort. To this end, exercising and diet management plans 
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have featured prominently among the self-care options that contribute significantly to wellness (WHO 
2016, Brown 1999). Considering the chronic nature of diabetes type 2 and the overall impact on the 
quality of life, healthcare resources, and the entire economy, researchers have worked hard to promote 
self-care strategies as possible options for bolstering the wellness of the patients. Hence, continuous 
education of the patients has been explored as a potential option for encouraging the sufferers to adhere 
to the best management practices (ADA 1989). This will enable them to know how several factors of 
self-management such as social context, which can come in the form of supports from family and friends, 
patient-doctor relationship, psychological stress, etc. play into an effective outcome (Albright et al. 2001).

It has been shown that the management of diabetes type 2 can be done effectively when patients 
contribute through exercising and diet management (Horton 1988, Bastiaens et al. 2009) following 
self-motivation inspired by the knowledge of the disease (Gould et al. 2019). Norris et al. (2001) also 
affirmed that self-management of diabetes type 2 holds numerous benefits in the short-term but the 
benefits can be sustained in the long-term if the patients are motivated and resilient and have other sup-
port networks (Powers et al. 2017). The quality of life outcome of the patients can be further enhanced 
through early intervention (Nolan et al. 2011). Therefore, the education of patients could be vital for the 
reversal of overnutrition and minimization of the adipose tissue defects when done at the early stages of 
diabetes type 2 diagnosis. Despite the difficulties associated with this change of lifestyle for the patients, 
adherence to the self-management strategies have been shown to be one of the most effective ways of 
managing diabetes type 2 (Nathan 2002).

We aim to explore how different diabetes type 2 management practices influence the development and 
risk factor of co-morbidities like arthritis, heart problems, vision loss, shaking and dexterity problems, 
asthma, and neuropathy. Although co-morbidities can be caused by genetic, environmental and ageing 
factors (Gijsen et al. 2001, Tahrani et al. 2011, Van Acker et al. 2009), the vulnerability of diabetes type 
2 patients to certain diseases due to poor management practices and the duration of diagnosis cannot 
be overlooked. Imperatively, we seek to understand the relationship between these co-morbidities and 
the management practices using qualitative and quantitative analysis of the responses from interview 
questions from individuals (adults) diagnosed with diabetes type 2. Our study also explored the core 
influencers of poor diabetes management practices and the effects of self-management on the develop-
ment and risk factors of the co-morbidities. We used different hypotheses to determine the influence of 
the management practices on the comorbidities, duration of diabetes type 2 diagnosis and the gender 
of the participants.

METHODOLOGY

This study is designed to obtain qualitative and quantitative information from diabetes type 2 patients 
who are diagnosed with other diseases such as arthritis, heart problems, vision loss, shaking and dexterity 
problems, asthma, and neuropathy. Australian residents from the age of twenty-one were approached to 
provide information about different techniques for managing diabetes type 2, the level of their compli-
ance to the management strategy and the other co-morbidities they have been formally diagnosed by a 
qualified physician. The participants also provided information about the duration of the diabetes type 2 
diagnosis, age, and specific information about the management practices that are difficult for them. The 
participants were specifically asked to identify the management practices from exercise, diet manage-
ment, understanding of diabetes, overall motivation and appointment scheduling. They were also given 
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the opportunity to include other management practices, which are not part of the interview questions 
but have frustrated them. Opportunities were also given to the participants to write the reasons for the 
frustrations they face with diabetes management practices. A total of twenty-one responses were received 
from the initial hundred participants surveyed in the first phase of this study.

To establish if there is any statistical significance at 0.05 significant level between the patients’ frus-
tration with the diabetes management strategies and their co-morbidities, we used analysis of Variance 
(ANOVA). This is because it helps to establish the existence of any variability in the means of the co-
morbidities due to different diabetes management strategies. We also examined the various co-morbidities 
individually for the influence of the management strategies to determine if any sort of relationship ex-
ists between them. This makes it possible to establish the consistency of the respondents’ information 
vis-à-vis further inferences. We also used Pearson’s chi-square test to correlate diabetes management 
practices with the co-morbidities developed by the participants over the duration of diabetes type 2 
diagnosis. This helps to establish the likelihood of acquiring chanced events in the survey information. 
Hence, the approach of using the goodness-of-fit test to find how independent the distributions of the 
events are across the studied events. The causes of the frustrations faced by the respondents, which are 
the core reasons for non-adherence to the diabetes management practices were captured qualitatively.

RESULTS

In this section, we show the results of the analysed interview questions with the demographic charac-
teristics of the participants, co-morbidities, duration of diabetes type 2 diagnosis and the management 
practices. The reasons behind the non-adherence of the participants to the management practices are 
also shown with the tested hypotheses.

Demographic Characteristics of Participants

A total of twenty-one responses received from one hundred surveyed participants who were diagnosed 
with other co-morbidities such as arthritis, asthma, heart problems, vision problems, shaking and dexter-
ity and neuropathy are represented in Table 1. Male participants make up 57% of the respondents and 
have a mean age of 50.83 years whereas 43% are female with a mean age of 51.87 years.

At least 1 in 2 of the participants have one of the studied co-morbidities with 1 in 7 having asthma 
and shaking and dexterity problems. More people (1 in 4 participants) are exposed to arthritis, heart 

Table 1. Demographic characteristics of respondents

Number of participants 21

Minimum age (years) 41 .00

Maximum age (years) 60 .00

Mean age (years) 50.10

Standard deviation of age (years) 5.83

Median age (years) 48.00
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problems, vision problems, and neuropathy. Figure 1 shows the proportion of respondents that are di-
agnosed with the studied co-morbidities.

The breakdown of the duration of diagnosis of diabetes type 2 for all the respondents is shown in Table 
2. More respondents who suffer diabetes type 2 for 5-10 years were diagnosed with more co-morbidities 
than the other time spans considered. The respondents with 10-15 years of diabetes type 2 diagnosis are 
about 26% of those with 5-10 years of diagnosis whereas 63% and 76% of these participants represent 
those with >15 years and <5 years of diabetes type 2 diagnosis respectively.

Diabetes Management

The study shows that more than 2 in 5 of the participants are having problem with using exercises for 
managing diabetes type 2 with overall motivation being the next most frustrating practice followed by 
diet management and understanding of diabetes (Table 3). The main reasons why the participants were 
finding it difficult to manage their diabetes type 2 properly was also summed up under four main reasons 
that include – time management, health impairment, motivation/support and addition/poor self-control 
(Figure 2). These factors are closely related to the factors that have been identified to be responsible for 
improved self-care for diabetes type 2 patients (Albright et al. 2001, Wang et al. 1996).

A summary of the duration of diabetes type 2 diagnosis and the percentage of respondents that are 
finding it difficult to effectively manage their condition using exercise, diet management, overall motiva-
tion and understanding of the disease is shown in Figure 3. There are only very few participants whose 
poor understanding of diabetes type 2 is playing a role in the management of the disease. Exercise and 
diet management are strong factors influencing diabetes type 2 management for those with < 5 years, 
5-10 years and > 15 years of diagnosis.

Figure 1. Graph showing the percentage of diabetes type2 sufferers with other diagnosed diseases
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Table 2. Summary of respondents by co-morbidity and duration of diabetes diagnosis

Duration of Diagnosis <5 years 5-10 years 10-15 years >15 years

Age (years)

Mean 48.17 50.25 55 50.2

STD 5.24 6.26 0 5.74

Minimum 41 42 55 45

Maximum 55 60 55 59

Co-morbidity

% respondent 29% 38% 10% 24%

Arthritis 5% 10% 5% 5%

Asthma 0% 5% 10% 0%

Heart Problem 0% 5% 5% 10%

Vision problem 0% 5% 10% 10%

Shaking problem 0% 5% 5% 5%

Neuropathy 5% 14% 0% 5%

Table 3. Summary of diabetes management strategies and the proportion of frustrated respondents

Diabetes management strategy Proportion of respondents

Exercise 42.86%

Diet management 23.81%

Overall motivation 28.575

Understanding diabetes 4.76%

Figure 2. Core areas of challenges faced by patients in diabetes management
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When poor diabetes management is considered according to gender and management strategies, more 
females than males are having problem adhering to their exercising plan whereas more males than females 
are unable to manage their diets properly (Figure 4). More male participants are generally motivated to 
manage the ailment properly than female whereas no female is seeing the understanding of the disease 
as a problem in the management.

Figure 3. Classifying the percentage of Respondents frustrated with different diabetes management 
strategy according to the duration of diabetes

Figure 4. Proportion of male and female respondents frustrated with different diabetes management 
strategies
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Hypotheses Development and Testing

Although the real causes of diabetes type 2 are not known, the interplay of some key variables that 
include unhealthy living that is characterized by physical inactivity and unhealthy diet are among the 
factors that increase the risk of infection (WHO 2016). Evidence from the research is pointing the risk 
to over consumption of sugar and beverages (Imamura et al 2015, Te Morenga et al. 2013) because of 
their ability to trigger overweight, which is a common risk factor in diabetes type 2 disease. Other experts 
have attributed poor diet management especially less consumption of fibre (Ley et al. 2014, WHO/FAO 
2003) to the disease while poor self-motivation and limited understanding are also pointed (Heisler et 
al. 2005, Shigaki et al. 2010).

Correlation of Patients’ frustration with diabetes management practices and co-morbidities

There is a very high likelihood that when diabetes type 2 is poorly managed by patients, other health 
complications can start to surface in the individual. This view is shared by numerous researchers that 
attributed the disease to other co-morbidities such as retinopathy, heart attack, stroke and neuropathy 
(Laakso and Kuusisto 2007, Kaiser et al. 2018, Selvin et al. 2004, Doaousi et al. 2004). It is therefore 
important to know if there is any relationship between the poor management of the disease due to frus-
tration and the development of the co-morbidities. Again, many diabetes type 2 sufferers are diagnosed 
with several co-morbidities at different stages of suffering the ailment (Sullivan et al. 2005). The ques-
tion now is to know whether these number of co-morbidities have a close association with the diabetes 
management practices hence, it is hypothesised that –

Hypothesis 1: “Diabetes management practices are associated with the number of co-morbidities suf-
fered by patients”.

This imperatively means that the more patients get frustrated with the management practices, they are 
most likely not able to engage in the activities and that reduces their wellness thereby, giving room for the 
development or manifestation of the symptoms of other latent co-morbidities. The above hypothesis is 
tested for the total number of co-morbidities suffered by the patients and for individual co-morbidities. The 
summary of the hypothesis testing with a one-way Analysis of Variance (ANOVA) is shown in Table 4.

Correlation of Diabetes Management Practices with the Duration of Diabetes Diagnoses and Gender 
of Patients

The gender of diabetes type 2 patients and the duration of diagnosis have been shown to influence 
their susceptibility to diseases (Song et al. 2010, ACCORD Study Group and ACCORD Eye Study Group 
2010). The variation in biological makeup, cultural practices, lifestyle, environment, and socioeconomic 
status also impact male and female predisposition to diabetes type 2 differently (Kautzky-Willer et al. 
2016). Furthermore, endocrine imbalances relating to cardiometabolic traits such as excess androgen 
in women and men with hypogonadism have been associated with increased risk of diabetes type 2 and 
other associated outcomes such as heart problems. Although increased knowledge of diabetes type 2 is 
seen as an important factor for the management and wellness of patients (Heisler et al. 2005, Gould et 
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Table 4. Summary of one-way ANOVA results for diabetes management practices and co-morbidity 

Co-morbidity H0: null hypothesis Pvalue Statistical significance Remark

All*

Diabetes management 
practices are associated with 
the number of co-morbidities 
suffered by patients

0.5957

There is no significant difference 
between the number of co-
morbidities developed by the 
patients and various diabetes 
management practices. (Pvalue > 
P0.05)

There is a similarity in the 
average number of patients’ co-
morbidities for various diabetes 
management practices (H0: 
accepted)

Arthritis

Diabetes management 
practices are associated with 
patients’ development of 
arthritis

0.7088

There is no significant 
difference between the diabetes 
management practices and 
patients’ development of the co-
morbidities. (Pvalue > P0.05)

There is a similarity in the 
average number of patients’ 
that developed the studied 
co-morbidities and the various 
diabetes management practices 
(H0: accepted)

Asthma

Diabetes management 
practices are associated with 
patients’ development of 
asthma

0.5096

Heart problem

Diabetes management 
practices are associated with 
patients’ development of heart 
problems

0.8697

Vision problem

Diabetes management 
practices are associated with 
patients’ development of 
vision problem

0.7088

Shaking and 
dexterity 
problems

Diabetes management 
practices are associated 
with patients’ development 
of shaking and dexterity 
problems

0.5096

Neuropathy

Diabetes management 
practices are associated with 
patients’ development of 
neuropathy

0.8728

Table 5. Summary of ANOVA results for comparing diabetes management practices with the duration 
of diagnosis of diabetes type 2 and gender of participants

H0: null hypothesis Pvalue Statistical significance Remark

Duration of 
diabetes

The management 
practices did not 
improve with the 
duration of suffering 
diabetes type 2.

0.2164

There is no significant difference 
between diabetes type 2 
management practices and the 
length of time the participants 
have suffered the ailment. (Pvalue 
> P0.05)

There is a similarity in 
the average number of 
patients frustrated with the 
management practices across 
the various groups of diabetes 
durations (H0: accepted)

Gender of patients
Gender of respondents 
did not influence the 
management practices

0.1083

There is no significant difference 
between diabetes type 2 
management practices and the 
gender of the respondents. (Pvalue 
> P0.05)

There is a similarity in the 
average number of patients 
of both genders that shared 
the same frustration with the 
various diabetes management 
strategies. (H0: accepted)
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al. 2019), some researchers have shown that the knowledge has not been overly helpful in proper self-
management (Albright et al. 2001). We, therefore, hypothesis as follows:

Hypothesis 2: “Diabetes type 2 management practices did not improve with the duration of diagnosis”.

The statistical estimations of the influence of diabetes management practices on the duration of 
diagnosis and gender of participants are shown in Table 5.

Since the duration of diagnosis of diabetes type 2 can also impact the vulnerability of patients to other 
ailments (Van Acker et al. 2009), it is worthwhile to know the expected influence of diabetes manage-
ment practices on co-morbidities development. Considering the influences of the disease duration of 
diagnosis and gender on co-morbidities, we believe it is important to know if proper diabetes manage-
ment practices will influence the development of the co-morbidities in patients. It is also necessary to 
know if the patients change their altitude about diabetes management with the increase in the duration 
of diabetes type 2 diagnosis. This statement can hold because of the good knowledge of the effect of the 
disease and the consequences of inaction on the quality of life. To ascertain if the management of dia-
betes type 2 over the duration of diagnosis has any influence on the development of the co-morbidities, 
we proposed hypotheses 3 below.

Hypothesis 3: “Poor diabetes management practices result in developing more co-morbidities as the 
duration of diagnosis of diabetes type 2 increases”.

Table 6 is a summary of Pearson’s chi-square test result for comparing diabetes management practices, 
number of co-morbidities and the duration of diagnosis of diabetes type 2.

Table 6. Summary of Pearson’s chi-squared test result for comparing poor diabetes management practices 
with the duration of diabetes diagnosis and the number of developed co-morbidities

H0: Null hypothesis Pvalue
chi-squared 

(χ2)
Statistical 

significance Remarks

Poor exercising results in developing more co-morbidities as the 
duration of diabetes type 2 diagnosis increases. 0.3999 29.25

No statistical 
difference

H0 is 
accepted

Poor exercising increases the likelihood of diabetes type 2 patients 
developing the studied co-morbidities. 0.9888 0.6

Diabetes type 2 patients develop more co-morbidities with the 
increase in the duration of their diabetes if proper dieting plan is 
neglected.

0.3528 6.6667

Poor diet management increases the chances of diabetes type 2 
patients developing co-morbidities. 0.9626 1

Diabetes type 2 patients are prone to develop more co-morbidities as 
the duration of diagnosis of the disease increases if they lack overall 
motivation to manage the ailment.

0.4335 8

There are increased chances of diabetes type 2 patients developing 
other co-morbidities if they lack overall motivation for managing the 
disease.

0.6386 3.4
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DISCUSSION

Proper management of diabetes type 2 has been linked to wellness of sufferers (Ring et al. 2015) but 
efficient management strategies are needed to ensure that the goal is reached. To achieve this goal will, 
therefore, be a function of putting up the right attitudes in self-care behaviour (Albright 2001), which will 
rely on motivation to put the management strategies of exercising and diet management into action. This 
study has shown that numerous factors that influenced patients’ characteristics are similar to what has 
been previously reported by other researchers (Beardsley and Goldstein 1993, Oster et al. 2006). These 
conditions, which are broadly classified as time management, health impairment, motivation/support, 
and addiction/poor self-control have contributed to the participants’ frustrations in the management of 
diabetes type 2. Although many of the participants are not interested in exercises and diet management 
due to the lack of motivation, they will miss out on the benefits of adhering to proper management 
practices. Imperatively, with the increased frustration of the participants with exercises, they get more 
exposed to cardiovascular complication due to insufficient stimulation of the vascular functions (Ring 
et al. 2015). There is also a high tendency that other disease such as stroke, vision loss, neuropathy will 
follow (Sullivan et al. 2005, Kaiser et al. 2018, Selvin et al. 2004, Doaousi et al. 2004) due to the poor 
diabetes management practices.

The number of co-morbidities suffered by the participants is associated with the management practices 
due to the link between the overall motivation of the participants and following the exercise regimes 
and adhering to the diet plans. This association though not favourable to wellness can be traced to lack 
of companionship from friends and family members (Teli 2019, Wen et al. 2004) who always act as a 
motivating force for effective diabetes management practice (Manson et al. 2002, Mora et al. 2007). The 
social network of the participants, socio-economic status and their health conditions are also among the 
crippling factors that are making it difficult for them to effectively adhere to the management practices. 
These findings are like the conclusions of different authors (Albright et al. 2001, Ring et al. 2015) who 
have associated poor self-care behaviours of diabetes type 2 patients to poor management of the dis-
ease. This sentiment is also shared by numerous researcher that have shown clinically and empirically 
that diabetes type 2 patients are at heightened risks of developing numerous diseases including the co-
morbidities studied in this study due to poor exercises and poor diets (Laakso and Kuusisto 2007, Xie 
and Cheng 2012, Gerich 2003, Selvin et al. 2004).

Unfortunately, diabetes type 2 management did not improve with the duration of diagnosis of the disease 
despite the expectation that the increased knowledge of the disease via self-management plan acquired 
over the duration of the ailment would culminate in sticking to the management practices. On the other 
hand, research has shown that a 3 years duration of self-management of diabetes type 2 did not result in 
the quality of life improvement (Khundi et al. 2012) despite the increased risk of cardiovascular diseases 
and mortality being associated with the increase in the duration of the disease (Spikerman et al. 2002).

Gender of the participants did not influence how they managed the disease, but this is contrary to 
other research that showed that gender impacted on diabetes type 2 management strategies (Williams 
1999). Evidence from this study also points to a connection between poor exercising, diet management, 
and overall motivation with development of the studied co-morbidities. The risk of developing the co-
morbidities generally increased with the duration of diagnosis of the disease but poor management practices 
enhance the risk factor dramatically. When participants have strong motivation, they are generally poised 
to continue the various diabetes management practices as evidenced by the strong correlation between 
self-care behaviours and social context, patients’ satisfaction and personal stress (Albright et al. 2001).
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CONCLUSION AND FUTURE WORK

We designed a study to collect information about various diabetes type 2 management strategies from 
Australian participants to know their adherence to exercising regime and diet management following their 
understanding of the ailment. The study looked at the influence of understanding diabetes type 2 and 
the overall motivation of patients on the willingness to follow the self-management plans. The correla-
tion of the management practices, which were broadly classified as exercise, diet management, overall 
motivation and understanding of diabetes with the development of co-morbidities was also highlighted.

After using a one-way ANOVA and Person’s chi-square test to analyse the gathered information from 
participants that were aged between 41 and 60 years, the following conclusions were reached:

• The frustration of participants with the various diabetes management practices increased their 
likelihood of not following the self-management information to better their health conditions.

• The participants were having problem with the management practices because of time manage-
ment, health impairment, social support gaps and addictions

• The increased understanding of diabetes type 2 with increased time of diagnosis did not culminate 
in enhanced management practices.

• Poor management practices and increased duration of diagnosis played significant roles in the de-
velopment of co-morbidities like arthritis, asthma, vision loss, shaking and dexterity, heart prob-
lems, and neuropathy.

To make the acquisition of self-management technique easy and long-lasting, education and support of 
the patients are expected to be ongoing for the benefits of diabetes management practices to be obtained.

We will continue this study to understand the effect of increased food choices and active peer support 
groups on diabetes type 2 management practices and wellness of the patients. The influence of diabetes 
type 2 management on other diseases such as stroke and hypertension may be studied closely to know 
their association for different age groups.
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ABSTRACT

Today most people have at least one smart phone irrespective of socio-economic standing. Such a 
penetration of mobile phones has enabled mobile health to rapidly develop over the last 5 years. There 
are many benefits to patients and clinicians afforded by mobile health including the convenience of any 
time anywhere access to data and information and the possibility to monitor so that critical issues can 
be caught early. One key area is in the post discharge phase as patients return home to ensure they are 
making good progress. This chapter discusses developments of mobile health solutions and precision 
post-operative wellness monitoring solutions.

INTRODUCTION

Mobile Health

With the current globalization, smartphones have become an integral part of people’s lives with their use 
being applied in many industries. The healthcare system is certainly not left behind in adopting mobile 
technology in their treatment approaches (Stephanie et al., 2017). Mobile health is enough proof of 
mobile technology’s importance in the healthcare system (Robbins et al., 2017) MHealth applications 
have dominated the health care landscape due to their capability to simplify access to care and deliver 
greater care experience from both the health professionals’ and the patient’s perspectives (ibid). The 
mobile health applications have not only developed into a vibrant ecosystem or a market that is not only 
dynamic but also provides massive potential (ibid). With the adoption of smartphones in the medical 
care sector proliferating, the business opportunity for MHealth is great (ibid).
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The fast-growing digital sector, as well as the slow, paced healthcare sector continues to collide thus 
bringing disruptive alterations to the market (ibid). However, the MHealth applications market has been 
increasing steadily over the last few years with the emergence of the novel technologies, novel business 
models as well as novel workflows that are revolutionizing the healthcare industry (Stephanie et al, 2017). 
Shareholders within the healthcare sector are giving life to these revolutionary MHealth solutions. The 
innovation of the mobile technologies is accelerating fast and maintains a great promise with evidence 
of these tools playing a positive role in costs of care as well as patient outcomes (ibid).

Statistics on Mobile Health

The number of mobile health applications in the present market has proliferated substantially. There 
are now more than 318,000 health applications available on the top app stores across the globe, ap-
proximately double the number of apps which were available in 2015 with more than 200 apps being 
added in every single day (Källander et al, 2013). The worldwide MHealth apps market is estimated to 
be valued at 28.320 billion dollars as of 2018 and is postulated to reach 102.35 billion dollars by 2023 
(Källander et al, 2013). The core driving aspects motivating the growth of the MHealth market is the up 
surged adoption of mobile phones and the continued heavy investments into the digital medical market 
(ibid). Källander et al (2013) assert that healthcare consumers continue to show a robust use of digital 
technology, with numbers increasing annually. Actually, nearly 75% of users surveyed stated that tech-
nology is essential to managing their health (ibid). This study also recorded increases across the board 
in the use of smartphones, social media, online communities, electronic health records, and wearable 
devices (ibid). Particularly, approximately half of the healthy population (48%) is consuming MHealth 
apps compared to 16% consumption in 2014 (Källander et al, 2013).

Healthcare users are taking advantage of the fact that they can use their smartphones anytime and 
anywhere to access care (Robbins et al., 2017). In actual fact, nearly 79% of respondents are more likely 
to identify a caregiver who enhances them to conduct healthcare interactions whether online or on 
smartphones (ibid). Moreover, 50% of consumers are promising to leave their current providers for one 
that undertakes better technology (Robbins et al, 2017). With this constant and widespread adoption of 
mobile technologies, mobile technology has evolved as a novel subfield of health (ibid). As the eHealth 
is widely focused on information and communication technologies, mHealth looks forward to discover-
ing more into mobile devices as well as wireless communication (ibid). Up to this time, no standardized 
definitions for MHealth have been recognized (ibid). However, WHO defines MHealth as the use of 
smartphones, personal digital assistants, other wireless communications, and monitoring devices to aid 
health and public health practice (ibid). It was postulated that 50% of persons in remote areas across 
the world would own mobile phones by 2012 while 500 million individuals would have access to these 
mobile phones MHealth applications by the year 2015 (Carroll et al, 2017). Accordingly, MHealth is 
likely to carry all the promises of Electronic Health (ibid).

From 2015, approximately 64%, which amounts to about two-thirds of the United States citizens 
owned smartphones (Carroll et al., 2017). This is a proliferation from a 35% recorded in 2011 and it is 
estimated that 90% of the global population will own a smartphone by 2020 (Carroll et al, 2017). Ac-
cording to the current UK data, it is revealed that smartphone usage is up-surging as 66% of the adult 
population had possession of a mobile phone in the year 2015 (ibid). This is an upsurge from 61% in 
the year 2014 (ibid). Smartphone possession is higher among younger individuals with about 77% pos-
session for those within the 16-24 age brackets (Carroll et al, 2017). Although smartphones possession 
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is particularly higher among young people and those with higher educational achievement and income, 
those that have a lower income, as well as educational success, is presently probable to be smartphones 
dependent (ibid). This is to mean that they fail to have broadband access at home and have few other 
options for web-based access other than through smartphones (ibid).

Notably, the upsurge of smartphone ownership has led to an increase in the percent of mobile phone 
apps in the marketplace (ibid). Most of these applications are designed to promote health with more than 
100,000 health applications available in the Google store as well as iTunes (Carroll et al, 2017). This 
massive number speaks to both the vast market as well as the ongoing demand for novel tools to assist 
the public to manage their limitations of the current medical care system to offer such resources (ibid). 
It also helps the public to manage weight-related aims, diet, and fitness. According to a recent study 
by Carroll et al (2017), about 53% of mobile phones owners possess a smartphone which translates to 
nearly 45% of all US adults and half of this population has used their phones for looking up on their 
medical information. While America leads the market in the MHelth growth, other markets are illustrat-
ing growth too (ibid). For instance, the Asian-Pacific is estimated to develop at a higher rate of more 
than 35% thus making it the fastest growing MHealth market (ibid). According to Carroll et al (2017) 
research, it is estimated that the United Kingdom, Germany as well as France accounts for 45% share 
in the Europe mobile health device market as of the year 2014. Thus, it is reasonable to conclude that 
MHealth technologies are increasing in popularity worldwide and as a result revolutionizing the face of 
healthcare (ibid). Additionally, there is proliferating usage of health apps among caregivers, patients, 
as well as the general public. It is good to note that, these apps can only play a role in creating aware-
ness, remote monitoring of individuals, illness self-management, and collection of dietary information 
(Carroll et al, 2017).

Approximately two-thirds of all adults in America own smartphones or powerful personal computers 
and tablets that are portable and always connected to the internet (Robbins et al., 2017). These devices 
have the capacity to run sophisticated mobile applications which can help the health professionals and 
caregivers to understand where the patients are and what they are doing in regards to maintaining their 
health through following keenly on the prescribed activities (ibid). Notably, these applications are pow-
erful as they are connected to an extensive array of other devices from wearable sensors to other health 
systems (ibid). The growth of smartphones has wide-ranging implications for the entire healthcare system 
(ibid). In simpler terms, smartphones, as well as other mobile technologies, seem to be the single most 
promising avenue health professionals have to assist individuals to manage their health and to do so at a 
certain measure (ibid). From encouraging patients to do physical activity to aiding cancer patients with 
the management of chemotherapy side effects, MHealth is progressively becoming a core platform for 
delivering medical interventions (ibid).

Using technologies such as the text messaging and personal digital assistants as well as smartphones 
apps, mobile health has a boundless perspective to reduce health problems and advance healthcare delivery, 
especially in the low and middle-income communities (ibid). Abaza & Marschollek (2017) contends that 
the texting programs have been carried out to create awareness to patients and educate patients, promot-
ing reporting and communication, aiding in data collection of health records, and offering adherence and 
appointment reminders (ibid). Moreover, SMS has also helped to advance maternal as well as children 
medical health by taking women through the various levels of pregnancy (ibid). In addition, personal 
digital assistants have been used to offer home-based counseling and gathering important medical data 
that is necessary for identifying some illnesses such as HIV and TB (Abaza & Marschollek, 2017).

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



341

Mobile Health
 

Recent applications in the healthcare industry offer consumers with several functions similar to those 
offered by computers applications. Anshari & Almunawar (2016), claims that most of the healthcare-
related apps are available and are easily downloadable from some of the well-known download sites. 
These apps in the healthcare system can be designed to aid healthcare providers to better their services 
and work products such as offering online access to health data, health imaging as well as laboratory 
outcomes (ibid). There are several mobile applications that will allow patients to use their mobile phones 
to track their medical states such as monitoring their heart rate, emergency unit control, and their heart 
rate (ibid).

Health and fitness mobile applications usage has grown by more than 330% in recent years (Robbins 
et al., 2017). Advances in artificial intelligence presently enhance apps to comprehend patient cases and 
respond to questions from consumers with appropriate follow-up inquiries (ibid). Fitness, as well as 
nutrition apps, follow caloric consumption (ibid). Integration with some sensors such as the wearable 
devices expands their capacities dramatically (ibid). In fact, health and fitness applications illustrate very 
high retention rates (ibid). As stated in a study by Flurry Analytics, more than 75% of active consumers 
access their fitness apps at least twice per week and more than 25% of consumers access their health 
apps over ten times weekly (Anshari & Almunawar, 2016). The great rate of recurrence of usage pushes 
up involvement, which for app developers offers an attractive chance to upsurge monetization (ibid).

Focus Areas

Clearly, the recent explosion in the mobile health invention has come from both the development of 
research in health sciences, human-computer interactions, and growth in the commercial industry. Com-
mercial fitness mobile technologies such as Nike Fuelband and Fitbit have brought the mobile health 
into the conventional path, while the health research is making efforts towards developing novel ways 
to aid patient’s efforts to manage their health and to test the effectiveness of the resulting interventions 
(Klasnja & Pratt, 2014).

A key focus of mobile health research and development in the recent past has been on assisting patients 
to adopt and maintain healthy lifestyles (ibid). Poor diets, behavior risk factors, physical inactivity as well 
as smoking conducts are core contributors to a prevalent of chronic conditions including chronic illness 
with high expenses in relation to the human suffering as well as healthcare costs (ibid). Until now, these 
conditions are largely preventable and many recent mobile health technologies have focused on helping 
patients to improve their health by adopting healthier behaviors (Klasnja & Pratt, 2014). Mobile health 
technology applications use four major approaches to encourage healthy habits such as social influence, 
goal setting, gamification, tracking, and feedback (ibid).

Interestingly, the main features of almost all MHealth applications are currently being used in track-
ing health-related habits and offering feedback on those habits (ibid). This process is mainly referred to 
as self-monitoring and has been largely used to support healthy habits change ever since the 1970s and 
can be efficient for changing an extensive array of habits, from obsessive cogitation to physical activities 
(Klasnja & Pratt, 2014). Mobile health applications are building a strong and practical self-monitoring 
practice by simplifying the collection of habit data and by offering individuals with real-time feedback 
on how they are operating with respect to their behavior change objectives (ibid).
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In addition, MHealth is a promising and insightful tool for timely and scalable aid of wellness activities 
and continuity of users care outside the healthcare center (ibid). According to Klasnja & Pratt (2014), 
physical activity trackers such as the Fitbit technology, Bluetooth equipped devices for monitoring the 
heart rate among other emerging sensors are driving the mHealth applications to track data about users’ 
habits and gives feedback that places a minimal burden thus greatly easing the self-monitoring process 
(ibid). Almost all the wellness applications offer feedback often in the daily or weekly data of tracked 
activities (ibid). Some applications even go to an extra mile of providing the user with charts of more than 
one type of activity, allowing users to look for patterns in their information and formulate hypotheses in 
regards to how their activities are connected to each other (Klasnja & Pratt, 2014). This feedback does 
not only offer the charts but also encourage physical activities (ibid). Applications such as the UbiFit 
offers patients with feedback in the flower garden format on the phone’s wallpaper, allowing them to 
view how active they have been that period of monitoring every time they use their smartphones (ibid). 
Notably, nearly all sensing mobile technologies offer feedback directly on the sensing device allowing 
users to quickly view how they are progressing without reaching for their smartphones (Klasnja & Pratt, 
2014). Such advancements to tracking and receiving feedback are assisting patients to monitor their 
health activities more efficiently, more easily, and over long periods of time (ibid).

The ability to track progress allows MHealth applications to apply a number of other approaches for 
inspiring healthy activities (ibid). One common approach is goal setting. In most of the mobile health 
applications, patients are able to set goals and to monitor how they are progressing towards those goals 
(ibid). Recent mobile applications discover how to set such medical behavioral goals most efficiently 
(ibid). For instance, such applications such as GoalPost allow patients to set two physical activity aims, 
the main aim, and a backup aim. Including the backup aim can aid patients to stay inspired and active 
even during times when they are too busy to attain their primary aim (Klasnja & Pratt, 2014). Such 
inventions can assist individuals to deal with the chaos of everyday life that result in perfectly regular 
routines which are hard even for those with the best of intentions (ibid).

Along with inspiring healthier behaviors, mobile health applications have a remarkable potential to 
help patient care outside the healthcare center, where, in due course, users manage their health condi-
tions (ibid). Much of the efforts in this area have paid attention to three strategies including, automated 
decision support, symptom monitoring, as well as self-management training (ibid). MHealth applications 
thus help the care providers to coach patients on how to effectively manage their health conditions (ibid). 
According to Klasnja & Pratt (2014), management of numerous conditions necessitates that patient’s 
symptoms are constantly tracked so that worsening in the individual’s state is at the appointed time 
sensed and treated. MHealth applications make continuous tracking of conditions through the use of 
sensors or regular self-report possible (ibid). This increases the possibility of timely attention and treat-
ment to the worsening of health conditions (ibid). By monitoring patient’s data such as blood pressure, 
heart rate, and weight management, health professionals are capable of reducing the rate of patient’s 
hospitalization significantly (ibid). In addition, the length of hospitalization is reduced at cases when 
the individuals are hospitalized (ibid). Symptom monitoring technologies can assist users to gain care 
when the necessity first arises, offering them peace of mind and aiding in preventing grave or even fatal 
health occurrences (Klasnja & Pratt, 2014).

Furthermore, MHealth applications can contain medical knowledge and offer patients with immedi-
ate decision support anytime that they need irrespective of whether a caregiver is available (ibid). For 
instance, a health application for management of chemotherapy side effects offers individuals tailored 
management plans for their reported symptoms (ibid). Depending on the reported severity of the patient, 
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they are advised to take different measures such as drinking a lot of fluids, taking certain medication, 
and rehydration sachets (Klasnja & Pratt, 2014). Such applications help in detecting when the user’s 
condition is worsening and offers immediate advice on what the patient ought to do, increasing the 
likelihood that the symptoms are dealt with a suitable and timely manner (ibid).

In light of the above discussion, it is evident that the MHealth applications offer a great promise for 
outpatient care as it goes beyond monitoring of symptoms and training (ibid). The emergence of the 
portable sensors that connect to smartphones, such as the electrocardiograms makes it probable for the 
healthcare system to considerably increase access to high-quality care even in the rural as well as in 
the underprivileged societies (ibid). Equipped with mobile phones and several pocket-size devices, and 
linked to the regional health center through a video call, community caregivers can act as the observers 
for the high health professionals in areas where access to the health specialty care is limited (ibid). When 
implemented at a scale, mobile health models could aid in closing the divide in access to care faced by 
numerous communities across the state and globally (ibid).

Precision Post-Operative Wellness Monitoring Solutions

Recent studies have clearly depicted that nearly one-third of deaths after surgical procedure happens 
in the wards in a situation commonly referred to as failure to rescue (Subble et al., 2017). It has been 
proposed to offer explanations as to why health centers with comparable postoperative morbidity rates 
may have varying mortality rates (ibid). The outcomes heavily rely on the capability to detect early and 
to properly treat postoperative complications than in the occurrence of difficulties after surgery (ibid). 
Notably, many types of research have also proven that most postoperative patients start deteriorating 
hours before medical teams are called in to rescue or to carry out an intensive care unit transfer (ibid). 
In this case, various scholars have already illustrated the value of early detection with continuous post-
operative monitoring when it comes to the recovery of patients (ibid).

In a recent research by the International Surgical on the dynamics of surgery across the globe, the 
findings indicated that over 320 million people globally have undergone surgical procedures (ibid). ISOS 
Group (2016) contend that approximately 17% of these patients develop several complications and among 
them nearly 2.8% pass away due to these complications. It can, therefore, be estimated that approximately 
1.5 million patients annually or three patients per day die due to post-operative complications (ibid). For 
instance, Bartels et al (2013) argue that in America, if the postoperative mortality was to be included 
in the official statistics as per the data from the Centers for Disease Control and Prevention, it would 
depict the third leading cause of death after heart illness and cancer (ibid). Essentially, many patients die 
in the wards, where the doctors or patients ratio is low and where the individuals are not continuously 
monitored (ibid). Monitoring patients beyond the operating room and ICU may enable early detection 
of medical deterioration and timely interventions. Michard et al (2015) argues that the postoperative 
complications are not only a human burden but also a dramatic increase in the hospital expenses. As 
a result of this clinical and economic burden, a number of initiatives have been developed to offer an 
advanced quality of surgical care, from the surgical safety specification to negligibly invasive surgical 
procedure, protecting mechanical ventilation, and improved recovery initiatives (ibid). Thanks to the 
recent technological advancements and innovations in healthcare systems (ibid). These innovations now 
offer a closer, better as well as easier monitoring of postoperative patients and it helps in improving the 
overall outcome (ibid).
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Prehabilitation is one of the elements that are thought to have a great influence on the postoperative 
outcome (Bartels et al., 2013). Ideally, preoperative changes in the physical status in addition to better 
control of risk factors can be enhanced by digital tools and smart applications which are downloaded on 
smartphones and in tablets (ibid). According to Michard et al (2017), the connected devices including 
brachial cuffs as well as electronic scales are often used for self-monitoring of weight and blood pres-
sure, better control of hypertension, and overweight, and the visualization of the surgical trends over 
time (ibid). Digital games have also been invented for smoking cessation, and for a number of activity 
trackers (ibid). Presently, apps exist to invite postoperative patients to monitor and increase their physi-
cal activity (ibid). These tools appear to be effective in dealing with post-surgical procedures (ibid).

Numerous sensors and monitoring systems are currently available for proactive post operated patients 
as well as ambulatory patients (ibid). According to Michard et al (2017), smart software has been devel-
oped to prevent alarm fatigue, to filter artifacts, and to fuse vital signs into the postoperative wellness 
indexes or the warning scores that are used for easy and visual identification of health deterioration, or 
even the prediction of hostile events beforehand (Pinsky et al. 2016).

Rehabilitation and Intraoperative Monitoring

Intraoperative fluid monitoring is one of the major determinants of postoperative outcome (Michard et al., 
2017). Over the years, fluid overload has been known to be a major factor responsible for complications 
that are related to tissue oeadema such as prolonged mechanical ventilation along with anastomotic leak 
(ibid). Thus, fluid restrictions have been encouraged to some extent. Nevertheless, recent researches such 
as the one by Thacker et al (2016) have clearly illustrated that insufficient fluid administration is linked to 
a considerable increase in postoperative complications. According to Michard et al (2017), titrating and 
modifying fluid management to patient’s needs is highly desirable to make certain that patients receive 
the accurate amount of fluid at the appropriate time. Multiple noninvasive hemodynamic monitoring 
interventions are currently available from the bio-impedance tracheal tubes, volume clamp approaches, 
applanation tonometry all the way to bio-reactance surface electrodes (ibid). They offer physicians an 
opportunity to measure and track any change in the blood flow during the therapeutic programs and to 
rationalize fluid management (ibid). Benes et al (2014) state that precluding unjustified fluid manage-
ment by detecting fluid unresponsiveness has been considered to be important to minimize postoperative 
morbidity, hospitalization time and costs. Some of the noninvasive parameters including pulse pressure 
variation from volume clamp approaches, and pleth variability index from the pulse oximeters are help-
ful in detecting fluid unresponsiveness (ibid).

Pulse oximeters are used to continuously monitor the SpO2 as well as heart rate among the 2,841 
orthopedic patients (ibid). According to Taenzer et al (2010), this use is linked to a significant decline 
in the number of rescue events as well as ICU transfers. Piezoelectric contact-free sensors placed under 
the mattress aids in the continuous monitoring of heart rate and respiratory rate among 2,314 medico-
surgical patients (ibid). This patients’ population has been linked to a significant decrease in the number 
of calls for hospitalization and cardiac arrest (Brown et al. 2014).

Subbe et al (2017) contend that wireless sensors have been invented recently to help in monitoring 
vital signs such as the heart rate, respiratory rate, SpO2, and blood pressure. It automatically calculates 
an early warning score and later alerts nurses in a case where deterioration has been detected (ibid). It 
is associated with a considerable decrease in the number of cardiac arrests as well as the mortality rates 
(ibid).
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Blood Pressure Monitoring

There has been a strong correlation between intraoperative hypotension and postoperative difficulties 
such as acute kidney injury, stroke, and myocardial injury (Michard et al., 2017). It has been established 
that intermittent blood pressures measurements fail to allow the capture all of the hypotension happenings 
in a timely manner. According to Chen et al (2012) research, it suggests that patients may miss nearly 
seven minutes of hypertension per hour during a three hour orthopedic as well as abdominal procedures, 
especially when using the intermittent measures of blood pressure from a brachial cuff (ibid). Recently, 
it has been suggested that only a minimal number of minutes of hypertension are vulnerable to affect 
the postoperative outcome (ibid). Thus, though fatality between intraoperative hypotension and postop-
erative difficulties has not yet been developed, it appears reasonable for patients to avoid hypotension 
as much as they can (Salmasi et al. 2017). This may need a more rational as well as controlled use of 
the anesthetic agents, and especially during induction (ibid). It may also require continuous monitor-
ing of blood pressure with the non-invasive methods for the immediate detection and correction of any 
considerable blood pressure drop (ibid).

Activity Trackers

Early mobilization is one of the core elements of postoperative recovery (ibid). Subbe et al (2017) argue 
that multiple sensors such as the waist, ankle or wrist sensors with gyroscopes and accelerometers are 
currently available to detect any movement or a body posture and thus quantify physical activity. Some of 
these sensors have been used with achievement for the objective valuations of early mobilization (ibid). 
Wearable sensors tailored to monitor cardio-respiratory function may aid in the early detection of medi-
cal deterioration during the postoperative recovery and to address the failure to rescue the issue (ibid).

Postoperative recovery outcomes are mainly evaluated by procedure specific quality of life scores 
with varying patient-reported outcome measures as well as satisfactory scores (ibid). However, several 
types of research have shown some difference between objective functional assessment and varying 
patient-reported outcome measures (ibid). Hence, activity levels do not always improve after a total hip 
and knee arthroplasty (ibid). According to (Salmasi et al. 2017), objective functionality assessments are 
desirable to better understand the reasons behind. Therefore, future efforts need to be put in place to op-
timize functional recovery and ought to include an objective assessment of functions through actigraphy 
(ibid). Activity trackers, as well as wearable accelerometers, are currently ubiquitous (ibid). However, as 
argued by several studies, it has been found out that some of the consumer products such as the sensors 
worn on the wrists, ankles, and waist are accurate enough for the objective purpose of assessment for 
mobility (Subbe et al. 2017). Nonetheless, caution ought to be undertaken especially when monitoring 
slow walking speed patients, which is often the case after a surgical procedure (ibid).

Electronic Checklists

Electronic checklists applications have been developed to optimize communication between healthcare 
experts and patients during the entire surgical journey (ibid). Before surgery, they are used to make 
sure that patients follow preoperative recommendations, especially in regards to medications (ibid). 
Checklists have been depicted to be helpful in implementing processes and in improving quality of care 
(ibid). Electronic checklists have been established to make certain that none of the ERP aspects are 
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omitted during the surgical process (Michard et al. 2017). Most of them are available as applications 
and have been tailored both for patients and caregivers (ibid). Moreover, they have been designed to 
improve communication between patients and physicians (ibid). After surgery, and when a patient has 
been discharged from the healthcare center, they can aid in detecting and describing complications such 
as sharing of wound pictures and can help in offering guidance to patients (ibid).

Pain Monitoring

The optimal management of chronic postoperative pain is a major component of the Electronic Recovery 
Programs (Bartels et al., 2017). Important to understand is the fact that pain prolongs time to recovery 
and it delays discharge from the ward after surgery (ibid). Another important thing to note is the fact that 
opioids are still the backbone of most postoperative analgesic regimens (ibid). They are effective for severe 
pains (ibid). However, their use often prolongs the length of stay in the hospital due to dose-dependent 
side effects such as vomiting, sedation, respiratory depression, urinary retention, and postoperative nausea 
(Michard et al. 2017). Some physicians prescribe postoperative analgesia (ibid). This is defined as the 
use of multiple pain control modality to attain efficient analgesia while minimizing opioid-related side 
effects (ibid). Though multimodal analgesia is a core element of EPRs it is challenging to determine 
what the optimal doses and combinations are (ibid). Several technologies have however emerged to 
quantify the degree of nociception using a wide range of physiological variables (Bartels et al, 2013). 
Heart rate variability, blood pressure changes, and pulse wave amplitude, electroencephalographic and 
skin conductance signals have been widely proposed to help in the objective assessment of pain (ibid).

Facilitators

A postoperative patient after discharge can receive care from a community of pharmacists who make 
home visits (Michard et al., 2017). These pharmacists are able to secure continuity of care and have the 
capacity to prevent drug-related complications (ibid). Presently, this kind of care is not standard prac-
tice and thus its implementation poses a challenge (ibid). Thus, mapping of the aspects impacting the 
implementation of this new form of healthcare is essential to make certain that successful embedding 
takes place (ibid). Pharmaceutical facilitators aid in the implementation of home visits and offer the post 
discharged patients’ daily routine (Daliri et al. 2019). Thus, ensuring that the postoperative process after 
discharge is a success and the patients fully recover from the surgical procedure (ibid).

Additionally, caregivers can collaborate with patients and family members in offering care after the 
surgical process (ibid). The ultimate aim of patient and family engagement is to establish better condi-
tions for patients, relatives, the kindred members, clinicians, and members of the clinical team to work 
together as partners towards improving the quality and safety of care at home after surgery (Daliri et al. 
2019). This collaboration is vital since healthcare quality and safety directly affects the individual as 
well as the family (ibid).

Furthermore, patients are more likely to participate in their care if they are invited to take part in it. 
Sanger et al (2014) claim that many individuals do not apprehend that they have the right to actively be 
involved in their case after surgery until given permission or an invitation to do so. Additionally, the lack 
of information may hinder patients from asking questions about their diagnosis and procedures for their 
wellness after being discharged from surgery (ibid). Thus, giving patients clear and accessible information 
can aid engagement (ibid). Individuals with self-efficacy and perceived capability to engage in their own 
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care, are more likely to recover successfully after being discharged from a surgical procedure (Sanger 
et al. 2014). Similarly, family members and friends with higher levels of self-efficacy are also more 
probable to take part in the care of their loved ones after they are discharged from the hospital (ibid). It 
is thus important for caregivers, pharmacists’ community and physicians to understand the vital role of 
family involvement in the wellness and monitoring of postoperative care (ibid).

Barriers

Though the interventions in precision postoperative wellness monitoring systems have been considered 
effective over the years, their implementation has been a challenge due to several barriers. According 
to Daliri et al (2019), some of the most common barriers include problems in a healthcare organization, 
insufficient information, and lack of personalized care within the care continuum. However, for facilita-
tors to overcome these barriers, they have to include a personal counselor within the care continuum in 
order to counsel patients with medication use, post-discharge follow-up care such as home visits from 
the caregivers, and guide in overcoming communication barriers (ibid).

Lack of resources including the cost of a procedure, buying wireless and wearable devices and sup-
port resources for postsurgical care at home acts as a barrier for patients and families to engage in the 
postoperative wellness monitoring interventions (Sanger et al. 2014). Literacy levels are another barrier 
to the implementation of post-discharge wellness programs (ibid). A patient’s or family’s capability to 
comprehend healthcare information is crucial to engagement (ibid). Dwindled cognitive capabilities may 
impede commitment and age-related comorbidities (Daliri et al. 2019). Literacy levels such as non-native 
English speakers and low literacy may further deter communication with the caregivers at the desired 
level, in spite of the use of translators (ibid).

Clearly, postoperative complications are a key clinical and economic burden. Each year, postoperative 
complications are responsible for a million number of death cases (ibid). Most of these complications 
after surgical procedures and the mortality rate would be prevented with better intraoperative manage-
ment (ibid). Early detection of adverse events helps in the making of informed therapeutic decisions 
(ibid). The technological revolution is transforming the health sector, and physiologic monitoring ought 
to dramatically benefit the ongoing software and hardware inventions (ibid). Novel and future monitoring 
tools have the capability to assist us in bettering the quality of surgical care from pre-habilitation (ibid). 
Especially wireless and wearable sensors can aid in detecting clinical deterioration at a very early stage 
in hospitalized patients (ibid). Through the triggering of timely interventions, they have the capacity to 
decline the number of ICU admissions, postoperative mortality rates, and cardiac arrests (ibid).

DISCUSSION AND CONCLUSION

Given the advances in mobile health and the plethora of Apps now available, it is clear that mobile health 
is an integral part of healthcare delivery today and needs to be managed so that the benefits of mobile 
can be enjoyed and the limitations can be minimized. It is clear that clinician and care team involvement 
is important. It is equally vital that privacy and security aspects are considered at all times. Without 
a doubt mobile is certainly showing the potential to enhance the patient experience and support high 
quality and high value care to ensue.
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ABSTRACT

Arguably, the most prevailing chronic disease today is diabetes. The World Health Organization (WHO) 
notes that diabetes is a silent epidemic, and by 2020, there will be a 54% rise in the total number of 
individuals diagnosed with this disease. These are distressing figures. Many are turning to technology 
solutions to assist. What becomes important is the ability to rapidly design and develop appropriate 
digital health and wellness solutions.

INTRODUCTION

Today chronic conditions such as diabetes, cancer and obesity are increasing exponentially and dominate 
healthcare budgets globally (Lancet, 2016). At the same time, technology and digital health continue to 
advance. We see this as an opportunity to design and develop suitable technology solutions to support 
digital health and wellness initiatives. A key success factor in this regard is to have a suitably robust 
business model and delivery framework as the following presents.
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Diabetes and its Management

Diabetes Mellitus is characterised by a lack of endogenous insulin and resulting in hyperglycaemia and the 
excretion of excess glucose in urine (Krall and Beaser,1989). The basic defect appears to be an absolute 
or relative lack of insulin production from the pancreas, which leads to abnormalities mainly in carbo-
hydrate metabolism, as well as in protein and fat metabolisms (ibid). Severe untreated diabetes, of which 
hyperglycaemia is just one aspect of metabolic derangement, can lead to both macro and microvascular 
complications (ibid). A relatively simple and non-invasive method of preventing these complications is 
to recognise the impact of diet on insulin production and maintenance and thus follow a healthy diet and 
regular exercise regimen or wellness plan (Hu et al., 2001). Therefore, people with diabetes mellitus need 
help in planning and accepting a daily diet which contains the appropriate amounts of carbohydrates, 
protein, fat and fibre, together with adequate amounts of vitamins and minerals (ibid). It is important 
to distinguish that Type I Diabetes Mellitus (T1DM) is characterised as an autoimmune disease, while 
Type II Diabetes Mellitus is an acquired chronic disease characterised by decreased insulin secretion 
and an increase in insulin resistance (Krall and Beaser,1989). Although diet plays a role in T1DM, it 
has a greater impact in the management of T2DM (Hu et al., 2001).

Early diabetes management needs to focus on lifestyle modification, specifically modest weight loss 
and increased physical activity (ibid). Even for people with advanced stages of diabetes, lifestyle and 
diet intervention are likely to be beneficial in limiting the complications of sustained hyperglycaemia 
(ibid). Lifestyle changes including daily exercise and appropriate diet can be applied broadly, or can 
be directed to individuals who are thought to be at increased genetic risk for diabetes as ascertained by 
information such as family history of diabetes (ibid). When individuals transfer from a pre-diabetic to 
a diabetic phase then the focus to addressing the problem changes from a wellness management to a 
healthcare management issue ibid).

According to Davidson et al.(1986), there are three streams of lifestyle and medical interventions:

i)  Diet (Kepf et al., 2014): Prolonged dietary treatment of diabetes is the very baseline of all forms 
of anti-diabetic treatment (ibid). An important cornerstone and the aim of dietary treatment is a 
well designed meal, taking account of the total calorie content and nature of diet (ibid).

ii)  Diet and oral hypoglycemic agents (Kohnert et al., 2009): Diet combined with oral hypoglycaemic 
agents is the next tier in diabetes treatment. There are several classes of orally administered anti-
diabetic agents available for use in patients with T2DM,

iii)  Diet and insulin (ibid): When a person with T2DM cannot be managed with diet and oral hypogly-
cemic agents alone, insulin is introduced for better management of the condition. Insulin therapy 
in T2DM supplements endogenous insulin and is often given as a single injection before breakfast 
or at bedtime.

Key Issues Emerging Due to Diabetes

Diabetes can lead to a number of health issues e.g., blindness, amputation, heart disease, kidney, nerves 
and blood vessels problems (Krall and Beaser, 1989).
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Vision impairment and Blindness

Diabetes has been blamed to cause impairment in vision and blindness, it has affected around 1 in 3 
Australians for diabetic retinopathy whereas 1 in 6 Australians suffer from diabetic macula edema, which 
costs around $2 billion in Australia (ibid).

Kidney Damage

People suffering from diabetes have higher chances of developing kidney disease, especially people suf-
fering from type 2 diabetes, abnormality in serum creatinine may indicate the renal arterial disease (ibid).

Ischaemic Heart Disease and Arterial Damage

A diabetic person is likely to develop heart problems 2- 4 times than a non-diabetic person (ibid). Around 
65-75% of people suffering from type 2 diabetes have been found affected by heart issues (ibid). The 
heart problems occurring due to diabetes mostly go unnoticed and results in death of half of such popula-
tion (ibid). Type 2 diabetes has been associated with major cause of death and physical disability due to 
arterial damage (ibid). Diabetic people are at more risk for an early age heart attack than a non-diabetic 
person, every year around 33, 000 Australians experience a diabetes related heart attack(ibid).

Amputation

Diabetic foot ulcer has claimed around 10,000 hospital admissions each year and resulted in complete or 
part amputation of limb for around 4,400 Australians (ibid). In addition hospitalization and amputation, 
diabetic foot ulcer costs Australia $ 875 million each year (ibid). It is predicted that research investment 
for diabetic foot ulcer might save Australia around $ 2.7 billion (ibid).

Thus, the management of type 2 diabetes is very complex and needs a team of people to help man-
age the disease. The most important factors are blood parameters, diet, exercise and stress. However, 
as diabetes is a chronic condition and thus typically once a person has diabetes they rarely recover, it is 
important that they continue to be vigilant and manage their condition carefully. With this in mind, we 
foucssed on the design and development of a mobile solution for supporting people with diabetes so 
they can self-manage and be more empowered (Goldberg, 2002a; 2002b; 2002c; 2002d; 2002e; Wick-
ramasinghe and Goldberg, 2004).

THE DIAMOND SOLUTION

The DiaMonD solution was developed by Inet Intl. Inc, a Canadian company to provide diabetes elf-
management and monitoring to all patients suffering from diabetes (ibid). The goal of the solution is to 
support people at different stages of diabetes to self-manage and feel more empowered and yet where 
necessary have their clinical care team involved and presented with the germane information necessary 
to make sound clinical decisions that will in turn lead to optimal clinical outcomes. The solution has 
been demonstrated to support better levels of HbA1C in clinical trials (Wickramasinghe et al., 2019) 
Succinctly figure 1 shows the basic solution as developed by inet. Key aspects of the solution include 
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it is fully HIPAA compliant, totally pervasive which means it works on any mobile platform (Android, 
IOS etc) and it requires co-use or co-adoption of patient and their clinical care team.

Design Science, User Centred Design and Co-Creation

An important consideration to designing digital solutions is to include the user. This becomes more 
complex in healthcare when there are often different user groups (patients and clinicians) who have 
different requirements, likes and preferences. Design Science research Methodology is often touted as 
an appropriate approach to ensure full engagement of the user in the design of the solution. We also 
believe it should be combined with user-centred design principles and co-creation to fully capture user 
enthusiasm, buy-in and likelihood of using the developed solution.

Design science is an important and legitimate research paradigm in information systems (Gregor 
& Hevner, 2013). Basically, it involves creating a wide range of socio-technical artefacts, such as new 
software, processes, algorithms or systems intended to improve or solve an identified problem (Myers & 
Venable, 2014). The design science procedures initiated from information-systems design theory origi-
nally proposed by Walls et al. (1992) as a prescriptive theory which integrates normative and descriptive 
theories into design paths intended to produce more effective information systems. Eventually, Peffers 
et al. (2007) expanded design theory into a design science research methodology by incorporating the 
principles, practices and procedures required to carry out research by applying design science theory. 
Importantly it was propsoed that design science theory as a methodology, needs to be consistent with 
prior literature, provide a nominal process model for doing design science research, and provide a mental 
model for presenting and evaluating design science research (Peffers et al. 2007). Moreover, Hevner and 
Wickramasinghe (2017) note that in healthcare contexts use of design science research methodology is 
especially prudent when fine tuning innovative solutions.

Figure 1
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Hevner et al. (2004) presented seven strategies for understanding, executing, and evaluating design 
science research. Various healthcare studies (Nguyen and Wickramasinghe 2017) have used these prin-
ciples for building algorithms and systems. The three-cycle view captures the design science research 
idea to refine the artefact design iteratively through several interconnected design, relevance, and rigor 
cycles as illustrated by Hevner (2007). The improved four-cycle model of IS design science research for 
capturing the dynamic nature of IS artefact design was developed later (Drechsler & Hevner 2016). This 
refinement is intended to increase both the artefact’s effectiveness to address the real-world problem as 
well as its knowledge contributions over several iterations. The fourth cycle in the DSR model, termed 
as change and impact cycle, is to better capture the dynamic nature of artefact design for dynamic real-
world contexts. Applying the change and impact cycle to a mobile healthcare application like DiaMonD, 
the app itself, the mobile device(s), and the patients and/or clinicians that use the app, we believed is 
prudent and greatly assists to ensure that the solution is fit for purpose in the specific healthcare context.

The Adaptive Mapping to Realization

However, and in addition to designing a solution that subscribes to design science principles, what is a 
critical success factor for this solution is the delivery framework and business model that were also de-
veloped in order to progress this solution from idea to design, development and successful deployment. 
Figure 2 presents this unique adaptive mapping to realization model.

Successful digital health solutions require a consideration of many components. As can be seen in 
Figure 2, the presented integrative model brings together all key factors that we have identified through 
our research that are necessary in order to achieve a superior patient experience and better outcomes. 
Specifically, the inputs fall into three main categories physical resources, intellectual resources and 
financial resources. As with all IT projects people, process and technology inputs are vital, however in 
healthcare the protection (security aspects), especially in light of HIPAA in the US (and other similar 
regulations in other countries), is also a key input. Hence, it is best to address these considerations as 
inputs to the system than after the fact trying to assess compliance.

Given the dynamic nature of healthcare, new discoveries are being made continuously. Any digital 
health solution must then try to capture these latest findings and apply them to the project. It is for this 
reason that the presented model has research findings drawn from medical informatics, e-health, business 
and information technology areas as inputs to the specific mobile e-health project.

The last component of the inputs is funding. Given that the goal of solution is to be sustainable and 
provide ongoing support to the person with diabetes it is crucial to realize funding and sustainability 
are important considerations.

Finally, it is important to notice that the model consists of two parts; a health solution and a wellness 
solution. We make this important distinction because we believe that a health solution must be grounded 
in a medical model and subscribe to health privacy rules and policies such as HIPAA while a wellness 
solution may not necessarily fall under the same level of rigor but should still be systematically and 
responsibly designed, developed and deployed.

Central to the success of any digital health solution is that it is patient centricity led (Leescher, 2012). 
This differs from patient centered in that the information and interactions emanate from the patient-
user (ibid). The digital health technologies are then built around the premise that personalized data 
and interactions are prompted by the patient and managed by both the patient and provider (Leescher, 
2012; Wickramasinghe et al., 2019). What makes this model unique and most beneficial is its focus on 
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enabling and supporting all areas necessary for the actualization of Information and Communication 
Technology initiatives in healthcare. By design, since fundamentally this is a business model, the model 
identifies the inputs necessary to bring an innovative chronic disease management solution to market. 
These solutions are developed and implemented through a physician-led digital health focus. Hence, 
at the heart of the model to bridge the needs and requirements of many different players into a final 
(output) deliverable a better health outcome and patient experience. To accomplish this, the model is 
continually updated to identify, select and prioritize the Information and Communication Technology 
(ICT) project inputs that will:

a) Accelerate healthcare system enhancements and achieve rapid healthcare benefits. The model identi-
fies the key healthcare system inputs with the four Ps 1) People that deliver healthcare, 2) Process 
to define the current healthcare delivery tasks, 3) Platform used in the healthcare technology 
infrastructure and 4) Protection of patient data.

b) Close the timing gaps between information research studies and its application in healthcare opera-
tional settings.

c) Shorten the time cycle to fund an ICT project and receiving a return on the investment

DISCUSSION AND CONCLUSION

Today, chronic diseases have replaced infectious diseases as one of the top global causes of deaths and 
morbidity [Centre for Diseases Control http://www.cdc.gov/]. Diabetes is one of the five major chronic 
diseases and has been termed by the WHO as the silent epidemic [WHO, http://www.who.int/topics/
diabetes_mellitus/en/]. By definition, for most sufferers of diabetes (or other chronic diseases), there is 

Figure 2.
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no likely cure, which makes prudent management of their condition key to living a quality life. Good 
management is predicated on pertinent information and germane knowledge (Wickramasinghe et al. 
2014), which at times is not always easy for these patients to access and/or acquire.

Digital solutions offer the promise of a better, higher quality of life for such individuals. These solu-
tions now span the wellness to healthcare continuum and need to be designed, developed and deployed 
responsibly. We contend that the presented adaptive mapping to realization (AMR) model enables and 
supports the responsible design, development and deployment of such solutions.

In todays current high paced knowledge economy commercialization of a good idea is important. 
Especially in healthcare too many innovative ideas never make it to successful commercialization due to 
the inherent risks and lengthy development stages. The presented AMR model provides an opportunity 
to have a robust methodology that also supports rapid commercialization. Moreover, the dynamic nature 
of the model facilitates the continuous incorporation of prior lessons and knowledge into the project 
process; thereby making it a truly knowledge-based methodology.

We note in closing that our AMR model can and should be adopted for all digital health and wellness 
initiatives and we urge for further application of the methodology in non-healthcare initiatives as well.
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ABSTRACT

The U.S. healthcare system has been often characterized as fragmented and disconnected. Lack of effec-
tive and concurrent adoption of information technology has been known to be a factor that contributes 
to the decentralization of healthcare systems. Fragmented systems are also responsible for creating silos 
that operate with minimal coordination. Clinicians in such systems are providing duplicate services be-
cause they are not aware of patient care plans set by other practitioners. These duplications could lead 
to prescription drug errors due to inconsistencies and lack of coordination in the treatment services and 
in some cases drug-drug interactions. The following suggests a role for technology to facilitate better 
care coordination.

INTRODUCTION

Improving coordination between clinical settings will minimize fragmentation. With Medicare patients 
visiting on average close to seven providers in four settings annually, a large number of clinicians are 
linked to each other within patient-care networks (Kern, et al., 2019). Primary care providers positioned 
in these care networks are required to communicate with more than two hundred physicians and coor-
dinate their Medicare patients care plans (Kern, et al., 2019). This amount of communication and care 
coordination requires accuracy and robust information systems that will optimize the data integration 
process. The process of care coordination will ideally include all patient needs, preferences, and capa-
bilities (Pham, O’Malley, Bach, Saiontz-Martinez, & Schrag, 2009) which are gathered from different 
care settings to assist clinicians with the decision making process . The coordination of care also relies 
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on active and accurate interaction between providers and patients. Patients with multiple chronic condi-
tions and complex needs require a higher level of coordination to improve the quality of care services 
provided and control the cost of these services (Berenson & Horvath, 2003).

Enabling Role for Technology

The implementation of health information systems (HIS) can have vast and diverse indications on care 
measures. Different clinical settings could impose a wide range of requirements on health information 
systems. In complex clinical encounters with high-risk patients, clinical settings are required to assess 
a large volume of health information in a short period of time and carefully manage the appropriate 
health data to deliver to applicable clinicians. While health information management is highly relevant 
for providers, patients with multiple chronic illnesses require care services from different practitioners 
in a coordinated environment with an effective integration of care information (McCullough, Parente, & 
Town, 2016). In addition to these distinctions in processing health data (that are associated with different 
care settings), there also remains a high demand on health data reporting associated with regulations and 
value-based reimbursement models (McCullough, Parente, & Town, 2016). Several important factors 
influence the success of HIS implementations. One of these components is the degree of integration 
between implemented health information technology and clinical workflow which in turn relies on the 
complexity of the care facility and the level of investment and commitment displayed by the organi-
zational leadership. Health information technology improves the communication and coordination of 
clinical care in addition to supporting information management.

Current Challenges

Delivering cost-effective and value-enhancing care to a growing aging population is a substantial chal-
lenge for the healthcare systems. The rate of health care services consumption by patients who have 
one or more chronic conditions or multiple concurrent chronic conditions (MCC) is rising. Chronic 
conditions included in research studies are arthritis, asthma, chronic respiratory conditions, diabetes, 
heart disease, human immunodeficiency virus infection, and hypertension. According to the Agency 
for Healthcare Research and Quality (AHRQ) in 2009, 21% of total health expenditure was consumed 
by only one percent of the population and 30% of the population were responsible for about 89% of 
healthcare expenditure (Cohen & Yu, 2012). In the same year the average expenditure of these top 
consumers was close to $100,000 annually (Cohen & Yu, 2012). Medicare beneficiaries with two or 
more chronic conditions are considered the heaviest users of care services that consume close to 93% 
of Medicare spending (Lochner & Cox, 2013).The rising cost of treating Medicare beneficiaries with 
chronic conditions is a major contributor to the overall growth in Medicare spending (Thorpe, Ogden, 
& Galactionova, 2010). Several important indicators such as patient mortality, poor functional status, 
unnecessary hospitalizations, adverse drug events, duplicative tests, functional limitations, need for as-
sistance with daily activities, and conflicting medical advice do increase with the increased number of 
chronic conditions in patients (U.S. Department of Health and Human Services, 2010). These indicators 
directly impact healthcare cost and patient care quality.

According to the Institute of Medicine (IOM), patients with MCCs require coordinated care that does 
not focus solely on one of the conditions. One of the challenges that providers encounter when design-
ing care services for chronic patients is designing care services that encompass all patient needs and 
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not a single condition (U.S. Department of Health and Human Services, 2010). The IOM introduced a 
framework for chronic care treatment models that included healthcare system requirements, community 
support resources, self-management support, innovative care delivery design, decision support systems, 
and clinical information systems (U.S. Department of Health and Human Services, 2010). Factors such 
as number of chronic conditions, severity of each illness, patient overall status, clustering of conditions 
contribute to the clinical heterogeneity (characteristic) of chronic conditions (U.S. Department of Health 
and Human Services, 2010). Several initiatives for improving the quality of care for chronically-ill pa-
tients have emphasized on stakeholder engagement by empowering providers, patients, and community 
support groups. Unfortunately, limited effort has been made to detect the natural clustering of chronic 
conditions (Vogeli, et al., 2007). The presence of different illnesses in given patient group sets, could 
have a varying impact on patient’s disability and quality of life.

Lack of coordinated care could have profound adverse impact on MCC patients. Patient functional 
impairment could be impacted by certain chronic conditions more than others. There exists a stronger 
association between certain chronic conditions or certain clusters of chronic conditions and patient 
functional impairments (Dunlop, Lyons, Manheim, Song, & Chang, 2004). Furthermore, MCC that 
included a given set of diseases displayed a strong association with patient functional impairment than 
the association of the individual illnesses (within the MCC) with patient functional impairment (Fried, 
Bandeen-Roche, Kasper, & Guralnik, 1999). MCC patients could also encounter difficulty in following 
instructions from multiple providers and effectively engage in the care process. To ensure the quality 
of care delivered to MCC patients, care facilities must systematically explore the relationship between 
quality care programs and clusters of chronic conditions (Vogeli, et al., 2007).

Changes to Leverage the Benefits of Technology

To improve quality of care and reduce cost, the Centers of Medicare and Medicaid Services (CMS) 
initiated several programs that incentivized healthcare facilities for the effective adoption of informa-
tion technology. The meaningful use programs (one, two and three) were designed to assist providers 
and hospitals in adopting and implementing EHR systems through grants in the form of incentive pay-
ments (Centers for Disease Control and Prevention, n.d.). The third stage of meaningful use programs 
emphasized on the effective use of health technology in clinical workflow such as electronic prescribing, 
decision support systems, computerized provider order entry (CPOE), and coordinated care by engag-
ing patients. In summary, the stage three meaningful use regulations were designed to improve health 
information exchange between clinical settings and overall health outcomes (Gruessner, 2015). In 2015 
the Medicare Access and CHIP Reauthorization Act (MACRA) was introduced by ending the Sustain-
able Growth Rate (SGR) formula and promoting two quality payment programs:

• Advanced Alternative Payment models (APM)
• Merit-based Incentive Payment System (MIPS)

These two programs promoted incentive payments and performance-based payment adjustments 
respectively (Office of the National Coordinator for Health Information Technology, n.d.). The release 
of the MIPS regulations motivated vendors to develop certified EHR systems that are offering built-
in monitoring tools for the performance categories (quality, improvement activities, cost, advancing 
care information) established by the Centers for Medicare & Medicaid Services (CMS) (Office of the 
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National Coordinator for Health Information Technology, n.d.). A main difference between MIPS and 
previous quality programs such as physician quality reporting system (PQRS) is that MIPS scores are 
calculated based on the performance of a measure versus receiving scores in PQRS merely due to clini-
cians reporting on a measure (Hirsch, Rosenkrantz, Ansari, Manchikanti, & Nicola, 2016). In APMs 
clinicians are provided with an opportunity of participation within initiatives that improve care quality, 
promote coordinated care, and enhance cost-efficiency and in many cases exclude these clinicians from 
the MIPS program (Office of the National Coordinator for Health Information Technology, n.d.). APM 
programs although designed differently for each care setting, they could benefit from certified health 
IT features. Concepts such as care coordination, quality measurement, and engaging patients within the 
care process. The main goals of MACRA (Table 1) were to engage patients in the process of care and 
enhance care coordination (Hirsch, Rosenkrantz, Ansari, Manchikanti, & Nicola, 2016).

Many healthcare initiatives have tried over the past several decades to minimize cost and improve 
quality by detecting value in care processes. Many studies have been completed to address what is known 
as the “the cost disease” or “Baumol’s disease” (Baumol, et al.). Healthcare reform could be divided in 
three main categories:

• Alternative payment models used as incentives to improve value delivered in care tasks.
• Encouraging coordinated care through integrated health systems.
• Implement information systems in healthcare to improve quality of care (Hirsch J. A., et al., 2015).

The MACRA initiative was an effort to develop a program that includes physician quality reporting 
system (by CMS), Value-Based Payment Modifier Program, and Meaningful Use initiative (Hirsch J., 
et al., 2016).

MIPS and APM programs were designed to improve care quality by engaging stakeholders through 
effective reporting/monitoring of clinical processes. Providers however are concerned about several 
factors that could impact the performance of the MACRA initiatives. Practitioners who participated in 
a survey that was conducted to assess their understanding about the MIPS program, expressed lack of 
familiarity with the policy details and displayed disagreement with the ranking system that associated 
weight to different domains of the program (Liao, Shea, Weissman, & Navathe, 2018). Through MIPS 
programs, clinicians are required to participate in four distinct practice improvement sections:

Table 1. MACRA

MACRA

MIPS APM

1 Quality Care Coordination

2 Improvement Activities Quality measurement

3 Cost Improving patient-clinician relationship

4 Advancing Care Information
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• Developing clinical quality measure reports.
• Participating in activities that improve clinical practice
• Minimizing cost by controlling the use of resources
• Improving the use of care information (Liao, Shea, Weissman, & Navathe, 2018).

Based on the findings from the same survey, policy makers are encouraged to engage physicians in 
the development of value-based initiatives. This engagement could include both training and educat-
ing practitioners about the initiative and its link to improving value within care services in addition 
to incorporating physicians’ input in developing value-based care policies (Liao, Shea, Weissman, & 
Navathe, 2018). It is essential for policy makers to consider the unintended consequences that could 
follow adopting new policies and include patient satisfaction and experience in the domains that are 
considered to produce the final score (Liao, Shea, Weissman, & Navathe, 2018). Advanced tracking/
monitoring features added to health systems could track clinical practice changes and stakeholder input.

DISCUSSION AND CONCLUSION

Value-based models link care delivery system outcomes to payment models to promote efficiency and 
effectiveness in healthcare systems. To improve the quality of care services, these models must incorporate 
accurate and timely health data in comprehensive models to include all clinical practice dynamics and 
impactful factors. The main focus of newly developed payment models is to measure the performance of 
the care services. However, many existing performance measures do not assess the quality of the clinical 
activities comprehensively (Clough & McClellan, 2016). Several important factors such as the severity 
of individual patient condition, health literacy, and access to follow-up care that will directly impact the 
care outcome are usually not tracked with performance measures. Measures that are designed to capture 
care details from patients who visit several clinical settings will create opportunities for improving care 
and minimizing cost (Clough & McClellan, 2016). Care performance measuring systems must monitor 
developments from all heterogeneous participating stakeholders to detect patterns that impact the qual-
ity of care outcomes. To evaluate performance-based payment models for quality improvement, health 
IT systems must identify the care activity scope and all participant’s contributions (Marjoua & Bozic, 
2012). A structured evaluation approach that systematically monitors all facets of an identified care 
activity(scope) and extends through a time period will be required to create a baseline for comparison 
and standardization.

One of the main challenges in assessing the quality of care activities is the broad scope (stakeholder 
diversity) of healthcare systems. Another important concept in designing quality measures is the pri-
oritization of the ideal outcome per care activity. According to a study that was funded by Pfizer Inc. to 
compare patient treatments, seventy two percent of the cases included in the study showed that the most 
cost-effective treatment option was not the most effective care routine (clinically) (McElligott, et al., 
2015). Selecting the ideal outcome for care activities requires in-depth understanding of the value and 
the relationship between cost and clinical efficacy (Leu, et al., 2016). Incorporating value in healthcare 
decision-making process requires a balanced combination of cost, outcomes, and patient specifications 
(Weeks & Wwinstein, 2015). Health IT systems must monitor measures from all aspects involved in 
care activities, including impact on all beneficiaries, cost of the treatment, and gathering all stakeholder 
inputs during the time periods that generate care outcomes (Baxter, et al., 2015). These information 

 EBSCOhost - printed on 2/10/2023 5:01 PM via . All use subject to https://www.ebsco.com/terms-of-use



363

Technology’s Enabling Role to Improve Care Coordination
 

systems must comprehensively gather information from all participants but link outcomes to their exact 
participating contributors to avoid imprecise risk sharing. Existing alternative payment models that 
rely on fixed payments and capitation, usually group patients and practitioners into payment initiatives 
that receive a fixed amount (Porter & Kaplan, 2016). The recommended model is one that is able to 
incorporate stakeholder contributions using health IT systems. EHR systems are a good candidate to 
be integrated with such health systems. The Enclosed Stakeholder Share Measure system (ESM) will 
track clinical services and stakeholder input in form of quality measures. This system will classify clini-
cal encounter (care activities) to be aligned with certain goals/outcomes. Numeric values allocated to 
each participating stakeholder in the care activity will sum up to a value of one. As several encounters 
could be considered per each outcome, the mean value of a stakeholder’s contribution in all encounters 
could be normalized and considered as their total contribution towards the outcome. This approach is 
intended to function as a stakeholder shared measure and could be later identified in two main areas of 
expected and reported. Expected measures will be based on previous data gathered for conditions that 
are closely resembling the care activity. While estimated measures will form the expected performance 
measures for each stakeholder.
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