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ABSTRACT

As healthcare systems develop innovative services to create value for patients
outsidethehospitalorclinicalcarefacility,theyfaceamajorchallenge.Theyneeda
communicationarchitecturetosupportthesharingofinformationamongthehealthcare
providers, patients, and external partners to fulfill the value created. The current
electronicmedicalrecordsystemsofhospitalsdonotextendtomanyoftheseexternal
partnersunlesstheyarepartoftheprovidernetwork.Thispaperproposestheuseof
blockchainarchitecture toaddress thischallenge.Bymodelingservice innovations
used to create value as a set of service exchanges among providers, patients, and
partners, theprovidersdecidewhenblockchainarchitecturemaycomplement their
ownextendedEMRsysteminfulfillingthevaluetheycreatetoaddresspatientneeds.
Theauthorsusegamificationtoimprovepatientadherencetotreatmentplansdesigned
tofulfillthevaluecreatedandadaptthevaluecreatedtoreflectthechangingpatient
ecosystem.Thepaperconcludeswithdiscussionanddirectionsforfutureresearch.
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1. INTRODUCTION

Healthcareprovidershavebeguntoleverageadvancedtechnologytoprovideinnovative
services topatientswhile theyare in thehospital.These innovations include real-
timelocatorsensors(RTLS)totrackpatientflowsinemergencyandpatientroomsto
reducedelayswithinthehospital(Stahletal,2014),optimallyscheduledoperating
roomstoimproveefficienciesandreducesurgicaldelays(Cardoenetal2010),and
improvedservicesdeliveredinpatientroomssuchasfasterresponsestopatientcalls
usingtechnologiessuchascallbells,smartbeds,wearables,etc.(Tanniruetal,2018).
Some of these service innovations are process focused such as multi-disciplinary
rounding(Fowleretal,2018).Manyoftheseinnovationsaredesignedtoreducecosts
andimprovepatientsatisfaction.However,withchangesinreimbursementpolicies
basedonpatient satisfactionandhospital readmissionwithin30-daysafterpatient
discharge,serviceinnovationstocoordinatecateoutsideahospitalhavebecomean
importantfocus(Medicare,2013).

Several service innovations insupportofcaredeliveryoutsideahospitalwere
discussed in the literature (Dreyer et al, 2014). Some of these include provider
interventionsinthecareofchroniccarepatients(Colemanetal,2006),engagement
ofmultipleexternalcareprovidersinthecareofpatients(Nayloretal,2004),and
theengagementofcommunitymemberstoreducehealthinequities(Jacketal,2009).
Someoftheseinnovationsaredesignedtoaddresstheneedsofhighriskpopulation
groups(Bradleyetal,2014),andothersareusedtosupportpatientengagementthrough
enhancedcommunication(Ghoshetal,2014),nurseengagementindischargeplanning
(Kelleyetal,2013),andengagementofnurse/physicianteamsinaddressingcomplex
cases (Jones et al, 2013). The service innovations outside a hospital use a mix of
technologies(Herzigetal,2016,Weineretal,2016)includingtele-healthconsultations
andmobileapps(Kohetal,2016).Theeffectivenessofserviceinnovationsisbased
onhowcloselythevaluecreated(treatmentplans)matchesthevaluefulfilledoutside
thehospital.Muchofthisvaluefulfillmentreliesoninformationsharingtosupport
coordinationoftreatmentadherenceactivitiesamongpatients,partners,andproviders.

A service has many dimensions along which it is assessed by the customer
(Parasuraman et al, 1985). Service expectations can change along any of these
dimensions(someesthetic/comfortorientedandsomeknowledge/competencyoriented)
andinfluenceperceivedvalueaspatientsengageintheuseofsuchaservice.Inthe
post-Internetera,valueperceived throughaservicecanbe influencedbyevolving
technologiesandvirtualizationsofpatient interactionwithprovidersandpartners.
Howtreatmentsdevelopedbyprovidersareinfactadheredtobypatientsisharderto
assesswhensuchaserviceisprovidednotbythehospitalalonebutbymanyother
externalpartners.Withsocialdeterminants(WHO,2013)influencinghowcarerelated
servicesreachthepatientpopulation,especiallywhentheycallfortheengagementof
non-clinicalpartners,thepatientisfurtherremovedfromtheprovider,thusmaking
perceivedvaluehardertoassess.
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Since differing goals of clinical and non-clinical partners, as well as patients,
influence the treatment adherence, the challenge for providers designing service
innovationstosupportcaredeliveryoutsideahospitalistrackingandaddressingvalues
gapsinservice,i.e.betweentreatmentplans(valuecreated)andtreatmentadherence
(valueperceivedduringuse).NgoandO’Cass(2009)argueforinnovationtomeet
higherlevelsofcustomerequity.Inhealthcare,valuecreationandfulfillmentoutside
ahospitalrequiresaligningthegoalsofcareproviderswiththosewhoprovidecare
(marketorientation)anduseofinterventionstrategiessuchasgamificationtoincrease
suchalignmentwhileaddressingpatientequity.Hence the researchquestion:How
canwemodelserviceinnovationstosurfacevaluegapssoimprovementscanbemade
insuccessivevaluecyclesandaddresshealthinequities?Inthispaper,weprovidea
decompositionoftheservicemodelintoserviceexchanges,sothatgapsinalignment
ofgoalscanbetrackedandaddressed,usingadistributedcommunicationarchitecture.

The paper is organized as follows. Section Two will discuss prior research on
modelingservicestocreatevalueanditsimplementationusingamixofinternaland
partnerresourcesandintroducethedesignapproachthatusesdecompositionofservice
modelintoserviceexchanges.SectionThreeformalizestheservicedesignapproach
using multiple use cases and illustrates how it can be used to align goals using a
mixofincentivesandtechnology.SectionFourillustratestheneedforadistributed
architecturesuchasblockchaintotailorservicedesigntomeetdistinctpatientneeds.
SectionFivediscusses theuseofgamificationusingblockchain toalign thegoals
ofpatientsandproviders.SectionSixshowshowsuchablockchainimplementation
canbeusedtorefinevaluecreatedbylearningaboutvalue-in-useusingintelligent
agents.SectionSevenprovidessomemanagerialimplicationsanddirectionsforfuture
researchbeforemakingsomeconcludingremarks.

2. SERVICE MODELING AND DECOMPOSITION

The increasing share of services in today’s knowledge economy, including
manufacturingfirms(Ovchinnikovetal,2014),isleadingallorganizationstoview
themselvesasserviceprovidersandworkwithcustomersoutsidetheirbusiness(in
customer ecosystem) to create value. Such value creation is supported by several
serviceexchanges,eachdesignedtohelpunderstandthecustomerdecisionmaking
processduringvaluecreationandcustomerexperiencepostpurchase(orduringvalue-
in-use)(Vargoetal,2008).Toimproveagilitywithwhichthevaluepropositionsare
fulfilled, organizations rely on the use of technology and resources from external
partners(Luschetal,2015).Fulfillingthesevaluepropositionswithagilitymaylead
todifferentinstitutionalarrangementsandknowledgeneeds,andovertimemaylead
todevelopingnewmarkets(Wielandetal,2017).

Unlike traditional businesses, healthcare organizations face a few challenges
as they transform tobecome servicedrivenusing innovative caredeliverymodels
outsideahospital.Theyneed toworkwithamixof technologiesusedbypatients
andclinicalandaswellasnon-clinicalpartners.Thismeanscreatinganarchitecture
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that can support information sharing to coordinate the activities needed to ensure
patient adherence to treatment plans. To understand this challenge, let us use the
servicemodelshowninFigure1.Thepatientecosystemhereincludesbothclinical
careprovidersorinstitutions(e.g.pharmacies,diagnosticlabs,rehabfacilities,etc.)
andnon-clinicalcareproviders(e.g.socialworkers,communityorganizations,etc.).
Thesearereferredtoasactorsofthepatientecosystem.Whilethesolidlineiswhat
issharedwiththepatient(i.e.treatmentplan),informationonitsadherenceisshown
as a dotted line. These dotted line interactions between patients and clinical and

Figure 1. Model to provide care in patient ecosystem

Figure 2. Service exchange model to support mental health
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non-clinicalprovidersarenotcoordinatedbyanyoneofthemandthegoalsofthose
interactingarenotoftenaligned.

WewillillustratethisfurtherinFigure2bydocumentinghowahealthcaresystem
inMichiganusesaninnovativeservicemodeltosupportpatientswithmentalhealth
challenges (Plumet al,2020).Here, thecareprovider at ahospital recommendsa
patient,diagnosedwithmentalhealthchallenges,tovisitamentalhealth(MH)rebab
facility for consultation and support. The innovative service here includes the use
ofacommunityhealthworker(CHW:anon-clinicalactor)toassistthepatientvisit
the rehab facility. It also includes complementing the doctor’s diagnosis with the
competenciesofamentalhealthpsychotherapist(MHP:aclinicalactor).Therehab
facility(anotherclinicalactor)preparesreportsforthedoctorafterthepatientvisit.
Thevaluecreatingservicemodelisdecomposedintomultipleserviceexchangesthat
supportsharingofinformationamongmanyactorstocoordinateactivitiesneededto
fulfillthevaluecreated.

Insummary,thegoalofprovidersistosupportcareoutsideahospitalbutaligning
theirgoalwiththepatient’sgoalcallsfortheuseofincentivestopotentiallyovercome
healthinequitiesorconstraintsi.e.providetransportassistanceusingCHWorsenda
patientanalerttoremindthemofthevisit.TheuseofMHPshereistogiveincentives
todoctorssotheycandoacomprehensivediagnosisanddeveloptreatmentplansthat
caninfluencepatientadherence.Lackofsuchdiagnosisisoftencitedasthereason
for opioid drug abuse by patients with mental health issues (Dowell et al, 2019).
Ultimately,actorsinteractinginaserviceexchangewanttocompletethisexchange
asdefinedtocreatevalueandaligningtheirgoalsusingincentiveswhenappropriate
iskeytoreducinggapsinvaluecreated.

TheAmericanPsychologicalAssociation(APA,2015)defines“incentive”asan
externalstimulusthatmotivatesthebehaviorofthoseinvolvedinaserviceexchange.
Relevanceiskeytomotivateactors involvedinaserviceexchangeevenifsuchan
exchangecallsforachange.Suchrelevancecanbeestablishedifactorsunderstand
theneedforchange(contenttheories),thevalueofchange(processtheories)andare
motivatedtochange(contemporarychangetheories)(Saifetal,2012).Forexample,
giving access to an MHP expert can motivate the doctor to change the diagnostic
process and include mental health assessment as needed to improve adherence.
Similarly,givingaccesstoCHWcanmotivateapatienttovisittherehabfacilityby
changingtheirroutinetoimprovetheirhealth.Aswewillseeinthelatersections,
onemayneedexplicit incentivessuchasfinancialrewardstomotivateapatient to
seektreatment.

Inthissection,weuseddecompositionofserviceintoseveralserviceexchanges
topotentiallyisolateinteractionsthatcancontributetovaluegapsinaservice.The
next section will discuss a formal way to design these service exchanges, so each
canfulfillaspecificvalueproposition.Collectivelyallthesevaluepropositionswill
createthevaluetoapatient.
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3. FORMAL DESIGN OF SERVICE EXCHANGES

Letususeasimpleexampleofapatientinaskillednursingfacility(aclinicalcare
provider)whocallsonanursetovisitabathroom.Theserviceexchange(SE)that
createsthevalueproposition(VP),i.e.,patient’sneedtovisitabathroom(value),is
supportedbytwoactors(patientandnurse).“*”impliestheexistenceofbothactors
presenttoinitiatetheserviceexchangeand->impliescompletingtheserviceexchange
andcreatingthevalue.Inthiscase,valueiscreatedbyfulfillingthevalueproposition
(i.e.patientvisitsthebathroom).

VP(BathroomSupport)=SE(PatientAsksForBathroomSupport*NurseInTheRoom
->PatientInBathroom)

Ifnursesarenotintheroom,patientsandstaffcommunicateusingtwotechnologies:
PillowTalk1(button1ofaPillowTalktechnology),usedtocallanurseassistant,and
atextmessageonVoltePhone,usedbythenurseassistantsoshecanrespond.Thisis
representedasfollowsandshownasastatetransitionnetworkinFigure3(Highlighted
lettersbelowareusedinthenetwork).

VP(BathroomSupport)=VP(SendRequest)*VP(NurseAsstResponds)*VP
(NurseAttendsToRequest)
VP(SendRequest)=SE(PatientNeedForBathroomVisit*Pillowtalk1-
>NurseasstVolteAlert)
VP(NurseAsstResponds)=SE(NurseasstAvailable*NurseasstVolteAlert-
>NurseasstComesToRoom)
VP(NurseAttendsToRequest)=SE(NurseasstComesToRoom*PatientAsksForBath
roomSupport->PatientInBathroom)

Here,therearemultipleactorsinvolved(patients,technology,nursingassistant)
increatingvalueforthepatient(ormajorvalueproposition).Thevalueiscreated
bythefulfillmentofthreeserviceexchangeseachwithmini-valuepropositions
occurringinsequence.Eachofthesemini-valuepropositionsusehumanand
machineactors.

• Patientneedingtogotobathroompressesbutton1ofthePillowTalktotrigger
analertontheVoltePhoneofnursingassistant

• Nursingassistantbeingavailableand receiving thealerton thephone leads to
nursingassistantcomingtoroom

• Patientasksthenursingassistanttovisitthebathroomwhenthenursecomesto
room,andthisleadstopatientvisitingthebathroom.

From here on, for simplification, we will represent the value created by the
providertomeetapatientneedasaseriesofstatetransitions,withtheoutputstate
writteninboldface.
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VP(BathroomSupport)=
PatientNeedForBathroomVisit*Pillowtalk1*NurseasstVolteAlert*
NurseasstAvailable*NurseasstComesToRoom*PatientAsksForBathroomSupport*P
atientInBathroom

Insomecases,arequesttocreatevaluecancomefromnotahumanactorbuta
technology,Forexample,forpatientswhoaresusceptibleforafallthebedsensors
oftheirsmartbedcanbeturnedON(apositiontrue).Whenpatientstrytogetoutof
bed,analertissenttoallnursesandanoutsidelightofthepatientroomgetsturned
ON(i.e.“FlashingRoomLightsON”).Whenanursewalksin,theflashingroomlights
getturnedoff.

VP(FallRisk)=
PatientMovement*BedSensorsOn*VolteAlert*NurseAvailable*NurseComeToRoo

m*PatientReady*PatientinBathroom
VolteAlert*RoomLightOff*FlashingRoomLightOn
NurseComeToRoom*RoomLightsFlashingOn*RoomLightsOff

Wewillusethisnotationtorepresentthreedifferentusecaseswhereinnovations
areusedtocreatevalue.

3.1. Mental Health Prevention
This service innovation was discussed in section 2. The role of a mental health
psychotherapist (MHP)andcommunityhealthworker(CHW)are tohelpalign the

Figure 3. A state network representation
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goalsofboththedoctorandpatientandtheresultisatreatmentplanthatschedules
patienttovisitarebabfacilityanumberoftimes.The“RehabVisitTimes”areextracted
fromtheMHRehabSchedule (anewresourceadded to theserviceexchange)and
CHWsvisittopatientsathomeistriggeredautomatically

VP(ProvidePatientMentalHealthCounseling)=
PatientAtDoctor*D*MHP*MHRehabSchedule*Time*{RehabVisitTimes*CHW*P
atientAtHome*PatientAtRehabFacility*RehabStaffInteraction*PatientRHCounse
ling*Time*RehabReportsSentToD}

3.2 Sexually Transmitted Disease Prevention 
Through Education and Counseling
The same organization used another innovation to educate patients on sexually
transmitteddiseases.Theservicemodelusespeernavigators froma localLGBTQ
organizationtohelppatientsovercometheirpersonalchallenges.Thepeernavigators
areselectedfromadatabaseofindividualswhoarewillingtoprovidesuchsupport.
Theseactorsandresourcesactasincentivestohelpinfluencebehavioralchange.

Figure 4. Service exchanges to create value for use case 3.3
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ProvideAIDSCounseling=
PatientAtDoctor*D*LGBTQOrg*NavigatorDataBase*PeerNavigator*{Time*Patie
ntAtHome*PatientsAtCounselingCenter*CouseingStaffInteraction*PatientSECo

unseling*Time*CounselingReportsToD}

3.3 Engaging Patients in Multiple Care Related Activities
Patientsareoftenaskedtoengageinseveralactivitiespostdischargefromahospitalas
apartofatreatmentplan.Examplesofsuchactivitiesincludepickingupprescriptions,
visitingrehabfacilities,visitingaphysicianforfollow-up,orundertakingdiagnostic
tests.However,patients fail toperform theseactivitiesdue to resourceconstraints
(e.g.financialneedtopayfortransportation,child-careserviceswhenpatientsmust
completetheseactivities,etc.)orotherpersonalconstraints(e.g.gettingtimeofffrom
work,notrememberingwhenthevisitis,etc.).Today,manyhospitalsuseorganizations
suchasAuntBertha(https://www.auntbertha.com/)toidentifysocialandcommunity
agencieswhocanhelppatientsaddresssomeoftheirresourceandpersonalchallenges.
Figure4summarizestheseinteractions.

Insummary,eachserviceexchangerepresentsavaluepropositionandcumulatively
theyleadtofulfillingthevaluecreated.Notperforminganyofthesecancontributeto
valuegaps.Eachserviceexchangemaycallforasharingaresourcesuchasinformation,
money,socialoremotionalsupport,etc.Someoftheseresourcesareusedtocomplete
anactivityandothersareusedtomotivatepeopletocompletetheactivities.Figure
5 summarizes the resources shared amongactors for the casediscussed in section
3.3. By separating data resource from financial and time-based resources, the
implementationcanaddressappropriatesecurityanddatasynchronizationneedswhen
technologyisusedtosupporttheseserviceexchanges.Thenumberofactorsinvolved
in theseservicesexchanges, the technologicalmaturityof thesystemstheseactors
usetocommunicate,andthedegreeofalignmentintheirgoalswillallinfluencethe
complexityofthearchitectureneededtosupportthecommunicationandcoordination
oftheseserviceexchangestocreatevalue.Nextsectionwilldiscusssomestrategies
usedtodesignanarchitecturetosupportvaluecreationanditsfulfillment.

4. BLOCKCHAIN ARCHITECTURE TO 
IMPLEMENT SERVICE MODELS

Manytechnologiesareusedtodaybyhealthsystemstoeducatepatients(usingportals
and mobile apps), address their work pressures (using text alerts and reminders),
provideclaritybyansweringquestions(usingsocialmediaanddigitalintermediaries),
and support self- management of health condition (using wearables). When such
support of patients is coordinated by a health system, it can be integrated to the
electronic medical record system and coordinated by the same system. However,
manyoftheactorswhosupportpatientsareoutsidethehealthsystem.Thismeans,
incentivesareneededtomotivatepatientsandotherstoengageinserviceexchanges
needed to fulfill the value propositions the health system creates. Given that the

https://www.auntbertha.com/
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patientpopulationisdiverse,incentivesdevelopedmustbetailoredtosupportdistinct
populationgroups.Also,incentivescanvarydependingonhowsickapatientis(after
ahospitaldischargetoaddressachroniccondition,orapreventivecare).So,tailoring
incentivestosupportcompletionofservicethroughinformationsharedcanvaryin
eachcase.ThefollowingquestionwasposedtotheformerpresidentandCEOofa
hospitalsystem:What factors should be considered when modeling services outside 
a hospital and how are they different for preventive care vis-à-vis care transition post 
discharge?Somestrategiesherecommendedinclude:

PreventiveCare

• Segment the population based on demographic characteristics for tailoring of
messages.

• Tailormessagesharedtocreatedistinctvalue:
◦ Time:Timelyinformationonimmunizations;periodicinformationonhealthy

practices
◦ Who: Select those whom patients trust (providers, influencers, authority

figures,etc.)
◦ Motivators:Incentivesorpenalties(e.g.,notabletosendachildtoschool;

not able to go to work because of contagious diseases; coupons for food/
transportationwhentheygetflushots)

Figure 5. Actor resource interaction in care delivery across multiple ecosystems
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◦ Frequency:Morefrequentifitisimportant

CareTransition

• Segmenttheinformationtospecificaudience(general:frequentlyaskedquestions;
specific: dietary guidelines for diabetics, exercise regime for heart patients,
advisoriestoseniorsduringholidays,etc.)

• Reinforce messages from physicians,  inf luential  members,  peer group
representatives

• Specificincentivesandpeerrankingstomotivatedesiredbehavior.

These differences point to the need for an architecture that supports sharing
of diverse information among many different actors, some in real time and some
periodically,andsomebasedoncontext,etc.Also,thearchitectureneedstosupport
sub-sets of service exchanges using a different or sub- network (e.g. interaction
among certain patients with similar disease) but connected to a broader network
for informationsharing.This led to theconsiderationofanarchitecture thatneeds
no central coordination and ensures trust among actors by virtue of its design:
Blockchain.Blockchain technology is shown tobemostappropriatewhen there is
no central coordinating entity trusted to support resource exchange among actors
inasecuremanner.Managingdistributedrecords(Glaseretal,2017),sharingdata
inadecentralizedmarketplace (Chowdhuryetal,2018),andbuildingapplications
inadecentralizeddigitalarchitecture(Limieuxetal,2017)allillustratetheroleof
blockchainarchitecturecanplaywhenactorsindistributedenterprisesneedshared
resourcestoaddressacommongoal.

Deloitte(Krawiecetal,2016)proposedseveralwaysblockchaintechnologycan
becomeanewmodelforhealthinformationexchangewhenthereisnoclearsetofdata
standardsoraccessrulesforsharingpatientinformationinatrustednetwork.Prior
researchhasusedincentive-basedmodelstoenhancepatients’engagementtoimprove
adherencesuchasgivingpatientsflexibilitytosharedatawiththeyneedtoconsultfor
care(Embleema)orallowingphysicianstoremotelymonitortheircancertreatment
inrealtime(Rahmanetal,2019).Thereareseveralcriteriaorconditionsdiscussed
thatwillmakeblockchainmoreeffectivethanacentralizeddatabasecanbe(Routi
etal,2020).Someofthesefactorsincludetrustbuilding,robustness/faulttolerance,
security,andredundancy.Forthesereasons,weusedblockchaintechnologytoalign
goalsusingfinancialincentivesandusegamificationtochangepatientbehaviorfor
theusecase3discussedearlier.Thisisdiscussedinthenextsection.

5. QUESTS USING GAMIFICATION TO ALIGN GOALS 
AND ENSURE ACTIVITy COMPLETION

Weproposeagamificationofthetasksapatientmustperform(hereafterreferredto
as“Quests”).ThehospitalwillcreatevariousQueststhatapatientshouldcomplete
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post-discharge at different points in time. Each Quest calls on two individuals to
interactpost-discharge:1.TheArbitratoristheserviceprovider(i.e.pharmacy,testing
lab,etc.),and2.TheQuest Takeristhepatient.Thepatientsreceivetherewardwhen
thetaskiscompleted.Thearbitratoralsoreceivesaportionoftherewardamountto
offset transactioncostsandprovidean incentive to join thenetwork.TheQuest is
administeredasfollows:

• Step1:TheQuestmaker(physician)sitsdownwithapatientandlistsseveraltasks
theyneed toperform(distinct tasks, suchas:pick up a prescription,get blood 
tests done,visit a rehab facility X number of times,etc.).Eachtaskisviewedasa
separateQuestandcaneitherhaveaspecificarbitrator(apersonthatthephysician
recommendsthepatientseeandisalreadyinthenetwork)oronewhofulfillsa
role(apharmacyorlabapatientcangotocompleteatask).

• Step2.Thephysicianagreestoputinsomemonetaryrewardifthetaskiscompleted
(withalargerportiongoingtothepatientandtheremaininggoingtotheQuest
arbitrator).

• Step3.Thephysicianadds therewardandtask information into theQuestand
assignsittothepatientviaablockchaintransaction.

• Step4.ThepatientgoestotheQuestarbitratortocompletethetask.Thepatient
mayfindwhicharbitratorsoftheappropriaterole(physician,physicaltherapist,
etc.)areintheirareaifthereisnospecificarbitratordesignated.Arbitratorsmust
beknownandtrustedbytheQuestecosystem,andonepossiblewaytocredential
thearbitratorsisdiscussedinsection5.2.

• Step5.ThearbitratorsubmitsatransactionindicatingthattheQuestiscompleted.
• Step 6. The reward is distributed to each party (arbitrator and Quest taker

automatically)

5.1 Blockchain Implementation
TheQuestiscoordinatedandexecutedusingsmartcontractswrittenandsubmitted
tothemainEthereumblockchain(Wood,2014,Buterinetal,2013).Weproposeto
useEthereumforafewreasons:

1. Establishedvalueofnativecoinandstablecoin:Ether(ETH)andUSDC

ETHorUSDCcaneasilybeusedformonetarytransactionsinQuestcontracts,
andbothhaveanestablishedvalue.If thefluctuatingvalueofETHisundesirable,
Coinbase’sstablecoinUSDCcaneasilybeusedinthesmartcontractsinsteadtopin
theincentivevaluetothevalueoftheUSDollar.Bothcurrenciesarebecomingeasier
forownerstodirectlyspendforday-to-daypurchases(Coinbase2019).

2. EaseofimplementationusingSolidityprogramminglanguage.
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Ethereum’s native programming language, Solidity, has a large community of
developersandnumerousresourcestoassistwiththedevelopmentofsmartcontracts
(Solidity,2019).Commonvulnerabilitieshavebeendiscoveredanddetailedwithbest
practicesforpreventingtheminthefuture(Atzeietal,2017,SmartContracts,2019)

3. CommunityofdevelopersandenthusiastsworkingtogrowEthereumnetwork.

Ethereum’scommunityisconstantlyworkingtomakethenetworkeasiertouse
onanumberoffronts,fromMetaMask(2019)andCoinbaseWallet(2019),making
interactions with smart contract enabled websites easier for the end user, to the
developmentofdebitcardsthatwithdrawfromEthereumaccountstomakeiteasier
foruserstospendETHonday-to-daypurchases(Coinbase,2019).Astheseservices
are improved,Questswillbecomeeasier to interactwith,and the rewardspatients
receivewillbeeasiertospend.

TherewardamountforaQuestischosenanddepositedbytheQuestmakeratthe
timetheQuestiscreated.Thedecisiononhowmuchrewardtooffercanbesuggested
byamobileorwebappandcanbebasedonananalysisofmarketfactors,previous
successrateforthecurrentpatient,andothermachinelearningstrategiesasdescribed
inSection6.TherewardfortheQuestissecurelyheldinthesmartcontractuntileither
thetaskiscompletedandtherewardisdispersedtothepatientandarbitrator,orelse
thecontracttimehasexpiredandtherewardcanberetrievedbytheQuestmaker.All
arbitratorsmustbeauthorizedandvalidated throughacredentialingsystem(e.g.a
tokencuratedregistry,suchastheonedevelopedbyMedCredits(Praver,2018),which
determinesthearbitrator’srole).Thepurposeofthearbitratoristomakesurepatients
perform the correct task before marking their Quest as complete. All transactions
relatedtoQuests(i.e.creationoftheQuest,rewardsize,arbitratorinformation,and
completionoftheQuest)arerecordedthroughthesmartcontract.Afterthearbitrator
sendstheQuestcompletiontransaction,thecompletionisvalidated,andthereward
isdistributedimmediately.Apilotimplementationofthisapplicationisshowninthe
Appendix.

The Quest implementation currently provides rewards to patients and Quest
arbitrators, but the patient rewards can be split between patients and others such
asQuest delegates (e.g. communityhealthworkers, peernavigators, etc.)whoare
delegatedtoprovidetheservicespatientsneedliketransportationorchildcare.Also,
theQuestcontractcanbeused toprovide time-basedalerts to respectiveactors in
thepatientecosystem,orthesealertscanbesenttoanapponthepatient’sorother
actors’mobiledevice,thusreducingtheneedforusingdatastoredintheblockchainfor
non-clinicalcaresupport.Insummary,withtheabilitytousegamification,hospitals
canuseincentivestoengagepatientsinneededactivitiestoensuregreateralignment
ofproviderandpatientgoals–adherencetocaretreatmentplans.Thenextsection
willdiscusshowdatasciencefromtheblockchaindatacanbeusedtoadapttheway
the incentives are structured to support and sustain suchadherence in anevolving
patient-ecosystemdynamic.
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6. ADAPT SERVICE INNOVATION DESIGN TO 
CHANGES IN PATIENT ECOSySTEM

SlaterandNarver(1994)pointouttheneedtocontinuouslymonitorabuyer’sentire
value chain, as it evolves over time. This is indeed the case in healthcare where
efficacyandchangesinpatientecosystemdynamicsinfluenceeffectivenessofvalue
creationandvalueinuse.Thisisoneofthereasonsfortrackingpatientadherence
usingdatafromactivitiessuggestedbygamificationandseewhicharebeingadhered
to,soincentivescanbealteredasneeded.VargoandLusch(2004)arguethattheS-D
logic calls for not only co-creating value with customers, but leverage technology
becomingasoperantresourcetoinfluencevaluefulfillment.Theagentinblockchain
architectureproposedinthissectiontrackspatientadherencetoactivitiesrecommended
andusesthedataandinsightfromitsanalysistoinfluencepatientbehavior,possibly
bychangingtheincentivestructures.

Oneofthemaincharacteristicsofblockchaintechnologyisthatalltransactionsare
publiclyaccessibleandimmutableandallowsallactorstoengageinvarioustransaction
events including analyzing the frequencywithwhich certain serviceproviders are
usedbypatients.Byspecificallyassigninganagentactorontheblockchaintodosuch
analysis,ahospitalcandecidewhotheywanttoinvitetobeapartoftheirnetworkto
accommodatepatientpreferences.Otherexamplesincludedeterminingwhichservices
areusedtogether(e.g.prescriptionfillinganddiagnostictestingtominimizedisruption
inpatientworkflows),themobilityofpatientsinseekingservices(e.g.howclustered
aretheclinicalandnon-clinicalserviceprovidersusedbypatientgroups),andtherole
ofbrandinserviceproviderchoice(e.g.CVS,Walmart,etc.forprescriptionfilling
vis-à-visgeographicallycloserdrugstorepharmaciesinretailfoodstores).Thedata
usedforsuchanalysismayincludedatafromanodeontheblockchain–encrypted
datawith timestampandvalidactor information–combinedwithprofiledata that
residesoutsidethesystem(addressorregion,brand,etc.).

Whiletransactionaldataonactorscanprovideinsight,analysisofthisdataisdone
outsidethesystemandmaybeusedtomakechangestotheblockchainarchitecture
separately.Suchchangesmayincludewhoispermittedtobeonthenetworkandwhich
network,whatchangesinthesmartcontractsmaybeneededtoalterpatientbehavior,
etc. In other words, the blockchain network behavior is not altered dynamically.
However,anodecollectingthedataonthenetworkinrealtimecanbeusedtolearn
about patient behavior in a changing patient ecosystem dynamic and potentially
influencetheblockchainarchitecturetoaddressactorbehavior.Thearchitectureused
toaddressthisadaptivebehavioroftheblockchainisdiscussednextandisshownin
Figure6.

TheQuestparticipants(doctors,arbitrators,andpatients)interactwiththeQuests
through a mobile or web application. This app assists the participants in posting
transactions to the Ethereum smart contract to create and arbitrate Quests. It also
stores and reads non-blockchain information (such as locations of participating
doctorsandarbitrators)fromabackendserver.Thissystemalsoallowsforacloud-
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basedanalyticsenginetogatherdatafromblockchaintransactionsandanalyzethis
dataalongwithdoctor/arbitratorlocationsandnon-identifiablepatientinformation
toprovidesuggestionsandpredictionstoassistallQuestparticipants.

ListedbelowaresomeopportunitiestotailortheQuestexperiencebasedonpatient
behaviorobservedfromtheBlockchaintransactions:

• PatientreadmissionratecanbeanalyzedacrossdifferentQuesttypestodetermine
whichQuestsarethemostsuccessfulatpreventingreadmissionandwhichhave
thehighestcompletionrate.Questswithhighabilitytopreventreadmissionbut
lowQuest completion rate couldbe suggested tohave an increased reward, as
theyareveryhighvalueQuests.

• When a patient seeks a service provider using the app, the providers that the
patient canchoosemaybeprioritizedbasedon thedistance from thepatient’s
currentlocation.

• Likeanyrecommendationsystem,apatientmayorderclinicalandnon-clinical
serviceprovidersbasedonaggregatepatientinputonservicefeedback,whichis
collectedandaccumulatedoutsidetheblockchain.

• Selectmessagealertscanbesenttopatientswhomaynothavevisitedpharmacies
overagiventime,ifthereisamedicalemergencysuchasmeaslesoramajorflu
outbreak.

• Based on some general patient demographics, patients may be provided with
alerts on diabetic or high blood pressure medication, triggered automatically

Figure 6. Quest Architecture including interaction with an Analytics engine
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whencertainprescriptionsareprovidedtothepatient(e.g.medicationsrelatedto
diabetes,highbloodpressure,etc.)

7. DISCUSSION AND DIRECTIONS FOR FUTURE RESEARCH

Currently,thefollowingthreeusecasesareexploringtheuseofblockchaintechnology.
Notethattheproviderineachcaseisinteractingwithintermediateactorstosupport
patientswithinthreedistinctpatientecosystems,andeachusesapotentiallydifferent
architecturetosupportcommunicationofinformationandcoordinationofactivities
toimprovepatientadherencetotreatmentplans.

• Askillednursingfacility(SNF)managespatientsdischargedfromahospitalfor
longertermcare,andaphysician/nursepractitioneractsasanindependententity
tosupportSNFstafftocareforcardiacpatients.

• Amobileunitisinteractingwithruralpatientstoprovidescreeningservicesfor
glucosemonitoringandprovidespatientsareferraltoaphysiciannearthem.It
mayalsosetupappointmentfromsomepatientsatfreeclinics.

• Asmokingcessationhotlinereceiveswalk-inpatientsaswellasreferralsfrom
providers.Itinteractswithpatientstorecruitandcounselonsmokingcessation
protocolsandreportsonpatientprogresstoreferralagenciesandfundinggroups.

In the case of the SNF, the nursing home and hospital can use a centrally
coordinated system to share information in support of clinical care of the patient.
However,thenurseintermediaryissupportingcardiaccarestaffinmultiplenursing
homes and possibly interacting with patients’ family members. This interaction is
amixofclinicalandnon-clinicalsupportandmustbecoordinateddifferently.The
interactionbetweennurse, family and theSNF staff canbe an app connected to a
blockchaintoshareinformationwithotheractorsandhealthsystems.

Themobileunitactsasanintermediarytoprovidescreeningservicesforglucose
monitoringandhypertension.Itprovidesphysicianreferralsandsetsupappointment
with free clinics occasionally. Its interaction with physicians is more direct even
thoughitisthroughapatientviaapaperreferral.Itsinteractionwithpatientsinrural
areasiseitherbyphoneorviatextmessagingafterthevisit.Again,thearchitecture
tosupportthesecanbedifferent.

ASHLineuseson-lineandfaxtodaytogetproviderreferralsandusesphonecalls
toengagepatients incounselingservices.The typeof interaction isdifferentwith
eachgroup,oneisclinical,andoneisnonclinical.

ASHLinemanagestwosetsofinteractions–onewithproviderforclinicalreferral
andreportgenerationandonewithpatientsandcounselors.Thepatientinteraction
must be in real time to keep patients engaged but provider reporting can be done
periodically. The technologies used with patients must recognize variations in the
patientpopulationsegments.
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In summary, each of these populations have varying degrees of motivation to
adhere to treatment guidelines, especially when it comes to reducing obesity and
smoking.Themanagerialchallengeisnotjustfocusonsharingclinicalinformation
witheachpartnertoengagepatients,buttouseincentivestodrivebehavioralchange
amongpatients.Sincemanyofthesepatientsliveindifferentregions,withvarying
technical,social,andeconomicchallenges,thearchitectureusedcanbeahybridthat
willsupportevolvingdynamicsofthepatientecosystem.

Referringbacktotheresearchquestionintheintroduction-howtomodelservice
innovationstosurfacevaluegapssoimprovementscanbemadeinsuccessivevalue
cycles?Theanswerliesintheanalysisofeachservicemodelthatsupportsapatient
segmentanddesignofthemodelintoserviceexchanges.Usingfeasibletechnologies
andahybridarchitecturalmix,onecansupportsharingofinformationandcoordination
ofactivities.Suchcoordinationmayuseincentivestoaligngoalsandusegamification,
whenappropriate,tochangepatientbehavior.Feedbackfromsuchasystemshould
leadtoidentifyinggapstobeginthenextvaluecycle.

8. DIRECTIONS FOR FUTURE RESEARCH

There is significant variability in the intensity of resource sharing as well as the
typeofresourcesharedbyallactorsinvolved,andtheincentiveforengagingthese
actors(includingpatients)insuchresourceexchangealsovaries.Assuch,onearea
offutureresearchistofocusontheneedforahybridarchitectureneededtoconnect
andcoordinateactivitiesoftheseactorsanddecidehowitmaychangeasthepatient
dynamicschange.Inotherwords,architecturemaybeofferedasaservicetosupport
valuefulfillment,soserviceexchangedynamicscandictatethearchitecturalchoices
made.

Whilethepublickeyofclinicalandnon-clinicalactors,includingpatients,canbe
usedtocontributeselectresourceasneededtoblockchainorsocialmediaplatforms,
permissionedaccess to thisresourceor itsaggregationcanbeprovidedtopatients
orpatientgroupsusingtheirprivatekeys,andappscanbeusedtoalertpatientson
suchaccesscapabilityorneed.Thegoalistohavethedataanalyzedfromthepatient
engagementusingtheanalyticsengineinordertolearnvalue-in-context(i.e.howthe
valuecreatedisperceivedbythepatientpopulation),sothatimprovementscanbemade
tothetypeofactorsparticipatinginthenetworkandtheQuestcontractsdesignedto
incentivizepatients.Inaddition,totailorthenecessarynon-clinicalinformationcan
besharedinthesocialmedianetworkthatpatientshaveaccessto.

9. CONCLUSION

Inthispaper,wemodeledcareservicesusingvaluelensbasedonservice-dominant
logic research and formalized the service model by decomposing it into a series
of service exchanges. These exchanges were used to connect actors and resources
whichareoutsidethehospitalsystemandadistributednetworkarchitecturesuchas
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blockchainwasusedtoimplementtheservicemodel.AQuestarchitectureframework
isthendevelopedtosupportgamificationsothatincentivestopatientscanbeused
toalignpatientandprovidergoals.Usingamixoftechnologiessuchasanagentthat
collectspatientactivity,cloud-basedstoragethatcombinespatientactivitywithother
profileinformation,andananalyticsengineonecanadapttheincentivestocontinually
changeaspatientbehaviorchanges.
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APPENDIX: ACTIVITy FLOw OF QUEST IMPLEMENTATION

Figure 7.  

Figure 8.  
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Figure 9.  


