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ABSTRACT

Clinicaldecisionsrequiretimelyavailabilityofholisticpatienthealthinformationincludingclinical,
demographic,behavioral,andsocioeconomicriskfactors.Healthinformationexchanges(HIEs)help
bridgethetechnicalandorganizationaldividesbetweendisparateElectronichealthrecords(EHR)
systemsandfacilitatethesharingofhealthinformationbetweenprovidersandbetweenpatients
andproviders throughcollaborativegovernance,secureprotocols,and interoperablestandards.
HIEscomeinmanyvarietiesandcanbehighlycomplex,bothtechnicallyandorganizationally.
Thisconceptualpaperadoptsasystemofsystems(SoS)frameworkfromthesystemsengineering
disciplinetoanalyzeandbreakdownthecomplexityofHIEs.Themnemonicnatureofthefive
characteristicsoftheBoardmanandSauserSoSModel(AforAutonomy,BforBelonging,Cfor
Connectivity,DforDiversity,andEforEmergence)makesiteasiertounderstandtheintricacyof
HIEsandhelpsremovethebarrierstoeffectiveuseofHIEsforcarecoordination,patientsafety,
andpatient-centeredcarequality.
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1. INTRodUCTIoN

Healthcareisacomplexadaptivesystemconsistingoforganizations,people,andtechnologiesthat
are both independent and interdependent. As a complex adaptive system, it exhibits non-linear,
dynamic,andindeterministicbehaviorsthatareunpredictableanddifficulttomanageandcontrol
(Rouse,2008).Figure1showsthemanystakeholdersandhoweachofthemplaysadifferentrole
inacomplexrelationshiptodeliverhealthcare.Qualityhealthcarerequiresthecollaborationand
concertedeffortsofallstakeholdersthroughinformationsharingandcoordination.

Clinicalcaredecisionsrequirecompleteandlongitudinalpatienthealthinformationattheright
timeandrightplace.Timelyandunobstructedsharingofpatientrecordsbetweenhealthcareplans,
organizations,andprovidersarecriticalforefficientandeffectivedeliveryofpatient-centeredcare.
A2010surveyreportedthattheaverageU.S.patientsees18.7differentdoctorsduringtheirlivesand
forpatientsover65yearsofage,theaverageincreasesto28.4individualdoctors,includingprimary
care,specialists,hospitalandurgentcareproviders(PRNewswire,2010).Beforecomprehensiveand
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longitudinalhealthrecordscontrolledbypatientsandaccessibletoallhealthcareprovidersbecomea
reality,thehealthcareindustrymustrelyonHealthInformationExchanges(HIE)toenabletrusted,
secure,interoperable,andtimelysharingofhealthinformationamongdisparateElectronicHealth
Record(EHR)systems.

HIEscomeinavarietyofformsandfunctions.Technically,aHIEcanusepush-based,query-
based,orconsumer-mediatedcommunicationtechnology.Geographically,aHIEcanbeoperated
locally,state-wide,regionally,ornationally.Organizationally,aHIEcanbeconvenedandgoverned
by an EHR vendor, a community of healthcare organizations, or a single healthcare system.
Architecturally,aHIEcanbecentralized,federated,orahybridofboth.Thevarietyanddiversityin
theorganizationalstructureandtechnicalarchitectureofHIEsmakeitdifficultforpractitionersand
researcherstounderstandtheintricateoperationsofaHIEandcanbeabarriertoeffectiveadoption
andutilization.

ThispaperaimstobreakdownthecomplexityofHIEbyusingtheSystemofSystems(SoS)
framework toanalyzeandsummarize thecommoncharacteristics.TheSoSframeworkhasbeen
usedinSystemsEngineeringdisciplinetoguidethedesignanddevelopmentofcomplexsystems
consistingofmultipleindependentlyownedandoperatedsociotechnicalsystems,typicallyseenin
thedefenseandtransportationindustry.TheSoSframeworkalignswellwithvariouscollaborative
frameworkscommonlypracticedinbusinessmanagementandhealthcareindustry.TheSoSmodel
byBoardmanandSauser(2006)isparticularlyusefulinexploringHIE.Thismodelspecifiesfive
characteristicsofanSoSusingfivemnemonics:AforAutonomy,BforBelonging,CforConnectivity,
DforDiversity,andEforEmergence.Theseeasy-to-remembermnemonicsreflecttheprincipleof
user-centereddesign(UCD)andhelpcreateasharedmentalmodelforpractitionersandresearchers
intheirefforttodeliverandimprovepatient-centeredhealthcarethroughtheeffectiveadoptionand
useofEHRsandHIEs.Toillustratethefivecharacteristics,thispaperusesDirectTrust,apush-based
securemessagingHIE,asacasestudy.

2. HEALTH INFoRMATIoN EXCHANGE

2.1. EMR vs EHR vs PHR
TherearemanytermsandacronymsusedinHealthIT,someofwhicharesimilarandrelatedwhich
maycauseconfusion.Threetermsrelevanttothediscussionaredescribedbelow.

Figure 1. Stakeholders and interests in health care. Source: Healthcare as a complex adaptive system (Rouse, 2008, p. 19).
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Electronic Medical Record (EMR) and Electronic Health Record (EHR) both refer to a
computerized informationsystemthatstoresandmanagespatient records.EMRis theprecursor
toEHRandwastraditionallylimitedtopatients’medicalorclinicalinformation.Overtime,EMR
wentbeyondmedicalorclinicalinformationtoincludeanytypeofinformationthatisrelevantto
apatient’shealth includingsocioeconomicandbehavioral risk factors (race,ethnicity,education
level,smokingandalcoholusage,fitness,etc.).Hence,thenarrower“M”formedicalisreplaced
withthebroader“H”for“Health”.Forthisreason,EHRisusedconsistentlythroughthispaper.In
somecontext,EHRmayrefertothehealthrecordsthemselvesinsteadofthecomputersystemthat
managesthem.Forthisreason,sometimes,thetermEHRsystemisusedtodistinguishthesystem
fromtherecordsitmanages.

APatientHealthRecord(PHR)isdefinedas“anelectronicapplicationthroughwhichpatients
canmaintainandmanagetheirhealthinformation(andthatofothersforwhomtheyareauthorized)
inaprivate,secure,andconfidentialenvironment”(HealthIT.gov,n.d.-a).Thedifferencebetween
anEHRandaPHRisthatEHRisusedprimarilybyhealthcareprovidersandadministrativestaff
whileaPHRisusedbypatientsandtheirrepresentatives.Forexample,awebportalormobileapp
providedbyahealthcareorganizationtoallowitspatientstosecurelyaccesstheirhealthrecordsis
consideredaPHR.

2.2. Forms and Functions of HIE
Theword“exchange”inHIEcanbeeitheraverboranoun(HiMMS,n.d.):

• Asaverb,HIEisdefinedas“thesharingactionbetweenanytwoormoreorganizationswith
anexecutedbusiness/legalarrangementthathavedeployedcommonlyagreed-upontechnology
withappliedstandardsforthepurposeofelectronicallyexchanginghealth-relateddatabetween
theorganizations;”

• Asanoun,HIEisdefinedas“acatch-allphraseforallhealthinformationexchange,including
regional health information organizations (RHIOs), quality information organizations
(QIOs), Agency for Healthcare Research and Quality (AHRQ)-funded communities and
privateexchanges.”

OverthepastdecadesincetheenactmentoftheHealthInformationTechnologyforEconomic
andClinicalHealth(HITECH)Actof2009,whichprovidesfederalfundingfortheadoptionofhealth
ITalongwiththemandateofmeaningfuluse,therehavebeenwidespreadimplementationsofEHRs
andHIEsthatconnectEHRstofacilitatetrusted,secure,andinteroperablesharingofpatienthealth
information.EHRsandHIEshelpthehealthcareindustrymovefromthetraditionallyinefficient
paper-basedhealthrecordsmanagementandmail/fax-basedinformationexchangestothemodernized
andmoreefficientelectronichealthrecordsandelectronicexchanges.

Technologically,HIEsuse a varietyof communication techniques for information exchange
(HealthIT.gov,n.d.-b):

• Directed (push):Abilitytosendandreceivesecureinformationelectronicallybetweencare
providerstosupportcoordinatedcare;

• Query-based (pull) exchange:Abilityforproviders tofindand/orrequest informationona
patientfromotherproviders,oftenusedforunplannedcare;

• Consumer-mediated exchange:Abilityforpatientstoaggregateandcontroltheuseoftheir
healthinformationamongproviders.

Architecturally,therearethreetypesofHIE:
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• Centralized:Patientdataiscollectedandstoredinacentralizedrepository,datawarehouse
orotherdatabase.TheHIEhasfullcontroloverthedata,includingtheabilitytoauthenticate,
authorizeandrecordtransactionsamongparticipants;

• Federated (Decentralized):Interconnectedbutindependentdatabasesallowfordatasharing
andexchange,anduseraccesstotheinformationisgrantedonlywhenneeded;

• Hybrid: Incorporates variations of federated and centralized architectures to harness the
advantagesofboth.Thesearebecomingcommonasvariouscombinationsofavailableservices
areimplemented.

GeographicallyaHIEcanbelocalsuchascounty-wide,state-wide,regionalcoveringmultiple
states,ornational;Organizationally,aHIEcanbesponsoredbygovernmentagencies,community-
basednot-for-profitorganizations,orEHRvendors.

3. SySTEMS oF SySTEMS

3.1. System vs System of Systems
ThedisciplineofSystemsEngineeringdealswiththedefinition,design,development,anddeployment
of engineered systems ranging frommechanical, electrical, electronic systems, or anyhybrid of
thethree.ThefatherofGeneralSystemsTheory,vonBertalanffy(1968),definedasystemas“a
setofelementsininteraction.”BoardmanandSauser(2008)believed‘togetherness’istheessence
ofasystembecauseitdraws“togetherofvariouspartsandtherelationshipstheyforminorderto
produceanewwhole”.Heretheterm“element”and“part”areused.Anothercommonlyusedterm
is“component.”Ingeneral,asystemconsistsofcloselycoupledinterconnectingcomponents.An
individualcomponentistypicallynotfunctionalandusefulinandofitself.Componentsaredependent
oneachotherandrelyontheencompassingsystemtoprovidethenecessarystructuretofunction.

Whileasystemisatightlycoupledsetofcomponentsanditsoperationsaretypicallyunder
thecontrolofasingleorganizationalentity,manyofthelargerandcomplexsociotechnicalsystems
consistoflooselycoupledandindependentlymanagedandoperatedsubsystemswithoutacentral
commandandcontrolmechanism.Thistypeofsystemisdefinedasasystem-of-systems(SoS).A
SoSisaspecialsystemthatexhibitscharacteristicsbeyondthegeneralcharacteristicsofasystem;
theoperationsofaSoSrequireamorespecializedsystemthinkingapproachcalledtheSystem-of-
Systemsthinking.Jamshidi(2008,p.5)definedsystemsofsystemsas“large-scaleintegratedsystems
whichareheterogeneousandindependentlyoperableontheirownbutarenetworkedtogetherfora
commongoal.”

AsystemisconsideredanSoSonlyifitexhibitsthefollowingfivecharacteristics(Maier,1998):

• Operational Independence:Constituentsystemsareindependentandabletooperatewithout
dependencyonotherconstituentsystemsortheexistenceoftheencompassingSoS;

• Managerial Independence:Constituentsystemsaregovernedbytheirownrulesratherthanby
externaloneswhentheyareparticipatinginanSoS;

• Geographical Distribution: Constituent systems are dispersed geographically or virtually;
hence, theyrelyonsomeformorfacilityofcommunicationtosharetheiroperationsresults
witheachother;

• Evolutionary Development: An SoS can be under constant change due to evolution in its
purposeandmission.Forexample,marketconditionscanchangebusinessstrategies,resulting
inchangesofmissions.Eachconstituentsystemcanalsoundergoitsowndevelopmentalprocess;

• Emergent Behaviour:ThebehaviorsofanSoSemergeasaresultofthesynergisticcollaboration
ofitsconstituentsystems.
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The behavior and performance of a healthcare system reflect the characteristics of a SoS.
Eachstakeholderismanageriallyandoperationallyindependentofeachother.Theyaretypically
geographicallydispersed,andeachisgoingthroughitsowndevelopmentalprocessandlifecycle.
Theycollaborate,communicate,andcooperatetoprovidequalitycareforpatients.Asaresultof
collaboration,innovationsinclinicaldiagnosis,diseasepresentationandtreatment,andcaredelivery
andmanagementemergetoimprovehealthandwellness.

3.2. Boardman and Sauser Model of SoS
Built on Maier (1998) and several others’ work, Boardman and Sauser (2006) summarized the
characteristicsofaSoSusing fivemnemonics thatareeasy tounderstandand remember:A for
Autonomy,BforBelonging,CforConnectivity,DforDiversity,andEforEmergence:

• Autonomy:Eachconstituentsystemisautonomousintheprocessoffulfillingthepurpose
and mission of the SoS. This covers Maier’s first two characteristics: operational and
managerialindependence;

• Belonging:Eachconstituentsystemchooses tobelongonacost/benefitbasis;eachaims to
advanceitsowncausesatthesametimebenefitthelargermissionoftheSoS.TheMaiermodel
doesnotexplicitlyincludethischaracteristic;

• Connectivity:Constituentsystemscommunicate,coordinate,andcooperatewitheachotherto
shareinformationandknowledgeinordertoadvancetheirowngoalsandthegoalsoftheSoS.
TheMaiermodeldoesnotexplicitlyincludethischaracteristic;

• Diversity:Eachconstituentsystemisuniqueandhasuniquecapabilitiestoaugmenteachother
andcontributetotheSoS.ThiscoversMaier’sGeographicalDistributionbutgoesbeyondto
includeanytypeofdiversitysuchasvirtual,organizational,service,etc.;

• Emergence:Newandnovelcapabilitiesandbehaviorsemergethroughthereleasedautonomy,
committed belonging, open connectivity, and collaborative diversity. This covers Maier’s
EmergentBehaviour.

Foritscomprehensivenessandsimplicity,thispaperadoptstheBoardmanandSauserSoSmodel
toexploreHIE.

3.3. The Alignment Between SoS Model and Collaborative Frameworks
Collaborationhasbeenresearchedintensivelyinmanagementandsocialscienceandappliedwidely
inmanypractices.Inhealthcare,multipleprofessionalsincludingphysicians,nurses,pharmacists,
dieticians,andsocialworkersmustcollaboratetodeliverqualitycareforpatients.Inaddition,multiple
organizationsincludinggovernments,healthinsuranceplans,careproviders,communities,andfamilies
mustcollaboratetoensurehealthcareisinsured,scheduled,coordinated,andpaidforthroughoutthe
entireprocessofcaredelivery.Heath,Appan,&Gudigantala(2017)usedthecollaborativeframework
toexploreHIEsandguidetheirdevelopmentashealthcareleadersfacevariouschallengesinbuilding
acollaborativeenvironmentforpatientinformationsharing.

ThomsonandPerry(2006)identifiedfivemajordimensionsthathelpunderstandtheprocessof
collaboration:Governance,Administration,Mutuality,Reciprocity&Trust,andAutonomy.These
fivedimensionscanbemappedtotheSoSmodelasshowninTable1whichshowsDiversityand
EmergencefromSoSframeworkwerenotpresentinthiscollaborationframework.

Anothercollaborativeframework(TheCollaborative,2016)consistsofeightprinciplesasshown
inFigure2.

Table2mapstheeightprinciplesoftheCollaborativeFrameworktothefivecharacteristicsof
SoS.ThetableshowsthatthereisgreateralignmentbetweenSoSframeworkandthiscollaborative
framework.



International Journal of Applied Research on Public Health Management
Volume 5 • Issue 2 • July-December 2020

6

Table 1. Mapping between the five characteristics of SoS and the five dimensions of collaboration

Five Characteristics of a SoS (Boardman & Sauser, 
2006)

Five Dimensions of Collaboration 
(Thomson & Perry, 2006)

Autonomy •Autonomy

Belonging •Governance
•Administration

Connectivity •Mutuality
•Reciprocity&Trust

Diversity

Emergence

Figure 2. Collaborative framework 2016 – 2020. Source: The Collaborative Framework 2016 – 2019 (The Collaborative, 2016).
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4. EXPLoRING HIE THRoUGH SoS FRAMEwoRK

4.1. HIE as a SoS
AmongmanyparticipantsinaHIE,EHRsystems,healthcareorganizations,andhealthcareproviders
are themostactiveparticipants.Theyrepresent threemajoractors:Technologies,Organizations,
andPeople.Theyformalooselycoupledcollaborativecommunitywithasharedvisionofcaringfor
patientsandcommongoalofsharinginformationtocoordinateworkflow,ensurepatientsafety,and
improvecarequality.Theirbehavioursareboundbyamutuallyagreed-upontrustframeworkrather
thanacentralcommandandcontrolmanagementauthority;thesecureexchangeofinformationis
facilitatedthroughinteroperablestandardsandprotocols.Innovationsemergethroughtheongoing
interactionsofthediverseparticipants.Table3summarizestheanalysisofHIEusingthelensesof
theSoSframework.

4.2. An Illustrative Case - directTrust
Directmessagingprotocolwasfirstunveiledasanewvehicleforhealthinformationexchangein
2011andisnowakeyenablertomeetthemeaningfuluserequirementsforCentersforMedicare

Table 2. Mapping between the five characteristics of SoS and the eight principles of collaboration

Five Characteristics of SoS (Boardman & Sauser, 2006) Eight Principles of Collaboration 
(The Collaborative, 2016)

Autonomy Independence

Belonging CommitmentandParticipation
Equalstandingandresponsibility

Connectivity
PositiveWorkingRelationship
Transparency
JointLearning

Diversity Complementarity

Emergence Outcome-focused

Table 3. Expectation and behavior of participants in a HIE

Characteristics of SoS Applicability in a HIE

Autonomy Eachparticipantoperatesasanindependententitywithitsownmissionandgoal
andparticipatesintheHIEonavoluntarybasis.

Belonging
Atrustframeworkisestablishedtodefinethesharedmissionandcommongoal;
Governingprocessesandinteroperabilitystandardsareestablishedtofacilitate
secureexchangeofhealthinformationtodeliverqualityhealthcare.

Connectivity Participantsactivelyexchangepatienthealthinformationviaacommonstandard
andasharedinfrastructure.

Diversity
Eachparticipanthasitsuniqueroles,responsibilities,andgoals.Eachbringsunique
capability,value,andperspectivetotheexchangecommunitytoachievethebenefit
ofmultidisciplinarycollaboration.

Emergence

Theexchangeofhealthinformationleadstotheavailabilityofricherinformation
aboutpatients,betterinsightsofpatienthealth,andimprovedcarecoordination,
patientsafety,andcarequality.Innovativeuseofinformationinclinicalcareand
populationhealthmanagementemergetobenefitsallparticipantsandultimately
patients.
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andMedicaidServices(CMS).Thesecure,scalable,email-likemessagingprotocolwascreatedto
replacethetraditionalinefficientwayofexchanginghealthrecordsusingpaper-basedpostalmails
orfaxmachines.Thiseffortwasdescribedasan“exampleofhowthepublicandprivatesectorscan
cometogetherinacollaborative,entrepreneurialexplosionofmojotoimproveandadvancehealthcare
inAmerica”(Miliard,2011).

DirectTrustisacollaborativenonprofitassociationofover100healthITandhealthcareprovider
organizationstosupportsecure,interoperablehealthinformationexchangeviatheDirectmessaging
protocols.DirectTrusthascreateda“trustframework”thatextendstheuseofDirectexchangeto
over100,000healthcareorganizationsandnearlytwomillionDirectaddresses.Thistrustframework
supportsbothprovider-to-providerDirectexchangeandexchangebetweenconsumers/patientsand
theirproviders.

DirectTrust’strustframeworkmakesiteasyforhealthcareprofessionals,healthITvendorsand
theirpatients/customerstocommunicatesecurely,withidentityproofingandregardlessofend-user
application.Over300EHRandPHRvendors’products,andover50othertypesofHIEs,participate
intheDirectTrustnetwork,ensuringinteroperabilityandsecurityforexchangeofhealthinformation
tomorethanhalftheprofessionalsintheU.S.healthcaresystem(DirectTrust,n.d.-a).

4.2.1. Autonomy
TheDirectTrustmembershipisvoluntaryandtheparticipationinmessageexchangeisalsovoluntary.
Eachparticipatingsystem,organization,andprovideroperateandevolveinitsownuniquewayand
atitsownpace.Thisautonomygivesallstakeholdersthemaximumcontrolandindependenceto
mindtheirownbusinesswithoutundueinterference.

4.2.2. Belonging
DirectTrustcreated thegovernancepolicyand trust framework toachieveacommongoalanda
shared mission which binds all participants together in a collaborative and supportive network.
“ThisFrameworkcomprisestechnical,legal,andbusinessstandardsthatmembersoftheDirectTrust
communityagreetofollow,uphold,andenforce”(DirectTrust,n.d.-a).

The common goal is to “establish and maintain a national, transparent Security and Trust
Frameworkuponwhich trust relationships for exchange technology canbe scaled and federated
nationally”(DirectTrust,n.d.-a).

Thesharedmission is to“supporthealth informationexchange that is secure, interoperable,
affordable,ubiquitousandusablebydiverseend-users”(DirectTrust,n.d.-a).

4.2.3. Connectivity
DirectTrustreliesonoverfiftyHealthInformationServiceProviders(HISP)toprovidetechnical
infrastructureforparticipatingsystems,organizations,andindividualstosecurelyexchangemessages.
AsshowninFigure3.

AHISPcanbeconsideredasavirtualpostofficewheresendersandrecipientsexchangeelectronic
healthinformation.AllHISPscommunicateandcollaboratewitheachothertoensuretrustedand
secureexchangesonbehalfofthesendersandrecipients.

4.2.4. Diversity
The diverse participants of DirectTrust include government entities, care organizations, care
professionals,healthplans,hospitals,pharmacies,clinicallabs,andpatients.DirectTruststandards
developmentseekstobeinclusiveandrepresentallstakeholdersandaimsforbalanceandalackof
dominanceofeachStandardsWorkgroup.DirectTrustestablishedvariousInterestCategoriesand
ensuresthatasingleInterestCategorymaynotdominatetherest.Theinterestworkgroupsinclude
diverseorganizationsfromvariouscategoriesincludingregulatoryagencies,careorganizations,care
professionals,healthITvendors,consumersandpatients.
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4.2.5. Emergence
TherehavebeenmanyinnovativeandsuccessfulusecasesofDirectTrust(DirectTrust,n.d.-d).Table
4showsafewexamples.

Overthepastfiveyears,DirectTrustalsoenjoyedsteadygrowthasshowninFigure4.

4.2.6. Summary
Thefollowingsummarizesobservationsfromthe illustrativecaseofDirectTrust:Autonomyand
Belonginggohand-in-hand.WithoutBelonging,therewillbenocommonmissionandgoalsand
noopportunitiestoachieveahigherpurpose.WithoutAutonomy,therewillbelittlemotivationand

Figure 3. How Direct messages are exchanged through HISPs (DirectTrust 101 n.d.b)

Table 4. Sample use cases and success stories of DirectTrust

Use Case Success Story

Bi-directionalreferralsthrough
Directmessaging

SutterHealthcreatedbi-directionalclosedloopreferralworkflowstosendreferrals
andreceiveinformationbackfromconsultantsviaDirect,resultinginmore
efficientworkflows,quickerreferralturnaroundtimes,andimprovedpatientand
staffsatisfaction.

Admit-Discharge-Transfer(ADT)
notificationstopatient’sPrimary
CarePhysician’s(PCP)EHRvia
Directmessaging

CircleHealth/LowellGeneralHospitalEHRsendsreal-timeADTnotifications
usingDirectmessagingtoPCP’EHRs(Cerner)tohelpbettercoordinatecarefor
patients.UponreceiptoftheADTnotificationthePCPsendsthepatient’slatest
progressnoteviaDirecttotheHospital.Thisarrivesinahospitalpoolandis
attachedtothepatient’schartforthepatient’shospitalcaregiverstoreview.

Closedloopreferralsbetween
VeteranAffairs(VA)hospitals
andcommunityspecialistsvia
Directmessaging

InOhio,theVAusesDirectMessagingwiththreelargeOhiohealthsystems
forclosedloopreferrals.Thishasresultedinsignificantsavingsoftimeand
staffresourcesforinformationexchange.DirectMessaginghasimprovedcare
coordinationforVeterans.AVAuserinOhiosayswithVADirectMessaging,
“thatweget[healthinformation]immediatelyfromcommunityproviders-pluswe
canconverseelectronicallyifthereisanissuewiththemedicalrecords!”
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impetusforcreativityandinnovation.DiversityandEmergencealsogohand-in-hand.Diversityisa
necessaryconditiontoachieveemergenceofunexpectedinnovations.Emergenceistheoutcomeof
thejoinedforcesofAutonomy,Belonging,Connectivity,andDiversity.

5. CoNCLUSIoN

Thesystemofsystems(SoS)frameworkestablishedintheSystemsEngineeringdisciplinedealswith
thedefinition,design,development,anddeploymentofmultipleindependentlymanagedandoperated
systemsinacollaborativemannertoachievecommonmissionsandgoals.Thisframeworkshares
thespiritofthecollaborativeframeworkprevalentinmanagementandsocialscience.Healthcareis
acomplexsystemthatinvolvesindependentactorswithdiverseandoftenconflictinginterestsand
multipledisciplinesincludinglifescience,engineering,informationtechnology,andsocioeconomics.
SoSisausefulandpowerfulframeworkforanalysingandunderstandinghealthcareandtheinteractions
betweenorganizations,people,andtechnologieswiththehealthcaresystem.

AkeychallengefacinghealthcareanditsadoptionofhealthITis theinteroperabilityof
disparateElectronicHealthRecords(EHRs)tosharepatientinformation.HealthInformation
Exchanges(HIEs)serveasinformationhubstofacilitatethesecureandtrustedexchangesof
patient information.HIEs come inmany shapes and forms and their intricate structures and
operationscanbedifficulttograsp.ThisconceptualpaperexploresHIEsthroughthelensofthe
SoSframeworktohelpresearchersandpractitionersunderstandtheirintricateoperations.The
BoardmanandSausermodelofSoSprovidesacomprehensiveyeteasytounderstandframework
fortheanalysisofaSoS.ItdefinesfivecharacteristicsofaSoSusingfivemnemonics:Afor
Autonomy,BforBelonging,CforConnectivity,DforDiversity,andEforEmergence.This
paperusesDirectTrustasanillustrativecasestudyandanalysesitfromthesefivedimensions
togainclearunderstandingofitsoperations.

Patient-centredhealthcaredemandsthetimelyavailabilityofcomprehensiveandlongitudinal
patient health information including clinical, administrative, socioeconomic, and behavioral
informationatthepointofcareforbettercarecoordination,patientsafety,andcarequality.HIEs
arethekeyenablersandincreasedunderstandingoftheirstructuresandoperationshelpsachieve
meaningfuluseofhealthITinpatient-centredhealthcare.

Figure 4. Number of Direct messages exchanged each quarter from 2014 to 2018 (DirectTrust, n.d.c)
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