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Abstract—Claim Mobile is a platform designedto support a
project that subsidizeshealthcare by reimbursing health service
providers in Uganda for tr eatment of patients with sexually
transmitted infections. As with many development projects, the
Uganda Output-Based Aid (OBA) project involves a number of
stakeholders: the service providers, the project implementers,
the �nanciers, and the Ugandan government. Design of an
appropriate solution requiresmeeting the various and con�icting
requirementsof all of thesestakeholders.In this paper we detail
the rapid design and testing of a pilot implementation of a
mobile and web-basedsystemfor processingclaims forms, based
on two prior �eld visits to Uganda. Based on a comparative
device study, semi-structured interviews, health clinic surveys,
and a brief deployment, we af�rm the selection of the mobile
phone as a platform fr om the health clinic perspective, and
further suggest that effective design for development requires
more than addressing requirements of the the “users” of the
mobile phonesbut also all the other stakeholders involved, who
may have con�icting requirements.

Index Terms—mobile phone, ICTD, health, participatory de-
sign, Africa, HCI

I . INTRODUCTION

Mobile phonesare frequently touted as being the appro-
priateandsustainableplatform for rural healthcarein Africa.
They are relatively cheap,durable,consumelesspower than
laptops and desktops,and incorporatea battery that makes
themmore amenableto usein placeswith intermittentor no
power. Commonlyproposedusesare for datacollection [1],
[2] anddecisionsupportfor ruralhealthworkers[3], [4]. Some
projectsalsousemobiledevicesasa platformfor information
dissemationaswell asdatagathering[5]. However, theseare
all generally“closed loop” systemsin which researchersare
ableto control all aspectsof the systemdesignandoperation,
focusingtheir researchprimarily on the rural healthworkers
that will be using the mobile phones.

Otherapplicationshave even morepotentialfor large-scale
impact. In the agricultural sector, we have observed how
the introductionof transparentmarket pricesand subsequent
hiring of “middlemen” to purchasefrom farmershasreduced
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fraud and transformedsupply-chainmanagementfor the E-
choupalproject[6]. While healthinformationis critical to the
improvementof healthcarein developing regions, �nancing
healthcarealso remainsa signi�cant unsolved problem.Can
we take lessons from e-Choupal and apply them in the
healthcaresector?The designof usable,reliable, and fraud-
resistanttools for managementof theseaid �o ws is an area
with potentialfor very signi�cant impact.

However, in thecaseof healthcare,the �nancial modelsare
very differentfrom commercialmarkets– �nancing of health-
care typically comesthrough transnationalaid agencieslike
theWorld BankandInternationalMonetaryFund(IMF), andis
implementedby non-governmentalorganizations(NGOs)and
the local government.SincetheNGOsaretypically expertsin
health,not technology, dataprocessingis often outsourcedto
third-partyinformationtechnology(IT) vendors.Relationships
betweenthe vendors,the NGOs, the local governments,and
the transnationalaid agenciesare not always smooth - and
limitations in communicationsinfrastructuremeansthat the
information �o ws betweenthemarescatteredat best.

In this paper we suggestthat the “closed loop model”
generallyusedby researchersin deploymentsof mobilehealth
applicationsdoes not map onto the �nancial and political
realitiesof the mainstreamof healthcareprovision in Africa,
andlimits the ability of pilot programsto increasetheir scale
and impact. We describean innovative, IT-based,NGO-run
healthcareaccessprogram in Uganda,and our experiences
designinganddeploying Claim Mobile, a mobile-phonebased
systemintendedto addressinef�ciencies andhelptheprogram
scale to additional districts. We argue that in addition to
addressingthe needsof the primary usersin the system,the
health workers, our designmust considerthe requirements,
motivations and concernsof the other stakeholders:the IT
vendors,the NGOs, the government,and the aid agencies.
Our designsmust considerthe larger order rami�cations of
how we maypositively andnegatively impactboththe“users”
who will be generatingthe data,and the entitiesthat will be
engagedin managingandusingtheinformationin theresulting
database.Just as the e-Choupalproject assimilatedthe mid-
dlemenby hiring themaskiosk operators,we proposethatwe
candesignapplicationsstructuredto accommodatecon�icting
stakeholder requirements,while also alleviating information
inequalitiesresulting from limitations in the systemprior to
the introductionof the information technology.



Fig. 1. A HealthyLife voucher. The `M' in the top left is a note written
by the healthserviceprovider to indicatethat the �rst client voucheron the
left wasgiven to a maleclient, andthat thereforethe partnervoucherson the
right shouldbe given to a femaleclient.

I I . BACKGROUND

Providing effective health care in poor countries is an
essentialcomponentto economicdevelopmentand poverty
reduction.Unfortunatelydonorssupportingthisendeavor often
�nd that resourcesgiven are not matchedby desiredgains.
The output-basedaid (OBA) modelof �nancing seeksto ad-
dressthis by payinghealthcareprovidersdirectly for services
renderedinsteadof paying for the serviceprovision up front.
However, OBA programmanagementis informationintensive,
necessitatingmuchpaperwork to trackandreimbursepayment
claims. Smartphones(mobile phoneswith advancedfeatures
such as the ability to run third-party software) have the
potentialto alleviate this burden.In collaborationwith a local
NGO and their partneringIT vendor, we have proposedto
deploy a numberof smartphonesfor use in an OBA project
basedin WesternUganda,with dual goalsof reducingclaim
processingtime and improving communicationbetweenthe
healthcareprovidersand the OBA managementagency.

The project is managedby the local branch of a multi-
national NGO and a for-pro�t health insurancecompany, in
collaborationwith the UgandanMinistry of Health (MoH)
and Ministry of Finance (MoF). The project is primarily
funded by an aid agency basedin Europe,with additional
funding for the expansioncoming from a separatetransna-
tional funding agency. Together, they run a voucherprogram
called HealthyLife, which treats sexually transmittedinfec-
tions (STIs), reimbursingproviders for the diagnosisand full
courseof treatmentonly afterthepatientis seen.This program
was implementedin responseto the high burdenof sexually
transmittedinfections in Uganda,and began in July 2006
in four districts of southwesternUganda:Mbarara, Ibanda,
Kirihura and Isingiro (SeeTable I).

Patientsbuy treatmentvouchersin pairs,one for the client
anda secondonefor theclient's sexual partner(SeeFigure1).
Eachvoucheris goodfor oneconsultation(generallyincluding
a lab test to diagnosethe STI) and three follow-up visits.
During the consultation,the provider completesa claim form
recording the client's demographics,the examination and
laboratory results,a diagnosisand details of the courseof
treatmentprescribed(SeeFigure5). Completedclaimsforms
are sent to the voucher managementof�ce in the city of
Mbarara,the main urban centerof WesternUganda.Forms

Mbarara,Uganda
� HIV prevalence:10% of adult population (15-49
years)
� Syphilisprevalence:about5-7%of adult population
� 1 in 4 householdshad at leastonephone.
� 39% reportedSTI symptoms
� only 1/3 soughtcare
� 54% of respondentswho soughtany STI treatment
reportedusingprivate clinics.

TABLE I
SOME BACKGROUND STI STATISTICS ABOUT MBARARA , UGANDA [7] .

cantake two weeksor moreto movefrom theprovider'sof�ce
to the managementagency. The current data management
systemrequiresall claims to be submittedon paper forms
to the managementagency. At least another two to four
weeks are spent reviewing each claim, cleaning data from
improperly-completedforms, and verifying that the service
took placeamongsuspectclaims. Two monthsor more can
go by beforethe provider is reimbursedfor serviceprovision.
In Uganda,private providers traditionally operateon a fee-
for-servicemodel, receive prompt payment,and do not have
a large operatingmargin. In many cases,paymentis provided
prior to service.Delays in paymentresult in delaysin pro-
curementof replacementprescriptionsand medicalsupplies,
often leading to a temporaryhiatus in service.Encouraging
provider involvement in the OBA programrequiresa great
dealof con�denceon thepartof theprovidersto participate.If
a systemto shortenclaimsprocessingcould be devised,more
providers could join the schemeand more patientscould be
provided the life-saving STI treatmentvouchersubsidy.

The remainderof this paperdetailsthe systemwe arecur-
rentlypiloting, in whichclaimsaresubmittedvia Internetfrom
a mobile phonedirectly to all the partiesin the management
agency. In additionto describingour userstudiesandhow this
hasinformedthedesignof thesystem,we discusstheproblem
of negotiating con�icting stakeholderrequirements.We �nd
that in projectswith multiple stakeholders,the introductionof
a systemmay disrupt balancesof power, particularly around
the �o w of informationandmoney. As a result,the designof
this system,in orderto securepositive supportfrom all parties
involved,mustcarefully balancestakeholderincentives.

I I I . METHODS

Theresearchdescribedhereinvolvedan iterative processof
�eld researchandprototyping.The�eldw ork anddeployments
have been done over the courseof three visits to Uganda:
an initial two-week visit in Summer 2007 to establish a
relationshipwith the project, in which we also conducteda
survey of the clinics in the program; a followup visit for
three weeks in November 2007; and a � ve-week pre-pilot
deploymentin August-September2008.During all threevisits
we conductedsemi-structuredinterviews with the various
stakeholders,and directly observed claims form entry and
processing.When given permission,we did audio and video
recordingof interviews and user study activities. In all, we



have approximately30 hoursof audio,andhave donedetailed
interviews in seven of the 12 participatingclinics (in addition
to the initial survey of all of the clinics), aswell as intensive
observation in two clinics, a rural, high-claim-volume clinic
with very little exposureto computers,and an urban low-
claim-volume clinic with its own computers.The last visit
entaileda comparative user study as well as deployment of
the mobile phonesin the latter two clinics.

A. Clinic Surveys

The clinic survey was conductedin conjunction with a
larger survey of available infrastructureat contractedclinics.
We asked 14 questions,assessingfamiliarity with computers
andmobilephones,but primarily gatheringfeedbackfrom the
health clinics on the claims process(e.g., how long it takes
them to �ll out the paper forms, and what their priorities
might be for improvementof the process).We also collected
variousdocumentsfrom the managementagenciesregarding
theperformanceof eachclinic, includingall available�nancial
reportson processedclaims,andin November, we returnedto
seven of the clinics to do in-depthsurveys and to follow-up
on the survey �ndings.

B. RapidDevelopmentand Pre-pilot Deployment

Initial prototypingoccurredin early 2008,andwe returned
to Ugandain Summer2008 to do a three-stagepilot deploy-
ment, �rst testing the functionality of our software, second
reviewing the proposedclaims processwith the management
agencies,and�nally taking thephonesto thehealthclinics to
test the mobile phoneinterfacein the �eld. During this time
we alsoconductedanotherroundof semi-structuredinterviews
to gather information on changesin the claims submission
process(for example, claims processinghad moved from
Mbarara to the national capital, Kampala).We did iterative
developmentbasedon feedbackfrom thevariousstakeholders,
trying out featuresas they were suggested,and developing
new tools as seemedmerited by �ndings in our interviews.
To gain a more in-depth understandingof health clinic life,
we stayedovernight for threedays in the rural healthclinic,
therebysupplementingthethesemi-structuredinterviews with
direct observation of actualpractice.

The primary purposeof this last �eld visit was to con-
duct a pre-pilot demonstration,using the mobile phonesto
submit actualclaim data to the managementagency, have it
reviewed,andhave the managementagency provide feedback
to the health clinics via the mobile phones.We simulated
the proposedprocess,physically following the claims forms
from the time thepatientcomesinto thehealthclinic, through
the preparationof the claims summary forms, physically
transportingthe forms to the managementagency wherewe
observed the claimsapproval, anddataentry into the existing
database.We simultaneouslyhadtheserviceproviderssubmit
the claims form via Claim Mobile, enablingthe management
agency to provide feedbackto the serviceproviders through
the system. The pre-pilot is still operational,with mobile
phonesremaining in the two clinics, and the full pilot will

Fig. 2. This diagramillustratesthe �o w of money andinformationbetween
selectedstakeholdersin the OBA project,both currently, andhow it will be
oncethe Claim Mobile systemis fully deployed.

be conductedin May 2009,with mobile phone-basedclaims
processingexpandedto 8-10 additionalclinics.

IV. STAKEHOLDERS

In this sectionwe describethe funding, managementand
serviceprovider organizationsto which we alluded in Sec-
tion II. Fundamentally, all stakeholderswant to improve STI
treatmentandreducetheprevalenceof STIs.Eachstakeholder
alsohasa �nancial interestin thesuccessof theoverallproject
- stayinga�oat for the healthserviceproviders, and staying
within the aid agencies'target budgetsfor the management
agency partners.The discussionhighlightsthe waysin which
the variousstakeholdershave competingas well as common
interests.While we will detail several stakeholdersin this
section,thereare six key stakeholders:the aid agencieswho
fund the OBA project, the �nancial managementagency
(FMA) which receives the funds from the governmentand
disbursesthem, their programmanagementof�ce (PMO) in
Mbararawhich runs the programand interactsdirectly with
thehealthserviceproviders,thetechnicalmanagementagency
(TMA) thatmanagestheclaimsprocessing,thehealthservice
providers (HSPs), and us, the mobile platform developers
(MPDs).Figure2 illustratessomeof therelationshipsbetween
theseentitieswhich we will describein detail in theremainder
of this section,basedon qualitative �eldw ork and document
analysis.

A. Aid Agencies

As the funder of the HealthyLife STI treatmentprogram,
the involvement of the Europeanaid agency is more than
apparent.Their role in the managementof the program is
more supervisory– a consultantgoesto Ugandaat irregular
intervals to help with planningof the program,and they do
somemonitoring.They alsohave commissionedanothernon-
pro�t, af�liated with a North Americanuniversity, to conduct
anevaluationof theprogram.Ultimately, however, they control
the �o w of money to the �nancial managementagency, which
thenpaysthe IT vendorto handlethe technicalaspectsof the
operation.

In the pastyear, the Europeanaid agency hasworked with
an additional transnationalaid agency to fund the expansion



of the project into additional districts. While they may not
have a direct impact on the information processesin the
project itself, the funders' internalactionshave direct impact
on the project as a whole. In one example, a delay in
paymentto the Europeanaid agency resultedin a delay in
paymentto the two managementagencies.As a result the IT
vendorceasedprocessingof claim forms until paymentswere
received. However, not only did the voucherprogramgrind
to a halt, but reimbursementto the participatingprovidersfor
patientsalreadyseenwas delayedas well; the management
agenciesendedup with a backlogof claimsforms to process,
exacerbatingthe lengthof time it takesto processclaimsand
further delayingpaymentfor services.

B. Financial ManagementAgency(FMA)

The local NGO partnerthat actsas the �nancial manage-
ment agency (FMA) is the Ugandaof�ce of a multinational
non-pro�t sexual and reproductive healthorganizationwith a
goal of reducingunintendedpregnanciesandunwantedbirths
through family planning and other methods.Their role in
this project is to receive the funds from the aid agencies
via the Ugandangovernment,using thesefunds to pay the
health clinics and to pay for other programcosts,including
thedatabasesoftwaredevelopmentandmanagement.Themain
of�ce in Kampalaruns this program(as well as others)and
managesseveralclinics throughoutUganda,oneof which was
a participatingclinic in theHealthyLifeprogramuntil Summer
2008. In addition, they have a programmanagementof�ce
(PMO) in Mbararawhich is directly in chargeof coordinating
thetheOBA project.In theclaimsprocess,theFMA disburses
paymentsto each of the service providers, basedon claim
reportsfrom the technicalmanagementagency (TMA).

C. Program ManagementOf�ce (PMO)

The HealthyLife PMO in Mbararahas � ve full-time staff,
in additionto two peoplethathelpwith cleaningandcooking,
andtheFMA staff thatcomein andout of Kampalafor related
programs.Thereare two computersin the of�ce, one in the
projectcoordinator's of�ce, andanotherin the �nance of�ce,
sharedby theBehavior ChangeCampaign(BCC) coordinators
who go out into the �eld to run communityradio advertising
programsandto distributevouchers.Their Internetconnection
was down when we arrived, but was repairedthe sameday
and largely functional for the remainderof our four weeks
there. They sharea 56kbpsdial-up connectionover a local
areanetwork.

It becameclear throughour interviews in this of�ce that,
while the PMO is the nominal clearinghousefor information
betweenthe TMA and the health clinics and is primarily
responsiblefor communicationwith the health clinics, they
actually have the least information of all of the stakeholders
in the OBA program. At the point in which the database
processingmovedfrom Mbararato Kampala,all of theclaims
information moved there as well. They have been able to
changethe claimsprocesssuchthat the healthclinics submit
two copiesof eachclaim to the managementagencies,one

for the PMO, and one for the TMA. However, the copy that
remainsin the PMO does not have the vouchernumber, a
critical pieceof information,and with stacksof hundredsof
claimsper month,the information is not in a format actually
accessibleto the programof�ce until the TMA sendsback
claims summaries.However, even this is stripped-down and
only includesthe value of the claims,without any patientor
diagnosticinformation from the claims.

This poses a problem for the PMO staff 's interaction
with the health clinics. They lack suf�cient information to
effectively counseland train the clinics, and often feel like
they do not know what is going on with the programbecause
they do not have accessto the claim datafor the long claims
processingcycles.

In the version of Claim Mobile developedin early 2008,
we intendedto make the claims processmore ef�cient by
enablingthe mobile phonesto submit claims directly to the
database(originally co-locatedin the PMO, now locatedin
Kampala).In theSummer2008interviews it becameclearthat
having theclaimsdatabypassthePMO staff would deny them
even more of the information they needin their interactions
with the clinics. Basedon this realization,we discussedthe
possibility of an intermediaryapplication,a websitein which
the project coordinatorin the PMO would be able to view
claims as they are submitted,as well as any statusupdates.
Furthermore,Claim Mobile could facilitate another of the
projectcoordinator's key roles in the OBA ecosystem:as the
primary interface betweenthe health service providers, the
projectcoordinatorwould alsobeableto sendmessagesto the
serviceproviders throughClaim Mobile, either as individual
messages,or broadcastannouncements.

D. Technical ManagementAgency(TMA)

The TMA is a for-pro�t health insuranceagency basedin
Kampala,providing conventionalemployer-basedhealthinsur-
ancefor the formal privatesectoraswell asconductingnon-
pro�t health managementfor targeted low-income informal
sector populations.That is, their work for the HealthyLife
programis in addition to their private health insurancepro-
gram,and is part of a company effort to help deliver quality
affordable healthcareto the poor. Their businessis highly
technical,and they have a wholly owned software company
basedin Chennai,India. As the IT vendor, theTMA's respon-
sibility in the programis to provide the claims forms, and
the VoucherManagementUnit System(VMUS), the database
implementedby their software company to cross-checkthe
claimsandto generatereports.The TMA alsoprints (through
anotheragency) the glossy color vouchersthat the patients
purchasein exchangefor subsidizedcare.

Although the data entry clerks and the databaseengineer
wereinitially locatedin theFMA's PMO in Mbarara,they are
actually employeesof the TMA, and moved when the TMA
shiftedclaimsoperationsto their of�ces in Kampalain March
2008.They carefully entereachclaim into the database,later
updatingits statuswith information from the clinical of�cer



Fig. 3. This is a samplesummarysheetpreparedfor onehealthclinic, showing a partially paid claim (QC11=Wrongconsultationfees),andanotherclaim
quarantinedfor having the wrong voucher. While thesesummaryreportscanbe informative, mostclinics arenot familiar with the quarantinecodes,andthey
often don't reachthe healthclinic for several monthsafter the original claim hasbeensubmitted,often too late for the clinic to rectify any errorsindicated
on the report.

(a doctor) who “vets” the paperclaims1. They then produce
two reports:a summaryreportfor all clinics, andan itemized
report(seeFigure3) for eachclinic detailingthestatusof each
claim, aswell asany quarantinecodes(Table II) or rejection
reasonsfor any partially paid or rejectedclaims.

In addition, when required, the TMA producesreports
(basedon the information in the database)for the FMA, the
Europeanaid agency, andtheaid agency'sevaluatingpartners.
Although thesereportswerenot part of the original speci�ed
mandatesfor the operation,they have proved necessaryfor
the program's external evaluation,and there has beenmuch
friction over the work involved in the creationof reports.

The relationshipbetweenthe TMA and the FMA in this
programis highly contentious.While initially they wereequal
partnersin the program,both reportingdirectly to the Euro-
peanaid agency, changesin fundinghave led to a situationin
which theTMA reportsto andis paidby theFMA. On top of
this, the funding for the expansionof the programhasbeen
delayeda numberof times,from October2007to April 2008,
and again to September2008. While the TMA has received
somepayment,both the TMA andFMA have beenoperating
without pay (but with promiseof pay) sinceApril 2008, just
to keepthe programrunningwhile the aid agencieswork out
the detailsof the new grant and the expandedprogram.This
is part of the reality of dealing with aid-fundedprojects –
unexpecteddelaysin funding are common,and projectsare
subject to the vagariesof arbitrary rebudgeting.While the
FMA is often powerlessto addressthe issue, in this case,
the TMA often choosesto respondby cutting off program
accessto thedatabase,ceasingclaimsprocessingandrefusing
requestsfor reports,until their problemshave beenresolved.

Perhapsin responseto thesedatabaseshutdowns, but of-
�cially as part of the aid agency's project policy and the
Ugandan government's policy on software developed for
government-fundedprojects,there is an expectationthat the
TMA's VMUS softwareshouldbe turnedover to the project.
However, sincetheTMA outsourcesdevelopmentof this soft-
wareto its partnercompany in India, this IT vendorconsiders
its software to be part of its key assets,and seesits role in
the project as a software licensorand serviceprovider, not a

1Theclinical of�cer is employedby theFMA, andwasterminatedin March
2008dueto temporarylack of funds.

softwarevendor. Again, while this situationis beingresolved,
theTMA assertsits control over theprojectby processingthe
claims, but refusing to passon the summaryreports to the
FMA. While the project continuesrunning, and the service
providers continueto seepatients,this introducesadditional
delaysinto theclaimsprocess,andfrustratesthehealthclinics,
whosepaymentsaredelayedwithout explanation.

E. ServiceProviders: Health Clinics/Hospitals

ServiceProvidersareselectedon the basisof a numberof
factors(e.g.,servicesoffered,capacity, personnel,geographi-
cal location).In onerespect,they aretheorigin of theprimary
information in the claims managementprocess,producing
the claims records,which are then usedto determinereim-
bursement.At the sametime, as is perhapstypical, they are
information-poor, becausethey arenot given tools to usethis
informationeffectively. At thepointof claimssubmission,they
are no longer agentsin the process,and must wait passively
for both paymentsand any feedbackreportsproducedfrom
the information in their claims.

Code Description
QC01 No indicationof dateof treatment
QC02 No indicationof time of treatment
QC03 Wrong visit type: Consultationor follow-up, etc
QC04 Wrong demographicinformation:no ageandnameof client
QC05 Wrong/Nosyndrome,no diagnosis
QC06 Wrong Clinical examination/ not applicableto OBA
QC07 Wrong/Poordiagnosis
QC08 Wrong investigation/poorlab reporting
QC09 Wrong drugsprescribed/invalid treatment
QC10 Over prescription:more thanenough
QC11 Wrong consultationfees
QC12 Wrong patientstatus:curedor not cured
QC13 Next dateof visit: wrong or not �lled in
QC14 Wrong voucherattachment/interchangedvoucherson followup visits
QC15 Unclearclaim/unchargedclaim and treatmentcontradictsothervisits
QC16 Partnertreatedon client form
QC17 ExceededVMUS ceiling limit
QC18 Treatedsyndromicallyandasymptomatically
QC19 Unclear/wornout/blankattachedvouchers
QC20 Claim without patientthumbprint
QC21 No voucherattachment
QC22 No doctor's signature
QC23 Diagnosiscontradictsclinical examination
QC24 Useddrugsnot on OBA list
QC25 Undercharged/overcharged drugs,doublelab charged
QC26 Patient free/normalfrom STI or curednot allowed for next visit
QC27 Diagnosisnot cateredfor by project
QC28 Follow-up contradictsprevious visits

TABLE II
CODES USED BY THE MANAGEMENT AGENCY TO INDICATE REASONS FOR

PARTIAL PAYMENTS.

Providers are expected to follow a rigorous course of
diagnosisand treatment— they must selecta lab test based
on symptomspresented,and prescribeparticularmedications



Fig. 4. “All above deniedb'cos rest of P[atien]t mgt n[ot]. ethical”: this
is a samplemedical advisor review of a claims summary, occurring often
well after the original mistake hasbeenmadeseveral times,beforeit could
be caughtandcorrective measurescould be made,as notedin the �rst line:
“Cipro pricing b4 C[ontinuing] M[edical] E[ducation]”

on thebasisof theresultsof the test.Any deviationsfrom this
treatmentarepenalized;the serviceprovidersarenot paid for
medicationsgiventhatarenot prescribedby theprogram.This
is reasonableby public health and insurancestandards,and
necessaryfor the cost-effectivenessof the program.However,
despiteeducationalillustrative posters,training sessions,and
on-sitecontinuingeducationprovided by the PMO's clinical
of�cer andprojectcoordinator, the learningcurve on theexact
protocol to be used is high, and the subsequenterrors are
costly for theserviceprovider. Figure4 illustratesa particular
problemin which costly errorsarecaughtwell after their �rst
occurrence,often after the provider's staff hashave madethe
samemistake for a month.

A few monthsinto the program,therehad beenso many
quarantinedclaims (claims that had been held for review
due to discrepanciesfrom the treatmentprotocol) that the
managementagenciesandtheserviceproviderswererequired
to do a �nancial settlement,in which the serviceproviders
werepaidsomepercentageof thevalueof thedisputedclaims.
Subsequently, the approval processwas modi�ed such that
deviations from the protocol were partially paid (e.g.,minus
the cost of the incorrectly prescribeddrug), and could be
disputedin later reviews with thePMO's clinical of�cer. Here
are some�gures on the value of the disputedclaims for one
of the rural serviceproviders for a randomlyselectedmonth
of the program:

Claimssubmitted:294
Approved: 259 (88%), $1379
Approved, but adjusted:27 (9%), $149
Quarantined:none
Rejected:8 (3%), $51
Total Requested:$1642
Total Paid: $1526(difference:$114)

Thus the claims submissionprocess,while nominally a
simple information �o w betweencooperatingorganizations,
becomesa siteof �nancial contention.Claimsaredisapproved
for anumberof reasons(seeTableII), whichcouldbedisputed
but in practicearenot. However, dueto the changein policy,

many claimsareapprovedwith incompletedata(e.g.,missing
demographicinformation for the patient). In any event, the
claim form and its contentsare the object of much dispute
betweenthe serviceproviders and the managementagency.
Often,theserviceproviders(especiallymoredistantproviders)
feeldisempoweredto addressthis disputeandchooseto accept
the given variancein paymentas the cost of participationin
the program.

Thehealthclinic survey we conductedin July2007explains
someof their extremedisengagementfrom theOBA program.
Out of the twelve clinics surveyed, three said they had not
gotten feedbackfrom the OBA programat the time of the
survey (July 2007),and 4 said they did not know how many
claimshadbeenrejected.While they werereceiving payments
on a regular basis(albeit late - 9/12 clinics de�ned “timely
processing”aslessthan15 days,half of thecurrentprocessing
time of 30 days),therewas no mappingbetweenthe claims
they submittedand the paymentsthey received.

I don't know. I don't know how we are performing. I
don't know how we are faring. And of course my staffs
are also complaining. They are overworked, they don't
get any bene�t from the project, and of course it takes a
lot of time... They needto bemotivatedas individuals.All
that will dependon – are we makingany pro�ts?

This hasdeeperrami�cations thaninability to follow up on
quarantined,partially paid,andrejectedclaims.This commu-
nicationsgapbetweenthehealthclinics andtheOBA program
leadsto continuederrorsin adherenceto treatmentprotocol,a
feeling of lack of control over healthclinic �nances,anddis-
couragementon behalfof the participatingserviceproviders.

At the time of the second�eld visit in November2007,we
were able to follow up with the PMO and the healthclinics,
andnotedthat this situationhadimproved.The then-informal
practiceof passingon copiesof the itemizedclinics reportsto
theserviceproviderswasformalized,andclinics arereceiving
more feedbackon their claims. However, there are physical
limits to a paperandin-personbasedcommunicationsystem,
andit remainsto be seenhow this practicewill scaleasmore
clinics join the program.

It should also be noted that the service providers differ
greatly, in number of clients, setting, and availability of
resources.While someclinics have computersand usethem
regularly, in one clinic, our smartphoneswere greetedwith
enthusiasmbecausethey were the “�rst computerswe have
seen.”

F. Patients

Patientsare the real target bene�ciariesof the HealthyLife
program. They purchasevouchers from distributors (at a
heavily-subsidizedprice) and then go to the serviceprovider
for diagnosisandtreatment.After an initial consultationwith
the health worker, they are directed to the lab technician,
who performsthe requisitetest and sendsthem back to the
health worker with a slip of paperindicating the lab result.
The health worker then �lls out the remainderof the form,
writes a prescription,af�x es the appropriatestub from the



voucher, andhasthe patientsign and �ngerprint the form, at
which point their participationin the claims form processis
complete,until they returnfor a follow-upconsultation.For the
follow-up, the serviceprovider checksrecovery progressand
prescribesadditionalmedicationif necessary. In someclinics,
patientsare given a copy of the claim form, which they are
directedto keepand bring back for the follow-up. However,
most clinics do not dependon the patientcopy of the claim
form, andjust gobackthroughtheir time-orderedrecordbook,
�nding the prior consultationmanually. Sometimespatients
either accidentallyswap voucherswith thoseof their sexual
partners,fraudulentlygive their own voucheror the partner's
voucherto someoneelse,or simply chooseto go to a different
clinic for follow-up. Claimsarequarantinedor rejectedif any
of thesepotentialerrorsare detected,but not until the claim
hasbeenprocessedby theTMA, andthefraudulentpatienthas
alreadybeentreated.Sincethe original voucheris attachedto
the submittedclaim, the clinics do not alwayshave a way of
verifying theseexternalaspectsof vouchervalidity. Although
their direct involvementin theclaimsprocessis minimal, it is
their identity that is often contestedin the vetting process.

G. Mobile Platform Developer(researchers)

As ICTD researchers,we are of coursealso stakeholders
theclaimsmanagementprocess– initially asoutsideobservers,
laterasdesignersinterestedin usingtechnologyto measurably
improve the process,and �nally as researchersinterestedin
watchingthe mechanismsby which the processchangesover
thecourseof theproject.Fromanoutsideperspective,our role
is mostallied with TMA, the technicalpartnerin the project;
however, since the aid agenciesand FMA are interestedin
replicating the mobile device systemin other OBA projects,
there is a vestedinterest in the new technologyfrom other
stakeholdersaswell.

V. DESIGN

Claim Mobile is a two-part system,including a web-based
PHP/MySQLapplicationanda Java-basedmobile application
running on Palm (GarnetOS)phones.For the pilot program,
the web-basedapplicationhasa single level for all users,but
the �nal implementationwill be tiered, having appropriate
accesslevels for serviceproviders,managementagency users,
medicaladvisors,etc.Both thewebandthephoneapplications
requireuserlogin to protectpatientdata.

The two applicationsare paired, designedsuch that the
phone-basedapplicationuploadsclaims to the web site, and
downloadscon�guration information (drug lists, statusfeed-
back, claim form backups)from the web site. Eventually,
the web applicationwill also connectto the TMA database,
sharing the cross-checked and validated claims form data
directly so the TMA's staff do not have to do redundantdata
entry.

To facilitate end-usertraining, both of the applications
are basedon the original claim form and largely retain the
same structure, titles, and information. Figure 5 illustrates
someof themappingsbetweenthephone-baseduserinterface

and a revised version of the claim form. In addition, all of
the codesand tables in the web application databasealso
include mappingsto their equivalentsin the TMA database,
so the information can easily be transferredbetweenthe two
databases.

A. Claim Mobile

The web applicationis designedprimarily with threefunc-
tions in mind: claims submission,feedback/communications
process,and in-clinic claimsmanagement.

Claims Submission: This is the bulk of where the service
providerswill spendtheir time. In this case,we adoptcommon
designstrategies such as (1) using pre-�lled checkboxes to
reducethe amountof requiredtext entry, (2) limiting answers
to valid optionsto reducecodingerrors(seeQC01,02,04-09,
27 in Table II), (3) downloadinglogistical datasuchas drug
pricesinto the applicationto eliminatepricing errors,and(4)
calculatingdependentvaluessuchas expectedclaim amount
to eliminate arithmetic errors and save time. However, we
mustcounter-balancepotentialfraudby alsointroducingcross-
checksthat are not clari�ed explicitly. That is, to encourage
accurateclinical reporting (as opposedto clinical reporting
that hasbeen“�ddled” to make electronicclaim submission
moreconvenientor favorable),providersareallowedto submit
inconsistentclaimsbut arewarnedthatthey shouldclarify any
discrepanciesfrom normalOBA treatmentprotocol.

Closing the FeedbackLoop: Basedon our primary �nding
from the clinic surveys and follow-up interviews, we have
also includedthe ability for the clinics to sendqueriesto the
managementagenciesaboutparticular claims and to receive
live updateson the a claim's status(e.g.,whetherit hasbeen
approved, the amountfor which a claim hasbeenapproved,
and explanationswhy the full amount may not have been
approved – seeFigure 6). Any changesto a claim's status
are included in this annotationaudit trail, and anyone with
accessto the claim canrespondto andreceive queries.

Fig. 6. On this screentheserviceprovider canview thecurrentstatusof their
claim, aswell as any annotationsor feedbackfrom the managementagency
madein responseto their queries.

In-Clinic Claims Management: In the phoneapplication,
the serviceproviderscanalso link betweenconsultationsand
follow-up visits, as well as betweenclient and partnervisits,
so they can easily checkto seeif the valid voucheris being



Fig. 5. From paperform to mobile phone:a mappingof the mobile phoneinterfaceequivalentsfor eachsectionof the claim form.

Fig. 7. This is the list of claims currently enteredor downloadedto the
mobile phone.The �rst numberis the claim form number, followed by the
patientname,and then a numberindicating the currentstatusof the claim.
(1-unsubmitted,2/3-underreview, 4-preliminary approval, 5-quarantined,6-
approved, 7-rejected)

usedby a returning patient, and that treatmentof a partner
or during a follow-up matchesthe medical history. For new
phoneinstallations,or if the claims data is lost, the mobile
applicationwill automaticallydownload all prior claims data
from the web application.Futureversionsof the application
will alsoinclude�nancial summaries,outpatientstatistics,and
other reportsthat may be useful to the clinics.

B. Claim Mobile Web

The web application, having been commissionedin the
middleof the �eldw ork in responseto programof�ce �ndings
(seeSectionIV.C) has two main functions: receiving claims
anddisplayingthemfor review.

Much of the claims receipt is invisible to the web appli-
cation user, and written as a backend for the mobile phone
application. The login user for the mobile application and
the web applicationis the same– and the login information

Fig. 8. Claim Mobile Web:theweb-basedview of thesubmittedclaim forms
is also basedlargely on the original claim form, split into several sections,
andendingwith annotationsfor the claim, anda form for addingadditional
annotations.

given to the mobile applicationis usedto authenticatewith
the applicationwhensubmittingclaimsandannotationdata.

Thereare threeprimary views in the web application.The
claims list canbe �ltered by serviceprovider andis modeled
on the claim summaryreport (Figure 3). From eachclaim in
theclaim list, theusercaneither(1) click on theclaim number
to accessthe individual claim (and annotation/statusupdate
functions,seeFigure8) or (2) click on a patientnameto view
all consultationsand follow-ups for the both the client and



partnerassociatedwith thatparticularvoucher. This allows the
viewer to correlatetreatments,lab tests,anddiagnosesacross
visits.

C. TheModi�ed ClaimsProcess

In the modi�ed claims process,the serviceproviders con-
tinue to completeand submit the claim forms. However, in
orderto receivefasterpayment,aswell astheimmediatecross-
checkedfeedbackfrom thephoneson claimscompletion,they
also enter the data on the mobile phones,submitting each
claim to thewebapplicationasit is completed.Prior to claims
submissionthe statusof the claim is “Unsubmitted(1),” after
which it canprogressthrougha numberof stages.Theservice
provider canverify thata claim hasbeensuccessfullyreceived
if theclaimstatushasbeenupdatedto “UnderMedicalReview
(2)” or “UnderAdministrativeReview (3)” for medicaladvisor
review or databasecross-checking(validation of voucher)
respectively. If a digital claim hasbeenveri�ed, theTMA will
set its statusto “Preliminary Approval (4)” until the paper
form with the voucherhas beenreceived. Once preliminary
approval has been received, the clinic can be paid. If no
voucheris received, or the wrong voucheris attachedto the
form, thenthepreliminarypaymentis subtractedfrom thenext
month's paymentuntil the error is resolved. In the meantime,
the serviceprovider canview statusupdatesasthey aremade
to theweb applicationandsentto themobilephones,andcan
sendannotationson eachclaim, which thenappearin theweb
applicationand in the statusupdatewindow (Figure6) when
they arereceived.

VI . PRE-PILOT RESULTS

Having detailedtheclaimssubmissionprocess,our �ndings
with respectto the variousstakeholdersin the OBA project,
and the designof the Claim Mobile system,we now discuss
somespeci�c resultsfrom our userstudies.

Thepre-pilotdemonstrationwasdesignedto lastoneclaims
cycle, following one week's worth of claims (submitted in
parallel throughClaim Mobile and on paper)for two clinics
throughthe claims submissionprocess.A total of 35 claims
were submitted to the web application, including the full
complementof 18 claims from the urban clinic, 12 out of
the 86 paperclaims from the rural clinic, and 5 additional
claims from the urbanclinic following the pre-pilot study.

The claims from the rural clinic spannedAugust 9, 2008
to August 27, 2008.We observed threepatientconsultations
during our two visits to this clinic, aswell as the preparation
of the summarysheetsfor the 86 claims, taking careful note
of what the serviceprovider veri�ed on eachform. Notably,
although“syndrome”is a required�eld (seeQC05in TableII),
it was left blank in almost all of the claim forms. In one
case, the drug was enteredcorrectly, but with the wrong
reimbursementvalue,andin anothercase,a drugwasentered,
but no reimbursementwas claimed either in the subtotalor
the total. At the time of the claim approval process,they
were not reimbursedfor the drug, becauseit had not been
claimed in the amount,althoughit had beenlisted. Another

inconsistency is in lab reporting – some lab testsrequire a
value to indicatethe result,and wherenot included,the data
entry clerk just changesthe lab test in the databaseto one
which doesnot requirea result.This is an error, which never
getscommunicatedbackto theserviceprovidersbecauseonly
errorswhich accompany a paymentchangearereportedin the
claim summarysheet.

The 18 claims from the urban clinic spanneddatesfrom
February 16, 2008 through August 25, 2008. During the
processof simultaneouslyenteringsomeof the claims into
Claim Mobile with the service provider, we were able to
identify someproblems:missingpersonalinformation,missing
next visit date, and wrong consultationfees. However, not
all claims were enteredinto and reviewed via Claim Mobile,
and, as can be seenfrom Figure 3, threepaperclaims were
submittedwith wrong consultationfees,an error that would
not haveoccurredwith anelectronicsubmission.In addition,a
fourth claim wassubmittedwith thewrong voucher. We were
able to catch this while entering the claim into the mobile
phone, noting that the voucher number did not match the
consultationtype, but too late to changethe submissionand
retrieve the correctvoucher. As a result, the claim hasbeen
quarantineduntil the correctvoucheris given to the program
of�ce in Mbarara.

Fig. 9. Rural clinic staff enteringdata from claim forms into two of the
phones.

With regard to the digitally-submitted claims, we spent
about a day training the staff in the rural clinic on how to
submit the claims,andreturnedlater to spendanotherday in
training. They were very enthusiastic,and althoughonly one
personwas actually responsiblefor submitting claims, they
wereall training eachother(Figure9). However after the the
researchers'departurethey havestill not submittedany claims.
It is unclearwhetherthis is from technicaldif�culties or lack
of time to enter the claims into the phone.The urbanclinic
hascontinuedto submitclaims,with � ve new claimsarriving
in the two weekssincethe pre-pilot study.

An interestingoutcomefrom our observation of the claims
review processis that there are many errors that are made
that affect the quality of the data, but are never communi-
catedto the serviceprovider, in part becausethey have no
attached�nancial consequences.The annotationfeature(see
SectionV.A) enablesattachmentof quarantinecodesto any
claimsthat werein error without affecting the paymentof the
claim, providing feedbackto the serviceproviderson how to
bettercompletethe claims in the future.



Oneconcernthatemergedfrom this proof-of-conceptstudy,
however, was with the reliability and the speedof Internet
accessin the TMA of�ce where the claims processingwas
occurring.Accessingindividual claims took a long time, and
the online databasewas completely inaccessiblewhen the
Internet connectionwas down, which occurredinfrequently
but noticeablyoften. It may not be desirablefor the claims
submissionprocessto introduce a dependency on Internet
connectivity whereit is unreliable.

Unfortunately, the �nancial andclaim review aspectof the
pre-pilot was haltedearly due to administrative and political
reasons,the result of which is that paymentsin the OBA
programasa whole have beenhalted;so, while the technical
feasibility of the systemhasbeendemonstrated,the logistical
details are still in process.We found that while the TMA's
databaseentry staff were enthusiasticat the prospect of
spendingmoretime reviewing claimsandlesstime doing just
dataentry, their participationin the pre-pilot was limited by
two factors:the pressof other claims that still neededto be
processed,and pressurefrom the TMA to be secretive about
thedatabeingprocesseduntil certainpolitical issueshadbeen
sortedout.

VI I . DISCUSSION

A. UnderstandingDelaysin the System

Delayscanoccur in a numberof placesin the claims pro-
cess,not all of which canbeaccountedfor by theintroduction
of mobile phones.However, thereare threekey bottlenecks:
1) the delay in the health clinic betweenwhen the health
clinic seesthe patient and when the claim is submitted,2)
the time it takes to processthe claims,enteringeachon into
the database,and3) administrationof feedbackto the health
clinics, especiallyin caseof errors.

Claim Mobile is able to addressall threeof thesecasesby
1) encouragingprovidersto submitclaimsasthey seepatients,
2) reducingthe dataentry burden throughthe useof digital
claims,and3) eliminatingthepossibilityof anumberof errors,
andproviding a digital feedbackmechanismto supplementthe
infrequentin-personfeedback.

However, anothersourceof delay is the administrative and
political dynamics by which program administrationhalts,
although health distributors continue to sell vouchers,and
health clinics continue to see patients.During these times
paymentsare delayedunexpectedlyfor undeterminedlengths
of time, ascanbe observed from the early terminationof our
pre-pilot study. Understandingthis particulardelayis key: the
TMA halts the programby withholding information, specif-
ically claim reports, from other stakeholdersin the system.
This is possiblebecausethedatabaseis ownedandcontrolled
entirely by the TMA. What happenswhen anotheroutside
databaseis introduced,with independentcontrol?In this case,
the datawasnot so much the key as the dataentry staff that
were responsiblefor approving the claims and validating the
vouchers.At the sametime, it is unclearwhereClaim Mobile
Web �ts in with the political strategy of the TMA.

B. InformationPoverty

In addition to trying to addressdelays,we have also tried
to addressinformation asymmetryand information poverty
within the system,identifying wherestakeholdersare disad-
vantagedby lack of information,or lack of tools with which
to usethe information.

This pastyear's move of the dataprocessingfrom Mbarara
to Kampalaespeciallyhasfurtherexacerbatedthegapbetween
the people that have the information and the people that
can make useof it. While limited remedieshave beenmade
to rectify the situation, with a paper-basedprocess,these
remedieshave been ineffectual, leaving the PMO without
accessto necessaryclaimsdata,including vouchernumbers.

Throughextensive stakeholderinterviews, in particularwith
the programof�ce in Mbarara,we have identi�ed the need
for a transparentlyaccessibledatabase,with the ability to
generatereportsbasedon the submittedclaims data. While
controloveraccessto thedatabaseis akey meansby whichthe
TMA assertsitself in the OBA project,this practiceis highly
disruptive to the OBA program,causingdeepdif�culties for
thehealthclinics andtheprogramof�ce, ratherthanaffecting
the �nanciers or the FMA.

The initial design of Claim Mobile, re�ected the paper-
basedprocess,anddirectly submittedclaimsfrom the mobile
phonesin the healthclinics to the TMA, bypassingthe PMO
entirely. In responseto our �ndings, we developed Claim
Mobile Web asa meansof re-engagingthe staff of the PMO
in the mobile claimsprocess.The integrationof the new web
applicationdatabaseis speci�cally meantfacilitate resolution
of informationgaps,not only sharingthe informationwith the
peoplethat canmake useof it, but alsogiving themthe tools
they needto make senseof the information.

Likewise, for themobile-phoneapplication,we alsospecif-
ically do not designone-way systemin which claims datais
going out and only money returns.Instead,the claims data
createdin theclinic is alsousedwithin theclinic to help them
improve patientcare,aswell astheaccuracy of futureclaims.

C. RelatedWork

Therehave beena numberof recenttechnicalprojectson
the use of ICTs for healthcarein Africa [8], [9], [10], [5],
andspeci�cally on mobiledevicesfor healthcarein Africa [3],
[11], [12]. However, many of theseprojectsaredesign-focused
and technology-driven, re�ecting on designing a working
technologicalsolutionto completeaparticulartask,ratherthan
re�ecting on therole of the technologyin thesystemandhow
varioussolutionsor approachesmight affect social processes
within the system.

Braa describestwo action researchprojectsto deploy the
Health Information System Program (HISP) in Cuba [13]
and in SouthAfrica [8], usingActor Network Theory (ANT)
to think abouthow humanand non-human(e.g. documents,
events,software,standards)interact.He speci�cally addresses
the challengesof designingfor the multiple levels of entities
involved in district health information systems,able to com-
pare deploymentsacrossMozambique,India, South Africa,



andCuba.However, theseentirelygovernment-basedcontexts
are much more hierarchicalthan the highly disparatemulti-
organizationalcontext describedhere.

VI I I . CONCLUSIONS AND FUTURE WORK

Thereis clearlymuchadditionalwork to bedone,in which
the lessonslearnedfrom this pre-pilot study will be applied
in the developmentof a new versionof Claim Mobile for a
full pilot in Spring2009.

The outcomesfrom this study were three-fold.Firstly, the
choice of the mobile phoneas a platform was af�rmed by
the health clinics, for reasonsof battery life, design for
readability, portability (susceptibilityto theft),andeaseof data
entry. Wherewe were concernedaboutintroducing“qwerty”
keyboards to novice users, our fears were alleviated, and
all of our usersassuredus that “we can learn,” which they
did, quickly. Secondly, the mobile platform is not a suf�cient
solutionfor this program,andalonehasthepotentialto exac-
erbateinformationasymmetriesbetweenthe stakeholders.To
addressthis issue,we complementthe mobilephoneplatform
with a web application.However, Internetaccessibilityissues
may requirefurther developmentto enablelocal hostingand
synchronizationof the web application [10], [14]. Our �nal
point is related – we considerthe plethora of stakeholders
in this project,and note that as technologyproviderswe are
not coming in as naturally neutral players.Our projectsare
necessarilydisruptive, and equally potentially disruptedby
otherdynamicswithin the programasa whole. As a result it
is necessaryfor usasresearchersto positionourselvesandour
designscarefully, makingsureto take into accountthe needs
of all of the stakeholders,andnot just our primary users.

IX. ACKNOWLEDGMENT

We thankBen Bellows for his contributionsto this project,
and feedbackon the paper. In addition, we would like to
thank all the staff at our partneringorganizationsand in the
healthclinics for their assistanceand patiencein conducting

the �eldw ork andsettingup this pilot, aswell astheir honest
feedbackon this paper.

REFERENCES

[1] Karen G. Cheng,FranciscoErnesto,and Khai N. Truong. Participant
and interviewer attitudestoward handheldcomputersin the context of
hiv/aidsprogramsin sub-saharanafrica. In CHI '08: Proceedingof the
twenty-sixthannualSIGCHIconferenceon Humanfactors in computing
systems, pages763–766,New York, NY, USA, 2008.ACM.

[2] Cynthia Casasand William LaJoie. Voxiva: CaseStudy. December
2003.

[3] BrianDeRenzi,NealLesh,TapanParikh,ClaytonSims,WernerMaokla,
MwajumaChemba,YunaHamisi, David S Hellenberg, Marc Mitchell,
andGaetanoBorriello. E-imci: Improving pediatrichealthcarein low-
incomecountries. In CHI '08: Proceedingof the twenty-sixthannual
SIGCHIconferenceon Humanfactors in computingsystems, pages753–
762, New York, NY, USA, 2008.ACM.

[4] E.S.BernerandM.J. Ball, Editors. Clinical DecisionSupportSystems:
Theoryand Practice. Springer-Verlag,1998.

[5] Henry Lucas. Information and communicationstechnologyfor future
health systemsin developing countries. Social Science& Medicine,
66:2122–2132,May 2008.

[6] ITC - e-Choupal.http://www.itcportal.com/sets/echoupal frameset.htm.
[7] 2006VentureStrategiesandMbararaUniversitypopulationsurvey. http:

//www.oba-uganda.net.
[8] JørnBraa and Calle Hedberg. The Strugglefor District-BasedHealth

Information Systemsin SouthAfrica. The Information Society, pages
113 — 127, 2002.

[9] TessaTan-TorresEdejer. Disseminatinghealthinformationin developing
countries:therole of the internet.BMJ (British MedicalJournal), pages
797—800,2000.

[10] Rowena Luk, Melissa Ho, and Paul M. Aoki. Asynchronousremote
medical consultation for Ghana. In CHI '08: Proceeding of the
twenty-sixthannualSIGCHIconferenceon Humanfactors in computing
systems, pages743–752,New York, NY, USA, 2008.ACM.

[11] TapanParikh. PositionPaper:Mobile Phonesmaybe theRight Devices
for SupportingDeveloping World Accessibility, but is the WWW the
Right ServiceDelivery Model? In W4Aat WWW2006. ACM, 2006.

[12] TapanParikh and Edward D Lazowska. Designingan architecturefor
delivering mobile informationservicesto the rural developingworld. In
Proceedingsof WWW2006. ACM, 2006.

[13] JørnBraa,Ola HodneTitlestad,andJohanSæbø.ParticipatoryHealth
InformationSystemsDevelopmentin Cuba theChallengeof Addressing
Multiple Levelsin aCentralizedSetting.In Proceedingsof Participatory
DesignConference2004. ACM, 2004.

[14] Michael Demmer, Bowei Du, andEric Brewer. Tierstore:A distributed
�le-system for challengednetworks. In Proceedingsof File andStorage
Technologies (FAST), 2008.


