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ABSTRACT

Poor infrastructure, inadequate literacy, availgbif technology and socio-cultural settings ariew factors in the myriad
of challenges facing the development of rural aieaSouth Africa. Healthcare is one of the most amb@nt sectors where
governments of developing countries strive to enbahe situation by utilizing affordable ICT sotuis. However, unlike
developed regions, in rural areas within a develgmiontext, issues are intertwined. This requingly innovative solutions
that are affordable, robust and above all sustéénalde propose a patient monitoring system usin§D $chnology which
is a very easy to use mobile phone applications Tiormation system facilitates patient informatifows from home-
based care workers to a local clinic. Clinic sisteave instant access to patients’ vital signsaviesktop computer. The
results presented in this article are tested bynsieda prototype, which is currently in use anodorcing data.
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INTRODUCTION

Rural areas in South Africa are characterized byclhss of society living below subsistence leval poor access to basic
infrastructures (Republic of South Africa, 2000hid restrains the communities from economic groautd development,
which is also reflected by the health care delivétgspitals and clinics are poorly equipped andeust@ffed. Furthermore,
the population of rural areas has a low life exgecy and there is a high incidence of infectioud ahronic diseases
(SADOH, 2004). Adherence to treatment of chronisedses is less than 50% (Sabate, 2003). Life expmctn South
Africa is 47 and 49 years for males and femalepaetsvely (WHO, 2006), and the estimated prevalesfcEIV infected
adults is 18.3% (UNAIDS, 2008). In these circumsts) a strong tradition of home based health ¢#B£( also referred to
as informal healthcare) has become increasinglhortapt, but it is also threatened by implosion unitke severe pressure
(Mashiri et al., 2007). However, HBC is also chadled by several issues that, in part, can be readadiing adequate ICT
support.

ICT can be a powerful solution for poor health cdeéveries in developing countries (see for exan{pteenberg, 2005) but
successful implementations of scalable health @dl&€T solutions in developing countries remairtfooming (infoDev,
2006). Our research objective was to explore how $¢stems can support the South African informaillthecare processes
in rural areas and to develop and test a robussasthinable prototype of an ICT based solutiore pitoposed solution was
a remote monitoring system, which facilitated traission of patient information from caregiver tinad sister. One of the
main challenges of the project was to understaredsttial context of the problem and embodimenthes¢ challenging
factors into the system design and design process.

Our initial investigations into the problems asstedl with informal health care started in 2006 wherveys were held in
the current geographic research area to assedsntotdlity and health problems. Investigation oéthroad diversity and
interdependency of problems and informal ways ofking led to the designing of an ICT enabled pdtiaonitoring system
in mid 2008, supporting the practices of the horaseld health care. The prototype is the resultjofrd research program
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between the Dutch University of Technology DelftDelft) and the South African Council for Sciertifind Industrial
Research (CSIR). The prototype, a USSD applicaiionaregivers’ mobile phones (a sort of ‘interaet8MS’), was mainly
used to study users’ acceptance. The reported 8oskll a research in progress. Nonetheless, fitss fully functioning

prototype allows for significant reflection on tresearch and practical challenges we focused on.

The structure of the paper follows our researclegse and starts with relevant background on tred aneas in South Africa,
the informal Home based Care and the research &ubsequently the problem and its proposed solatierdiscussed after
which we will elaborate on the specific problem teoth and design challenges and discuss the folloveggiirement

engineering approach. Following, we describe thetgtype and display the main technical aspectshef dystem: the
caregiver interface (using USSD technology) and siser interface (web based application). We aatelwith the

evaluation approach, intermediate results andaugson.

BACKGROUND INFORMATION

In this section, we give background informationttbavers the country level situation, the home-tasare relation to
formal medical centers, and the geographic regiberavthe project was carried out.

South African rural areas

Many South African rural areas face isolation aastehpoor levels of access to services and fagilifléhese circumstances
position these areas at a disadvantage comparethty urban centres which often results in unbaldribevelopment.
Present settlement patterns reflect the distorteamd policies of the past (Maritz, 2006). Approxietg 70% of South
Africa’s poor people live in rural areas. Theiramees are constrained because the rural econonoy &ifficiently vibrant to
provide them with remunerative jobs or self-empleynopportunities. Their cost of living is high bese they spend
relatively more money on basic social services agiiood and water, shelter, energy, health andatidun, and transport
and communications services (Republic of Southcafr2000). Although research shows that South Afiscleading with
ICT development in the African continent, it doed necessarily translate to good access and hetéeye, especially in the
rural areas (Research ICT Africa, 2008, Gillwaldilet 2005). One of the sectors that ICT is poatlized in is healthcare in
rural areas.

Home Based Care

Primary health care in South Africa starts at #nel of the clinic. However, a further level of lthacare has developed
spontaneously within rural communities. This is knoas Home-based care (HBC), it is the provisiobasdic nursing care
needs by formal or informal caregivers to peopléhigir own homes. This service is available to peayho have mental,
physical, emotional and social needs. The carengisemeant to restore and maintain the individualasximum level of
comfort, function and health (Cape Gateway, 20@3regivers’ activities consist of more than theibamirsing. They
provide broad social assistance, such as physdaicational, psychological and spiritual care fothbpatients and their
families (Mashiri et al., 2007). By decentralizatiof health care to the district level, the scopeperations and the quality
of the HBC differ throughout the country. In orderdemark the focus of our research, we confinedpsaject to four
specific rural communities.

Research area: the Leroro Communities

The research area, referred to as ‘the Leroro Camities’ is located within the north-eastern partSyuth Africa, and
consists of four clustered communities in the Ehdam District in the northern part of Mpumalangayince bordering the
Blyderiver Canyon (see figure 1a). Each commundg hpproximately 9 000 inhabitants. One hospitalated north of
Matibidi A, serves the area. Three clinics are fedan the communities of Matibidi A, Matibidi B driMoremela (see figure
1b). The areas are accessible by surfaced roadthgtbxception of Matibidi B which can principalig accessed by gravel
road. Mobile phone coverage is good in most pdrteearea. Caregivers in Moremela and Leroro rejoothe sisters in the
Moremela Clinic. The Matibidi A and B caregiverpoegt to the Matibidi B Clinic.
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PROBLEM STATEMENT AND PROPOSED SOLUTION

In this section, we first formulate the problemsdxh on the preliminary studies including the eadienducted surveys.
Subsequently we propose a solution that will bewdised throughout the paper.

Problem statement

The home based care system works as follows: oischatged from the hospital a patient who requioiew-up can use
the provisions of the Home Based Care organizaiooaregiver is allocated to a patient, who will\isited on a daily to
weekly basis. Since the caregiver acts as the tda@mmunication link between the patient and theigl he or she is
supposed to compile reports and discuss them Wwésister in workshops that are organized betweee and four times
per month. At present, accurate patient informatiannot be gathered because caregivers are ngpeguwith instruments
to measure vital signs. And as a result of longkimal distances and time pressure, sisters and igarsgdon’t interact
frequently. The absence of accurate and timelyepainformation at the clinic implies that the pati cannot be monitored
on a frequent basis, meaning that the sister caaketactions as promptly as desired. Patientscarebivers cannot assess
the severity and criticality of situations and toypostpone transport to clinic or hospital as lasgossible due to high travel
costs and efforts. In the eyes of caregivers astérsi, deaths can potentially be prevented whéegrsiare aware of patients’
health conditions in an earlier stage.

Proposed solution

We follow the assumption that frequently provideiopic sisters with patient information that iseeant, easy accessible and
accurate will benefit patients in multiple waysrliga diagnoses can be made, better treatmentbeatarted, but also travel
costs and effort can be reduced for both patients Garegivers. This will result in better life giyaland expectancy for
patients, but we also expect that providing sudbrmation to the clinic has a positive effect oe thorkload and joy for
both sisters and caregivers. Facilitating transimissof patient information by technology operates the field of
telemonitoring (or remote monitoring) which is aabch of e-health. E-health has medical, techno#ébgispatial and
beneficial perspectives (Sood et al., 2007). Teldtodng includes the collection of clinical datadathe transmission of
such data between a patient at a distant locatiwh aa health care provider through electronic infaion processing
technologies (Home telehealth Reference, 2005)edtth and telemonitoring applied in home healttwidely used in
developed countries and has proven its value, hewsuch systems have not successfully been appiieal big scale in
developing countries and rural areas in partic(farma and Herselman, 2008, infoDev, 2006). In tilWwing section we
will discuss the challenges that come with theglesif a telemonitoring system in rural areas inad@ping countries.

RESEARCH APPROACH

In this section we discuss the starting pointstfar design process: the social context and theerkldesign challenges,
followed by the requirements engineering approach.

Proceedings of the Fifteenth Americas Conference on Information Systems, San Francisco, California August 6-9" 2009 3



Wouters et al. Supporting Home Based Health Care using USSD technology

Social context and design challenges

Physical, financial and skill accesses (Ouma andsélman, 2008) are tangible boundary conditionsuocessful ICT
implementations. However, acceptance of commumicatechnologies for health care systems is itsetthallenge in
developing countries and especially in culturakedse countries (Ganapathy and Ravindra, 2008) higterate of failure in
ICT programs is explained by Heeks (2002, p. 1Glaamismatch between Information System design landl user
actuality’. Morales-Gomez and Melesse (1998) blgmer analysis of the social and cultural dimensiohkCTs to harness
ICTs for development in their own context. Somehef social and cultural circumstances specificdior research, which
have been embodied in the design process are deddrelow.

Originating from many forms of inequalities and expnces with corruption and political mismanagetngne rural
population has a low esteem of government actidaghermore, many projects that have taken plaagesl by government
or non government organizations have resultedilarés, or ‘white elephants’. This idiom is commgmkferred to and is
described by Robinson and Toryik (2005, p. 2) agestment projects with negative social surplusiisThas resulted in a
certain reserve towards new projects and it affeategivers’ and sisters’ motivation and willingade share information
with the researchers. Some other aspects makii¢uttito gather valid information: informality dfusiness processes, ‘yes-
nodding’, and stigma around some diseases like AIV&. Burdened with more fundamental problems, gaers and
sisters are tended to disagree about the propasdiem to be solved (lack of communication) and pheposed solution
(ICT). Caregivers have limited professional tragqiand are of semi or low literacy level. This lismthe extent to which
system requirements can be elicited. Furthermosepatantial part of the patients doesn’t havé faitwestern medicine and
more traditional medicine is practiced.

Elicitation of requirements

To develop a sustainable system a key requiremseahiai the community adopts the system, mainthiesystem and has a
sense of ownership with respect to the system.chéege this, user involvement in all stages ofdegelopment process is
considered very important. To develop commitmeairfrstakeholders in using and maintaining the systentan refer to
Meyer and Alien (1991) who found that there are¢hcomponents of commitment; (1) affective or ear@i commitment,
presented in the patient-caregiver relation, (2jtiomance commitment, based on the benefits dityufieople obtain from
participating, and (3) normative commitment, a fditigation to continue, strengthen by the senseoafimunity and being
needed. Normative commitment has in our contexiteal additional factor, the tradition and infoainways of working in
the current system are valuable to the communitystnould not be thwarted.

Given these constraints we took the following stepderive the requirements for the system ancetelbp a prototype that
meets these requirements. At the start of the dgmigcess, the problem, the solution and its teldgyowere flexible and
depended on stakeholders’ input. Informal semicstined interviews in small groups were held dutimg first two visits to
assess users’ needs. A workshop attended by ellare stakeholders was organized to define probtbmsencounter and
how they could be solved. A secondary goal was dbiexe consensus and build commitment. Also thst firasic
requirements were elicited and ranked by importabeging the third visit, more detailed requirengenere again discussed
in small groups and participants could state ttegihnology preference (call centre, spoken dialgystem, SMS or USSD)
after simulating interaction with these technolegi€he medical equipment was distributed and infoleth visit medical
training sessions were held by the sisters. Thé gfahe fifth visit was to setup the desktop corgos for the sisters and to
train them. Caregivers were trained in the usenefWSSD system. The sixth and seventh visits weeel to fix problems
and retrain users, and for usability and usage rghsens. Questionnaires were administered duriveg dighth visit for
evaluation purposes. The time span between theafic final visit was seven months.

PROTOTYPE DESIGN

In the previous section we elaborated on the demigmoach, the social context and its challenghs. goal was to design a
robust and affordable ICT enabled system througitlwbaregivers can submit vital patient informattorthe clinic sister.
The prototype, which is currently tested, meetdutsctional and technical requirements for the nmst. Therefore, the
proposed solution and the prototype are jointlgaésed in this section.

The prototype

Per community three caregivers, each nursing albwahty patients, were selected and equipped witsichenedical

instruments (see figure 3). After visiting a patiand measuring the vital signs, the readings abengted via a USSD menu
on their own mobile phones. Once submitted, twtesssin Moremela and Matibidi B clinic have immediaveb-based
access to these data via a desktop computer. A basex care coordinator in Leroro is assigned asfarmation manager,
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and updates the information system with the nevept and correct profiles. Implementation andnirey took place near
the end of December 2008 and the system is opeedt@nd self-sustainable since January 2009. Cilyresvaluation
activities are in progress. The system is requitedbe low cost, toll free, teachable, usable, c¢wdi to current
communication tools and confidential for patienformation. Costs for the use of the system are R @$ 0.02) per 20
seconds. One session takes roughly one minute hatf, avhich is approximately R 1.20 ($ 0.12) orrage per session. No
cost benefit analyses have been carried out yettheotest period it was not yet possible to redimsts to one account.
This is an administrational matter which has to grecessed via telecom providers like Vodacom whigdis not
accomplished before the test started. This probleam temporarily solved by distributing airtime vbecs among the
caregivers.

Technical architecture

USSD stands for Unstructured Supplementary Seate. USSD allows for the transmission of informatvia the Global
System for Mobile communication (GSM) network. USBIbest explainable as ‘interactive SMS’. Text saggs are sent
to and received from a caregiver's mobile phoneugh a real time connection to the GSM network. ifelgss service
access provider (WASP) routes the messages fromnttiile network to a server with the application @latabase. Sisters
and information officers have web based acceskei@pplication and personal health records (PHRaBG modem and a
desktop computer. Figure 2 presents the technicdlitacture. A big advantage of the use of USSDhat it is easy
accessible (by simply dialing a number) and easys® (simple menu structure). USSD works on alrathshobile phones
and it is generally used in South Africa, for exdn load airtime on a mobile phone. A drawbackhiat the open
connection is disabled after three minutes.

Caregiver USSD USSD router and

menu server

@ —

Computer P

WASP

Medical expert

— I

@' Application and
database

Computer f |
. atient profiles
Information officer P P )

Figure 2. Technical architecture of information system Figure 3. Caregiver equipment containing a ther mometer,
weighing scale, blood pressure meter and stethoscope, watch,
urine-stripsand first aid kit

Caregiver interaction process

After measuring a patient’s vital signs, a caregidi@ls a USSD number (*120*667*4247+# in the tes$e; see figure 4a).
The application recognizes her phone number andexssHello caregiver {name}, please enter yoursosal code’. After

entering and sending her personal code, the apiplicaesponds ‘please enter patient number novgu(®@ 4b). The

application recognizes the submitted patient nunalper answers with the main menu. Figure 4c is amgke of the main

menu for patient number 0001, an imaginary patmamed “Patient Fakes”. The main menu shows fivegygf vital signs

(option 1-5), the alarm (6) and the Submit datacop(7). The caregiver can choose to enter thé sigas in any order. For
entering the temperature, she answers by senditig Bhe next screen (Figure 4d) asks for the terapge. After entering

the temperature, the application returns the manunincluding the reading of the temperature st®jhst entered. Figure
4e presents how a fully entered main menu can likek If all vital signs are entered, the caregiediooses option 7 to
submit the data. In fact this is redundant, becdhbseapplication already has received the inforomatbut in the tests, it
turned out that caregivers appreciated a confionatiessage.
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A frequently heard complaint of the caregivers whaet they didn’t know how to act properly when thexycountered a
critically ill patient. The ‘ALARM’ option, numbeb in the main menu, meets this need by sendingitlter an automated
SMS, containing the patient’'s name and caregiveaime and phone number. The sister can call bactattegiver to assist.

Patient Fakes:
.Temperature
2.Body weight

2. Body weight 65
3.Blood pressure 140, 80
4.Pulse 60

i ! i T i 5.5ugar 1
Aanvraag wrdt ; 4 | 6.AL ARM
behandeld 7.5Submit data

a. Calling the number b. Request for patient c¢. Main menu for d. submenu e. Main menu after
number ‘patient Fakes’ ‘temperature’ entering all vital signs

Figure 4. Some screenshots of the USSD interface on a cell phone

Sister interaction process

Via a 3G modem, a sister can access the internéeoesktop computer in the clinic. The applicati® stored on a site
which has been set as home page. After logginghi,sister has access to the patients listed hgnpatumber, or the
patients whose vital signs have been submittedatsiedays. After clicking on a patient name, hisher personal health
record (PHR) is displayed. Figure 5 shows an exaropb PHR. More options can be added, such ataglisg line charts,
adding comments, or viewing patient’s clinic higtdfor the test however, a lean and simple interfaas been pursued.

Healthcare Sisters Patient information

Patients Id Name Surname Gender Birth
New data 1 day 7035 M 1943
New data 2 days

New data 7 days
Patient data
Logoff

Logtime Temperature Bodyweight Systolic Diastolic Pulse Sugar
2009-01-26 13:12:34 364 61 120 90 82
2009-01-22 12:26:33 110 88 87
2009-01-14 13:08:14 62 110 70 80
2008-12-15 15:12:42 60 140 60 85

Figure 5. Screenshot of a web based personal health record

EVALUATION OF THE PROTOTYPE

Evaluation is in progress, but we will briefly disss our evaluation approach and intermediate sesult

Evaluation approach

The goal of testing the prototype is to determitge success and to investigate its potential in @raige areas. The
technology acceptance model (TAM) was used to ptealid explain users’ acceptance of the telemangosystem.

Basically, this type of model assumes that perceiwefulness and perceived ease of use determaradtitude toward using
a system, and it states that the last aspect nmeatipredicts actual use (Davis, 1989). In our meseave are not only
interested in the actual usage of the prototypealso especially in users’ perceptions as desgrifve and in the factors
that determine these perceptions. It is possiblén a high usage during prototype testing, whitethe same time the
perception of usefulness and ease of use, andathitigde toward using, is negative. This outcomandesirable, meaning
that it is unlikely that the same system will besessful in other communities under comparable itiond. Two rationales

for this possible outcome are, firstly, that thedoterm presence of the research group may haeblissied a certain
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compliance among the caregivers and sisters, aahdly, it may have caused a situation in whichdeegivers and sisters
want to live up to expectations that are raiseds Hffect is referred to as subjective norm (seeefcample Ajzen and

Fishbein, 1980, Davis, 1993). Another example dfjective norm is that the caregivers feel compettedse the system.

Although being volunteers, local charismatic peoite HBC managers or sisters could incite the giaers to use the

system, without being convinced that it has an ddddue. Secondly, the perception of usefulnessease of use can have
been strengthened during the several participatesygn stages. All current users have frequentintm®nsulted about their
opinions and preferences. This has undoubtedlyoledbetter understanding of the design choicdshtinge been made.

Submitted patient information (by caregivers) avgirh data (from sisters), questionnaires and ussemations will be used
to disentangle factors that led to high or low useceptance. Factors that determine ease of udeaasegl on the usability
heuristics from Nielsen (1994). Factors that pdgsiletermine user acceptance are for example mafgrewer, years of
professional experience, experience with a moldilenp or computer, age, education, learning cuaehrology aversion,
availability of airtime and network coverage. Byéstigating these underlying factors and by pmdilicomparable
communities, future behavior and potential candsessed.

Intermediate Results

The evaluation phase is currently in progresssbute general preliminary findings are worth notiBgsides our experience
that the attitude towards the system is very pasitone of the most obvious findings is the diwgran usage behavior
among sisters and among caregivers. The sistéeiMibremela clinic was very enthusiastic and coatirey. She monitors
patients on a daily basis and contacts caregivergimitted data seem untrustworthy. The sistéhénMatibidi B clinic is a
bit reserved in using the system. Although enthaigiaand cooperative, she hardly started up théesysafter the
implementation of the prototype. Last named is Egserienced in using a computer. Diversity in @shgtween caregivers
is also distinct. Not only the degree of systemgasadut also the number of mistakes and reliabdftpatient data differs
greatly. Most caregivers mastered the USSD withifewa trials, but some of them were still strugglinfier weeks of
practice. Medical instruments were handled impriyparvhich resulted in an emphasis on new medicahing sessions
instead of focus on the ICT system. This on itsed a good sign, because both sisters and carediferthat accurate
measurements are a necessary precondition. Andiffierence is the difference between the caregiwersloremela and
Leroro and the ones in Matibidi A and B. The figgsbup performs much better. The sister that is tooing their patients
has a higher usage of the system and we expecthtisats a reinforcing mechanism. High caregiveages and accurate
patient information motivates the sister to usesysem, which in turn reflects on the caregivers motivates them to keep
using the system. Another reason for better peidoca of Moremela and Leroro caregivers is the piasef a charismatic
HBC manager in Leroro. Also the living standardsfrastructure and education seem to be slightitebenh these
communities which could also affect usage behaburing the test phase the number was not toll-freeand airtime
vouchers needed to be distributed which caused mpeotyems and unintended use of airtime. This em#d the necessity
of a toll-free number. Also in places where netwookerage was not 100%, system usage seems todyelower.

DISCUSSION

This paper provided an overview of several desigitgsses that have led to a prototype of a telemamy system that is
currently in use in the home based care organizsitid four rural communities in South Africa. Commuation is one of the
most important components in providing home bass®,owhich is currently undermined by several foiahand social
factors. This paper proposes an ICT enabled infaomaystem whereby caregivers can transmit patieatidings of vital
signs to the clinic. Caregivers submit the vitginsi via USSD technology on their own mobile phoi&sters examine the
personal health records on the web via a desktogpuater. USSD is best explained as “interactive SMA8ich is very easy
accessible and easy to use. Our research appreacl Bocial problem solving perspective and wevedrifor a highly
participatory design process. Preliminary resulés\eery promising, although some tantalizing chajkes remain. Caregivers
and sisters have been trained to operate the syistenvery short period and although medicallyrteai, caregivers lack
practice with medical equipment. For some caregitieis resulted in inaccurate readings and unielisibbomitted data. This
in turn, might cause the sisters to lose trushandystem. On the contrary, proper system usageut®givers motivates the
sisters and this again reinforces the use amoregisars. In our experience patients, caregiverssistdrs see a great added
value in the system. Caregivers and sisters congatesimore often and better and they have morenjtlyeir work. One of
the negative experiences is that patients regardrbnitoring system as a replacement for a visth&clinic and not as
supplementary. This makes some of them unwillingraeel to the clinic. A more extensive evaluatiwill provide more
insight into real acceptance and the potentiahefdystem in the long run and in other environm#éres the research area.
Future activities will focus on other long termesfts, such as reduction of unnecessary transpdrtedated costs or the
increase of patients’ life expectancy. This wik@lencompass cost benefit analyses and the ledalamfidential aspects of
the system.
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