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ABSTRACT
Mobile and wireless technologies have been ondapilrincrease and their applications in
social sectors of life have also been growinghkhealth care management, these wireless
and mobile technologies have provided the possilidi prevent disease, improve treatment,
advance health research, enhance diagnosis okdsaaduce disparities, and increase
patients access to the much needed health seande®wer cost of health care service

provision in ways previously unimaginable.

Continuous biological, real-time, behavioural, @m¢ironmental data collected by wireless
and mobile technologies may tremendously be usadtance our understanding of the
health issues and disease, especially when combiiledlata from areas such as electronic

medical records and genomics

The need for rigorous research that examines teppctive and challenges of harnessing
mobile technologies to improve efficient malariamagement and treatment is critical.
Mobile and wireless technologies are developingnagxponential pace; however, the
integration, usage and translation of these cutéading-edge technologies into
meticulously evaluated health research and heaf#ntools have lagged behind as they have
not been effectively converted into tools than lead to the betterment of health care
services.

Advancement in information and communication te¢bgy in the past years has
revolutionised the way medical services are offenexind the world. In general, mHealth
applications leverage mobile phone features sutbxa®r voice messages and video which
can be educational or motivational for the pati@ttronic diseases and conditions are
benefiting from near real-time monitoring of heaittrate, blood pressure and changes in
cholesterol levels etc. End users of mHealth appbas are very diverse include caregivers,
patients, healthcare providers, and families, whkigate a seamless mobile ecosystem to

enable a more functional and productive lifestyle.

This research basically explores how mobile anéless technologies can be used to help in

the efficient management and treatment of the n@ataenace in Kenya through real time

Vii



collection and transmission of accurate data asa lale interaction between health care

workers and patients in remote rural areas

The research methodology adopted by researchealgajive in nature .The study uses
focus group research approach where two focus grotipixmalaria health care workers
each were selected in a purposively manner toicgzate in the research focus group
interviews

The research sought to illustrate the usage oéxtisting malaria M-Health applications
followed by definition of the technical requirememf malaria M-Health applications, and to
design, develop and test a malaria M-Health apjpdicahat will help health care workers

collect manage and transmit the required medidal da
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CHAPTER 1: INTRODUCTION

1.1 Background of Study

Quality health care practices require completeyste and timely data, and the existing
traditional paper-based data collection and repgntnethods do not perform this role
adequately. The availability and prevalence of l@ge communications technologies offers
prospects and opportunities to facilitate dire¢tdexchange between health workers in

remote areas and their supervisors in urban areas

The ways through which people have been communizatith each other have also changed
significantly over the years. Social networks, Melielephony, E-mails and
videoconferencing have offered new ways for shapgpectives in the medical field.
Digital, Mobile and wireless communication teclugpes have made it possible for images
and the voices of both patients and doctors to twe mccessible through Television, radios,
video, and also through the Internet, which havpdtepeople to share their knowledge,
opinions, experiences etc. This in turn has leth¢éaresolve to regulate the many of the
available ICTs and broadcasting systems found inyncauntries, which in turn has opened
up spaces and platforms, such as the deploymehgitdl TV broadcasts, 3G and 4G
network etc among others, which has increased canuation exchange of visual images

and the voices communications

Mobile health or simply M-Health has capitalizedtbe successes of growth and rapid
expansion of mobile and wireless technology indutrdeliver health information and care
in an efficient and personalized manner. In thestiping country context, M-Health is
synonymous with using mobile telephony technolotpesccess and care for vulnerable

communities and individuals.

There are a several challenges that developingmgtiace in their endeavour to offer health
care services. Most hospitals are burdened witlemqiatsuffering from various diseases such
as Malaria, HIV and Tuberculosis WHO report (2004) this against a backdrop of very
few healthcare professionals especially withinrtiral areas as a result of rural urban

migration WHO report (2006) and also very limitedaources



Mobile devices have made their way into a wide nend§ professions. The medical field is
one of those professions that are reeling the [isradfthis transition. Medical practitioners
can benefit in using of mobile textbooks, diagraarg] applications. Some of these
applications allow doctors to carry out their cdeeies effectively and efficiently

1.2 Problems with current M-Health Applications

Wireless technologies application in healthcareigtiy is continuing to drive high degree of
innovation, supplanting and helping to replace eational and established ways for the
provision and delivery of healthcare services. fumelamental trends that have be seen are
real-time and online access to clinical systemsipahrough online portals, outreach and
extension of clinical operations, wireless-poirteafe which are both workflows and some
times clinical processes, wireless medical imaging,medical home and (chronic) disease

and wellness management.

Security of M-Health applications and their subsadunteroperability are some of the
primary needs to developing extended healthcaer@nge infrastructures. Application and
mobile device security is of great importance witthie healthcare enterprise networks where
highly sensitive information (e.g., clinical infoation) is sent over cables and wireless links.

Quality of Service (QoS) -The M-Health applicatioa®asically supposed to be used by
users anytime, anywhere and under dissimilar cmmdit At the same time, they need to be
fulfilling the Quality of Service (Q0S) needs. Sownfahis needs include long device battery
life-time, low application delay and seamless umsebility support along with little financial
cost of networks usage. In the view of the fact thabile applications function on a hybrid
of different networking infrastructure, which corgas of wireless and wired data
communication networks owned by different entitibg, quality of service offered by this

infrastructure a critical factor that influences tipplication quality provided to the user.

User Mobility: The usage and deployment of mobd#eices prevents the need to install new
infrastructures hence makes a totally new styleedivorks. Flexible and easy mobility of the
systems facilitates monitoring of patient outsifl@a dospital, thus leading to the actions of
the sick people not being limited only to the htaslpiWhen the sick person perambulates
around, the wearable system and devices equipgledivém monitor their status, sending
medical information to a healthcare informationgassing centre. The mobile applications

also help the patients to get instructions fromhealth care centers or medical practitioners
2



assigned to them. Based on the mobility offeresvbgirable devices, an M-Healthcare user

can be served by constant patient monitoring anggvaed anytime.

Data Transmission: Unlike ordinary health care ngan@ent systems, where most patients
are only allowed to access medical care servicesamitoring in specific places at a specific
time, mobile and wireless technologies offer cambuns monitoring of patients. In this case,

communications greatly relies on wireless commuitoachannels instead of usual cables.

Flexibility of Medical Service: This is a benedibjoyed by both the patients and healthcare
providers as these systems introduce some formrerefpive communications and mobile
devices. Mobile healthcare applications and sesvadgo allows medical practitioners to
access the patient’s health records at any plat@any time; this in essence means that
they can more flexibly diagnose and monitor thegods health status, and issue

prescriptions accordingly.

Remote Medical Control: This is one of the ess¢méiquirements of M-Health applications
as it helps to facilitate real-time data transneissimonitoring and remote medical control.
Medical practitioners can effectively carry out mmsurgery, diagnosis and other operations
on a patient even when they are in far and remlatzep.



1.3 Problem Statement

Effective treatment and management of malaria inylddike elsewhere in Africa has for
many years been negatively held back by poor resaaltocation and use ,lack of complete
and timely data and relevant information on diseasielence and. The aftermath of this has
been that, the planning and implementation of matgrventions to manage malaria
effectively have severely hinderasevidencedy the increased number of malaria deaths

especially among the infantslipistry of Health-Kenya malaria report, 2012)

Several interventions have been deployed in triongpllect the much needed information
for example after data has been recorded in clibioaks, it is later typed and stored in Ms
excel for analysis and transmission, this has aoiezed much because the availability and
accessibility of data to help in the efficient mgement of health related programs, whether
on medicine stock levels, disease and illness @mud, or the number of patients already

attended to, has remained insufficient and in rnases of meager quality.

The available data collection methods have tendel@pend so much on paper-based
systems, which in most cases are laborious; oftemtedical reports are often sent when
they are late mainly because of monetary transfstsanvolved in the transactions. This
happens even as they may be incomplete, and regamscription for electronic data entry
and analysis once at county or national level. r@eave been worldwide pressures on health
care systems particularly with the ageing poputetjeising expectations, declining health
care workforce etc. There is a prevailing and damiragreement that for using wireless
telecommunications technologies can help medicatjgioners remotely diagnose, monitor,
manage patients, and make people to engage inathveiwellness and health

1.4 Purpose of research
The main aim of this research is to develop an Ntheapplication for malaria health care
workers that will help with data collection, transsion and storage

1.4.1 Specific objectives
Identify the usage of existing malaria M-Health kqggions
a. Define the technical requirements of a good malslFHidealth application
b. Design the malaria M-Health application for datdemion, transmission and storage

c. Develop and test the application



d. Test the application

e. Validate the application

1.5 Scope of research

The researcher is not developing an applicatiotHferother players in the health care
industry like patients, health care providers orgug; neither does the researcher seek to
propose M-Health application for other health gan@blems. Its scope is only limited to the

health care workers involved in the managementti@adment of malaria

There exists a deliberate need to rigorously rebeand examine the potential, as well as the
challenges, of using and harnessing mobile andegsdechnologies to improve efficient
malaria management and treatment is critical. MHHesgpplications leverage mobile phone
features such as text or voice messages and vidieh wan be educational or motivational
for the malaria patients if well used by the comitywhealth care workers. Malaria menace
and conditions can benefit from near real-time nwimg of heart rate, blood pressure,
temperatures, and changes in cholesterol levels.

This research therefore explores the how mobilenphechnologies can be used to aid in the
efficient management and treatment of the malagaaune in Kenya through real time
collection and transmission of accurate data asal late interaction between health care

workers and patients in remote rural areas

1.6 Significance of the study

The mobile network usage and infrastructoeaetration has been growing tremendously and
with approximately 80% of the world’s populationngimobile phonedTU, 2012) plus
remarkable fall and reduction in costs of mobilemds, wireless and mobile technologies
have emerged as better and good tools that casduketa make a major contribution in the

health care industry.

Utilization of mobile telephony technologies wigldd to significant reductions in
management burden especially on the part of heatinworkers dealing with malaria and
the overall improvements in patient care will baiaged through effective and efficient

strengthening accurate data collection, managearehtransmission.



One of the significant reasons for this study issiduce the amount time spent by malaria

health workers on non-clinical tasks through theapotation of reporting processes, and

improve the quality of health information data ection and aggregation by malaria health

workers with the use of mobile telephones for dafature

The research is therefore significant to the follaywgroup of individuals

* Government-The government specifically benefits because tls¢ @omalaria
management has the potential to be significantlyced through automated data
collection and management and transmission-hersily exailable

» Health care workers-Their work will be made easier by the availabiliythe necessary
M-Health applications and infrastructure descrilvethe research

» PatientsWith accurate data collected and easily transmittezh they stand to benefit

from improved service delivery

1.7 Problem justification

Treating and management of malaria related casdsaad, tiresome and hectic work for
health workers especially in this part of the warldere the resources are very limited
Communications has emerged as one of the mosttedganction in the delivery of

effective health care services. Information hasdshared among the various stakeholders;
ideas need to be distributed; and health care we&kad their respective clients always want
encouraging messages. Within this context, M-Hegihears a viable solution, to help in
serving the serious healthcare increasing needsl@mands through its low cost and high
reach solutions. M-Health has emerged as a catafigstange in the healthcare industry by

ensuring that the relevant and correct informatjets to the right people and at the right time

Malaria control and management effectively depemdsmely acquisition of information on
new and fresh cases, their frequency and theititotao as to plan on how to intervene,
work out on how deployment of supplies will be @zdlrout, or focus attention on precise
locations appropriately to intervene and preventiggurge in transmission. The health care
system has long been hampered by problems suadhg@®odes being scribbled illegibly on
paper, doctors not being in a position to easibeas patient information, and limitations on
space, time and personnel for monitoring pati€iesfa Tegegnel and Theo Van Der
Weide, 2008.



Some of the reported repercussions connected gtinherent delays associated with paper-
based reporting reports have been documentedlaw$gCurioso, Walter H. and Ann E.
Kurth, 2007);
» frequent stock-outs of health commodities that radiyrdeprives the target
populations of access to efficient health careisesy,
* De-motivated and demoralized health care staffqrersl
» Dented credibility of health care programs.

» Delays in provision of medical diagnosis reports



CHAPTER 2: LITERATURE REVIEW
2.1 Introduction

This chapter provides information from literary szes and researchers who have previously
written on the usage of mobile and wireless teabgiiek in the provision of health care. The
researcher will use the information obtained on tapter to form basis and get insights into

developing the research framework
2.2 State of the art: Mobile technologies applicationg healthcare

There is growing body of literature including varsodocumented studies and initiatives that
are exploring the widening scope and range of MiHeaa developing countries. The result

of this initiatives points to a considerable anebelindication of a rapidly increasing field.
The literature review identified and acknowledgethe notable gaps in M-Health

knowledge originating from the inadequate scalesuupe of M-Health implementation and
evaluation, plus a policy framework environment ethdoes not connect health goals and
related metrics to existing M-Health tools and egst, and modest investment in ebshefit
studies to assess M-Health value and health outtoesearch to assess success factors and

weed out poor investments.

Electronic health (eHealth) is defined in thisriteire as the emergent convergence of a
number of wide-reaching technologies like Interteephones, smart phones, PDAs and to
help access health care management, educatidthdasa providers, and wellness (DelLuca
and Enmark2000. (Brommey,2004)furtherdefines it as the use of ICTs to provide and
support health care wherever the participantsaraéd. On the other hand, M-Health is
defined as a subset of eHealth which uses mobueeto deliver health services to the
customergMechael, 2009).

M-Health is a novel paradigm of an up-and-comingifefact. As an extension of electronic
healthcare (or eHealth), M-Health has innately ed superior flexibility and mobility in
healthcare information services (Ahuwalia & VarshriZ009). In its boadest nature, M-
Health involves using mobile and wireless technigego transmit and enable various data

contents(audio, video) and services which are siraptessible by health workers through

8



the use mobile devices such as PDAs, laptops, mtdéphones, smart phones, and Tablet
PCs (United Nations Foundation and Vodafone Fouoida2009).

Though M-Health is defined as a subset of eHedlib widely identified as a separate
healthcare paradigm. M-Health alone has all themqi@l to automate and expedite the
healthcare delivery processes, reduce costs, engtgpatients and offer them more
convenience and appeal through this new servicée(Adnd Ray, 2010). Furthermore, M-
Health is based on some unique attributes (e.guiilp, instant convenience, connectivity,
personalization and timeliness) which can be leyeidao empower patients and healthcare

service delivery in any setting (Mechael, 2009).

Mobile, wireless communication technologies areaagius and devices that may be used to
sustain existing information movement within ea€the areas specified above. There is
much learning from eHealth which offers significargys which be used when reviewing
current technological applications and their evenging trends. Mobile and wireless
technologies are for instance not objects, butstdbht are supposed be used and applied in
ways that will lead to the achievement of regiot@dal and national health objectives
(Mechael, 2009).They will alscontribute to the overall continual improvementtod lives

of people. Secondly, there is inadequate impaet dlabut how mobile and wireless
technologies are impacting health outcomes, crgatallenges to replicate and identify
some of the best practices (Kaplan, 2007; Shi€ltistley, Davis, 2005).

The prospects of mobile and wireless communicagchnologies to turn around clinical
intervention and the general healthcare industithénlocal rural communities have been on a
remarkable rise. A number of studies have lookéaltime how the usage of digital mobile

and wireless communication technologies can be tessdpport public health interventions,
help improve healthcare and, in collation and sgbset collection of data (SAPAL
TACHAKRA et al, 2003)-



2.2.1 ChildCount+

ChildCount+ (http://mvpdev.github.io/rapidsms/intriml) is one of the most commonly
used M-Health systems that was designed purposebveryday use by community health

practitioners in carrying out their day to day waities. Specifically, it does the following:

1. Helps in collection of health related data from commity health practitioners(by
paper forms or by text message),

2. This message are then sent as alerts to healttergaand health managers,

3. Produces brief printed routine reports for Commuhiéalth Workers and their

managers.
2.2.1.1How it works

ChildCount+’ is basically used by rural communigalth practitioners to submit data to the
ChildCount+ server by away of text message (SM&¥e8 on the handed in data, the server
then periodically sends the relevant informatiod aressage alerts to the community health

practitioners who are scattered in the differendlrplaces.

MS L
Nerﬁb\' - o LSS
CHWs Printed Reports
(in field) (to CHWs and

Clinicians)

Fig 1: An illustration of the mobile -based ChildCaint+ workflow .
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Data Clerks
(in office)

. Data g,
' tr
. = §)
" —

Paper -—
Forms ‘

CHWs Printed Reports
(in field) (to CHWs and

Clinicians)

Fig 2. An illustration of the paper-based ChildCount+ workflow.

2.2.1.2Uses of ChildCount+

ChildCount+ employs the use of SMS-based text ngesst aid in the functional activities

of community based health care workers. Using tirenal or ordinary mobile telephones,
medical practitioners are in a position to use Sb4Sed text messages to register and record
patients and submit the subsequent health repitissto a central web server located in
some location that facilitates provision of reah¢i outlook of the health of a particular
community. The messaging characteristics of théiggmn help to make possible sharing of
information between the members of the communitgioa health system and a
computerized alert system that helps reduce knowblgms that inherently exists in

managing of a number of diseases.

11



ChildCount+ specifically does the following 5 thsg outlined below:

1. Registration of all children and pregnant motharan area — This through the
creation of a database of all kids under the adeefand expectant women in a
community. This list provides the foundation fomomunity health teams and
medical practitioners to monitor the health comuditof their children and women who
are to give birth.

2. Recording of the health related data of childréare of 6 months to about 5 years
every 90 days. Children with severe malnutritioa provided with support via
ChildCount + systems

3. Check TB, diarrhea, malaria, and pneumonia — examn assist in treatment the
some of the major avertable causes of mortalighitdren under 5 as named above.
The system thus provides support for home-basealggo®ral rehydration salt usage,
pneumonia testing, diagnosis and treatment

4. Full immunization of children support — The systleas the capacity to group the
children in terms of their monthly age groups towrtheir exact immunization dates.

5. Recording all births and deaths — Record the nurabkids born and those who lost

their lives and also when pregnancies don’t contero.

2.2.2 EpiSurveyor

EpiSurveyor is a mobile invention of DataDyne.@gocial enterprise that uses wireless and
mobile communication technologies that include Rbhaldl computers, mobile telephone,
Internet, and GPS, to ensure sustainable andesffiliow of the much needed information in

and to break down the barriers to collection, asialyreporting, and utilization of data.

It is @ mobile telephony based-application thaasy and simple, and an award winning
mobile based solution for collating and data caiterin the field during rural-based surveys.

This application is combined with the wwepiSurveyor.orgvebsite to devise and deploy

surveys. The forms are usually designed on vapiSurveyor.organd then downloaded to a

mobile telephony. The whole of the data collectdith whe mobile application is normally
backed up somewhere in a remote server, wherdaiteisanalyzed as required by the

community health care practitioners.
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Computing machines are only needed the momentuitve designer comes up with forms
to be used in the survey of patients. The survejgder and the other people in field only
need the basic computer skills to use applicafitve. data collection process normally

utilizes and uses a very user friendly interfage #ven beginners can enjoy using.

EpiSurveyor Mobile is available for many common m@kelephones, as well as
Blackberries and Android

Forms List

nutritional

Fig 3. Example of EpiSurveyor Mobile on a Phone
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2.3 State of the practice: current case studies of clical Applications of M-Health

The advent of mobile telecommunication technologss the years has come with a lot of
its advantages For example it is now become vasy & send multimedia information in
large amounts in a very faster way over long distaguickly. This is one of the things that
have been realized by the health-care sector as amat more practitioners move towards
Mobile telemedicine

2.3.1 NASA space program

One of the areas where there has been efficiegeusamobile telemedicine has to be in the
space program, which has entirely relied on telenanications to conduct regular medical
operations. One of the telemedicine applicationeldped and deployed for clinical usage at
NASA comprises of the patient, the medical pramtiéirs, the hard ware used for data
acquisition and handling, and telecommunicatiommegtion and the software. A device
called, Telemedicine Instrumentation Pack usuaiéy gbbreviated as (TIP), was developed
to help in collection of video, medical audio magssaand data collected from patients who

are in space.

There is a wide range of data capabilities whiah a@lected by the application including
blood oxygenation, blood and pressure and the bé@adte, The application also has some
medical video capabilities that can collect datduding throat, eye, ear, general macro-

imaging, nose, and skin

An electronic digital stethoscope allows for thdexdion of auscultation data. Data collected
with this application (the TIP) is normally obtaila as the digital outputs well-matched with
the communication applications of the space velank:then they are sent back on the earth

surface where medical practitioners make use @hthy utilising them for their practice.
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2.3.2 Ambulance emergency services

There has been an emergency of Mobile Telemedi&yséem (MTS) established for many
ambulance emergency services in a number of héspitaypical mobile telemedicine
system comprises of two most important componenisobile unit for installed in an

ambulance and a receiver base station for hodpttainet connection

The real-time data of patients mostly comprisingadio messages and visual images are
taken from the activities from inside an ambulaand are later transmitted in real time to a
trauma center in a central place-mostly in a haspging wireless digital cellular
communications technologies and intranet technofoggd within the hospitals. Inside the
ambulance, patient vital data on disease symptomsigns are obtained from the
monitoring apparatus by the patient records conmpute

The system which is used for transmitting both-temaé and recorded patient data, that is,
audio messages, and visual images of patientedetdinical activities from inside an
ambulance on their way to a centralized traumaeterging wireless digital communications

and intranet technologies installed inside hospital

The systems which are built inside the ambulanecenatly employs the usage of a video-
based system and a patient monitor interface @mbisual images without human
intervention from a moveable camera placed atdpeof the ambulance, just close to the
patient’s head. The captured data images are theressed by the of GIF standard and sent
over the available digital transmission spectrusma up to four digital cellular wireless
telephony lines to transmit data voice, and imaBeseloping countries currently have
bandwidth which is limited at about 10 Kbps peepdiony line, a factor which has led to
limiting the usual cumulative transmission speddg#&o about 25 Kbps. The wireless digital
signals are transmitted to a centralized servéaliesl and used at the John Hopkins
University hospital. One’s at the hospital, thensilg are forwarded to the available computer
machines of any enabled practitioners on the halsipitranet, where they can be viewed in a

browser of a computer that has internet.

The capturing of video images happens at 40 datads in one particular second. However,
in the view of the fact that wireless digital commzation bandwidth is limited to about 25

15



Kbps, the obtained data images are sent over a coimation line in a very slow fashion of
approximately 2 image after every 3.5 secondsrasalution of (325 bits 3 340 lines 3 24-bit
depth)(Ahuwalia & Varshney, 2009)This kind of technology has allowed on-the-fly
tradeoffs between motion handling and a speciaspatton that allows the emergency
people stationed within the emergency ambulancapture patient data images messages or
video clips at 6 fps, which are normally sent ist@re-and forward manner.

The system combines previously existing, used asigd business technologies and the use
of open-system standar@huwalia & Varshney, 2009).

2.3.3 Biotronik Home Monitoring System

Germany invented and deployed a new mobile desiogly referred to as the Biotronik
Home Monitoring System, is being used by doctomlitmv them keep a follow up of
patients’ heart condition between office visitsighlis, Chetley, Davis, 2005). The device has
a transmitter that allows for sending of patierdrh@etails to a mobile telephone-like device
carried and used around by the patient (Shieldstl&h Davis, 2005). The telephony in turn
then facilitates the transmission the informatiom tcentralized service center, where it is
directly faxed to the patient’s doctor. The mohivice has been programmed and set in
such way that it can collect and obtain data adee®y the doctors; it can be, from once a
day to once a month. The whole system can be deglagd used from any location and

place that provides digital cell telephony service.

2.3.4 Mobile telemedicine in India

India put in place its pioneer mobile telemediciystem in the 2010. The fully integrated
mobile application system is built in a multi-uglivehicle (Akter and Ray, 2010).

This mobile unit facilities for direct online sendi of patient related data like microscopic
images, X-rays, and other very important parametepatients details to other places where
it can be put to use. Communication among varitaisesholders is normally than by
employing a variety of options, including mobiléefghone, ordinary telephone lines, and
wireless digital local looper V-Sat (Akter and Ra@@10).. The mobile unit is also used when
conducting and performing direct and synchronize@aconferencing between four different

locations.
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2.4 Technological advancement in M-Health

The speedy technological advancement in M-Healttticoes to generate both opportunities
and challenges that include for instance how taterand evaluate scalable systems capable
of collecting unprecedented amounts of data andwding interventions—some in real
time—while at thse same time providing value amutguting the safety of participants.
Emerging issues and trends of interest within Mithe@omprise using mobile technologies

in a number of situations and capacities as indechelow (Mechael, 2009).

2.4.1 Treatment compliance

Treatment compliance is basically the sending wifinder data messages by SMS or voice,
to patients with the sole intend of achieving preable disease eradiation, medical treatment
compliance, and overcoming challenges such asrésigtance (Fuscaldo, 2004).. In most
cases, it has also been used to support and nmapatents suffering from conditions like
HIV/AIDS, TB, diabetes,

2.4.2 Appointment reminders

Appointment reminders are also a popular M-Hegtbliaation where voices or mobile
phone messages (SMS) are sent to the relevanhisatiehelp in scheduling their
appointment or attend an earlier scheduled appeinttnin third world countries, access to
basic telecommunications technologies is minimdl guite erratic. In some developing
countries, however, fixed line telephone systerasiaing replaced with digital mobile
phones, the mobile telephony is quickly becomirgphincipal means of receiving

appointment reminders( SatelLife, 2005)..

2.4.3 Raising awareness

Raising public awareness among various health indasstakeholders comprises using
health information products like quiz programmegames to enlighten rural folks on the
emerging and contemporary health topics (KaplaB62d hese initiatives are often

available to be downloaded onto the mobile phohashave access to internet

2.4.4 Mobile telemedicine
Mobile telemedicine’s definition is given as thartsmission, consultation or communication
between health practitioners with and regardingep& employing the usage of text,
imaging, voice, data, and mobile video functions.ahobile phone device
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Mobile telemedicine can also be applied to someradifferent situations; for example in the
management and treatment of chronic diseasesagftalf patients who just live at home. In
developing third world countries, as well as undered rural and other urban areas of
developed countries, medical practitioner’'s shataghe health care service sector
continues to pose major and serious hurdles tdianta continued access to the effective
treatment and/or specialized care. Mobile and es®technologies offer a chance to
circumvent and avoid this challenge by connectimg) lanking community health workers,
patients and physicians in rural and urban areaspeoove the overall quality of health care

at the point of care and eliminate unnecessaryredée

2.4.5 Public health emergencies

Public health care emergency systems responsesipdhicular context of M-Health can
simply defined as the use of mobile phone and es&ebevices to react and respond to and
administer emergency and disaster situations ssiclisaase outbreaks, conflict and natural

disasters

2.4.6 Health surveys and surveillance

Health surveys, insofar as M-Health is concerneglpasically referred to as the use of
mobile phone devices for medical-related data cotia and reportingMechael, 2009). In

the same vain, surveillance is referred to as sieeafi mobile phone devices for inputting and

transmitting data that will help in tracking diseador existing surveillance programmes.

2.4.7 Patient monitoring

As far as M-Health is concerned, patient monitogag be defined as using wireless
communication technologies in management, momigprand treatment of patient’s ill
conditions from far (e.g. cardiac patients and eiabk) (Curioso, 2006). Remote sensors are
normally installed in people’s home or within timeaging devices connected and linked to
mobile telephones. These are often used to faeidth online data transmission to the
health care providers. This can be greatly useddace the need for visits to a health centre

for periodic check-ups.

2.4.8 Patient records
The existing usage of mobile phones to aid in thathent and management of patients ( that
includes collating, collecting and displaying patieecords) has become more comriron

developed countries as a result of the adoptidv-bfealth applications(Lacal, 2003).. This
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side of M-Health facilitates timely access to alesic medical records (EMRS) at point-of-
treatment through mobile technologies which helgliced practitioners to effectively carry

out their mandate

2.5 Existing technologies & Technological Capabilitie®f M-Health

Over the past ten years, mobile communication teldgnes have entered the mainstream in
high, middle, and low income countries in unpreceee and unanticipated ways. News
articles ,case studies, peer-reviewed journallagti@and reports are now beginning to provide
insight into the health-related benefits that sy derived ((Curioso, 2006); (Istepanian,
2004), ( Istepanian, Lacal, 2003), (Kaplan, 2008Jechael, 2009)
What remains lacking, however, is a systematicuatadn of such technologies and their
effect on the overall delivery of healthcare (Ftmt@007).
As such, key mobile and wireless digital technologs being reviewed in this thesis
include:

a. Digital Mobile telephones

b. Smart phones and Personal Digital Assistants

c. Digital Patient monitoring systems

d. Mobile Software and Hardware Development

2.5.1 Uses of Digital Mobile Telephones

According to a Vodafone Policy Paper, mobile tetaphand health studies have been
largely based and focused on the existing poteatiehntages and benefits of the technology
within the healthcare sector and their usage imthid developing countries, rather than
developing countries (Vital Wave Consulting, 200@any of the conducted and documented
studies focus on the voice and text functions asrituting to improved accessibility and the
overall efficiency within health care as well as theans by which many people can access
confidential and private health-related informat(®ital Wave Consulting, 2009As

observed in other reviews, most of the existindiagpons are still being piloted and are thus

yet to be fully put into practice

An empirical study and analysis of medical-relaiedge of mobile telephones in Egypt, a
low middle income country, explored how the genprdllic along with the health sector was
benefiting from mobile telephones in 2002-2003 (N, 2009). The findings of the study
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included that with no external stimulus; mobileefiones are improving efficient
accessibility and coordination of emergency ananabgeneral routine health services as

well as contributing to overall family well-beintylechael, 2009).

2.5.2 Smart phones and Personal Digital Assistants
A study of the degree to which PDA-based cliniedérence information such as formularies,

clinical databases and algorithmic diagnosis degisupport software can assist clinicians at
the point-of-care in remote parts of low and middisome countries is in preparation.
Comparing cost effectiveness over the long-termaatdal use to influence decision making
in comparison to traditional print resources impkd in Kenya. Apart from qualitative
impressions, it is difficult to ascertain how theewf PDAS is contributing to improved
health outcomes more specifically in low and middEme county settings where patient
follow-up is difficult (SatelLife, 2005).

Smart phones are also being used to provide bedsm®ort (point-of contact) for clinicians
in many high income countries, through access to-based information resources and
patient data. One study conducted at Prince Gddogeital in Maryland, USA showed that
availability of reliable updated information froreliable web-based sources through smart
telephones improved evidence-based practice pkatigdior community hospitals and
ambulatory clinics without wireless networks (Le&ontelo, Green, Ackerman, and Lui,
2007).

2.5.3 Digital Patient monitoring systems
Mobile telemedicine devices and applications hawstiy been deployed and used in

countries with very high GDPs. These applicatiom$ systems have been produced and
developed as standalone technologies that usegbatbd and unguided transmission
communication telecommunications systems infraitredo transmit/send patient
information or are integrated as an add-on to nediellephones. It is perceived and noted that
sensor-based telemedicine applications and dewitlgsroduce major cost savings for the
healthcare sector by causing a drop in the numheateents visiting healthcare facilities and
thus help to enhance detection of causes for adtiatircumstances, the “patient will
definitely become the primary focus of care, netthedical practitioners or the hospital”
(Fuscaldo, 2004). There exists some medical detizsallow and facilitate
monitoring/diagnosis of blood pressure (hypertemsiself-measurement and lung function

through a spirometer (respiratory disease) andralbed treatment through an inhaler,
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exercise and fitness, among others. Self monitdongatients offers security, higher

autonomy and control over their own health (La2aDn3).

2.5.4 Mobile Software and Hardware Development

While eHealth symbolizes the future of health, asdecially health care, its future lies in
divergent technologies and ubiquitous technologyesys. Increasingly, mobile
communication technologies can run a rapidly insirgarange of software applications
(Lacal, 2003). Mobile software development is baogmiparticularly in high and middle
income countries where the Windows Mobile Platf@mad Open Source are enabling smart
telephones (mobile telephones and PDA hybridsydwige basic computer functions while
in motion (lluyemi, 2007). Software developmenaiso on the rise in low income countries.
A recentNew York Timearticle illustrated the proliferation of mobile sofre development
in Nairobi, citing both opportunities for digitainovation and challenges for local

developers.

2.6 Critique of Literature

As shown throughout the literature, the currenglgisolution focus of M-Health needs to be
replaced by using M-Health as an extension andjiater of underlying health information

systems along the continuum of malaria health care.

Endto-end patient care systems and pafitare support for health workers are needed
whereby M-Health applications are interoperable iatehrated with provider systems

linking the most remote community health workerhatihe most appropriate sources of
information when and where it is needed. Such syst&ill have the ability to generate
individual level data at the household and facikyel that when aggregated can serve as the
basis for health information and disease surveaibagystems as well as link into financial

systems for claims and reimbursements.

The literature though very rich in expounding oe tachnologies used by medical
practitioners and how they are used, it doesn’haaikedge the fact that health care workers
should be aware of what applications they shouldddeg in effectively carrying out their
core duties of health care administration. Thertiped compute in motion together with the
proliferation and expansion of medically-based rieapplications has turn out to be a great

match for the majority of the medical practitionekscessibility of the to up-to-the-minute
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new medical drug and treatment information has la@ether reason why doctors are
pushing themselves to get online thus the apptindieing developed by the researcher will
be able to provide functionalities that will heledith care workers to collect, manage and
transmit data from anywhere at any time.

The analysis of the literature and the existingeavorks reveals that though they may be of
help, they lack the specific ingredients that womlake them to be fully and efficiently

implemented in the developing world context. Thasedue to the following reasons:

* The analysis of how the implementation is to beedeith each and every stakeholder
in the healthcare industry is not clear

* The idea of medical practitioners being seriousdyned in ICT is not discussed in the
literature

* None of the frameworks can solely be relied upommiagdement m-health solutions
because they are incomplete.

» Some of the ICT technologies provided in these &aorks favours industrialised
countries and may not favour the developing world.

* The policies mentioned need to be contextualised.

» The developing world needs to look into solutidmst taddress issues within its

context.
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CHAPTER 3: RESEARCH METHODOLOGY

3.1 Introduction

This chapter provides a description of the methadd procedural activities that the
researcher will use to collect data from the pofpaaon study. The chapter discusses the
research design to be adopted, target populationthf® study, sample size and sampling

procedure.

3.2 Research design

This research work employs the focus group. Egsdbntfocus group research is basically a
method of collecting qualitative data, which ergahgaging a small group of people in an
informal like group discussion.’ focused’ aroungaticular and specific subject topic or set

of issues for discussion.

The goal of a focus group is usually to gain arsigint and understanding about a topic by
hearing from people in depth. The main benefitoaius groups is that it heavily involves
group interactions which normally reveals and hgiits the participants’ thinking, attitudes,
perceptions and outline of understanding, includialping to identification of group cultural

values, norms, sub-cultural
3.3 Current application development methods

Development methodologies used in system or softwavelopment; refers to the outline
normally used to constitute, plan, manage and obtite method of developing, deploying
and implementing a working information system. Anmoer of methods exists and continue
to evolve and as they are put into practice fotesysapplication development, each one of
them with its own specific strengths and weaknesseggven methodology might not
necessarily be suitable for development by othejepts. Each of these methodologies is
well suited to be used when dealing with partictyaes of system projects, based on a

number of organizational, technical, project arahteonsiderations.
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3.3.1 Waterfall

System |

engineerin

\_

Source: Winston W. Royce

3.3.1.1Major characteristic:
1. Development work is subdivided into phases/stag@ssequential way/manner

2. Places its emphasis more on budgets, time scheduwsare tight, planning, target
timelines and completion of a complete system aton
3. There is firm control during the whole life cyclétbe project

3.3.2 Prototyping

Flanning

Risk analysis

Limison

Enginearing

System Evaluation

/ Coanstruction & Relaase

[ ] System maintenance
E Swsiem snhancarnent
] svstem develapmeant

I concept development

Source: Noor-E-Alam
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3.3.2.1Basic Principles:
1. Cannot be viewed as a separate, absolute systeztogeent methodology, because it just

another approach to managing special parts obardaystem.

2. Tries to trim down inherent and obvious projeck thy subdividing a project into smaller
parts and providing more ease-of-change duringtiiee development process.

3. User participates throughout the whole process iereases chances and likelihood of end-
user acceptance of the final deployment and imphtatien.

4. Prototypes of the system application are develgystematically following an iterative
alteration of the whole process

5. Majority of the designed prototypes are designedetbped and implemented with the hope
that they can be easily thrown away, sometimesatpossibility that a prototype can evolve
to a full functional system.

6. An understanding and appreciation of the fundaniamiz simple business problem is

necessary to avoid solving the wrong problem.

3.3.3 Spiral

Iregrartiomn
and test plan
ded e rables for the:
eraticn and verify
that they are cormaect

Source: Bernie Thompson
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3.3.3.1Basic Principles:
1. Focuses mainly on the areas risk assessmentatiotigand on minimizing project risk by

breaking a project into smaller segments and pmogithore ease-of-change during the
development process, as well as providing the dppiy to evaluate risks and weigh
consideration of project continuation throughowt life cycle.

2. Each project cycle involves a sequence of progragbirough the same sequence of steps,
for each portion of the product and for each ofetels of elaboration, from an overall
concept-of-operation document down to the codingawh individual program (Boehm,
1986)

3. Each trip around the spiral traverses four basadcants: (1) determine objectives,
alternatives, and constraints of the iteration;gf2luate alternatives; identify and resolve
risks; (3) develop and verify deliverables from iteezation; and (4) plan the next iteration
(Boehm, 1986 and 1988).

4. Each cycle begins with an identification of stakelecs and their win conditions, and end

each cycle with review and commitment (Boehm, 2000)

3.3.4 Rapid Application Development (RAD)

3.3.4.1Basic Principles:
1. Emphasizes speedy design and development, deploandrdelivery of a high quality

system at a somehow low down investment cost.

2. Helps to decrease project risks by breaking andisigiing a project into smaller parts
and providing more ease-of-change during the edér@lopment process.

3. Produces high and good quality systems rapidlyputn the use of iterative Prototyping,
vigorous user involvement, and automated developioeis.

4. Emphasis mostly on gratifying business needs, etsdme time engineering and
technological brilliance is not of higher importanc

5. Project management entails setting up very cleaeldpment goals and objectives and
later on defining delivery deadlines or “timeboxd§'the project begins slipping, the

emphasis shifts on reducing requirements to fitithebox,
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3.4 An evaluation of current system development methods

Applications being currently developed are havimgdntent with a more and more complex
and fast changing technological environment (lluye@07). Such technological trends and

advances such as android development, mobile camgpstaccelerating as time moves.

There also a number of changes occurring in thenbsis environment due to the fact that we
have to contain increasingly domestic and worldenadmpetition and changing economies
have continued to force application developersdiovdr and deploy systems on very strict

deadlines so as to exploit the very few businep®ipnities available in market.

3.4.1.1The waterfall model- Situations where commonly used
1. This model is mostly used when developing and aésggof a transaction-based batch

system.

2. Also used in instances where there is absolutelgrassure for immediate
implementation.

3. System project with functional requirements whiok @mprehensive and unambiguous
in nature

4. Project requirements which will not change in thied run and are very stable during the

system development duration

3.4.1.2The waterfall model —Instances where it may not bappropriate:

1. Not suitable in gigantic projects that have theguirements not well understood or
requirements cannot be changed because of any gggsaons be it changes in budgetary
allocations, external changes, changing user eapecs.

2. Online based information systems- This is due ¢dldlad of implementing online based
information systems project quickly; the repeatlednging of the project requirements;
the need for flexible and qualified project teanmmbers drawn from different areas; and
the inability to make assumptions as regards teesusystem knowledge level.

3. Real-time systems.
4. Event-driven systems.

5. Leading-edge applications.
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3.4.1.3Prototyping- Situations where commonly used:

1.

3.

In designing and development of online-based systeauiring wide-ranging user
dialog, or for a less well-defined expert and deasupport system.

. Well used also in situations where the projectugenwith several expected

interrelationships, users, and functions, whergeptaisks relating to system
requirements definition needs to be reduced.

Team members are well experienced

3.4.1.4Prototyping-Situations where least appropriate:

1.

2.

3.

4.

5.

Does not work well with mainframe-based or transaecbriented batch systems.
Internet-based e-business systems.

Projects where team membership is unstable.

In cases where future scalability of the desigerigial.

Project goals are very clear, obvious and undétesta

3.4.1.5Incremental- Situations where commonly used:

1.

2.

3.

Very huge projects where project requirements atevell articulated or are changing
due to budget changes, external changes, changagt@ations, or where there is rapidly
changing technology.

Internet-based Information Systems (WIS) and edeiven systems.

Leading-edge system applications.

3.4.1.6Incremental-Situations where least appropriate:

1.

2.

3.

Very small projects that don't take a very longation.
Where system integration and the overall architattisks are low.

Extremely interactive system applications wheredhta especially for the design of the
project already exists

3.4.1.7Spiral- Instances where it may not be appropriate:

1.
2.
3.

System which are safety-critical or they are haal-time systems
Risk avoidance and prevention have been giventagrigrity.

System requirement have already been documentexgbtrapproved by project team
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members

4. Project which are likely to benefit and get someisiance from a mix of other
development methodologies.

5. System development projects which emphasizes Hgél lof accuracy as an essential
requirement.

6. The overall system deployment has a priority olierdystem functionality.

3.4.1.8Situations where least appropriate:
1. Risk avoidance mechanisms are of low priority.

2. A high level of accuracy is not necessarily essénti
3. Functionality of the system has a higher priortgioimplementation.

4. Minimizing of project resource utilization is ansaltute priority.

3.4.1.9Rapid prototyping - Situations where commonly used:
1. Project size is of small-to-medium scale and oftstoration (in most cases not more

than 6 man-years of development effort).

2. Project scope is very much focused, such thattisenbss goals and objectives are well
defined.

3. Data for the whole of the project already availglei¢her the whole of it or in
part), and the project itself largely entails oabsing or reporting of the data.

4. Technical architectural design is well and cleatipulated.

5. The major technical requirements and componentava#able and tested.

3.4.1.10 Rapid Prototyping-Situations where least appropriae: :
1. Doesn’'t work well with large, infrastructure-bagamwjects; especially large,

distributed information systems such as ERPs.

2. Systems that are generally complex nature, whaneognplex and huge data
must be designed, analyzed, and created withiowbeall scope of the project.

3. Project scope that is much broad and the systesiad®ss objectives seem
obscure.

4. Systems in which the main functional requirememgsdito be fully documented
and specified before any programming starts

5. A large number of people must be involved in theislen making on the project

work, and the decision makers are unavailable imely basis or they are
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geographically dispersed.
6. The project team involves many people or thererarkiple teams whose work
needs to be coordinated.

3.5 Proposed method(The waterfall model)

The Waterfall model is where software developedymssively in a linear way starting
requirements elicitation, system design, systemempntation/development, and finally
system testing) . This model was introduced (buengiven a name) by Winston Royce in
year 1970 during the days when computer systems stgirnumber-crunching entities,

monolithic, with rudimentary front ends (if meastirgith the existing standards today)

PLANNING PHASE

Define initial project scope,

goals and schedule.

ANAT YSIS PHASE

Study the project problem
domain to recommend
improvements and specify
the business requirements

and priorities for the

DESIGN PHASE

Identify specification or
construction of a fechnical,
compulter-based solution for

the business requirements

identified in a system analysis.

IMPLEMENTATION PHASE

The construction, installation, testing and

delivery of a system into production.




Table 3.1 Development phases activities & deliviesb

Phase Activities Deliverables

Planning Identify application objectives.| Application objectives list.

Define the application scope. | Scope statement.

Analysis Study relevant literatures. Identify common features & functions
address possible limitations &

Needs assessments. constraints.

Analyze user requirements. Functional & non-functional

Gathering requirements requirements.
Identifying the suitable gathering
technique.
Design Identify system requirements. | System models & application data
model.

Conceptual design.

_ ) Conceptual model.
DB planning & design.

, Database design (class diagram).
DB construction.

, Logical /physical design.
Program Design

. Architecture Design
GUI design
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Implementation Application development. System prototype.

Application evaluation. Advantages and deficiencies of

_ developed application
Testing

Testing plan

3.6 Characteristics of M-Health application

The application will have the following charactéigs

Best user experienceOnce installed, the mobile app gives users an @ptamd high-quality
user experience due to the full control of usegriiaice, screens, phone functions, and timing

of server connectivity. The user experience cadddeered consistently for multiple devices.

Highest security: A key issues with the health information, the aggtdiion provides the

highest levels of security and authenticity for nebealth users.

Native phone functions support:The application gives the user an opportunity tetage
the native components of the phone, such as locatiged services, using the GPS, or
capture-based features (e.g., remote deposit &pising the phone’s camera. This support

allows for broader functionalities and more comgi@xsactions.

Highest transaction speedThe application captures a lot of data, thus trethwaal
information is exchanged between the mobile deaiwserver-based components. This
improves transaction speed and reduces mobilecdata for the health workers.

3.7 Focus groups

Focus groups were conducted betwe®d@y 2013 and 29July 2013 with two populations

of malaria health care workers .One group at Bsisiadistrict hospital in Busia County
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using EPISURVEYOR APPLICATION and the other at Clensub-district hospital in
Bungoma County that has been using CHILDCOUNT+iappbn since February 2012.

The main objectives of the focus groups was taiagate the malaria health care workers
who were using the two mobile applications on vthatr thought and perception was about
the privacyand usability (how ease was it to use the apptioa)ithey had . Those who
participated in the Focus groups were queried atahiiewed by the focus group facilitator
(this researcher) on the issues of efficiency,atiffeness, attractiveness of features of the
two mobile applications and acceptability. Duridiglais time, interview notes were noted on
their behaviours, conduct and verbalization. Theudwented notes were later on analyzed by
the researcher for significant incidents like (sswof usability identified) and difficulty in
performing tasks. Systematic conclusions were adriat from some erroneous assumptions
and actions, and from user tasks that appearekédaonger than anticipated times.
Participants were also encouraged to give suggestin any changes, corrections, comments
and on the interface design of the application hHacus group discussion lasted for about
2hours.

The researcher developed a thematic research ttogniegthat guided the whole focus group
discussion interviews. The first query in eachhaf two focus groups was put as: “Is the
current application serving you well”? This wadd@aled by a discussion that was based on
the following themes: efficiency and effectivenegshe applications; the ease of use; and the
perceived privacy of the application. The focusugrdiscussions interviews were all audio-

tapped and recorded onto a camera and later trptisor

3.7.1 Participants
Social scientists have over the years differechemtost favourable number of respondents

and people that ought to be included in a focusigresearch. By and large, acceptable
numbers range from six to twelve individuals whedé be homogeneous to some variable
(e.g., age range, gender, educational standardd-etger people participating may not
produce enough active conversation, while too npgople involved in a group may make
some respondents not to express themselkreeger & Casey, 2000)).
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The study consisted of two focus group interviewsMeen health care workers of the Busia
sub-district hospital malaria department in Bus@ufy and Chwele sub-district hospital in
Bungoma County. The two focus groups were madedbase the prior experience of

handling malaria cases. The focus groups compo$éeimale and male healthcare workers.

A typical focus group comprised of five to six peigiants in each group (a total of 11).

3.7.2 Characteristics of the Participants

GENDER Speciality TOTAL

21-25 MALE Community worker 2
FEMALE Nurse 1

25-30 MALE Community worker 1
FEMALE Clinical officers 1

31-35 MALE Community worker 1
FEMALE Nurse 1

36-55 MALE Community worker 2
FEMALE Nurse 2

3.7.3 Sampling Size and Procedure
Participants were purposely recruited by the reteairwith the help of the Medical Officer

In charge of the stations from a group of the Iheadtre workers in the malaria department.
This approach was aimed at ensuring both homogeaedt heterogeneity in the group
constructionMorgan, 1997).Thus, the focus groups were characterized by expar as the
factor of homogeneity to ensure some degree of aamality among participants, but with

sufficient variation in age and gender to allow¢ontrasting opinions
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3.7.4 Data Collection

using the Android device?

FOCUS GROUP1 QUESTION | MEMBER1 | MEMBER2 | MEMBER3 |MEMBE R4 | MEMBER5
1. Overall, are you satisfied with Not satisfied | A bit Satisfied Registration | Some
how easy it is to learn and usebecause of | complicated of a patient | functionalitie
the application? missing takes time S missing
features
2. Can you effectively complete| Drugs cannot| No-a number| No No No
your work with this be registered| of medical
application? information
can’t be
collected by
the tool
3. How do you rate the quality afVery little is | A lot of Quality is not| Some data is| A lot of data
data collected on the Android collected personal good not captured | is left out
device? information
missing
4. How fast can you collect data Very slow fast Very fast moderate moderate
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5. Would you want an improved Yes Yes Yes Yes Yes
system with more

functionalities

3.7.5 Direction of the Focus Group
Most the respondents were not satisfied with thekimg of the ChildCount+ application

especially as far as accomplishing their tasksasgaserned. The ease of use, efficiency,
effectiveness and thus generally usability of tystesm was put into question as majority of
them felt that that the current application wasumto the task.

They therefore strongly recommended for eithelinif@ovement of the current application
or the provision of the new application probablgdon the Android application. This was

because most of the said they had Samsung Andraad phones
3.8 Functional Requirements of the M-Health application

After data gathering from focus groups the funaicequirements were designed to be

handled by the proposed application as summarietxhb

Users Type Proposed application Functional Requireents

Community Health worker * Login to the application

» Add new patient records to database.

* Add new drug records to database.

* Generate new reports.

e Perform queries on disease incidence

prevalence,

3.9 Non-functional requirements of the proposed M-Heal application

36



The advent of iphone and Android OS has enabledréeion of large markets for mobile
applications and services throughout the last feary. A closer and keen look at successful
Mobile applications reveals six major charactesssthat they have in common.
Connectivity-Theusers of these applications are always onlineadé¢hice is constantly
logged in to the mobile network for internet acdaiis). When combined with the ubiquity
of mobile applications, it can turn out as onehaf inost significant quality of mobile
telephones.

Convenience-A good mobile application should be able to dgatsin different contexts
and fast varying situations (whether in changingremmental light and noise or in an
unsteady movement of the device, etc.). The dedigriermation architecture and the
overall usability of the application must therefbeedone with care to create a appropriate
and pleasurable interaction.

Localization-Localization of mobile applications and the oppoityito provide location-
based information is a fundamental issue that redermobility exciting and practical. It
separates the wheat from the chaff by embeddingppé&cation to the expected users.
Reachability-Reachability is a more social attribute that isugtat by the nature of mobile
devices themselves. A good and vibrant mobile appbn should be used anywhere at any
given moment in time. One of the major characterist mobile devices is the fact that they
can be used anywhere at any time. The same cabalsaid about applications where the
pertinent issue reachability has become availgbilitthe sense of usage, updating
information and perpetual usefulness.

Security-Security manifests in itself in different ways. Tdeta which is being transferred
and sent over the network must be encrypted thrdugnetwork. As applications sync
information with web-based applications, the sterafjthis patient data on the main server
must also be protected and secured especially stigaauthorized access by unauthorized
users

PersonalizationDeveloping personalized content based on individealds or context is
another characteristic of mobile applications. 9seant applications that can comfortably fit

into their needs and also those that perform thetthvey want them to perform

37



3.10 Conceptual Design

The conceptual design is used to set forth strasefgir utilizing mobile technology to
improve malaria health care provision. The desigpagks the components for using M-
Health, providing the rationale and conceptual congmts for using M-Health to improve

health care services and provision especially welbping countries.

Fig 4: Conceptual model for an M-Health applicationfor malaria health care workers
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3.10.1 Conceptual model discussion

a. Usability-The ease of use, efficiency and effectiveneshisfapplication is a very
significant issue for the healthcare workers. Uguatost health care workers are based
in remote and rural areas where accessibilitydifelogy is limited. It is because of this
fact that the application has been designed tcshble to the user, and the necessary

interfage functionality made to be as accessibleoasible.
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b. Privacy-Using and disclosing of personal information is tegor thing in as far as M-
Health is concerned. Hence, securing and preseendgusers’ privacy has become more
important than ever especially due to the increpBimguency of scandals related to data
mis-usage and different kind of attacks on endsigeivacy.

Privacy should therefore be enhanced by providimgr§rained privacy settings. These
settings include hiding one’s database profilesTfidone in order to provide a fair
amount of privacy to the personal user data, eafppgthe personal details, which can

easily be used to get clues about the real ideotigyperson.

c. Security- To secure the personal communication data anggmeinterception,
all messages must be encrypted. Android applicatioaturally support TLS
encryption to secure client-server communicatiddecause of the fact that
the messages and also location data could be meathintext on the server
side, and also due to the fact, that server to secommunication is not

encrypted by default, it is necessary to use addail encryption mechanisms.

Therefore the client generates and publishes aipa&y, which enables
other users to send encrypted messages or to enthrgdocation data, so that
only the contact who is supposed to read it canmrg®cit. It is very imperative
that data is encrypted both in transmission amdsit Mobile networks already encrypt
traffic in store, but strong encryption has notrbegdely established for data at rest on

the current generation of mobile devices (GSM, 2012

d. Interoperability is basically the ability to create end to end 8ohs by interconnecting
components and systems from various solution pessith a network. It is one of the
integral factors towards supporting the broad adopnd effective utilization of M-
Health).

3.10.2 The benefits of the proposed M-Health application:

The conceptual model if implemented will contribtdehe overall efficacy, quality,
efficiency, and safety of malaria treatment throthyh effective improvement of the general
information workflow and on time information thatlMhelp provide tailored, customised
and targeted therapies; faster clinical researocbgss, drug tracking, regulations and
standards compliance, improved protocol approbleese event reporting, patient
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monitoring and patient compliance among other hendthis will definitely lead to much
increased service productivity, safety, effectiveneand integrity due to better access,

intervention

3.11 The mobile application device

The application device is a set of devices thahaetled to use the malaria mobile health
Service and to connect to the mobile health Platf@mart mobile devices such as iphone,
iPad, Tablets, Blackberries are examples of theilmblkalth device that the Applications

can be installed into to help collect contextu&imation

This devices should have an interaction portal Wwiscdeveloped on the J2ME (Java to
Micro Edition) platform. This technology supportsnsumer wireless device platform. J2ME
is one of Java Platform designed for mobile andexidbd systems. Java ME files implement

a Profile.

3.11.1 Functionality of mobile application Device
1. The mobile application device must be easy to ugang the capabilities of the target

group of practitioners in terms of usability.
2. The device must have a unique identifier for edgyiification on the network
3. The mobile health device should have a GSM corwigcthat is complied with the
licence condition of the market it is being opedate
4. As far as security is concerned the device museeare as described below:
a. It must provide data confidentiality while Patiglata is processed or stored on
the mobile health Device
b. The mobile health Device must ensure data integyiitye Patient data is

processed or stored on the mobile health Device

CHAPTER 4:DESIGN AND IMPLEMENTATION

4.1 Proposed application functionality
The mobile application interacts with the user (theaorker) as shown in Fig 5. The health
worker can register the personal details of theepgtcollect other medical information like
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data on disease outbreak, mortalities, drug steodl$ etc. They can also send confirmation,
cancellation or postponement replies for appointmemainders.

The application also helps the health workers tess the medical history of records

FIG 5: M-Health Application functionality

Patient/worker registration

Viedical data colfection

HEALTH WORKER Schedule management

Appointment reminders

Clinical record managems

M-HEALTH APP

4.2 Process modeling

A use case diagram offers a clear graphical viesysfem functionality generally provided
by the application in terms of the actor (The Healorker) and their goals with the
application
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FIG 6: Use case diagram of the process

System

- Log in and register

HUSEER

Patient
registration

Prescriptions

Health worker

Drugs registration

4.3 FEIG 7: Database Design of the proposed application
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4.4 M-Health application Architecture
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FROM THE HEALTH WORKER

Register patient

Search for patient’s details
Record drugs

Schedule appointments

Record prescriptions

l.
2,
3,
4,
3.
6.
[

|

Record drugsdispensed IUBILE PHONE NETWORK INFRASTRUCTURE DATABASE SERVERS

A

FIG 8: M-Health application Architecture




4.5 Implementation
The development and implementation of the M-Heafiplication for malaria health workers
is based on conceptual model developed by thends®a The application runs only on

android enabled phones

The implementation of M-Health applications forlarea healthcare management creates
what is called the malaria mobile-based healthsgseem (MMBHS). An MMBHS is
defined as the carrying and delivering out of malaealthcare-related activities like
collecting patient’s data, storing and transmitgragient’s medical records using mobile

devices such as PDAs, wireless tablet computex vareless-enabled computer.

An action is triggered when authorized healthctaéfs and personnel access the
administrative and clinical systems of a health@asétution using mobile devices. The
transaction is completed the moment medical peedatecide to access medical records

(patient or administrative) via a mobile networkeither browse or update the record.

FIG 7: THE HOME PAGE OF THE APPLICATION
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FIG 8: THE LOGIN PAGE FOR HEALTH WORKERS
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FIG 9: DRUG DISPENSING RECORDS
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Dispense Drugs

Patient's Name:
EDWARD OCHIENG OMONDI

Drug Name*:

Consumption duration®:

No of times taken (per day)*

Conditions:

Food to avoid:
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FIG 10: SEARCHING FOR PATIENT'S RECORDS
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FIG 11: RECORDS OF A PATIENT'S DIAGNOSIS
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4.6 Assumptions of the study

The study basically makes assumptions that futund whall be done by other researchers
and developers to come up with applications thdtbeiable to support the other
stakeholders in the health industry because ttpscapion will only be helpful to malaria

health workers.

4.7 Testing of the application

User experience testing is an approach that tleareiser adopted to check for application
characteristics that might detract the user expee®@r interfere with system functionality
and performance. The testing involved user intevaatith the application and the users later
on provided feedback regarding the correct exeoudfdhe actions performed and the

quality of the application performance.

High level functional or acceptance tests were dmmpleteness and correctness of the user
requirement or features were the main points teatsuwere expected to note. Performance
tests were also done to measures performance td@gtcs of the components in the

application as experienced by the users

Usability testing was conducted to ensure thabfhication users could complete the tasks
they are expected to complete. More importantlys Wwefind out if they could be able to do

so easily and without becoming frustrated. Theofelhg were evaluated with the users

* Functionality: If the mobile application presented the user whhappropriate

functionality.

* Layout & Design: To ascertain if the layout and design of the ajapion allowed a user

to easily complete tasks.

» Interaction: This was aimed at checking the flow of the appiccaand whether it was

natural and would allow the user to easily complasks.

4.7.1 Logging in
Insofar as logging in is concerned, the researableed the application users to execute the

login procedure by presenting the application wititended users. The researcher noted all
the actions of the users as they used the applicand recorded the additional suggestions

as they were presented by the users.
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User one:After his interaction with the application, hisggiestion was that the developers
needed to introduce the use of the “have you feegogour password?” link to be included in
the design. This alternative was not present inrtiiel design of the application. Otherwise
it was very easy for him to understand the firggaf the mobile application.

User two: In her interaction with the application, this us&s of the view that the insertion
of some wide-ranging information about the appiarain the login page of the application.
This was to offer users some concise explanatiamhatt the application was all about. Her
general proposition was to make the page a bit molightening and nice-looking than to

simply have a username and password option.

User three, four and five: This group of users did not have a lot to sayeadithey just said

almost the same things as had been suggested pyetrieus users.

User six, seven and eighSome of the suggestions they made were jusiopéne overall
appraisal tests which will be explained in detaiihin the design chapter of these study

work.

User nineWhen she started inputting data in the usernametex her instant question was
if the application content and login forms wereecasnsitive. One of the suggestions she
gave was that the text boxes should be kept casasitive. In the password text box,

however, she suggested the use of ASCII charaetats setting the password.

User ten, elevenDid not make any notable suggestions.

4.7.2 After logging in

After successful logging in, the application useese told to proceed with the tasks to the

user account to see and complete options avaitedgh the page.

User one, two, and threeThe three, were successful as they clicked omepister tab to
continue to the registration page. By doing soy there able to register patient’s details on
the page. One noteworthy suggestion made by treegs was to contain the “change the
password” alternative for the patient account. Tras supposed to help with the privacy of

patient’s accounts. The password could howevelidged by the system admin.
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User four, five, six and sevenThese users lacked any specific comments inseftirea
application usage and content was concerned. Onever proposed the addition of the

logout alternative in this section of the portal.

User eight, nine, and tenThe three had a lot of difficulties navigatingdhgh the patients

account page. However, they were later succeséullzeing guided by the researcher.
User elevenDid not make any notable suggestions.

FIG12: TEST RESULT OF REGISTRATION
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FIG 13: REGISTERED PATIENTS DATA
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FIG14: STAFF MEMBERS DATA
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CHAPTER 5: DISCUSSIONS OF FINDINGS
5.1 Discussions of Findings

A key finding was that the mobile app was well dinély received by the targeted
population. One of the health workers said, “Weutho't call this a pilot because it is
bringing very useful results and is now part of sggtem”. Some of the health workers were
however concerned that they did not understand st applications modules especially
on prescriptions. The implementer therefore suggetste need for training especially on the

functionality of the application and what the elertsemean.

Several members of the focus group were very nmiehested in an increase in the number
of datasets collected mostly the addition of theMttomplement on disease surveillance
reports. Hence, the idea of rapidly adopting armkpiing of the M-Health led to an early
discussion by stakeholders at diverse levels $o msprove it. These improvements will
therefore have to be made in phases as users wentriamiliarise themselves with the
system

To better customize mobile phones and applicationssers, more research and innovation
will be needed in design and development as wedkbecting handsets types, features for
use, and applications. For many older people, idpgelst barrier to adoption of mobile

phones is cost.

They were however concerned with the twin issugziohicy and security which featured
prominently among the participants who were invdlirethe focus groups. Most participants
were convinced by the security features integratede applications; however few of them
were of the view that the issue of privacy of tladignt’s data has to be taken seriously

because of the sensitivity of the data collectethieyapplication
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5.2 Conclusions

It is apparent that even as mobile technologie$veyevidence suggests that there is a wide
range of benefits, advantages and efficiency brbalgbut by mobile phones to patients and
institutions involved in malaria management. Thisady grown body of evidence needs to
be quickly transposed onto developing country cantehere it is much needed.

However the various benefits that have been shawarious small-scale case scientific
studies have already build a base of falteringeswie in some countries for the application
of mobile communication strategies. These, haetber provided a compelling need and
indication that there are several benefits if m®bidbmmunication implementation in health is

fully carried out by the various stakeholders

Seven major conclusions can be made when it coonée tusage of mobile communication
in the health sector in general and malaria managéem particular. These seven needs to be
put in practice at all the different multi-sectdtevels. The complication of ensuring that
they are put into practice is appears to be orikeofnajor challenges and headaches
experienced by the implementers in ensuring trah#alth system enjoys and benefits, and
the group that makes use of the health system eitihens and patients — benefit and their
overall quality of health care improves.

» Ensure that information and communication technplisckept relevant, simple and

local.

» Basically build on what is already there (and igently in practice).

* Ensuring the involvement of users in the designd@yonstrating benefit).

» Work on strengthening capacity and ability to usé&d

* Introduction of greater monitoring and evaluatidnh® technologies

* Include communication and information technologiestrategic design of ICT

projects.

In conclusion therefore, it is imperative to ndtattin this study, the focal point was on
mobile systems being used to collect, manage amdrmit routine data by the health care
workers especially in rural areas where the avéitlf resources is normally hindered to
some central place where some analysis can berpedioon it. In this scenario, datasets
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from mostly rural and remote areas are transmitiagper levels through the state to the
central databases, with health information defiranghole range of data elements spanning
from utilization data, child health data, mort&sgj stock levels and disease surveillance data.
In developing countries, the collection of suchadads historically proven to be intractable.

5.3 Ciritical review and reflections

Malaria management in Kenya faces difficult chadlesin terms of meeting the needs of
both patients and health care workers. There id teeaddress inequalities in access to care
and the increasing incidence of lack of properrimi@tion. To do all this, it will be critical for
countries to start harnessing the power of M-Health
The healthcare sector in Kenya therefore needstk with the mobile telecommunications
industry and application developers to review thkcpes and regulations in order to enable
new models of care that:
* Embrace technology especially M-Health systems
* Regulate technology (devices, systems and intesfasea way that lets it get to

market quickly.
Healthcare service provision worldwide face difftathallenges in terms of meeting the
needs and, where possible, the expectations ofiggoand ageing populations coupled with
lack of resources. There is need to address ingiggah access to care and the increasing
incidence of chronic iliness. To do all this, itiMae critical for countries to start harnessing
the power of mHealth
The healthcare sector of different countries worttatherefore needs to work with the
mobile telecommunications industry to review thmmficies and regulations in order to
enable new models of care that:

* empower patients

* reward outcomes

* regulate technology (devices, systems and intesfain a way that lets it get to

market quickly.
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5.4 Future

Many more stakeholders in the health care indwgtnyld like to employ M-Health services;
however a good number of them are apprehensivet d@twin issues of mobile phone
device privacy and security and marvel at whethepldied dependence on this devices and
applications will endanger the confidentiality antegrity of their medical information.
These two issues of privacy and security of modyplications will therefore have to be

addressed by other researchers in the future

They fear the loss of a wireless communication elike a tablet, iphone or smart-phone
that has some personal and private medical infoaomand material and hence are
concerned that their medical information might epdn the wrong hands for example

employers or private individuals, thus encryptidrlata is very vital

Trust is also one of the key barriers when it coneeadoption of M-Health technologies
since a decision to continue using or to disposamM-Health application is easily
influenced in the first few moments of an indivilsanteraction with it. For the health care
workers in the rural places especially, may nothas much exposure or comfort with
mobile phone applications, the trust hurdle maypigber than average. M-Health solutions
designed with this people in mind will likely haaebetter chance of success and continued

use than those aimed at the general population.

Another very important point that must be emphakizeghe idea of ergonomics. It plays an
important role in individuals’ decisions whetherctantinue use of a technology. Special
attention is required when considering mHealth eogaics, for example, which handsets are
better geared for use by the health care workensral areas populations. Large screens and
large buttons that are easy to see and touch #es b older individuals with impaired

vision and hearing.
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