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Abstract

This study is about using a mobile phone of maternal mothers for communicating their daily
status with maternal health professionals in health stations, health centers and hd$ystals.
study is an Mhealth system categorizaghder patient monitoring irggrated with decision
support systemlhe communication is established using a mobile phone containing checklists of
every possible symptom which occur at a specific time in the prenatal and postnatal periods.
Each pregnant mother sends and gets informatjgecific to her status. Collection of these
symptoms sent from the mother is used in health institution side for decision making supported
by knowledge based system. The decisions include making appointments, going to the nearby
health institution for \al signs checkip, an emergency message for a fast reaction, simple
advices..etc. The process starts when a woman
after delivery. This system is developed for android based mobile phones using Android
Developmat Kit. Generally, there are two resutifter implementation of this study. The first

one is minimizing the death of maternal mothers. The second one is minimizing lifelong health

problems resulted from pregnancy.



CHAPTER ONE
INTRODUCTION

1.1.Background

People all over the world die of varionausesAmong this, maternity has brought a great deal

of attention by being a cause of death for maternal mothers. According to 1990 report, each year
globally, about 5 million mothers die of complications arising from pregnancy. 380 mothers
die out of 100,000 live births. This number is nearly equal to the total population living in an
average city. Among this number, the largest portion belongs t&al@ran Africaln 2013,

there was a decline from 380 to 210 maternal deaths out of 100,000 live births. I3ehsuén

Africa has still the highest death rate which is 510 maternal deaths out of 100,000 live births.
From this, Ethiopia accounts for 420 Maternal MotyalRatio (MMR). Life time risk of
maternity death ifcthiopia is 1 in 52nothers(Mekonen, 2012)

In a recentWHO, UNICEF, UNFPA, World Bank Group, and United Nations Population
Division Maternal Mortality EstimatiorinterrAgency Group the Maternal mortality ration in
Ethiopia in 2015 is 352 deaths out of 100,000 li\®8HO, UNICEF, UNFPA, World Bank
Group, and United Nations Population Division, 2016)

The goal of the fifth Millennium Devepment Goal of United Nations is improving maternal

health. One of the ten recommendations of the commission was specific to improving
measur ement of mat er nal and child deaths. Th
countries have taken signifitcasteps to establish a system for registration of births, deaths and
Causes of death, and have welhctioninghealth information systemsthat combine data from
facilities,admins t r at i ve s o u (VoddsHeathOhanzationyv281g)s I .

A good progress has been made in maternity health within the last 23 years globally. Global
maternal mortality ratio (deaths per 100,000 live births) has decreased from 380 in 1990 to 210
in 2013. Since 1990, the maternal motyahatio has declined by 45 per cent worldwide. The
maternal mortality ratio declined by 49 per cent between 1990 and 2013 $akalan Africa.
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Among the contributing factors for the progress made is, the proportion of pregnant women who
received four or morantenatal visitsincreased from 50 per cent to 89 percent between 1990
and 2014 and Globdlirths attended by skilled health personnehas ncreased from 59% in

1994 to 71% in 2013. Here, the difference between developed and underdevelopgadscsu
depicted as wel(United Nations, 2015)

Maternal mortality is not the only problem related to maternal healta. cbmplications and
lasting health problems resulted from pregnancy are very critical. Life tgh@f maternityin
Ethiopia is 1 in 52 motheréMekonen, 2012)

50 million pregnant women per year suffer from pregnaetted health problems during or
after pregnancy, and childbirth, with 14% suffering serious or long term complicafiens.
consequence, 300 million women suffer from pregnancy related health problems and disabilities,

including anaemia, uterir@olapsedfistula, PID, and infertility(Starrs, 1997)

Maternal mortality and related health problems happen before, during and after delivery. Lack of
information (the right information at the right time) about the sign and sympdonirsg these
periods, Absence or distance of Health infrastructure and inadequacy of skilednmdrare the

major factors(Abdella, 2010)

In an information age, the information gap between maternal mothers and stake bbtiéd
not continue to be the cause of these problems. Especially today, communications has been made
very successful using mobile phones. Mobile phones baeggiddenthe geographical barriers,

cost, distance and content limitations of communication.

Before 1940, two wayadioswas the only wireless technology. In the late 1940s and early
1960s, a haltluplex Mobile telephone service (MTN) was introduced. 1964 to 1969 improved
mobile phone service (IMPS) which allows multiple channels and multipie ssarted. 1970 to

1983, mobile services became duplex, both send and receive simultaneously. Metropolitan
Statistical areas and rural service areas defined by US Federal Communications Services
collectively called Advanced Mobile Phone Services. 19911964 is the birth of second

generation cell technology. This time, the technology migrated from aretiogligital.
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1995 to 2008, third generation technology emerged which allowtsl iI8essaging and internet
browsing From 2008 to today, fourth generatitechnology started. Technology of 1Mb
Broadband (while moving) Technology df GB Broadband (stationary) Obemand, High
Qualty Audio and Video emergedFederal Law enforcement Training Center, 2010)

As of 2012,Ethiopian government owned telecom service provider (EFiecom), the only
service provider in Ethiopia, had 20,524,000 cellular phone subscribers. It launched the fourth
Generation Longerm EvolutionService in March 21st, 201%A & M, 2015)

Currently there are 40 million mobile subscribers and 10 million internet subscribers. There is a
plan to increase mobile subscribers to 64 million and internet ridodiscto 46 million in 2020

(EthiopianNews Agency, 2015)

1.2.Introduction to M -Health

According to(World Health Organization, 201M-Health isdefined asa component of eHealth

in whichmedicaland public health practice supported by mobile devices, such akrmbbnes,

patient monitoring devices, personal digital assistants (PDAs), and other wireless devices.
mHeal th involves the use and capitalization
messagingservice (SMS) as well as more complex functiies and applications including
general packet radigervice (GPRS), third and fourth generation mobile telecommunications (3G

and 4G systems), globpbsitioning system (GPS), and Bluetooth technology.

mHealth helps to narrow the gap between accesrtss in urban versus rural areas attributed

to the fact that health care providers are more likely to be located in densely populated cities
where hospitals and clinics are more available. For this reason, mHealth not only compensates
for poor or inconistent access to health services in rural areas, it can also help in delivering
faster and better quality care. This highlights how mHealth allows people to overcome
geographical limitations in health care. mHealth can also address the chronic shortage of

healthcare workers AfricdlLeveille, 2016)

12
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Although the level of mHealth activity is growing in countries, evaluation of those activities
Member States is very low (12%). Evaluation will need to be incorporated intprofect
management lifeycle toensure better quality resulBata security and citizen privacy are areas

that require legal and policy attention to ensurethéte al t h user s data are
Member States will progress further in implemegtmHealth if they share global ICT standards

and architecture. Cooperation in the development of best practices enterprise architecture will

ensure that data can move more effectively between systems and applications.

The report of (World Health Organization, 2011khows that Rather than strategic
implementation, the emergence of mHealth is occurring in many Mei@taes through

experimentation with technologies in many health settings.

1.3.Overview of Gandi Hospital

Gandhi Memaal hospital is a governmental hospital which gpkzes in maternity services.

The hospital was established in 1954 E.C. with the collaboration of an Indian community that
l'ived in Ethiopia and took i1its name .frSotmartthen
from its establishment the hospital hasemeproviding maternity service€sandi Hospital

Planning and monitoring supportive core process, 2015)

The hospital serves as a teaching centre for Addis Alatgersity students who
specialize in gynaecology and obstetrics and other under graduate medical students with signed
memorandum of understanding with the university and the hospital. This has resulted in a good
opportunity for the hospital in providinglkeetter service and in fulfilling the physicians demand,;

75 80 % of the physicians work is covered by these staffs shows that the hospital by itself

has not adequate human power.
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The hospital daily manages 2% delivery cases of pregnant mets who come from
various corners of Addis Ababa and nearby tow
becomes unable to fulfil the growing demand of mothers who come for this service. The main

reason is the in proportionate number of deliverysbsith labouring mothers.

Out of all mothers who come for delivery service, only 92% get the service the rest 8%
are referred to other hospitals. This is one of the shortcomings the hospital management and staff

face despite the trials to provide betervice.

According to the BPR structure, the services provided in the hospital are divided in to two core

processes, preventive and rehabilitative core process and curative core process.

x  Preventive and rehabilitative core procesatains the followingub processes
A Delivery service

Antenatal service

Family planning and vaccination

Prevention of mother to child transmission of HIV(PMTCT)

> > > >

ART and VCT service

x Curative coe process which consists of the followsgb processes
A Emergency service
A Sexual asault management centre

Abortion care

Gynecological service

Surgical service

In patient service

> > > > >

Diagnostic and pharmacy services

14



Gandi Hospital aspires to be the model hospital in maternal and child health care service by 2012
E.C. The mission of Gandi Hospital is to decrease prenatal and maternal morbidity and mortality
rate through fullpackage of preventive, promotjveehabilitdive and curative reproductive
health care service via integrated collaboration with all stakeholders.

This research is directly related with the vision and mission of Gandi Hospital, in that it focuses
in preventive and curative tasks through the madbésed follow up system and the knowledge

base.

1.4.Statement of the Problem

There was a progress made between 1990 and 2013 regarding maternity health. The increase in
Antenatal visits andbirths attended by skilled health personnehad great contribution. Just

half of pregnant women in the developing regions receive the recommended minimum of four
antenatal care visits. Lack of adequate antenatal visits is related to poor delivery outcome,
resulting in need for skilled health persehattendant and this is not sufficiently availa@leis

study is motivated by the fact derived from then i t e d Mot af B3nyeass maternal
mortality progress. The report clearly indicated that more maternal visits and skilled health

professionh s i nvol vement i n maternal heal th pl ay
more maternal visits and skills to health professionals throughphgsical visit to women

through mobile phone and knowledge base system support to decision r{\atd. Health
Organization, 2014)Previous studies do not make use of the fact in the 23 years old mature
progress report of the United Nations, which is increasing maternal visit. More maternal visits
results inless complicationand less mortalityMore knowledge to health professionals fills the

gap for highly qualified professionals.

In technologically advanced countries like Israel, Estimates of maternal mortality ratio (MMR,
maternal deaths per 100 000 live births), in 2G12 and in Ethiopia it is 420. There is a visible
difference between developed and developing countries in this regard. We should not wait until
we reach the developed countries to make a significant change in maternity health.
It should be possible for aternal women to get in touch with health professionals for every
signs and symptoms they face. The health infrastructure is one of the barriers towards achieving
success in maternal health. Developing countries like Ethiopia cannot afford to avail every
modern health facility in all Hospitals, Healtentresor health posts.

15



Maternal health should not be compromised until we get these facilities. The United Nations has
recommended wefunctioning health information systems that combine data from facilities,
administrative sources and s uearnalengteelis.sholddabea di r
included, the data collection mechanism should be automated and the data should be formed

ready for more researchaseemade.

1.3Research Questions

This study attemptotanswer the following questions
1. How to integrate mobile comyting with knowledge base to provide an intelligeate,
follow up andvisit to women?
2. How to use the real fact about the maternal mortality problemst for studies in
software engineering?
3. What is the one of the possikd@proacksto mobile computinggenabled maternity care
and follow upto fill the gap to lack of more maternal visits and skilled health

professional®

1.4 Objective of the Study

1.4.1 General Objective

1 The generabbjective of this study is enabling mobile pherie supportmaternity care,
follow up and treatment and contributesthe reduction of maternal death and related

health problems.

1.4.2 Specific Objectives

1 Collecting, organizing and analyzing data concerning maternity from literature and
knowledge experts.

1 Analyzing the available and relevant mobile computing technologies and methodologies

to choose the best one.

Modeling and representing the knowledge base system

Experimenting on the data and methodologies and comparing results with similar studies.

To develop pototype Mobile based maternity care, follow up and treatment system

= =2 4 =

To test and validate the performance of the maternity care and follow up system.
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1.5 Significance of Study

Contributes in reducing the death of maternal mothers

=

Improves the consistency afecision making between maternal health professionals
through the use of knowledge base

Minimizes the socio economic impact on females

Minimizes the cost of health infrastructure and facility

Paves the way for further research in the field of matern#thhea

Minimizes the lifelong health problems maternal mothers face as a result of pregnancy

= =2 =4 A -

Fills the gap for more skilled health professional by increasing the number of antenatal
visits. Because, inadequate antenatal care results in poor pregnancy leenpatmore

skilled health personnel.

1.6. Scope and Limitations of the Study

This study addresses problems of information gap between maternal mothers and maternity
health related professionals and also the knowledge gap and inconsistency among health
professionals.

The source of the data for this study originates from health professior@éndi hospitalThe

data is about the sign and symptoms maternal womendiageg and after pregnancy. These

data are separated in 50 weeks of materdityded in to37 weeks before delivery and 13 weeks

after delivery.This information is used to follow up and care for maternal mothers before, during
and after deliveryThis information iscollected from each mother usiobeck list of each week

sent inher mobile phoneThe exact week of the mother is derived from the table of the first day
registration.A rule based knowledge baseodelled using decision tres the approactfor
recommending possible casptionsandto categorize and group problearsl solutions

Collecting data for this purpose was the difficult task in this study. Health professionals,
especially those who are high qualified are so busy to take time for discuSeioe. of the

health professionals are not aware of such systems a@d ihot an easy task to introduce them

with. The time and budget constraints were also challenges faced during this study.
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1.6. Organization of the Thesis

This thesis is organized into sohapters. Chaptesne introduces the background of the study,
problem of the study areas, significance of the study, the research objectives, research questions
and scope and limitations of the study. Chapter two covers the review of the related literature
that includes aconceptual explanation on homobile phone technology is used to solve
problems Chapter three presents the research design and methodologyused to carry out

this research. Chapter four presents the study findings, and presentation of the Césydter

five presents the new system design. Finally, Chapterc@mprises summary, conclusions

future worksand recommendations of the findings.
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CHAPTER 2
LITERATURE REVIEW

2.1. INTRODUCTION

The word mobil e c¢omeabilidarmnd tthe riosba ablenognove s —
freely or easili A mobile device (also known as a handheld device, handheld computer or
simply handheld) is a small, hatheld computing device, typically having a display screen with

touch input and/or a miniature keyboard and weighing less than 2 pounds. This includes Cel
phones, Personal digital assistants, smart phones, tablet computers, notebook cadputers.
2013)Early mobil e phones (sdediguee ligexeiespensivk, attacheco r e 1
to trucks and briefcases and tramisonly voice data. The introduction of GSM, GPRS, IDEN

and CDMA has brought a revolutido the mobile technology. Nowdays there are billions of

mobile phones in the world, which is far greater amount than any type of electronic devices.
(Sharon, 2008)

Figure 1 Mobile phonesin 19461 9 80 6 s .
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2.2. THE MOBILE TELECOMMUNICATIONS SYSTEM

Interface to

Base stations other networks

Subscriber
database

Radio access network Core network

Figure 2 Simplified architecture of Mobile Telecommunication Systenicox, 2008)

The core network of mobile network has a similar role to a traditional fixed line telephone
network. It sends information like voice calls or text messages from one phanether using
componenthatis known asswitch It also maintaing database containing information about the
network operators, subscribers, and uses the database for tasks like preparing and distributing
bills. Finally, it has a number of functions that are not required in a fixed line network; for
example, it monit® the locations of the mobile phones, so that it can continue sending
information to them as they move around. Tialio access networkandles the radio
communications between the core network and the mobile phone. It contains a large number of
base stating each of which transmits and receives radio signals to and from the mobile phones
in the surrounding area. The area around a base station is often divided into reedtipigoy
equipping the base station with multiple directional antennas, each of which communicates with

the mobile phones in the corresponding se¢@ox, 2008)
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2.2.1.GSM (Global system for Mobile communication)

GSM is a second Geration Mobile networkGlobal System for Mobil&€€ommunicationsvas
introduced in the mid980s. Today, GSM is the most popular mobile radio standard watthe
and itoperatsin the 900MHz and 1.8 GHz bands throughout the world witlexiception of te
Americas where they operate in the 1.9 GHz band. Within Europe, the GSM techmazdgy
possible the seamless roaming across all coun&iésom is underway, such that many GSM

users find lifewithout their phone practically inonceivable(Kahabka, 2004)

In Ethiopia, a 2G technology is still working and 3G and 4G are also in place recently. In 2G, it
is possible to open websites. Therefore, mobile phone enabled web based system can be

applicable in Ethiopia.
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Figure 3 GSM System Architecture

As shown in the abe Figure 3 GSM has three part§’he mobile station, the base station
subsystem and the network subsystemmdbile station may be referred to as a handset, a
mobile, a portable terminal or mobile equipment ME. It also includes a subscriber identity
module &IM) that is normally removable and comes in two sizes. Each SIM card has a unique
identification number called IMSI (iatnational mobile subscriber identity).

In addition, each MS isssignedunique hardware identification called IMEI (international

mobile equipment identity).
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The protocol on the air interface contains the Radio Resource management, the mobility
managemenand connection management. The connection management used to set, maintain
and take down calls connection comprised of three subgroups. Call Control, which manages all
connections, Supplementary Service Support, which handles special services ancssagem
service support, which transfers brief texkahabka, 2004)

2.2.2.GPRS (General Packet Radio Services)

A mobile data service for use on GSM networks caB&RS (General Packet Radio Service) is

a packet based communicaticservice for mobiledevices that allows data to be sent and
received across a mobile telephone network. GPRStspatowards 3G; it is why it So-called

_ 2 . Sy&em. GPRSecently introducedo enhance the data capacity of GSM and mitigate
some of s limitations. These systems add packet data capability to GSM netwArksmilar
technology calleWAP (Wireless Application Protocotjefines how Web pages and similar data
can be passed over limited bandwidth wireless channels to sonedins beinguilt into new
mobile telephones. At the next lower layer, GPRS defines how to aslapffort to the existing
GSM infrastructure. GPRS provides both a means to aggregate radio chanmahdordata
bandwidth and the additional servers required telasfi packet traffic from existing GSM
circuits. It supplements today's Circuit Switched Data and Short Message Service. GPRS is not
related toGPS (the Global Positioning System), a similar acronym that is often used in mobile
contexts. Theoreticahaximum speds of up to 171.2 kilobits per second (kbps) are achievable
with GPRS using all eighimeslots at the same time. This is about ten times as fast as current
Circuit Switched Data services on GSidtworks. However, it should be noted that it is unlikely
that a network operator will allow all timsdots tobe used by a single GPRS user. Additionally,
the initial GPRS terminals (phones or modems) are sapporting only one to four timeslots.
The bandwidth available to a GPRS user will therefore be limitedre exist phones which
support only GPRS. Here we have to make clear that the latefg the technology, the more
better mobile phone enabled system will be built up on. Therefore, mobile phones having ability
to support 3G get more advantage from Hystem.

All 2G wireless systems are voicentric. GSM includes short message service (SMS), enabling

textmessages of up to 160 characters to be sent, received and viewed on the handset.
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Most 2G systems alssupport some data over their voice paths, but at painfully slow speeds

usually 9.6 Kb/s or 14.4 Kb/s.
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In practice, GSM and GPR&re working in parallelin any GSM network there will be several

B S C ‘Base $tation Controllers). When implementBBRS a software and hardware upgrade

of this unit is required. The hardwanpgradesonsists ofadding a Packet Control Unit (PCU).

This extra piece of hardware differentiates data destmeithe standard Q8 network and data

destined for the GPRS network.

The HLR or Home Location Register is a database that contains subscriber information, when a

device connects to the network their MSISDN number is associated with services, account status

information, preérences and sometimes IP addresses.

The Serving GPRS Support Node, or SGSN for short, takes care of some important tasks,

including routing, handover and IP addrassignment. Th&ateway GPRS Support Node is the

—| ast port of c al | fore ia monnedion beGvedr Sn IBR or warporate b e

network* s router occur s.

The

GGSN i s

basi cal

also confirms user details with RADIUS servers for security, which are usually situated in the IP
network and otside of the GPR3etwork. The connection between the two GPRS Support

Nodes is made with a protocol called GPR&nelling Protocol (GTP). GTP sits on top of

TCP/IP and is also responsible for the collectiometiation and billing information. GPRS is

billed on per megabyte basis unlike GSM.
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A mobile device is programmed witbhne or moreAccessPoint Names consisbf a fully
gualified DNS nameWhen a GPRS device wants to talkite APNnetwork, the SGSN does
DNS lookup and resolves the name to the correct GGBNrganDoyle Limited, 2004)

GPRSIin generahas problems in Connection speeds.

2.2.3.CDMA (Code Division Multiple Access)

Code Division Multiple Access (CDMA) is a digitacellular technology used for mobile
communicationln CDMA, every channel &s the full available spectruf@DMA consistently
provides better capacity for voice and data communications, allowing more subscribers to
connect at any given time. CDMA is thensmon platform on which 3G technologies are built.
CDMA technology are recognized as providing clearer voice quality with less background noise,
fewer dropped calls, enhanced security, greater reliability and greater network caphegg.

days, CDMA techalogy is going out of service and being replaced by 3G.

Base Station
1 Mobile Station

Mobile Station

Forward link __

Mobile Station Mobile Station

In radio CDMA, each group of users is given a shared code. Many codes occupy the same
channel, but only those users associated with a particular code can communicate. The Forward

channel is the direction of the communication or metaiteell downlink path

The Reverse channel is the mo#ibecell direction of communication or the uplink path.
(Tutorials Point (1) Pvt. Ltd., 2015)
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2.2.4. THIRD GENERATION MOBILE NETWORKS (3G)

As personal wireless handsets become more common thantébegahones, it is clear that
personal wireless Internet access will follow and users will want broadband Internet access

wherever they go.

Today's 3G specifications call for 144 Kb/s while the user is on the move in an automobile or
train, 384 Kb/s for pdestrians, and ups to 2 Mb/s for stationary users. That is a big step up from
2G bandwidth using 8 to 13 Kb/s per channel.

The second key issue for 3G wireless is that users will want to roam worldwide and stay
connected. Today, GSM leads in global razgm Because of the pervasiveness of GSM, users
can get comprehensive coverage in Europe, parts of Asia and some U.S. coverage. A key goal of
3G is to make this roaming capacity universal.

A third issue for 3G systems is capacity. As wireless usage aestin expand, existing systems
are reaching limits. Cells can be made smaller, permitting frequency reuse, but only to a point.
The next step is new technology and new bandw(@reira, 2004)
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for Internetworking
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Core Network +« | (MAF) (1S5-634)
ITU-T
Initial UMTS —<" Flexible assignmentof
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2.2.5.FOURTH GENERATION MOBILE TECHNOLOGY

The objective of the 3G was to develop a new protocol and new technologies to further enhance
the mobile experience.
In contrast, the new 4G framework to be established will try to accommshlevels of user
experience and muiervice capacity by also integrating all the mobile technologies that exist
(e.g.GSM- Global System for Mobile Communications, GPRSeneral Packet Radio Service,
IMT-2000 - International Mobile Communications, @&nWi-Fi - Wireless Fidelity, and
Bluetooth).
In spite of different approaches, each resulting from different visions of the future platform
currently under investigation, the main objectives of 4G networks can be stated in the following
properties:
Ubiquity means that this new mobile networks must be available to the user, anytime,
anywhere. To accomplish this objective services and technologies must be standardized
in a worldwide scale.
A multi-service platformis an essential property of the newlite generation, not only
because it is the main reason for user transition, but also because it will give
telecommunication operators access to new levels of traffic. Voice will lose its weight in
the overall user bill with the raise of more and more datsices.
Low-bit cost is an essential requirement in a scenario where high volumes of data are
being transmitted over the mobile network. With the actual price per bit, the market for
the new high demanding applications, which transmit high volumestaf(day. video),

is not possible to be established.

2.3. MOBILE COMPUTING

Mobile Computing is a technology that allows transmission of data, via a computer, without
having to be connected to a fixed physical link. The term "Mobile computing" is used to describ
the use of computing devices, which usually interact in some fashion with a central information
system-while away from the normal, fixed workplace. Mobile computing services can be

provided for the specific purposes and its cost varies from compaonynoany.
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Additionally, there are customized mobile computing solutions that are designed for the different
commercial fields like health care, business, education, pharmaceutical, IT and service providers.
Mobile systems Facilitate business operatiorthsas marketing, sales, provision of information

and services, organizational procedures and processes and transaction of money. On a case study
made on economic and social impacts of mobile phone in Bangladesh, the following are found.

(Barney, Susan, David,Josie,loanna, 2006)

1 Almost a quarter of a million Bangladeshi depend on the mobile industry, directly and
indirectly.

Mobile services contribute US$650 million to the economy every year.

Mobile services are good value for ney when compared with other countries.

Mobile communications allow businesses to operate with greater efficiency.

= =4 4

For every additional 10 percentage points of mobile penetration, the annual GDP growth
rate is increased by approximately 0.6%.

1 Higher mobile penetration will assist Foreign Direct Investment (FDI). Increasing
penetration by 1% increases FDI as a proportion of GDP by 0.5%.

The poorest citizens benefit most from mobile services.

Mobile services improve social cohesion, assist in reducing tligldiivide, improve

access to healthcare and can help i mprove

2.3.1.M-Health initiatives globally

WHO (World Health Organization) has 112 members globEHgm these, 83% reported at least
one health care initiative in their countiifrica, which accountsabout 70%, has the lowest
initiative. The most frequently reported types of mHealth initiatigksbally were health call
centres (59%), emergency toll free telephone serv{e&80), emergencies (54%), mobile
telemedicine (49%)hedth survey (26%), surveillance (26%), awareness raising (23%) and
decision support (19%{World Health Organization, 2011)

2.3.2.Challengesand remediesto M-health

Although M-health has a growing demand, the solutions come tivétin own advantage&Some

of the challenges to Mealth aresummarizeds follows.(Modi, 2015)
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Security and safeguarding of persomak obvious concerns of health care industry. Poorly
developed applications, compliance with health insurance portability and accountability, proper
regulation, definite rules and policies to ensure protected Health information dataigPHI)
handed correty.

The rapid evolvement nature of market and consumer habh&sjemandf userscan be on

unpredictabldase a latest trendsSo, it is critical to stay current and refresh apps often.

While mobile devices offer many wsyfor healthcare players to interact with consumers, such
innovations are sometimes exploited. Innovative ideas demand wider participation and

appreciation.

Latest MHealth technologies need to be properly researchedlatite gaps during integration

need to be addressed.

233.A MOTECHO or AMOBILE MIDWI FERYDO

—MOTECHI or —MOB 1 L EWodd, IDY?)id- & Rgbile based application
developed in Ghana which sends both SMS and voice messages to pregnant women and their
families about prenatal treatment and breastfeeding songs. It sends information specific to the
women, alerts and reminds about treatménisk e appoi nt ment , Vaccinat
registers each woman in person, provides a toll free MOTECH ID and once the client sends a
confirmation and the communication is established, a message sending continues. A message is
also sent to the nursebout the appointments their clients have at the beginning of the week. A
monthly report can also be generated automatically. Clients make a missed call to a toll free
number and a call will be returned to them.

Generally, this system is very helpful mandling cases related to maternal mothers. However,
there is no way to handle multiple calls, when the number of clients gets a larger number.

It is not possible to identify which missed call is prioritized as more emergency than the other

one. The infomation flow is from the system to clients and not from clients to system.
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234.A Wl RED MOTHER SOFTWAREDO

A —WI RED MOTHER (KuodiZDIwasEldveloped in Zanzibar to automatically
generate and send text messages to registb@temumbers throughout the pregnancy to until

six weeks after delivery. At first a physical visit to each pregnant mother is made and every
information is manually collected and communication is established. The content of the
messages were developed byeam of international researchers and local partners from the
Ministry of Health in Zanzibar.

Message content was standardized with neutral phrasing and provided as simple text in the local
language of Swabhili. In addition, primary health care facilitesdomized for intervention and
hospitals were provided with a mobile phone to improve timely referrals between different levels
of the health system and to enable health workers in the periphery of the health system to consult
patients with higher levelsf care.

To further improve access to emergency obstetric care, communication and referral links wired
mothers were given a phone voucher with modest credit and a card with the phone number of her
local primary health care provider allowing all wired nmethto communicate directly with
primary health care providers.

In this system, the literacy level of the mothers is not considered. Some communications are
expected to be made by the mother using the mobile phone. A call made to local primary health
worker is made manually.

When the number of mothers increases it may be difficult to get sufficient number of health
worker unless a priority system is pgstablished. There is no mechanism to minimize

emergency situations until the mother make a call.

2.3.5.MAMI Care

MAMI Care System is developed for the rural area of MeXiavariega, 2013)It is connected

to simple mobile devices such as stethoscope, Doppler, Oximeter, Glucometer, and ECG, which
are used to collect vital signs afpregnant mother by a social worker and registered in a tablet
computer locally. On the other side, the physician gets a summary of this report remotely and
makes decisions accordingly.

Some of the environments included in this system are: AndroidFiW8G or 4G, Tablet

computer, vital sign registration devices.
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This system has a major contribution in avoiding the leading causes of maternal death associated
with hypertensionhaemorrhges and other complications of delivery. More reliable data is
transferred from Home to Health stations. However, most of the requirements of this system are
not easily affordable for the majority of the people.

236.AiVI RTUAL MATERNI TY CAREO

—VI RTUAL MA TEARRH(M.GIll, 2011) developed by Cisco Internet Business
solutions Group (IBSG) after evaluating experiences of several leading organizations around the
world who already have begun to move components of their maternity services online such as,
textdbaby (U.S.), NHS Choice@J.K.), Remote video (Australia and U.S.), Baby Mobile
(Netherlands) and Net Clinic (Finland).

This study considerprovision ofmaternity servicefor many people who afamiliar with the
Internet, email, textingFace book Twitter, and other online m@s of communication. In
Ethiopia, there are of course about 4 millléace boolkusers from the total of about 99 million
people (The internet Coaching Library, 2015Most of these services are delivered and
integrated with dter similar services onlindhis kind of systems isvell suited for developed

countries. In Ethiopia, we need a different system.

23 7A MATERN-HEXLTHO

—Mat eH ena lt(Wikeldzi, 2014)is a system analysis and design caseystof Maternal

Health MService in Tanzania. This Study raises two contrasts. The first one: Mobile phones are
less inhibited by traditional access barriers that hinder the widespread use of many other
communications technologies including geography, smtinomic status, infrastructure such as
electricity and literacy.

The second thing, Despite the fact that Mobile Service projects have proven to be a potential way
for disseminating information to people, they are challenged by cost of service whiatctl/dir
affecting sustainability of such services. As a solution, cammercial MobileService, which
integrates advertising functionality as a tool for subsidizing the cost of operating Mobile
Services is presented. A prototype of Matertigalth is usedor the study.

The question of financi al sustainability and

and barriers to scale and investment in such projects.
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MAMA Project in Tanzania was a similar project which has been reported to be failedo# r

by maternity Health Alliance on usage of mobile phone applications for disseminating
information indicated that, at present, the majority eSktvices, particularly in low and middle
income countriesare dependent on donor funding. Therefore, tHatiso presented in this
article is better approach in minimizing the chance of failure of such projects. USSD
(Unstructured Supplementary Service Data) is the approach chosen. The limitation USSD has in
listing all possible questions mothers could haveif&érent maternal periods, is one of the gaps
observed in this study.

Pregnant mother should be followed for every symptom she feels each day. No symptom should
be ignored without the knowledge of maternal health professionals. To list all possible
sympbms, we need a better way.

Advertisement messages followed by every single question make the system difficult. Through
time, every advertisement sent may be ignored by the end users. The sponsors will get
demotivated and the cost of operation will st@ll into question. How many mothers send how
many questions each day? And how many doctors respond to this? How emergency questions are
addressed? Without an intelligent system intervention this will not be feasible especially in
Africa. (Wikedzi, 2014)

2.3.8.EVIDENCE BASED MATERNITY CARE

Evidence based maternity cdf®akara & P.Corry, 2008)ses the best available research on the
safety and effectiveness of specific practices to help guide maternity care decisions and to
facilitate optimal outcomes in mothers and newborns. Although the field of pregnancy and
childbirth pioneered evidence lemspractice, resulting in a wealth of clear guidance for evidence
based maternity care, there remains a widespread and continuing underuse of beneficial
practices, overuse of harmful or ineffective practices and uncertainty about effects of

inadequately aessed practices.

Evidence based maternity care gives priority to care paths and practices that are effective and
least invasive, with limited or no known harms whenever posdihiglence based maternity
care are especially important in considerationhef $ensitivgorenataldevelopment period, the
potential for longterm beneficial and adverse health effects and unintended consequences of

possible exposure.
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To implement these principles and to help guide maternity care decisions, decision makers need
acess to evidence about the safety and effectiveness of procedures, medications and other

interventions.

2.3.9.IMPACT OF MOBILE PHONE ON MATERNAL HEALTH
CARE

According to thisstudydone byA case of Njoro Divisiomvhich sought to establish whether use

of mobile echnology can increase antenatal service utilization and hospital deliveries in two
health facilities in Njoro Division, Nakuru County in Kenyghysical Access to maternal care is
limited due to cost, poor roads, distance, and lack of proper informaimhequate staff and
supplies among othe(Bedha, 2014)

The emergence of mobile telephone technology has improved service delivery, information

transfer, businesses, banking and changed ways people communicate in the world.

The most common activity is creation of cadintresvhich respond to patient inquiries, and later
there are Short Message Texts (SMS) which advise and alert clients on appointments, when to
take medications and assessing treatment compliance etctudysshows a high percentage of
women attending antenatal clinic have mobile phone.

There was a positive correlation between women in study group and the number of antenatal
visits before delivery is 96.4%, provision @funsellingservices in HIV 95.%, diet counselling

95.%, place of delivery75.9 those who received tetanus 100% iron 91.6% vitamin supplements
39.8% anthelianthusr4.3%.

Generally, the number of women who had been followed up that delivered in hospital was
significantly higher thanthose who did not receive mobile telephone supp@188.0% and

72.8% respectively. But once we decided to use mobile phone to support the follow up and

treatment process of maternal mothers, we could see more result than this.
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2.3.10. MOBILE PHONE BASED PREGNANCY SUPPORT

SYSTEM

This paper presented the framework and prototype of mobile phone based pregnancy system

based on preliminary study conducted among the pregnant mothers and their spouses in a local
private hogpital and few maternity clinic€JAYANTHY MANIAM, 2012). This study provided

the basis for the personalized and localized content development for mobile phone on the health

care for pregnant mothers, due date calculation, calendar, and grovetespicomplications,

medicaion, drug and health alerts.

Mobile phone based pregnancy support can position itself as a major breakthrough approach to

educate women on pregnancy, m liow upowith niedlicali r

checkups, critical updates apdstdelivery support through mobile phone. This will reduce the

anxiety and stress among pregnant moth&iemen in rural area can benefit through this system

greatly by preparing for childbirth and pastlivery.

2.4. SUMMARY OF LITERATURE REVIEW

NO.

Author TYPE OF LITERATURE

THE MAIN IDEA OF THE
LITERATURE

(Cox, 2008) Mobile Telecommunicatiof
system

1 Core network containsswitches,
which send information from on
phone to another. It contair
database of subscribersand bills,
It also monitors locations of
mobile phones

i The radio access network hand
the communication between co
network and the mobile phone.
contains large base stations eacl
which transmits and receives rad
signals

(Kahabka, 2004) Global system for mobilg
communications

1 Contains Mobile station, bag
station and network subsystem
i Mobile station is handse
containing  Subscriber Identit
Module

(MorganDoyle Limited, General Packet Radio Service
2004)

I Mobile data over GSM, which is
step towards 3G

(Tutorials Point (I) Pvt; CDMA (Code division Multiple

Ltd., 2015) Access)

1 Better capacity for voice and da
communication
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(Pereira, 2004)

Third mobile generation network
(3G)

High speed over 2G
Roaming worldwide connection
High capacity

(Pereira, 2004)

Fourth mobile generatio

technology

= | =2 =4 =4

Ubiquity (anytime, anywhere),
multi-service platform, Lowbit
cost

(Barney, Susan
David,Josie,loanna,
2006)

Mobile computing

i Facilitate business, marketin
sales, information, services

(World Health
Organization2011)

M-Health initiatives globally

The most frequently reported types

mHealth initiatives globally were

I health call centers;
1 emergency toll free telephor
services,
emergencies,

mobile telemedicine,
health survey,
surveillance,
awareness raising and
decision support

=A =4 4 8 A8 9

(Modi, 2015)

Challenges and remedies to-|
health

Challenges are confidentiality of dal
market volatility, innovation, integratio
with existing systemand we should tak
in to account in any Mhealth

development

10.

(Wood, 2012)

Mobile Midwifery

1 Sends specific SMS, voice al
breastfeeding songs to pregn:
women and nurses and remin
appointment, vaccination
Accepts toll free missed calls
There is no way to handle multip
calls, when the number of clien
gets a larger number.
No priority system
Very less interactive
No intelligent system

E

= =4 =
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11.

(Lund, 2014)

Wired mother software

Automatically generate and se
text messages in local language
A call to local primary health carg
is made manually, ng
automatically

No priority system
No intelligent system

12.

(Lavariega, 2013)

MAMI Care

= |=a =4

Under  construction to  be
developed for Rural area
Mexico

Mobile medical home equipmen
to collect vital signs working ir
Android, WtFi, 3G, Tablet
Not available and not affordable |
low income people

13.

(M.Gill, 2011)

Virtual Maternity Care

Integration of advanced mobi
phone based systems

To be used by people who 4
familiar with email, texting, face
book, twitter
This kind of system are well suite
for developed countries

14.

(Wikedzi, 2014)

Maternity Health

USSD based system to better (
the mobile phone opportunity f{
maternal mothers wit
advertisement enabled system
cover cost of operation by sponsg
All limitations of USSD in
following every major symptom
mother feels lacks here and evg
possible question a mother coul
have can't be s
No intelligent system interventio
exist

15.

(Sakara & P.Corry
2008)

Evidence based maternity Car

Uses best available researches
safety and effectiveness of speci
practices tohelp guide maternity
care decisions

16.

(Fedha, 2014)

Impact of mobile phone o
Maternal health

This is a study in Kenya to mal
sure if mobile phone has improve
antenatal service and hospi
delivery

Most women do have mobi
phone and using phone f
maternity care has a positi
correlation
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17.

(JAYANTHY
MANIAM, 2012)

Mobile phone based pregnan
support system

1 This system provided basis f

pregnant mothers due ds
calculation, calendar, and grdw
of fetus, complications, drug ar
health alerts

This is just a standalone educati
application
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CHAPTER THREE

DESIGN AND METHODOLOGY

3.1. Research Design and methodology

3.1.1.Study Area

3.1.1.1.0verview of Gandi Hospital maternal information system

Data Flow Diagram of Smart Care system of Gandi Hospital
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The process of maternal mother treatment and follow up at Gandi hospital starieRIAGE.

At this place the type of case to be taken is identified. Cases include follow up, emergency,
delivery, etc. Motheis given a small card from triage containing the department she should head
to. They take the small card with them to the card Roarplace where full maternal and
personal information about mothers is taken and filled in to the Smart care sydtem.
information contained in the smart care system again goes to the triage room for further vital sign

checkup. The vital signs taken from the mother is fed in to the system.

This information waits &ueue to the department at the service providers ttleenis assigned

to. As part of the diagnosis process, the department undergoing the treatment of the mother may
send blood and other tests to Laboratory using the smarsygstem. Theest results are also

sent back to the department using the systftier all the diagnosis is done, the department
writes prescription for Pharmacy from which the mother buys her medicine or the department
sends an information to the In Patient department from which the Liaison takes bed information
for the mother.

3.1.2. Methodology of the study

This research used applied reseam¢thodology. Accordingo (Rajasekar, Philominathan, &
Chinnathambi, 2013)n an applied research one solves certain problems employing well known
and accepted theorieadprinciples. Most of the experimental research, case studies and inter
disciplinary research are essentially applied research. Applied research is helpful for basic
research. A research, the outcome of which has immediate application is also tern@ads ap
research. Such a research is of practical use to current activity. Forlexasgarch on social
problemshasimmediate use. Applied research is concerned with actual life research.

In this research the researcher uses existing comptgaigology in order to solve practical
problem. Mobile computing is well known wireless technology used in different sectors for
different purposes. Mobile computing enabled maternity care and follow up system is one of the
applications this research is ma@rned to solve a practical social problednthe society.
Maternal health is a national as well as a global problem which needs to be addressed by all stake

holders.
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3.1.3.Study Population

The organization selected for this study is Gandi Memorial Hospitathvts one of the
Hospitals controlled by the Federal Ministry of Health of Ethiopia. Gandi is chosen for this

research because it is the only fully engaged governmental Maternity hospital in Ethiopia.

Based o norg@nmazatidnal®ssucture, the total mher of health professionals in the
hospitalis 199.

From these, Midwives are 2Blidwives are fully engaged in the follow up process of maternal
mothers.All the midwives areasked the questionnairglidwives will remain the focus of this

research.

For tis research, the researctesused purposive sampling. According (falys, 200&yom

the type of purposive sampling methods, Typical case sampling is chosen. In this type of
sampling, population directly related with thegash case are selected. Since the research is
about making sure mobile based maternity follow up and intelligent treatment system works in
Gandi hospital, all the midwives are target groups of the questionnaire. And one sample from

eachhealth professionsotherthan midwives is selected
3.1.4.Data Collection Procedure

Firstly, the researcher observed the existing system at Gandi. Then interview sessions were
conducted with ICT staff of the Hospital abdbe existing system artheir expectations from

the new mobile system.The interview also used as an input for the development of
guestionnaire. Finally, a questionnaire survey was conducted. The questionnaire contains
choices, opernded and closended questions.

The purpose of the questionnaire was:

1T Tohae a knowledge of Gandi staff‘s experien
with and without using the information technology tool
1 To identify where to start and how to start this research

T To understand Gandi st arecbmnmendedpnitmsiresearcht o war d
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The questionnaire is divided in to five parts. The first part is about field of the staffs and the
professional experience they have. The second part is about maternal health and information
technology. In this part, the exjpance of the staff with information technology and if they in
case have ever used information technology tool for medical purpose is assessed. The third part
is maternal health related. All information related to maternal mothers before and after delivery
which will be input to knowledge base is collected from experts. The fourth part is about the
current situation of maternal mothers in Gandi Hospital.

This includes follow up habit of mothers. The last and the fifth part is about the attitude of the
Gandistaffs about the future of the system.

Another official document used by Gandi hospital which has been input to this research is,
Aimanagement protocol on selected obstetrics tpicswh i ¢ h S provi ded
Democratic Republic of Ethiopidinistry of Health.

3.1.5.Data Analysis Procedure

In this section, the findings from the observation, interview, documents and questionnaire survey
are systematically analysed. The quantitative data collected mainly through questionnaire from
the users answevere fed in to Statistical Package for Social Scientists (SPSS) for analysis.
Analysis was made for categorical data and Interval data. Graphs were used for further analysis.
Simple descriptive statistical tools such as percentage, frequenay, ane standard deviation

were used to analyse the survey data.

Qualitative data were analysed manually. Most of the qualitative data are input to the knowledge
base and are compared with each other and answers from highly qualified and more experienced

health professionals are taken as bases for all other answers.
3.1.6.Validity and reliability of data

In order to make sure the reliability and validity of data, the steps followed include;

1 The consistency of data collected in different methods,

1 Accurate repgsentation of the total population in Gandi Hospital,
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1 Making sure the questionnaire to be collected with the presence of ICT staffs of the
Hospital, who already have introduced with the concept of the new system and the

researcher himself to make the du@ss more clear.

Depending on the organizational structure of Gandi Hospital, all medical staffs of each
department have been represented. This includes Health assiStan¢sl Nurses, Midwives,
Health officers, General Practitioner Doctors, Gynaagists. Accordingly, data collected from

different fields of each department has shown high level of consistency.

On the other hand, to make the medical staffs give more attention when they fill in the
guestionnaire, the ICT department of the Hospitalewgrticipating in person with the medical

staff during the questionnaire is filled.

3.2. System design and methodology

3.2.1. Tools used for Simulation of the new system

Genymotionis an Android emulator which comprises a complete set of
sensors anéeatures in order to interact with artvial Android environment.
Genymotion helps to test Android applications on a wide range of virtual
devices for development, test and demonstration purposes. Genymotion
fast, simple to install and powerful thanksuserfriendly sensor widgets and
interaction features. It is available for Windows, Mac OS X and Linux
operating systems.

To run this virtual device, the researcher used Oracle VM Virtual5BoX.

For installation, updates and services provided byGbaaymotionwebsite,

the researcher has used Google chrome web browser.
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o0 Genymotion for personal use - Goog

WAMP server is a Windows based web application development environment. It allows creating
web applications with Apache, PHP and MySQL data base. WAMP server automatically installs
the essential elements used to develop web based application. For thisihretfee researcher

has used this Server.

The benefit of WAMP server is being able to develop and test scripts locally. WAMP stands for
Windows Operating systempache MySQL andPHP. WAMP server is Open Source and free
to use, which is very nice oppaortty for this experiment. WAMP server even includes great

graphical tool, phpMyAdmin, which helps handle the administration of My$Biagg, 2012)
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Figure 9 WAMP interface

PhpMyAdmin is a free softare tool written in PHP, intended to handle the administration of
MySQL over the Web. PhpMyAdmin supports a wide range of operations on MySQL over the
web. PhpMyAdmin supports a wide range of operations on MySQL and MariaDB. Frequently
used operations (maging databases, tables, columns, relations, indexes, users, permissions,
etc.) can be performed via the user interface, while having the ability to directly execute any
SQL statemen{Contributers, 2002016)

php
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RBOOE Datab; sQL g S u [= Exp: Sl Imp, Settings I Repl Variabl Chi & Eng
(Recent tables) v = —

,*QN"W Leneral Setings Uaiabase server

+1 4 information_schema ;

) mysql = Server connection collation @) - | utf8mbd_general_ci v * Server. mysql wampserver (127.0.0.1 via TCP/IP)

= B = Servertype: MySQL

+1 4 performance_schema Y ¥

— test = Server version: 5.6.17 - MySQL Community Server (GPL)

I S webapp i = Protocol version: 10

< € S€lngs = User root@localhost

= Server charset: UTF-8 Unicode (utf8)
& Language @ : | English v

&) Theme: | pmahomme ¥

« Fontsize: | 82% v

= Apache/2.4.9 (Win32) PHP/5.5.12
= Database client version: libmysql - mysgind 5.0.11-dev -
20120503 - $ld: bf9ad53b11c9a57efdb1057292d73b928bBe5c 77 §

« PHP extension: mysqli @

&° More settings

= Version information: 4.1.14
« Documentation

s Wiki

= Official Homepage

= Contribute

Figure 10 PHP My admin Interface
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3.2.2.Programming tools

Android is a mobile operating system that is based on a modified version of Linux. It was
originally developed by a startup of the same name, Android, Inc. In 2005, as part of its strategy
to enter the mobile space, Google purchased Android and tooktswavielopment work (as

well as its development team). Google wanted Android to be open and free; hence, most of the
Android code was released under the epeurce Apache License, which means that anyone
who wants to use Android can do so by downloadivegfull Android source code. Moreover,
vendors (typically hardware manufacturers) can add their own proprietary extensions to Android
and customize Android to differentiate their products from others. This simple development
model makes Android very atttaee and has thus piqued the interest of many vendors. This has
been especially true for companies affected
successful product that revolutionized the smalmbne industry. Such companies include
Motorola and $ny Ericsson, which for many years have been developing their own mobile
operating systems. When the iPhone was launched, many of these manufacturers had to scramble
to find new ways of revitalizing their products. These manufacturers see Android ascn selu

they will continue to design their own hardware and use Android as the operating system that
powers it. The main advantage of adopting Android is that it offers a unified approach to
application development.

Developers need only develop for Andro@hd their applications should be able to run on
numerous different devices, as long as the devices are powered using Android. In the world of
smart phones applications are the most important part of the success chain. Device
manufacturers therefore sdadroid as their best hope to challenge the onslaught of the iPhone,
which already commands a large base of applications. Due to these and other advantages, the

researcher has used Android for the experiment of the system.

A java development kit is a program development environment for writing java applets and
applications. It consists of a runtime environment that sits on top of the operating system layer as
well as the tools and programming that developers need to compile,, @gelougin applets and

applications written in the java language.
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CHAPTER FOUR

DATA ANALYSIS AND DISCUSSION

4.1. Introduction

In this section, the responses to the questionnaires that were handedHealthoprofessionals

at Gandi Hospitahre organized, copiled, analysed and interpretes well as used as input to

the design and view of the new system. Most of the Questionnaires were gathered in the presence
of the researcher. This guarantees validity. Therefore, interviews were also conducted alongside
the questionnaire. This report therefore includes the interview. Some report and performance

documents are also analysed.

42. Respondaant s o

A total number of 24 responses (1@0response rate) from theesalth professionals of Gandi
Hospital and few from Epto Healthcentrewere found valid and included in the analydike
average work experience of the respondents is Bk means we do have enough work

experienceo accept thanswers.

Frequency Percent Valid Cumulative
Percent Percent

Valid Clinical Nurse 10 41.7 41.7 41.7
Doctor 2 8.3 8.3 50.0
Gynaecologist 1 4.2 4.2 54.2
Health Officer 2 8.3 8.3 62.5
Midwifery 9 375 375 100.0
Total 24 100.0 100.0
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Field of
specialization
of the
respondents

M Clinical Murse
[ Doctar
DGynecologist
M Health Officer
Odmichwitery

Clinical nurse

Health officer
Gynecologist

Figure 11 Field of Specialization of respondents

According to the above table, most of the respondents are Clinical Nurses and Midwives. This is
because the case of this research is related to follow up and treatment of maternal mothers in
which these two professions are more responsible for.

Accordingthe observation of the researcher and the interview conducted in the Antenatal Care
section of Gandi Hospital, maternal mothers come to visit their midwives and clinical nurses on
the appointment date they received in the previous visit and take an apgdirior the next

visit. During this process, the responsible health professionals check the status of the mothers

according to sign and symptoms and they provide advice.
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4.3. Maternal Health and Information technology

If Ever used IT devices for maternal service

Frequency Percent Valid Percent Cumulative
Percent
Both 1 4.2 4.2 4.2
Computer 5 20.8 20.8 25.0
valid  Mobile 1 4.2 4.2 29.2
None 17 70.8 70.8 100.0
Total 24 100.0 100.0

Table 3 If ever used IT devices for Maternal Service

If Ever
used IT
devices
far
maternal
sercice

M Bcth

E Computer
Cmobile

W rone

.
g
2
>
o
S
o

O

Figure 12 If ever used IT devices



Figure 13 shows hat most of the respondent s, about 71

mobile phones for maternal service provision. Therefore, these technology resources are less
used while being more powerful tools. Only 4% of the respondents used mobile phela¢ion

to maternal service. The only time mobile phone was used is during a pilot project implemented
in Entoto Health centre which was started and not working now. The concept of the project was
to send messages for maternal mothers about their stsitug their mobile phone. The smart

care system used by all the health professional staffs of the Hospital is not used for direct
communication with maternal mothers. The daily status of maternal mothers is not
communicated with the hospital using theséixig technology.

Mothers speak their status to their respective Ante Natal Care department 4 times before birth
and sometimes only when they feel strange symptoms. The number of visit and the type of care
depends after the focused ante natal care fofiteid by the triage room.

Even though few respondents use technology in the process of maternal care process, most of the
respondents still are not using it to advice, follow up and knowledge reference related to

maternal mothers.

Why respondents used the tools or devices

Frequency Percent Valid Percent Cumulative
Percent
Advice 1 4.2 4.2 4.2
Follow sup 5 20.8 20.8 25.0
valid Knowledge reference 1 4.2 4.2 29.2
None 17 70.8 70.8 100.0
Total 24 100.0 100.0
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used the tools aor
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B 2dvice

B Followug

O Knowledge reference
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_____________

Figure 13 The reason respondents used tools or devices

According to the above tabknd figure 13 about 71% of the respondents are not usiegy

mobile phone and computer to follow up, advice or knowledge reference purposes. They have
used their devices for other simple tasks such as, Calculating Expected Delivery Date, allocating
TRIAGE section for patientsThis is because Health professats in Gandi have not

experienced use of these tools for maternithM al t h doesn‘t exi st in Ga

4.4. Maternal Health Related Issues

What is the frequency of maternal symptoms observed by maternal mothers before and after
delivery? If this experim& becomes successful, how often should maternal mothers send the
symptoms they feel before and after delivery to the central server? As shown in the following
table, most of the health professionals recommend if the mother reports her symptoms in daily

basis.
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Frequency of symptoms

Frequency Percent Valid Percent Cumulative
Percent
Daily 17 70.8 70.8 70.8
valid  Weekly 7 29.2 29.2 100.0
Total 24 100.0 100.0

Table 5 Frequency of Symptoms

Frequency
of
symptoms

M Daily
Eweekly

Weekly

Among therespondents who recommended a weekly follow up, most of them responded that the
number or frequency of maternal visit depends on the situation of the maternal mother.
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66.7 percent of most experienced respondents, whose work experience is more thas,20 year
recommended daily follow up of matermabther,is very necessaryl.o make a daily follow up,

we should necessarily need anehiglalth intervention.

On the other hand, 77.8% of Midwives, whose basic job is to follow up and care for maternal
mothers, reeammended daily follow up of maternadothers,is necessaryEven though weekly

follow up is needed we still need-Mealth intervention.

This case clearly shows difference between respondents in the same hospital. In other words,
there is inconsistency amg the staffs of the hospital during maternity care and follow up before
and after deliveryTo address this situation, one of the approaches pre stated in the proposal of
this researchs intelligence. An artificial intelligence system called Knowledgsebaystem

should be shared and referred by all the staff during follow up and care service. This knowledge
base system provides consistent recommendation and advice to all the staff. When the mother
submits her situation using her mobile phone, the suah ¢btall symptoms needs diagnosis to

be made by the health professionals. When the number of mothers and the amount of symptoms
increase, decisions may fall in short of accuracy. Poor decisions result in dangerous outcome.
This can be easily solved by knledge base systerin knowledge base system, poor decision

will not exist because of the knowledge provided by the knowledge base is shared by all health

professionals in the hospital.

In this study respondents are also asked the attitude they havedsdimawledge based system.
Accordingly figure 14, presents the attitude of respondents for the knowledge based system. As
shown in the figure, no one disagrees about the benefits of knowledge base system in maternity

issues.
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Attitude
towards the
Knowledge

hase

M rgree
B strongly agree

The other thing is the kndedge gap between more experienced and highly educated health
professionals. The more experienced and highly qualified professionals make better decisions
than the others. However, a Knowledge base systéps teeimprove this situation by providing
consigent information among all health professionals.

Alongside the responses, interviews were also conducted about this issue. The interview includes
why the respondents recommended daily follow up. The main reason is all symptoms may not be
seen simply orgnored without the knowledge of health professionals. Any decision should not
be made by maternal mothers. Some ignored symptoms such as; bleeding or leaking fluid from
vagina; sudden or severe swelling in the face, hands or fingers; severe-astingheadaches;
discomfort in the lower abdomen; may result in serious complications unless they get early
knowledge of health professionals.
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The same is true for health situations after delivery. The respondents who recommended daily
approach before deliverglso gave the same answer to the follow up approach that should be
taken after delivery. Symptoms such as heavy bleeding that lasts more than few hours, large
blood clots, fever, nausea, vomiting and sharp chest pain need great attention after delivery.

The question that comes with this kind of approach is the enormous amount of data that will be
submitted by the mothevhich creates overload on the health professionals responsible to see the
status.Even though there are serious symptoms which need lagté@tion, there are also very
normal symptoms which do not need much attentidrereforewhenever the data from the
mother is sent to the central system, priorities will be sorted according to the level of danger the

symptom has and the responsible Heptbfessionals are notified accordingly.

Concerning the motivation and awarness of mothers to attend the Maternity Care and Follow up

process, more than 58% of the mothers are more engaged.

The engagement of mothers in follow up process before delivery

Frequency Percent Valid Percent Cumulative
Percent
Few 8 33.3 33.3 33.3
Medium 2 8.3 8.3 41.7
Valid
Most 14 58.3 58.3 100.0
Total 24 100.0 100.0
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During the interview sessioin held with the respondents, they expressed that some of the
maternal mothers even come for very minor things before the date of the shcheduled
appointment. If they have had this new system at their htirag,get optimum assistance from

it.

Being the only fully engaged maternity Hospital in Addis Abeba City, and having 1 health
professional to about 58 mothers ratio, the intervention of mobile phone enabled Ante Natal Care
and Post Natal Care boosts thember of visits and the number of mothers to a significant

amount.
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4.5. Attitude towards the new system

Information technology will not be successful without the engagement of the stake holders. The
engagement of the stakeholders is important because theylikely know the procedure of the
system. They also recognize if the system really benefits mothers and the hospital. On the other
hand, it is very important to make them feel the ownership of the system. In this case, the stake
holders of this systemra health professionals. After clearly understanding the roles of this
system in the process of maternity care and follow up, as explained by the researcher, the

responses of the respondents are shown in the following table.

Attitude towards the mobile system

Frequency Percent Valid Percent Cumulative

Percent

Valid  Yes 24 100.0 100.0 100.0

As clearly seen in the above taBleall the stake holders of this system recognize that the mobile

system is very supportive.

Concerning the knowledge base system, the respondents have the following say. The knowledge
base system, after receiving the symptoms from mobile phone, perftnmal diagnosis and

provides more information alongside the details of the mother.

Attitude towards the Knowledge base

Frequency Percent Valid Percent Cumulative
Percent
Agree 7 29.2 29.2 29.2
Valid  Strongly agree 17 70.8 70.8 100.0
Total 24 100.0 100.0

As shown in the above table, most of the respondents strongly agree that the knowledge base
system isvery supportive. Some respondents respond that they alymeeone responded

disagreement.
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CHAPTER 5

DESIGNING MOBILE ENABLED KNOWLEDGE BASED
SYSTEM

5.1. Knowledge Acquisition

The knowledge for this study is acquired from the health professional in Gandi htispigh
interview and a document from Ministry of Health which is used as a guideline for care and

follow-up of maternity.

5.1.1.Current situation

Ante Natal Care, Post Natal Care and Delivery service are some of the major services provided
by Gandi Memorial ldspital.
1 Inthe 9 months of the year 2008 E.C, the hospital planned to address Zhhtd38atal
Care and performed 11,695, which is 111% of the plan.
1 The hospital planned to providelivery service for 5400 mothers and provided to 5336
mothers, whichd 99% of the plan.
1 The hospital planned to providRost Natal Carefor 2100 mothers and provided to 2270
mothers, which is 108% of the plan.
1 From a total 0f3,122,000people living in Addis Ababa City, 1,080,212are in an age
range between 189 yearswhich is a range who can give birth.
1 From this,number of expected pregnancy in Addis Ababa in 2013 was 72-atizral
Ministry of Health, 2013)
T Compari ng 9nmontlss repoet &fr Garsdi Hospital with the data in 20hg,
hospital has taken about 16% share of the total ANC in Addis Ababa.
T Comparing this year's delivery at Gandi
2013, the Hospital takes about 10% of the total deliveries in Addis Ababa.
T Compari ng 9tnontts regod afrGargli hospital Post Natal Care report with
2013 report of Addis Ababa City, the hospital has 6% share of the Post Natal Care

contribution.
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The hospital has achieved very substantial success in its plans towards Ante NafaelGeamns,

and Post Natal Care services.From the data listed above, the number of Post Natal Care is only
19% of the total Delivery service provided.From this, we can conclude that most of the mothers
who get deliveryservice from the Hospital stop their @mtion to the Post Natal Care services.

Post Partum Bleeding and Post Partum infections contribute 15% and 8% respectively of
maternal mortalityf{Wikipedia, 2016) Therefore, loosing the connection with Delivered mothers

has dagerous consequences. Mobile based system helps in extending the connection with
mothers possible.

Concerning the sign and symptoms, the Ethiopian Ministry of Health has provided a Guiding
protocol document(Federal Ministry of Health, 2010)The purpose of antenatal care is to
prevent, identify and treat conditions as well as help a woman approach pregnancy and birth as a
positive experience. ANC is an opportunity to advice woraed their families on how to
prepare for birth and potential complications. During this time, the pregnant women has the right
to information about her health, discuss her concerns and thought, privacy confidentiality.
(Federal Mnistry of Health, 2010Q)

According to the document preparby Federal Ministry of Health, pregnant women has the
right to get information about her health, discuss her concerns, and know planned procedures in

advance.

After the initial registration bthe first care card, basic things about the mother will be available

at the server side in the hospital.

The details of the first registration are shown in the following T&blgé any one of the 19
guestions r e sqanmsnhhtetidevormar Ee§uies closerfollow up or referral to

specialty careand frequent visits

The four more focused visits are clearly stated in the document. In each visit, details of every
care and treatment are explained step by step. Objectives of the visit, Special Nbtesisi,
Personal History, Medical History, Obstetric History, Physical examination, Laboratory tests,
and Medical interventions, Advices, Questions, Answers and Schedule of the next visit and

maintaining complete records are included.
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The mobile basedollow up system intervenes in this system by collecting daily or weekly
clinical history of the maternal mother.

Whenever thenother goeso hospital for visit, her clinical history will already be well known by

the health professionals. If the mothar case face unexpected health situation, the mobile
system will already be in place to analyze dangerous signs using the knowledge base and alert to

the responsible health professionals.

OBSTETRIC HISTORY No Ye

1. Previous stillbirth or neonatal loss?

2. History of 3 or more consecutive spontaneous abortions?
3. Birth weight of last baby < 25009

4. Birth weight of last baby = 4000g
5. Last pregnancy: hospital admission for hyperiension or pre-

eclampsia’eclampsia?

JaEEr

6. Previous surgery on reproductive tract?{Myomectomy, removal of septum,
fistula repair, cone biopsy, C3, repaired rapture, cenvical circlage)
CURRENT PREGNANCY No Ye

7. Diagnosed or suspected multiple pregnancy?

8. Age less than 16 years?

9. Age more than 40 years?

10. Isoimmunization Rh (-} in curment or in previous pregnancy
11. Vaginal bleeding

12. Pelvic mass

13. Diastolic blood pressure 90mm Hg or more at booking?
GENERAL MEDICAL No Ye

14. Diabetes mellitus

15. Renal disease

16. Cardiac disease

17. Chronic Hypertension

18. Known 'substance’ abuse (including heavy alcohol drinking, Smoking)

1

19. Any other severe medical disease or condition TB, HIV, Ca, DVT ..

A "Yes" to any ONE of the above questions (i.e. ONE shaded box marked with a cross) means that the
woman is not eligible for the basic component of the new antenatal care mode and require more close
follow up or referral to specialty care.If she needs more frequest ANC visits use and attach additional
recoridng sheets
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Forexample:

If a mother sees one or all of the following symptoms mentioned on figure 15, a high level alert
will be made to the server side, nearby health station or Ambulance service. Because, one of the
symptoms indicates a readiness &iveery and staying longer in this situation leaves the baby

and the mother at high risk.

Weel 30

¥" | Leaking from Vagina

¥" | Blood from vagina

¥"| 1 minute long contraction

Back ache

Head achs

Submit

As the mother clicks the submit button, the information directly goes to the hospital server on
which the mother first registered for maternity follow up. The information reaches the server as a
complaint and for each complains, what to tell for the mother is already found in the knowledge
base. Additionally, more information will be kept for the llleg@rofessional responsible for the

follow up of the woman in the form of management to be provided. This additional information
helps the professional to make his own decision and send the woman a custom message or make
calls depending on the urgencytbé situation.
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5.1.3.Commmon symptoms and remedies

Complaint What to Tell the Client
Constipation 1 Increase your water intake (8 glasses); 1
1 Eat highfiber foods, and take daily exercist
1 Use mild laxatives as a last resort
Headache 1 Take mild pain relieversg.g, paracetamol. |
Avoid aspirin.
91 Inform provider if pain becomes severe. Sl
should attend the health facility 1
)l
)l
Backache 1 Avoid excessive bending, lifting, or walkin¢ |
without a rest period.
1 Rock pelvic periodically during the day for
relief.
Wear supportive, lovheeled shoes.
1 If severe, wear a maternity girdle for
additional support.
1 Heat or ice to back for relief, whicher is

more comforting.

Management Provided

Counsel thelient on diet
Suggest mild laxatives onl
if the other measures have

failed.

Determine that the
headache is not@anger
Sign

Offer paracetamol
(Panadol,) 300 mg every
3-4 hours.

For severe headache or
migraine, offer codeine o1
other related narcotic
might be used.
Remembeheadache can
be associated with
hypertension.

Counsel regarding
comfort measures.
Rememberthe Symptoms
of UTI and onset of labor
include backache.
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Nausea and

vomiting

Varicosities

Vaginal

discharge

Eat small, meals frequently. Keep crackers 1
bedside and eat before getting out of bed.

fruit or drink fruit juice before going to q
sleep.
Avoid oily, spicy foods. q

Get out of bed slowly.
Symptoms should not extend beyond the f
three months; if seere and persistent; see

your health care provider. 1

Elevate legs periodically during the day. 1

Wear support hose (elevate legs before

putting on hose fomaximum support). 1
Cleanse genitalia daily. Wear cotton i
underwear.

Use light sanitary pads if discharge is hea\
Avoid vaginal douching.

If dischargedevelops with itching, irritation

or unpleasant odor, see the provider as so

as possible for treatment.

Counsel about comfort

measures.

Provide Vitamin B6, 50

mg, twice daily.

If symptoms are severe,

refer for possible

hospitalization and
intravenous fluids.

Medications for

management may include

- promettazine
(Phenergan)

- Diphenhydramine
(Benadryl)-Other
antihistamines

Birth defects have not

been associated with the

use of these drugs.

Prescribe support hose, ¢
necessary.
Refer ifvaricosities are

severe and painful.

If not infection, counsel
for genital hygiene.

With symptoms of
infection, treat according
to guidelines or refer for

treatment.
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Leg cramps 1 During cramping, straighten leg slowly 1 Prescribe calcium
with the heel pointing and the toes upwse carbonate or calcium
or push the heel of the foot against the lactate tablets.
footboard of the bed or floor, if standing.

1 Exercise daily to enhance circulation.

1 Elevate legs periodically throughout the
day.

1 Take calaum tablets daily. Eat calcium
rich foods such as dairy and dark green

leafy vegetables.

5.1.4.Danger Signs during Pregnancy

According to the information found from the interview with experts in the hdspitd the
referenced document, the following conditions are dangerous signs which have to be reported for

immediate attention:

Vaginal bleeding

Sudden gush of fluid or leaking of fluid from vagina
Severe headache not relieved by simple analgesics
Dizziness and blurring of vision

Sustained vomiting

Swelling (hands, face, etc.)

Loss of fetal movements

Convulsions

© © N o ok~ 0w P

Premature onset of contractions (before 37 weeks)
10. Severe or unusual abdominal pain
11.Chills or fever
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5.2. Knowledge base Conceptual Modeling

Conceptual modellings a technique that helps to clarify the structure of a knowleugasive
business task. Knowledge model specifies the knowledge and reasoning requirements of the
prospective system; the communication model specifies the needgsires with respect to the
interfaces with other agents: i.e., a user interface and/or interfaces with other software systems.
Together, the knowledge model and the communication model form the input for system design
and implementation. Input for the cmptualmodelling process is a certain task identified
during business modellingSpeel, Schreiber, Joolingen, Heijst, & Beijer, 1999)

Maternity health is achievetthrough maternal follow up and treatment. Maternal follow up is
performed in Ethiopia at least four times before birth depending on the recommended follow up
by World Health Organization. In each of the four visits, check up as well as treatment and
adviceis performed. This decision tree model of the knowledge base which helps to make
decision during the follow up and treatment is structured in all the four visits. Each visit contains
personal, medical and obstetric history; physical examination and talyotasts; and medical

interventions.

Visits are separated in trimesters. Trimesters are three subdivisions in the total time which takes
a woman to give birth, usually 37 to 42 weeks. First trimester is from start to 16 weeks. Second
trimester is fronl7 to 28 weeks. The third trimester is from 29 to 37 weeks. As a woman appear
before a health professional, prior making any check up or treatment, the week of the pregnancy
should be known. There are some women who come to the visit in the second wimtleister

without attending the first or the second trimester. In such cases, knowing the right time of
pregnancy is important to provide the appropriate health service. In order to provide all the
knowledge, we start by deciding the season of the pregndrhen according to personal,
medical, obstetric history and physical examination and laboratory test, decisions specific to the
situation are generated by the knowledge base. Decision trees contained in this model have

detailed child and grandchild bieres to represent tasks to be performed.
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Pregnancy between
0 and 16 weeks

Yes

=]

17 and 28 weeks

YV No

[ Second Visit ] [

Pregnancy between ]

29 and 37 weeks

A

[ Third Visit ] [ Fourth Visit ]

Pregnancy between ]

Figure 16 Classification of the major UN recommended four visits
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| Age < 20 havehistory of genital cutting, abortion before pregnancy

Yes 0

- h' Hawve Diabetes mellitus ]

Prowvide special care- Plan more visits
Check for_other conditions also

N — T— |

[ Hawverenal dizeaze ]

r

a 25

Check and control sugar level, work
regular exercizse, use balanced diet

[ Hawve cardiac dizeasze ] [

Metabolic alkalosis, persistent vormiting I

Mo Yes !—”-’-ﬂ_a_,/ \'&E‘E\Q

Treat prerenal azotemia (inchides antiemetic
therapyv, vohime replacement with intravenous
nonmal saline often potassium)

[ Checlk for TR ] High blpnd pressure, Sewver v-alu_.tne de_pletinn,
proteinin urine, hypemmesiz gravidanum,
swelling due to fluid hemmorage
retention
e
No “es Check for cardiac
dizeasze
Abnonmal swishing Pregnancy
zound, increasze in Induced
blood vohune HFP ertension
(PIH)

MNa Fes
Check for Treat Heart
TE Dlurmmur

Figure 17 first visit decision tree

Yes

Treat acute tubular
necrosis (includes fhad
resuscitation and pressers
forhypotension,
antibiotics, or dialysis)
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| Coughing for more than 3 weeks, positive sputum test

/\

[Famjl? history  of vancnse] Treat Tuberculosis. It should be treated eaily.

~,

Otherwase, it will be a lifelong disease of the baby
during pregnancy. Treatment includes TE medicine

. \ with Vitamin B&. -ﬁesh arr and balanced diet.

veins, Stretch marks

Flu like symptoms, tiredness, Elevatelegs periodically during the day, Wear supporthose (elevate legs
aches and pains, stomach pain, before putting onhose for maxinmum support).

nausea, vomuting, diarhea, loss
of appetite,

Treat Hepatitis B or refer to specialist.

Fever, headache, muscle pam, . .
Nausea, Vomiting, dianhea, Treatmalania. Malana should be treated
cough, gemeral  malaise Yes asemergency. [fnot complicated, a dmit
respiratory distress the worman. If complicated, treatin ICT.
A
Mo

First visit 15 done. Document everything
and schedule the next visit.




Second visit

Systolic > 140

Diastolic = 90
No es
Uterine  height less [ Control Hypertension ]
than pregnancy week
I‘\J/M
Vagmnal  blesding, High BMI or Have a
stronger  cramping ful  bladder or
pain felt low n the camrying twins Yes These are usual cases
stomach, tizzue
passing through No
vagina
_('I'hismaybeasignnf ) i
res miscamiage you need Thizs shows slow fetal growth, rapid fetal growth, too much
immediate attention or little ammiotic flmd, uterme fibroids. Check this
Nal conditions using ultra sound

p
Less than l.g fetal | Yes Treat matemal stress of nutnitional problems,
movements in the
whole trimester premature rapture of membranes, placenta
abruption, or Fetal Hypozxia
\
Nl
Is everything from the Second visit iz done. Document everything.
first wisit ok? Schedule the next meeting.
No
Cross check everything
fromthe first visit

Figure 18 Decision tree of second visit
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[ Third visit {Addrass complaints) ]

A J

Constipation
~ HNo

T Inersase vour water intaka {8 glassas); Eathich-fibar foods,
and take daily exercize; Use mild lanatives as a last resort,
, - Counsal the cliznt on dist, Sugeast mild laxativas only if the
//'-Take mild pain 1'31151.'31'.5;\ other maasures havs failad = -

£.g.. paracatamol. Avoid

aspirin. Detarmina that enha

the h=adachzis nota [ Backache l Vas I/_ i

Danger Sign. Offer - | Avoid excassivabending, lifting, or walking without a rast

paracetamol (Panadol) period. Rock palvic periodically during the day for raliaf.

300 mgevery 3-4 hours. o Waar supportive, low-heeled shoes. Ifsevers weara

For severs headachs or matamity girdls for additional support. Counsel ragarding

migraine, offer codzine comfort measuras, Remember: the Svmptoms of Ul and

or othar rzlated nareotic onsat of labor includs bg-:l:acha. Hzat or ice to back for ralisf,

mighthe used. l\:.‘.-']:l.i.ﬂh!‘-‘!d.’is morz comforting, y,

Rememberhzadachs can ¥

beassociated with [ Mauses and vomiting ] I/"

hvpertension. . Avoid exeassive banding, lifting, or walking withouta rast

\ _/ Mo _‘_‘_-_‘_-_-Ei period. Rock palvic periodically during the day for raliaf.

Weaar supportive, low-heeled shoss. Ifsevers weara
matemnity girdls for additional support. Counsel ragarding
comfort maasuras. Remember: the Svmptoms of UTT and
onsetof labor includs backachs Heat orice to back for ralisf,
whichever is mors comforting.

N /
/I;uﬂng cramping, stra{ghtanlag\ e

slowly with tha haal pointing Third wisit is done. Document
and tha toas upward or push the everythingand scheduls fourth
haal of the foot against the visit

footboard of the bad or floor, if
standing.

Exarcise dailv to enhance
circulation.

Elevate lags periodically
throughout the day.

Taks caleium tablets dailv. Eat
caleium rich foods such as dairv
and dark graen leafv vegatablas.

Prascribe calcium carbonate OF
wﬁum lactate tablats. _/

Figure 19 Third visit decision tree

68



Tvpe of delivery

If there iz heart problem or high blood pressure or infections around vagina or baby
is breach or two or more babies shanng same placenta or placenta previa or
wmbilical cord squeezed or small pelvis or baby large head or cervix not opening

after longz labor

Yes MNo

Cesarean delivery Natural vaginal wav

Figure 20 Decision tree for the type of delivery

If one of the above conditions is true the delivery should be held @sirgarean delivergnd

the health professionals should not allow the woman to suffer from a latger
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[ Postpartum changesd fourth visit ]

\ 4
[ Edemammediately after delivery ]

No Yes

[ Worse swelling or pain] Pushing during labor also pushes those extra fluids ti
you have been carrying. Provide IV fluids

Yes

Soreness in vaginal region ]

[ Treat deep vein thrombosis]

No

Vaginal bleeding }

o s

Swollen breasts or /This happens to 6 weeks after \

Soreness in vaginal region happens frorr
delivery to 6 weeks if you deliver
vaginally. It will recover within 6 weeks.
Until then, stop direct contact with vagine

region. Wse Ice packs to relieve from pair
temporarily. breast engorgement delivery. Uterus sloughs off tissue
from its lining. In most women, it
Yes No changes from bright to dark red
blood or pink blood. Ithere is no
v . . o
4 2 to 5 days after delivery, until your S h Lec:/rizé?bdommal or uterine pain, it
system determines how much milk yot neeze or coug \ ] /

need to produce and when, your breas or tickle of pee

might swell and feedock-hard. Wear
supportive bra during day and night

No

Treat Bladder dysfunction and incontinenci
If it is slight incontinence, do exercises in
which you tense and strengthen your interr
muscles and push the bladder backup.

[ Cramping and after pains ]

o S

This happens when uterus shrinks
back to pre pregnandime. This
e} may be severe during breastfeedinc

because of oxitocin, contraction
hormone. Ibuprofen, massage or
heating pad can help ease the pain.

Poop problems or constipation in th
first few days after delivery

Yes No

Stay hydrated, eat high fiber
foods and take stool softener

The most common changes i
post partum is done
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5.3. KnowledgeRepresentation

Knowledge representation makes the knowledge acquired from domain expettdedin

knowledge model to be represented in the knowledge base.

If the woman has diabetes,
Advise the woman to check and control sugar level
Advise the woman to work regular exercise and use balanced diet
Check for Renal disease
If the woman has renal disease,
Check for metabolic alkalosis and persistent vomiting
If the mother has metabolatkalosisand persistent vomiting
Treat prerenal azotemia. Treatment includes antiemetic therapy
Volume replacement with intravenous normal saline often potassium
If the woman has severe volume depletion
If the woman has hypermesis gravidarum

If the woman has hemiage

Treat acute tubular necrosis. This includes fluid resuscitation and pressers for

Hypotension, antibiotics or dialysis
Check for Cardiac
If the woman has cardiac disease
If the woman has high blood pressure,
If the woman hagrotein in urine
If the woman has swelling due to fluid retention
Treat pregnancy induced hypertension
If abnormal swishing sound in heart,
If increase in blood volume,
Treat heart murmur
If woman has coughing more than 3 weeks,
If the woman has positive sputum test,
Treat tuberculosis. It should be treated early.

Otherwise, it will be a lifelong disease of the baby during pregnancy

Treatment includes TB medicine with Vitamin B6, fresh air and balanced diet
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If the woman has stretched marks on her body,
If the woman has family history of varicose veins
Elevate legs periodically during the day, wear supportive hose
Elevate legs before putting on hose for maximum support

If the woman has flu likeymptoms,
If the woman has tiredness,
If the woman has aches and pains,
If the woman has stomach pain,
If the woman has nausea,
If the woman has vomiting,
If the woman has diarrhea,
If the woman has loss of appetite,

Treat Hepatitis B or refer tgscialist
If the woman has fever headache,
If the woman has muscle pain,
If the woman has nausea,
If the woman has vomiting,
If the woman has diarrhea,
If the woman has cough,
If the woman has general malaise,
If the woman has respiratory distress,

Treat malaria. It should be treated as emergency, if not complicated

Admit the woman, if complicated treat in ICU

For all decisions to be made in all the 37 weeks, the sames\iapwed.
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5.4. Overview of the new system

As explained in chapter 3 section 3.1.1.2,the Hospital uses a Smart Care System in the process of
followup and treatment of maternal mothers. A Mother directly go to Triage. The Triage decides
where to send the mother and puts an information on a smdll The mother then take the

small card and go to the Card room and personal information about the mother is recorded in to
the Smart care system.The triage Room continously fetches information from the data stored in
the data base by the Smart Care systm.data shows the history of the mother in the previous
visits. Accordingly, the triage room assigns the department to which the mother should head to.
The departments such as In Patient Department, Outpatient department, ANC department,
Delivery depame nt , Emergency department, Gyneacol og
information and get the history of the mother from the Smart Care system.

This history is also a history about the previous visits. If the mother is coming fof e

the prevous 2 visits will be attached with the current vital sign.

In the new system the input to the department which performs care and treatment will not only
come from the previous visits, but also from summary of every day clinical information collected
through mobile phone.Since information sent through mobile phone to the server and the existing
smart care system is kept in sorted priority from very dangerous to less critical symptoms, an
emergency call will be made to the mother at any time beforethe tithe scheduled visit.

Accordingly, the view of the new system integrated with the existing system will be as follows.

A mother coming to Gandi Hospital for the first time follows the same existing procedure of the
hospital. This time, the mobile phonetb& mother is necessarily registered. If she has no mobile
phone, a mobile phone from her family or relative should be registered necessarily. It is
advisable if more than one mobile phone be registered.

The next physical visit depends on the clinical sary of the mother to be on or before the
schedule. But, the follow up, advice and situation report continues to reach the mother using her
mobile phone.The existing system uses SQL 2008 database system and Microsoft Windows
Server 2008 to run the Local &mCare system.

To be integrated with the existing system, the system needs a public IP so that all mobile phones
access the server,Android Running Environment and Internet Connection. The mobile phone

based maternity care and follow up system will balessgstem inside the existing system.
73



TEIAGE

Type of care

CARD
ROOM

i

Lab request

LIAISON

SERVICE
PROVIDERS
- IPD

Maternal information EMR/Smart care

k4

LAB

Figure 22 Existing Smart Care system in Gandi

prescriptign

Lab Result

Maternal info

Vital sign

¥

Prescription - EGYM

-  OPD/ANC/p
ost partum
- EOBS

- DELMNWERY
- MCH
-  MOR
- GYN
- ART
- NICu
- RapeD.

Dispense and drug infa

PHARMACY

74



Week of

Advice

\___.// Diagnosis

maternity

MOBILE
PHONE

_ Advice and call /

Clinical svmptoms

Figure 23 Mobile phone enabled maternal care and follow up system

MOBILE

PHONE
ENABLED
MATERNITY
CARE AND
FOLLOW UP

ENOWLEDGE
DATA BASE

75



5.5. Sample output screer(see sample code in anrBk
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CHAPTER SIX
CONCLUSION AND RECOMMENDATION

6.1. Summary and Conclusion

This study researches applicability of mobile phones in solving the well known social problem in
maternity health care and treatment. In Ethiopia, 420 mothers die out of 100,000 mothers.
Maternal health is one of the Millennium Development Goal, which méahas a global

concern.

A well performed Ante natal and post natal care is very essential in avoiding maternal mortality.
United Nations has recommended at least 4 times visit to Health organizations before delivery.
Mobile phone enabled maternity caned follow up system boosts the number of visitwéekly

or evendaily basis until delivery. This ensures everything is going on the right track. A perfect
follow up is the reason to perfect delivery, hence No death of maternal mdtbhehss end, trs

study attempts totegrate mobile computing with knowledge base to provide an intelligent care

follow up and visit to women.

This study also attempts to show how to use the real fact at hand about the maternal mortality
problems to be used as an inpat mobile computing and knowledge bastddies. Lack or
inadequacy of maternal visits and skilled health professionals is a well studied fact to be the
cause of maternal mortalityThis study tries to show how to overcome this challenge by
overridden thegeographical limits of visit using mobile phone to make a visit to a woman
without her physical presence in health stations. On the other hand, to make the visit more
successful and fill the gap to skilled health professionals, a knowledge based systel@spro
intelligence. Every day of a pregnant mother comes with a new or usual sign and clinical
symptoms. The frequency of usual symptom and the emergence of new symptom have causes
and if not properly managed result in undesirable or dangerous conseghensgmptom

should be ignored without the prior knowledge of health professionals or knowledge base. The
mobile phone is the nearest, simple and powerful resource of a mother which acts as an

information bridge between mother and health professionals.
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Currently there are 40 million mobile subscribers and 10 million internet subsanbgtisiopia

There is a plan to increase mobile subscribers to 64 million and internet subscribers to 46 million
in 202Q If this much amount of people have mobile sulpdoon, this is a big technological
opportunity to stwve a majorproblem of our societyThis is an opportunity provided by an
information age. There are different approaches offered by this opportunity to solve maternal
health problems and categorized undé-Health. This study shows on of the possible

approaches to Nealth, which is integration of Mobile computing with knowledge base.

Moreover, a mother unaware @funadvised of every symptom in a more scientific way, may be
scared of everything she & in her home or workplace and may be forced to go to health
institutions more frequently, which is costly in terms of time, money and resources. This also

costs and limits the time and effort of health professionals to address many more urgent issues.

Even though there are many researches and projects made in relation to maternity and mobile
phone, most of them are only one way communication. The mother is not interactive with the
system. A Mot her doesn’'t ex pr edem. Ilmmsome ofithel | v o0
cases simplicity is the major problem. If the mother ever has any question, she should prepare it
before sending, which is not simple to do. In other case, the mother should pick up her phone and
make a call to health institution. Homany mothers call? How many institutions and health
professionals handle this call? How often mothers should call is very difficult to answer.
Intelligence is the other aspect of this research. After getting the status of the woman, this system

recommendsare, follow up and treatment options.

The experiment of this research is done in Mahatma Gandi Memorial Hospital. This hospital is
chosen because it is the fully engaged specialized maternity hospital. The hospital already has a
system called SMART BRE, which handles the Medical Triage process of maternity. The
mobile system is integrated with the existing system in the current working setup of the hospital,

except it uses public I'P to collect clinical
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Questionnaire and interview data are collected in the presence of the researcher and some staff
from the ICT departmenGenymotionis themobile phone emulatassed in the experiment of

this systemAndroid Development Kit and Java Development Kit aregnated programming
Environments used in this procebtysqgl database systeimalso used in the process.

6.2. Future works

This research is a generalization of applicability of mobile phones in any Maternity care and
treatment sector. When further researcheshes paper may go down to specific cases, it will be
applied to specific people, specific culture, specific language and specific economical and social
situations. There are mothers who can‘t read
versionsof medical terms are difficult to read and understand. Although this system tries to
present these terms in simple language format, it may not be adequate to leave it this way.
Therefore alternative approach to different local languages including Ambaggsential. On

the other hand, there may be mothers who <can
research, these situations will also be considered. For this version of this research, neighbors or
relatives or members of house hold of the raptwill be needed. If this research continues
growing more widely, it will also be possible to integrate the system digital thermometer

that uses an electronic probe to measure body tempeaatti@her simple devices which can be

easily used in homén future, the cost of operation on the mother side should also be taken in to
account. Some form of sponsorship, advertisement or other ways will be important to improve
consistency of the servic8ecurity is another concern which strengthens thisaresePersonal
information of maternal women should be protected against fisladeover, if researches about

the power of symptoms without any laboratory of vital sign checkups are done, the visit of
woman without physical presence by only collecting gtgoms will be more effectivdn these
andsimilar ways, future researches on this study will strengthen it and be more effective way of

solving maternal health problems of our society.
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6.3. Recommendations

On the basis of this study, the following recomnadimhs are suggested for practical action.

U The hospital already has an Existing Local Area Network based Smart Care System.
They should upgrade the Server to be publicly accessed. To make this happen, the
hospital will buy a Public IP from the only ISP Hthiopia, Ethictelecom.

U The hospital should upgrade the internet from ADSIEitzer based and the capacity of
Internet from 2MB to more than 10MB.

U The hospital may also need to buy Wired or Wireless router.

U The hospital may also need to assign dedicatetegsionals to handle the transaction

and operation of this system.
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Annex-1- Questionnaire and interview

NB: The questionnaire and interview were structured together in order to overcome the challenge
of misunderstanding the questionnaire and the difficulty to present more than 1 session
(Interview and Questionnaire) for the health professionals. Theref@egsearcher personally
presented both the interview and the questionnaire for the respondents. Accordingly, the open
ended questions are categorized under interview and the multiple choice questions are

guestionnaire.

A4%97 42710 S thT A8, fnaCact

“JAdama Science & Technology University

Department of Computing Postgradiate Program

QUESTIONNAIRE TO BE FILLED BYGANDI HOSPITAL
Researcher: Wondimagegn Leta

Research Topic- Mobile computing enabled maternity care and follapssystem
Dear Respondents:

| would like to express my sincere appreciation and dedpanks in advance for your
generous time and frank and prompt responses.

Objective:
The main objective of this researchtts make sure we can use USSD integrated web based
mobile computing to support the maternity care, follow up and treatrhemternal mothers.

Confidentiality:

The researcher want to assure you that this research is only for academic purpose authorized by
the AdamauUniversity MSc program Coordination office and the result will not be presented for
other purposes. Thus, yoweias and comments are highly respected and kept confidential.

General Guideline;

Pleasecircle those questions that are followed by choices and write your short and precise
answers for those followed by blank cpa
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Purpose of this questinnaire
The purpose of this questionnaire is:
1 To have a knowledge of your experience in treatment and care of maternal cases with
and without using the information technology tool
1 To identify where to start and how to start this resesitbthGandiHospital
1 To understand your opinion towards the system recommended in this research.

Contact Address :If you have any query, | am available as peur convenience at:
1 Phone; 0911-92-40-06 or 09-16-26-90-91
1 E-mail; wondimagegnleta@gmail.com
Part | - Personal information
1. How many years of experience do you have in relation to maternity health service?

2. What is your field of specialization?
Health assistant

General Nurse

Midwifery Nurse

Health Officer

General practitioneDoctor
Gynecologist

Other please specify

@rpoo0oTy

Part Il - Maternal health and information technology

3. Which of the following information technology tool/device have you used during your
professionamaternal service process?
a. Computer
b. Mobile phone or any kind of smart device
c. None
d. Other, please specify
4. If you have ever used any information technology tool or device in the process of
providing maternal health service, which one of the following cangeréason?
a. To follow up the status of pregnant mothers
b. To provide advice for pregnant mothers
c. Torefer to a knowledge base related to the treatment of maternal cases

Part Il - Maternal Health related

5. What are the possible maternal complications (death &fedong health problems)
which arise due to lack of adequate follow up before and after delivery?
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6. Is it possible to see symptoms in day to day basis in the periods before delivery?
a. Yes
b. No
c. Other, Please specify

7. Please list the sign and symptoms nrai@ mothers see before delivery as possible

The first three months

The second three months

The last three months

8. Is it possible to see symptoms in a dayty basis in the periods of 2 years after
delivery?
a. Yes
b. No
c. Other, please specify
9. List the most common symptoms mothers see after delivery as possible?
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10.Please suggest most reliable anwtrent hardcopy, softcopy or online reference which
will be helpful to provide diagnosis according to the above sign and symptoms
a. Hard copy, please specify

b. Softcopy , please specify

c. Website, pleasaspecify

Part IV T Current situation

11.How much percent of your plan in the follow up process of maternal mothers is
successful?

12.How much of the motherdo you guesstrictly engage in the follow up process least
4 times before giving birth
a. Most
b. Few
13.How much of the motherdo you guesstrictly engage in the follow up proceswre
than 4 times before giving birth
a. Most
b. Few

Part V - Attitude towards the future system

14.Do you think using a very simple mobile phone based communication sysietnates
mothers to attend the follow up process regularly?
a. Yes
b. No
15.Do you agree a knowledge base system helps all of the health professionals in the

process of maternal treatment?
N:B- knowledge base system takes input from maternal mothers about the sign and symptoms and
recommends what kind of care and treatment to be given for mothers?

a. Strongly agree
b. Agree

c. Disagree

d. Strongly disagree
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Annex-2 Sample Code

class Addwoman extends AsyncTask<Void, Void, String>

{
ProgressDialog loading ;
@Override
protected void onPreExecute() {
super .onPreExecute();
loading = ProgressDia log. show(MainActivity. this "Adding..."
"Wait..." , false , false );
@Override

protected void

onPostExecute(String s) {

super .onPostExecute(s);

loading .dismiss();

Toast. makeText (MainActivity. this , s, Toast. LENGTH_LONYXshow();

}

@Override

protected String doInBackground(Void... v) {
HashMap<String, String> params = new HashMap<>();
params.put(Config. KEY_MAT_phoneg phone);
params.put(Config. KEY_MAT_Vbleed, vbleed);
params.put(Config. KEY_MAT_Vfluid , vfluid);
params.put(Config. KEY_MAT_sheadache, sheadache);
params.put(Config. KEY_MAT_Dizzblurr , dizzblurr);
params.put(Config. KEY_MAT_vomit, vomit);
params.put(Config. KEY_MAT_swell , swell);
params.put(Config. KEY_MAT_fetalmov , fetalmov) ;
params.put(Config. KEY_MAT_convultion , convultion);
params.put(Config. KEY_MAT_prematcontra , prematcontra);
params.put(Config. KEY_MAT_abdopain , abdopain);
params.put(Config. KEY_MAT_fever , fever);
params.put(Config. KEY_MAT_priority , priority);
RequestHandler rh = new RequestHandler();
String res = rh.sendPostRequest(Config. URL_ADD params);
return res;

}

Addwoman aw = new Addwoman();

aw.execute();

@Override
public void onClick(View v)
if (v== sendbutton )
addwoman();
}
}
}
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