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Mobile device adoption has been well accepted in personal life, different work sectors, and states
regardless of the infrastructure. The devices enable access to various services and data irrespective of the user location, be it from the cloud or preloaded on the device. These devices will bring
solutions to healthcare problems in low resource environments. The aim of this thesis is to evaluate the capabilities of mobile devices in healthcare work in the conditions of Tanzanian
healthcare, and how they could be implemented in the system in a sustainable way.
This thesis presents mobile devices in the context of Tanzania. We examine the requirements
of telemedicine implementation with sub-Saharan African examples, and how Tanzania is prepared to handle them in terms of limitations and possibilities. Based on our examination in this
thesis implementing a cost optimized project with testing and pilot phases could lead to transferable telemedicine data gathering systems in environments where resources are limited. Constant
monitoring and training of the healthcare staff, its workflow, and systems will determine the feasibility of the implemented system.
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Mobiililaitteet ovat yleistyneet vapaa-ajalla, työn eri osa-alueilla ja eri valtioissa riippumatta alueiden infrastruktuurista. Laitteet mahdollistavat moninaisten palvelujen saatavuuden riippumatta
käyttäjän sijainnista. Nämä palvelut tai tiedot voivat olla saatavilla laitteella esiladattuina tai pilvipalveluissa. Mobiililaitteet ratkaisevat terveydenhuollon keskeisiä ongelmia alueilla, joilla on rajalliset resurssit. Tämän tutkielman tavoitteena on arvioida mobiililaitteiden kykyä avustaa hoitohenkilökuntaa terveydenhuollon tehtävissä Tansaniassa. Tavoitteena on lisäksi tarkastella, miten
laitteita voitaisiin sisällyttää terveydenhuollon järjestelmiin kestävästi.
Tarkastelemme aikaisempia telelääketieteen projekteja Saharan eteläpuolisessa Afrikassa ja
erityisesti, kuinka Tansania on valmis käsittelemään telelääketieteen rajoitteita ja mahdollisuuksia. Tutkimuksemme perusteella kustannusoptimoidun telelääketiedeprojektin käyttöönotto terveydenhuollossa pilotti- ja testausvaiheineen voisi johtaa siirrettävien telelääketieteen järjestelmien tiedonkeruujärjestelmien luomiseen matalan infrastruktuurin alueilla. Järjestelmän soveltuvuutta voidaan arvioida hoitohenkilökunnan kouluttamisella ja sen työskentelyn seurannalla. Järjestelmien käyttöönoton onnistumista arvioidaan niiden jatkuvalla valvonnalla.
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1.

Introduction

1.1

Introduction

The access to healthcare is a basic human right, and many areas of the world still need
a more sophisticated system to handle the needs of the people. Rural and remote areas
especially suffer from difficult access to specialist treatment and high response times of
treatment. (Kayange & Massawe, 2013) Electronic healthcare, eHealth, is changing the
way people could access healthcare in remote areas for example, in Tanzania.
(Busagala & Kawono, 2013) In short term the changes in healthcare to adopt eHealth
could lead to better treatment (Mickan, et al., 2013; Lindquist, et al., 2008) and in the
long term this change could bring equality in terms of healthcare accessibility. (Kayange
& Massawe, 2013)
The current state of health information systems, known as HIS, in Tanzania is fractured
between different operators and platforms. This means that the standards of development of the platforms are non-aligned and knowledge from a single platform is not necessarily transferable to the next. These issues are addressed in the larger scope of the
project that this thesis is a part of. The project is called Contributing to capacity building
of developing and using health information systems in Tanzania, the funder in Finland is
the Ministry of Foreign Affairs and the project owner is the Finnish Christian Medical
Society (Nokso-Koivisto, 2018). One of the aims of the project is to develop the capabilities of eHealth system developers and the supporting structures. This could happen in
terms of more open-source platforms and HIS evaluation, which are relevant aspects in
the context of this thesis. We want to provide insight to the usefulness of mobile devices
and eHealth in low resource environments.
Based on the literature review conducted in this thesis, we know that the use of mobile
devices in Tanzanian healthcare could lead to improvements in the healthcare system in
multiple areas. However, we have left some questions that surfaced during the research
open and unanswered. The access of specialist care, and the availability of healthcare
specialists are one of the larger concerns in this regard.
Tanzania is a sub-Saharan country, and it has been positioned as a low-income state
with a GDP of 601 USD per capita. Tanzania’s health expenditure is 32 USD per capita
of the country’s income of GDP, it makes a total of 6% of the GDP. (Surgey Gavin, 2019)
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The Tanzanian ministry set a goal for the year 2020 for all hospitals and 25% of the
primary healthcare facilities to make use of ICT in their administrative, clinical and financial operations, this requirement included the need for the systems to be interoperable
(Ministry of Health, Community Development, Gender, Elderly and Children, 2019),
which is an important note of the approach to this thesis that we will be taking. What we
want to avoid is the creation of more systems, which are not linked to one another on a
database and service level.
Tanzanians are very receptive to mobile technologies; they are using mobile payment
applications avidly. (Ministry of Works, Transport and Communication, 2016) The people
of Tanzania are using mobile applications to take care of everyday business, such as
banking or insurance payments. Services like M-Pesa, Tigo Pesa and Airtel Money
among other service providers saw 45 trillion Tanzanian Shillings transacted through
them between July of 2015 and March 2016, according to the Ministry of Labor. (Ministry
of Works, Transport and Communication, 2016) This number is expected to grow in the
future as well, since the adoption rate of cellphones and internet usage has grown since
2015. (Tanzania Communications Regulatory Authority, 2020) The very wide adoption
of mobile devices in Tanzania is why we think it is a good idea to start the concrete
implementation of mobile devices in Tanzanian healthcare. The devices themselves do
not pose a barrier of entry in terms of operating them for many people who are working
in healthcare. As an output of mobile device implementation, the service provider, the
Tanzanian government, would be able to provide healthcare services on mobile platforms in a sustainable and accessible way for many people.

1.2

Methodology and thesis outline

Our methodology consists of literature review in Chapters 2 and 3. In Chapter 2 we introduce the context of Tanzania in terms of background information in Tanzanian ICT,
healthcare professionals and the general capabilities of Tanzania in terms of eHealth.
To answer questions about mHealth feasibility in Tanzania and other low resource environments, we will examine studies, which (Brinkel, et al., 2014) have compiled and analyzed. These studies show different models to implement mobile devices in low resource
environments. Chapter 3 is about Tanzania’s healthcare organization, mHealth perceptions in the hospital staff and patients, while we also discuss the notions of adopting new
organizational models to cope with changes of eHealth.
Chapter 4 is about our proposition to solve the mHealth implementation of devices in
primary healthcare data collection in Tanzania. The Chapter leans on the meta research
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of (Brinkel, et al., 2014) about the implementations of mHealth technology in sub-Saharan Africa. We will present a model on how to adapt the (Brinkel, et al., 2014) model
to the context of Tanzanian primary healthcare and analyze the possible outcomes of
the project and the risks involved in it.
The research question for the thesis is, does the adoption of mHealth and mobile
devices influence the Tanzanian healthcare system, and if so, what kind of an effect it is? Our hypotheses for the thesis, based on the research question, are:
H0: Mobile devices have no effect on the Tanzanian healthcare system.
H1: The utilization of mobile devices can help Tanzanian healthcare system operate more reliably and efficiently.
The hypotheses are reviewed in Chapter 5 and we have to examine them from a theoretical standpoint, since no implementations or trials will be conducted in Tanzania as a
part of this thesis. Our aim is to provide a viewpoint to the possibilities of mHealth in
decentralized areas with limited resources.

1.3

Thesis objective and scope

The purpose of this thesis is to assist government bodies and private companies in decision making regarding investments in the mHealth platform development and telecommunications infrastructure funding of Tanzania and the future of mobile networks as an
integral part of the national ICT strategy all over the country. Additional goal is that these
results then could be adapted for other countries depending on their context and need.
The reasoning behind this thesis is to improve the conditions of those, who still lack the
access to internet in their daily work within healthcare sector, such as maternity checkups, injuries, and vaccines. This has a meaningful impact on the healthcare workers
outside of the populated city areas and the people living in these places. The government
of Tanzania’s health investment roadmap (Government of Tanzania, 2017) has named
computerizing primary healthcare data and hospital data computerization as an investment recommendation, with an estimate of 6 years to implement in Tanzania, three years
dedicated to the testing process and three years dedicated to the roll out of the results
of this testing process. The estimated costs for the investment are 34,27 million USD,
testing accounting for 2,48 million and roll out 31,79 million respectively. A key output
named in the paper is “…implemented on tablets and smartphones with solar power.
Works offline but syncs within facility and to central database.” (Government of Tanzania,
2017) This offline operation and asynchronous operation of the device, independent of
the central facility is one of the key aspects of this thesis and its objective.
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The research we provide here focuses on the adoption of mobile devices as the primary
input method to replace pen and paper style data collection and transfer for healthcare
workers in Tanzania, to prepare the healthcare system for the future use of mobile devices, despite the currently lacking coverage of mobile internet access (Tanzania
Communications Regulatory Authority, 2020; Vodacom Tanzania, 2020), phones are
well adopted in Tanzania (Tanzania Communications Regulatory Authority, 2020) and
thus we believe the people of Tanzania are willing to use them. Bridging this gap between
the current state of offline operations within areas of internet coverage to states, where
internet coverage is commonplace is a critical step to ensure the robustness of the systems in the future.
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2.

Tanzania background

This second Chapter will examine the context of Tanzania from an information communication technology standpoint in the context of human centered design. We will present
the current state of power grid, national internet titled as National ICT broadband infrastructure optic backbone referred as NICTBB, mobile device usage, and mobile communication adoption. This Chapter also highlights the current efforts of the Tanzanian government regarding eHealth with the perspective of how ready the personnel and people
are to socially accept it and the state of technological capability to adopt new technology.
The Chapter has examples from projects such as (Brinkel, et al., 2014) and (Blaschke,
et al., 2009), which have been completed in Tanzania or in the neighboring regions in
Sub-Saharan Africa. These examples serve us to bring more context for the upcoming
Chapters 3 and 4. Chapter 3 takes us to the Tanzanian healthcare system and Chapter
4 is about the possible implementation of mobile healthcare, mHealth, to Tanzanian
healthcare network.

2.1

ICT Accessibility in Tanzania

The adoption of information and communications technology, ICT, in Tanzania has developed well in the recent years within the population and not only for the top earning
officials or workers. Mobile technologies have been the primary growing sectors in the
recent years. According to (Busagala & Kawono, 2013) in 2013 75% of Tanzanians had
access to a radio in their household. About 52% of the population had access to a TV
and 48,4% of the people had a mobile phone. As a stark contrast to 2013 (Tanzania
Communications Regulatory Authority, 2013) Tanzania had 27,1 million mobile subscriptions in January. In 2019 the number of mobile subscriptions has increased to 48,9 million subscriptions. This brings the total penetration of telecom services up to 88% of the
population (Tanzania Communications Regulatory Authority, 2020). The target number
of users for internet in 2020 was set in the National Five-Year Development Plan
(Ministry of Finance and Planning, 2016) to reach 66,6% of the population using internet.
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Figure 1 The subscriptions of telecom services according to (Tanzania Communications
Regulatory Authority, 2020)
From Figure 1, we can observe the development of phone subscriptions excluding internet connectivity in the recent years in Tanzania. The Figure 1 shows that the rate of
subscriptions has basically plateaued in 2015 to around 80% from 71% and no major
changes have occurred between 2015 and 2017. However, in 2018 the trend of subscriptions went up significantly, but the penetration rate stayed just one percentage
above 2015 despite the increase of almost four million connections of the total around
40 million. The biggest development in penetration rates was in 2019, when the numbers
increased significantly as seen in Figure 1, by 5,4 million connections, bringing the total
penetration rate up to 88%.
Continuing the growth trend, the estimated number of internet users in Tanzania in March
2014 was 9,31 million. (Tanzania Communications Regulatory Authority, 2014) This has
grown to an estimated number of 26,8 million users (Tanzania Communications
Regulatory Authority, 2020) with access to the internet, which is roughly 46% of the population, well below the target of 66% set in 2016 by (Ministry of Finance and Planning,
2016). We regard that the future of this development is very dependent on the chosen
technology and route of implementation.

-7-

The disparity in the accessibility of the mobile internet services is clear between the people living in cities and people living on the countryside. Tanzania’s biggest telecom operator, Vodacom Tanzania, advertises their coverage as follows “EDGE in selected

towns and cities covering 50% of the population” (Vodacom Tanzania, 2020). This
EDGE standard is not an acceptable speed for internet services and modern web applications. Since the web applications themselves, however small, might take up to several
megabytes of data downloads when used online only. Most of the modern web applications and anything made with a form of EcmaScript frameworks, such as React.js and
Vue.js are automatically out of the question for these areas. This makes the accessibility
of offline applications more crucial, so that people could have access to an offline client,
which can upload data, when connectivity is available for the user. The accessibility of
healthcare is crucial according to the specification of the Digital Health investment
roadmap (Government of Tanzania, 2017).
Vodacom offers 3G connectivity in urban areas and cities listing twenty-one major cities
in their area of operation. (Vodacom Tanzania, 2020) These cities do cover a large part
of the population but cannot be considered nationwide access for all the people living in
the suburban areas of these cities. They are served again the earlier standard of communications in EDGE format.
In 2016 around 69% of the population in the country lived in what constitutes a rural area.
(SyndiGate Media Inconrporated, 2016) This rural area can be particularly hard to cover
efficiently with 3G networking, since the signal range of a single tower is not enough to
cover a large area in a terrain, which might have significant ground formations or vegetation. Any formations in the terrain, such as hills, forests or mountains, will dampen the
signal and in turn the coverage of a single tower is going to be lower and the cost of
implementing more of these towers is going to be higher. The physics behind the coverage pattern of a single cellphone tower is beyond the scope of this thesis, so we will not
be examining the matter any further.

2.1.1

Tanzania’s Goal to Become a Regional ICT Operator

The Tanzanian broadband structure is essential to understand for the context of this
thesis, since the locations of the fiber optic cables dictate the locations of the cellphone
towers and other access points to the grid.
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Figure 2 Tanzania's broadband network structure (Kayange & Massawe, 2013)
From Figure 2 we can observe the basic structure of the Tanzanian broadband network.
Most of the major cities in Tanzania are covered by the possibilities of this connection,
while major parts of the rural areas around the cities lack the coverage for this optical
fiber connection. This Tanzanian network also serves the neighboring countries with a
high-speed connection.
Despite the trouble in covering remote areas of Tanzania with internet, the Tanzanian
government is accelerating the development of internet and bringing it to more people.
The cost of acquiring internet access in 2010s in Tanzania has reduced by 50%, due to
the national ICT broadband backbone initiative, which laid the foundation for the two
major undersea cables, Eastern Africa Submarine Cable System and the Southern and
Eastern Communications Network. Tanzania has desires to develop into a hub serving
its neighboring countries with ICT services, ranging beyond the current fiber optic connectivity. Following these efforts Tanzania now serves the landlocked neighboring countries; Kenya, Rwanda, Burundi, Zambia, and Malawi with fiber optic connection and is
aiming to be the region’s largest ICT connectivity hub. This development accelerated the
investments in telecommunications operators and infrastructure in Tanzania. (Ministry
of Works, Transport and Communication, 2016) This goal to become a regional ICT provider is a big step for Tanzania in becoming more competitive in terms of ICT capabilities.
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Considering the need for the country to become self-sustained when it comes to ICT
solutions, we will discuss this idea of a self-sustained ecosystem in the list of challenges
in Section 0.

2.2

Challenges of ICT in Tanzania government level

The National Information and Communications Technology Policy in Tanzania (Ministry
of Works, Transport and Communication, 2016) lists a twelve-point list of challenges,
Figure 5 Health referral system in Tanzania , recognized in Tanzania among ICT and the
utilization or development of ICT related functions. This list of challenges serves to examine the relevant issues prevalent in Tanzania Figure 5 Health referral system in Tanzania more closely, possibly hindering or preventing the adoption of mobile devices in
healthcare from a personnel capability standpoint, governmental resourcing in infrastructure or other problems, in regard to this thesis. The list is not a comprehensive list of
obstacles for the project, which should be removed in order to complete it, but rather
serve to set the parameters for a mobile network intensive implementation in the country.

2.2.1

Addressing the challenges in ICT

The list of challenges Figure 5 Health referral system in Tanzania presented by (Ministry
of Works, Transport and Communication, 2016) is partly speculative and more of a highlevel threat assessment based on facts and pre-existing data.
1. Non recognition of the ICT profession, inadequacy of skilled and competent human resources base and illiteracy amongst citizens to effectively participate in a
knowledge society;
2. Ineffective leadership framework at different levels to champion the integration of
ICTs in the socio-economic development process;
3. Lack of appropriate frameworks for deployment and utilization of ICT infrastructures including data centers, right of way, e-readiness and availability of electricity
in most rural areas;
4. Underutilization of the deployed radio-communication frequency spectrum and
other scarce ICT resources due to lack of policy framework;
5. Most ICTs used in the country lack or contain minimal local content components,
online content language is foreign predominantly English which is not accessible
to most citizens and no framework for promotion of the competitive ITES/BPO
Industry in the country;
6. Relative increase in ICT infrastructure vandalism and unsafe/unsecure use of
communication services which lead to cybercrime, infringement of privacy and
detriment to national culture including child abuse online;
7. Unsupportive policy framework for National ICT standardization and e-waste
management;
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8. Weak research & development (R&D) in the sector and high dependency on ICT
importation which negatively impact innovation within ICT start-ups and the industry;
9. Low negotiation capacity and ineffective participation in regional and international
integration ICT initiatives which hinder opportunities for network creation, collaboration and linkage to Foreign Direct Investment (FDI) and technology transfer;
10. Dire need to develop awareness of hidden and under-promoted conceptual and
technical assets on Intellectual Property rights;
11. Ineffective integration of ICTs for increased productivity and value addition in the
production chain; and
12. Increased gender inequality in ICT initiatives and ineffective application of ICT in
key / potential crosscutting sectors.

Figure 3 Challenges presented by The National Information and Communications Technology Policy in Tanzania [3]
As we observe from Figure 3, most prevalent problem themes presented are addressed
as high-level lack of framework or models of leadership or execution of projects such as
points 1 to 5, 7 to 9, 11 and 12. That makes up ten of the points recognized in challenges.
This change in leadership and facilitation of frameworks is not an easy task for Tanzania
to implement, as most governmental level changes take a lot of time, considering prevailing state of the world or elections and the change of officials in the administration.
The first three points in the list acknowledge this need of new capabilities in the leadership and the value of support from the outside of the government. Changing the status
of ICT profession in the Tanzanian society is a slow process even without considering
the illiteracy issues the country is tackling. The help bodies, such as TCRA Consumer
Consultative Council, is directly aimed at helping with ICT illiteracy, but Tanzania recognizes the need to put more effort into educating ICT literacy within the population.
(Ministry of Works, Transport and Communication, 2016)
The second theme, which the Figure 3 problems revolve around is related to the deployment and utilization of technology, be it physical or digital technology, mainly this is regarding points 3, 4, 5 and 11 in Figure 3. The opportunities are there to deploy solutions,
but the desire to utilize and deploy these components to the infrastructure seems to be
low as of now. It can be speculated whether this has to do with decision making or the
facilitation of these services and the lack of native Tanzanian companies to push these
projects in more remote areas along with the Tanzanian government.

2.3

National eHealth prospects

In the recent years Tanzania has been creating multiple frameworks for a future national
eHealth system to cover more and more citizens in the country. The transition to eHealth
services is expected to bring benefits to the decentralized nature of Tanzania’s
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healthcare system, which we will discuss more specifically in Chapter 3. According to
(Busagala & Kawono, 2013) eHealth services are advantageous compared to traditional
health services in the sense that the accessibility they offer is superior in comparison to
traditional health services. The use of eHealth services enables a single operator in the
health system to cover more patients than they possibly could, when compared to hospitals or clinics operating on the basis that the patient visits them or the staff makes a
visit to a part of a town, city or village.
The means to access these opportunities for the hospital is utilizing telecommunications
or fiber optic connections with the internet. This approach means that the receiving end,
the patients and other collaborators, must also be connected via similar services and the
method for these remote connections in Tanzania should be chosen carefully. Possibilities for the connection to the patient range anywhere from teleconferencing via phone,
instant messaging via a messaging application on a mobile phone, and video conferencing via mobile phones. The lack of reliable electricity availability in the country is a big
obstacle for these real time connections, which is why Tanzania has named the goal to
adopt solar powered devices in the Digital Health Investment Roadmap. The solar powered devices are capable to operate without direct internet access or the fear of limited
operation time, while retaining the possibilities of a hospital database connected device
in a remote location. This aspect is relevant to Chapter 0, where we will present a model
and what mobile devices could bring to the Tanzanian healthcare system.
The efficiency benefits of eHealth in the healthcare system is only one reason why Tanzania finds the prospects of eHealth so lucrative for them. Among facilitating the natural
and growing use of mobile payments (Busagala & Kawono, 2013) in Tanzania another
key benefit, which the researchers (Busagala & Kawono, 2013) name is improved communication between the patients and hospital staff. This improved communication can
be executed via the remote connections that we mentioned in the previous paragraph.
One more notable aspect to mention in this context is that the end-to-end confirmed
nature of the eHealthcare system idea brings is the confirmation of actual visits to the
patient to ensure they are given the proper care for their condition and the correct drugs
are being taken to the patient that needs to receive them for their condition. This may
reduce abuse of drugs and the chance of a patient receiving counterfeit drugs significantly, according to the researchers. (Busagala & Kawono, 2013)
According to (Busagala & Kawono, 2013) the challenges of eHealth adoption in Tanzania are multilayered and cannot be pointed to a single instance at fault as their results
confirm in their survey of hospital staff and patients. The country suffers from the lack of
basic infrastructure such as dependable electrical grids with good coverage and
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2G/EDGE mobile connectivity, and as mentioned before, the coverage of 3G/HSPA networks is lacking and they cover only a relatively small part of the country with connectivity
speeds enough to operate modern web content. Another restricting factor of a reliable
mobile connection is the limited reliability and accessibility of electricity. According to the
questionnaire, 23,7% of the respondents considered electricity to be a challenge in
healthcare already. (Busagala & Kawono, 2013) Confederation of Tanzanian Industries
claims (Confederation of Tanzanian Industries, 2011) that Tanzania suffers from regular
troubles in power supply, rationing of produced power and outages being a common
occurrence. The CTI continues these notions in their report (Confederation of Tanzanian
Industries, 2011) and they state that the currently implemented electrical grid cannot be
satisfied with the supply that Tanzania is able to provide.
The statements in the report are corroborated by (World Bank, 2010) where in their
report section about the Tanzanian power grid they state that in 2010 only 10,6% of
Tanzanian population was covered by electricity. This number is low even when compared to other countries in Africa, urban areas had a coverage of 38,9% and rural areas
a measly 1,8% of the population had access to the electrical grid. We speculate that this
number has risen since the demand of electricity has gone up with mobile devices for
example, but we do not know if the report has taken a stand on privately produced electricity such as solar panels on a roof or a communal charging station for phones in a
village, which can change the number of people with access to a source of electricity
significantly.

2.4

Tanzanian Hospital staff and patient ICT capabilities as a part of eHealth

In a study (Busagala & Kawono, 2013) conducted in Tanzanian hospitals with patients
and healthcare professionals 79,7% of the hospital staff think that they have been inadequately trained for operating EHealth systems. In a similar way 72,9% of the respondents also felt that the provided support in ICT functions is lacking and does not meet the
needs of their current position. Of the respondents 95,5% agreed that they need more
education when it comes to ICT skills. When comparing to how the staff felt about patient’s ICT skills, it was regarded as a problem in a cumulative 95,5% of the cases, the
researchers state that most of the people in Tanzania do not have rudimentary ICT skills.
(Busagala & Kawono, 2013) Almost everyone in the questionnaire (Busagala & Kawono,
2013) agreed that they require more training to acquire enough ICT skills. This lack of
training of the personnel or the lack of confidence and supporting environment can lead
to errors in hospital operation as digital systems continue to be more prevalent and
widely adopted.
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In the same study (Busagala & Kawono, 2013), while the lack of support and training
was perceived to be an issue, the quality of the received technical support was not regarded as a major obstacle. Only 16,9% of the respondents considered it a constraint
for eHealth adoption. This seems to indicate that when the support is provided it is not
suffering from poor quality, which is one less thing to address when creating a new structure for the supporting functions of hospital ICT in Tanzania. We will discuss more in
Section 0 about the perceptions of medical staff and the use of mobile devices in their
daily work environment.
Studying the challenges of eHealth adoption in Tanzania, the researchers (Busagala &
Kawono, 2013) noted that the most widespread device among the hospital staff was a
mobile phone. More than 93% of hospital staff in the participating facilities used a mobile
phone regularly. This is highly contrasted with the patient respondents, only less than
50% of whom use a mobile phone regularly. (Busagala & Kawono, 2013) When it comes
to this project and the scope, the use of mobile phones by the hospital staff is a good
sign, meaning most healthcare workers will adopt mobile phones as a device to use at
the hospital. The patient side mobile implementations will have to wait for the adoption
rate to catch up to be a reasonable solution for the citizens and a worthwhile investment
for the government of Tanzania. As we discussed earlier, the rate of mobile phone connections is constantly increasing in the country and Tanzania has national goals to improve the adoption rate of mobile internet connections.
However, one of the most alarming signs of eHealth adoption was the large discrepancy
between the responses of urban and rural areas. The researchers noted that rural areas
might suffer from the lack of knowledgeable ICT personnel or the more urban and populated areas are provided better support overall, either by design or by chance.
(Busagala & Kawono, 2013) This inequality between staff and the personnel in the hospitals might cause the remote visits to patients without internet connection or the possibility to contact the hospital other than by phone or visiting a village level nurse’s facility.

2.5

Sub-Saharan African mHealth review

We have presented general challenges and opportunities with basic infrastructure of ICT
and mobile phone adoption in previous Chapters, but this Chapter focuses more on the
mHealth studies conducted in sub-Saharan Africa to bring more context to the project
we will discuss in more detail in Chapter 0. The limitations of mHealth in the region may
range from the lack of cellphone connectivity (Vodacom Tanzania, 2020), electricity
availability (Confederation of Tanzanian Industries, 2011) to the lack of implementation
and leadership qualities we discussed in Section 0. The information we aim to present
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from (Brinkel, et al., 2014) is a collection of studies conducted in the region of subSaharan Africa of which, Tanzania is a part of. We would argue that if the research team
(Brinkel, et al., 2014) presented information to summarize the region and categorize the
aspects prevalent in mHealth, the neighboring countries of Tanzania and their experiences would bear high relevance to the success of this type of a project. The nature and
applicability of these characteristics related to Tanzania will be addressed in Chapter 0.
According to the researchers (Brinkel, et al., 2014) the mobile health implementations
were in 2013 overall either in their pilot stages or in their infancy and have only recently
been implemented to use. The authors (Brinkel, et al., 2014) also argue that the new
nature of mHealth systems and their lack of abundance in use does not have a negative
impact in understanding the systems as a whole and evaluating their impact in the hospital environment or mHealth projects for that matter. The papers the researchers
(Brinkel, et al., 2014) collected in their discovery phase was in October of 2013 and January of 2014, so the scape of mobile phones and devices has changed significantly since
then and we need to keep this in mind while observing their results and remarks. We are
not saying that the results might be irrelevant, but many of the possible issues in research
presented in 2013 can easily date to 2012 or earlier, so the ecosystem of mobile devices
is different today.

2.5.1

Healthcare mobile device implementations in sub-Saharan Africa

The importance of healthcare surveillance should not be underestimated, but sub-Saharan Africa has some challenges in the adoption of modern health surveillance. This
section of Africa suffers from logistical costs in healthcare and the surveillance of these
systems as well. (Brinkel, et al., 2014) The lack of digital systems could be combatted
against with mobile networks and mobile applications as well. The coverage of mobile
networks exceeds that of other high technology infrastructure, such as healthcare infrastructure, in sub-Saharan Africa mobile networks cover more population than any other
advanced communication technology. (Brinkel, et al., 2014; World Health Organization,
2011; (Thieumurthy & Lester, 2012). Despite these opportunities, the reality of the situation in these countries is different.
Some of the programs in aiding the systems in surveillance are still paper-based such
as the WHO established Integrated Disease Surveillance and Response, ISDR, which
makes them face obstacles in terms of data collection. Especially the ISDR program
suffers from being inefficient overall and lacking the accuracy of digital systems in data
input and accuracy. (Pascoe, et al., 2012; (Friederici, et al., 2012) Researchers (Brinkel,
et al., 2014) argue based on other studies (Pascoe, et al., 2012) and (Tomlinson, et al.,
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2009) findings that the collection of information with mobile devices could be a turning
point for the healthcare and surveillance systems. The researchers (Tomlinson, et al.,
2009) argue that mobile phones bring a suitable option for the user to conduct data collection, for the fact that the paper-based systems cause storage costs to increase, error
frequency is higher and the possibility for a double entry of data can raise the data input
costs even further. (Brinkel, et al., 2014) We would consider that paper input for data
could bring hardship with copying information and relating this gathered data to other
facilities, should a patient move within the country and have their medical records transferred with them physically.
According to the researchers (Brinkel, et al., 2014) in all of the mHealth implementations
in the studies they visited the mobile devices followed a similar pattern where the
healthcare worker collected information and none of the studies collected data from the
patients directly. The pattern, which the researchers (Brinkel, et al., 2014) discovered
about data collection and flow of information is presented in Figure 4.
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Figure 4 Mobile device implementation process pattern in sub-Saharan Africa according
to (Brinkel, et al., 2014)

We can note that in Figure 4 the process of data gathering is very straightforward with
only two major steps involving human intervention directly. Those steps are phase 1 and
3, since the data storage process can be assumed to be automatic in most databases,
which are preconfigured for such purposes. The first step (Brinkel, et al., 2014) is described as collecting the data from the people either in medical facilities or in the communities where the healthcare workers perform their work. Processing this data and collecting it to a correct format in phase 1 is a part of the encounter with the patient, although
the workers might correct input after interacting with a patient to ensure data integrity.
Phase 2 is mostly automated and reliant on the worker accessing a connection to synchronize the data they have gathered on their mobile device.
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Depending on the structure of the data and servers, different parties have access to it
now automatically. Phase 3 is where the government officials, epidemiologists or NGOs
would perform their data scraping for their own purposes. This streamlined and simplified
model (Brinkel, et al., 2014) is a good depiction of what the system involving mobile
devices could be in its infancy. It is interesting to note that all of the studies the researchers (Brinkel, et al., 2014) found in this case spanning in sub-Saharan Africa operated in
a similar fashion. We speculate that the implementation this way was the familiar route
and oriented more towards the accuracy and reliability of data collection when compared
to the perhaps more agile but possibly more unreliable self-reported data collection.
The researchers (Brinkel, et al., 2014) report that the rate of sending the data to a central
hub or a higher-level organization varied in the studies they collected from one day to a
week. The methods of data reporting ranged from a fixed schedule to a different rate of
days to case-by-case reporting of data. The devices used in the studies the researchers
(Brinkel, et al., 2014) found ranged from basic cellphones, smartphones, or tablet devices. The used devices in the studies were the hospital staffs’ personal devices from
the participating healthcare facilities or from the study facilitators. Eight of the implementations were reliant on data transmission via SMS protocols and one of them was application based. (Brinkel, et al., 2014) It is vital to note that in all of the cases presented,
two-way communication was an option with the use of the phone provided. (Brinkel, et
al., 2014) The functionality was for example verification that the data was sent for analysis in the database, or the servers analyzed information, which was requested from
them (Blaschke, et al., 2009)
Some of the implementations of mobile devices also allowed for the recording of GPS
information, (Chihanga, et al,. 2012; (Kamanga, et al., 2010) so the researchers had an
easier time logging the location information for additional data processing or mapping.
Enriching the data and creating data formats, which can support the future expansion of
the database and integration of citizen accessible health information is something that
should be accounted for in the planning of the mHealth implementation in our expertise.
The technology application side of the study conducted here is informative for the nature
of this thesis, for the fact that healthcare professional based and lead data collection has
been implemented successfully in a project quite many times and it seems to be a valid
way to approach the problems Tanzania is facing as well. We will consider the technical
aspects of this thesis in Chapter 4.
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2.5.2

Social aspects of mobile devices in healthcare

User satisfaction and acceptance was one of the more important aspects, which the researchers looked at in the studies. According to (Asiimwe, et al., 2011) the healthcare
workers had a good adherence to the rules and regulations with mobile phones, considering that they were using private mobile phones as well in the study. The researchers
(Pascoe, et al., 2012), reported that the users of the system experienced more satisfaction with their working environment and had a generally enjoyable time using it and the
mobile application in the study was good for them and their work. The study results
(Blaschke, et al., 2009) reported that the workers had a feeling of empowerment and felt
like the use of mobile phones empowered their work. One reason for the empowerment
was the lack of transferable paperwork since the workers did not have to utilize transportation during the day but could instead focus on their work.
Utilization of mobile devices also brings new troubles for the users, and the study
(Pascoe, et al., 2012) found that the lack of electricity or mobile credits for the phone had
the healthcare workers disheartened or confused. On the other hand, in the same study
(Pascoe, et al., 2012) the confusion was combatted with encouragement from the research team with good results, helping with the user motivation of data synchronization.
We would consider that upholding general policies to help with the implementation of
mobile devices into healthcare to be a great benefit for the success. As we presented in
Figure 3 and in Section 2.2.1 discussion, the Tanzanian government has recognized the
leadership of ICT to be one of the greatest challenges regarding ICT projects in the
country. For this leadership to mature before implementing any mobile devices in Tanzania is almost impossible, since the changes in governmental organizations may take
more time than in private companies or with systems, where fewer people are involved.
The leadership would have a chance to manage smaller parts in this projects pilot phase
and gain more expertise about managing mHealth systems and tasks relating to it, so
the effort could be more focused instead of diverting multiple resources in managing nonparallel functions or plans.
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3.

Tanzania’s Healthcare Point of View

In this Chapter we will present various characteristics of the Tanzanian healthcare system, such as how it is organized in the country, the structure of this system down to local
level of operation and what it means to the rural side of the country. Among discussing
these topics, we will present a model by (Deng & Poole, 2003) for the learning possibilities with telemedicine and what the adoption of mobile devices could do for the Tanzanian healthcare system on the personnel level. The findings presented by (Deng &
Poole, 2003) are taken to the context of Tanzania by the researchers (Kayange &
Massawe, 2013) where they present the issue of specialist healthcare in rural areas and
what telemedicine could do for them.

3.1

Description of Tanzania’s healthcare structure

In Tanzania, according to the governmental reports in 2013 (Ministry of Health and
Social Welfare, 2013) around 90% of the population in Tanzania live within five-kilometer
distance of a healthcare facility. The same source claimed it to be an issue that a vague
number of Tanzanians live out of the reach of the specialized healthcare system. The
system is complemented with a dispensary of resources in the lower-level structures of
healthcare. The government of Tanzania has implemented a decentralized healthcare
structure in the country. This can be observed from Figure 5 Health referral system in
Tanzania , which according to the researchers managing of the health sector is heavily
influenced by actions of the regional government. The ministry of health oversees the
health services provided by the national level hospitals and the regional referral hospitals. On policy and regulation level the ministry of health is in charge of all of Tanzania’s
health services as the researchers state. (Surgey Gavin, 2019) This structure can be
observed from Figure 1.
The healthcare structure consists of “25 administrative regions, 113 districts with 133
councils” (Ministry of Health and Social Welfare, 2013) the numbers are subject to
change by the government and the changes in population. In these regions Tanzania
has situated 4679 dispensaries and 481 health centers. (Ministry of Health and Social
Welfare, 2013)

-20-

Figure 5 Health referral system in Tanzania (SHOPS Project, 2013)
As we can observe from Figure 5 Health referral system in Tanzania , the healthcare
facilities and efforts in Tanzania are divided into private and public instances. These different instances are separated for comparisons sake to different levels where the government, local authorities, private companies, or nonprofit organizations take place in
their activities and what those activities might include. The pyramid shaped figure indicates that the National Level facilities, such as private pharmaceutical wholesalers or
national hospitals operate on the same field with comparable impact or reach in the
country. The left side and right side of the Figure 5 indicate a similar sized instance
operating within the healthcare structure of Tanzania. This is not a perfect comparison,
but it illustrates the activities of private and public healthcare efforts well.

3.2

Organizational learning models in eHealth adoption

The researchers (Deng & Poole, 2003) provide a theoretical model for observing and
analyzing different factors in the telemedicine networks (see Figure 2). The researchers

-21-

(Deng & Poole, 2003) who created the model describe its relationships as a fusion between social and technological factors such as education, communication, and the setting the software or hardware offers. Based on the model the authors argue that the
impact of the outcomes from the system is in relation to the nature of the technologies
used in the telemedicine service, like their flexibility. (Deng & Poole, 2003) Other aspects
to consider that might have an impact on knowledge are the strength of the relation between the two entities in this network, density of the network, and diversity.
The authors point out that there are two types of organizational learning processes,
which are relevant to this telemedicine model. They are double- and single-loop learning.
Single-loop learning is founded in observing and applying presented methods to achieve
a desired outcome in the end. Double-loop learning is more concerned with keeping the
applied methods appropriate to the situation. It is based on experimentation, reflection,
and applying already learned things in a new way. This way may challenge the very basic
values in the work environment, and it is a slower process than single-loop learning, but
it is absolutely crucial for the organization to survive. (Deng & Poole, 2003) In the following Chapters we will define more clearly the concepts of diversity and density in the
context of telemedicine learning. Later in Chapter 0 we will apply the operation logic of
the model presented in Figure 2 (Deng & Poole, 2003) to a model of our own to depict
the possible Tanzanian mHealth implementation.
The researchers (Deng & Poole, 2003) specify that the density of the telemedicine network means how many theoretically possible ties there are in the network between the
parties connected to it and of those parties how many are connected between one another. This definition is important according to the authors because they argue that the
interconnectivity between the members of this network can heavily affect the quality of
care they will receive and the quality of medical information that is accessible to them.
The denser the network is, the better people within that network have access to the information provided by it and adopt the knowledge. (Deng & Poole, 2003) (Kayange &
Massawe, 2013) This notion of dense networks in our view would also translate into local
communities with health expertise and views of medicine and treatments. The connected
nature of mobile devices should help drive this point further.
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Figure 6 Telemedicine learning model network according to (Deng & Poole, 2003)
The researchers in Figure 6 (Deng & Poole, 2003) heavily emphasize the strength definition of the learning networks and the nature of the relationships between humans. The
better quality these relationships are, the stronger the bonds are and the less negative
impact they will have in the complex processes in the network, and it will strengthen
single-loop learning as well. The authors argue that these strong social ties enable human networks to advance and learn from one another, to spread information, for instance, about complex but important matters.
The researchers (Deng & Poole, 2003) compare this strong intense coworking relationship to weaker ties between individuals. Weaker ties allow the people in this network to
question their earlier learned information and may help put new information in new perspective to enhance double-loop learning. These less intense and weaker ties are kept
with colleagues for example via conferences, meetings between departments who rarely
interact with one another, email, or other online communication forms. These weak ties
form an important link between the healthcare facility and the patients. One other key
purpose for them is to act as a link between two facilities in exchange for information and
resources. (Deng & Poole, 2003) In Tanzania this single-loop learning could mean that
specialists in remote areas have regular training and conversations with their peers via
internet and within the region to help with local healthcare innovation.
The researchers (Deng & Poole, 2003) define telemedicine network diversity as various
types of patients who are electronically connected in the network. The variety between
the patients enables the healthcare network to gather information with qualitative methods and it provides learning opportunities for the network with new data and unique
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cases. According to the researchers, combining this new information with existing cases
can drive advanced learning in the network. This double-loop learning will make employees reconsider current practices and even adopt new methods. Cross cultural learning
may assist this process as people are motivated to learn and understand their peers
especially when they are from a foreign culture. (Deng & Poole, 2003)

3.3

Specialist treatment accessibility in Tanzania

According to (Kayange & Massawe, 2013) the Tanzanian hospitals in remote locations
have had trouble in retaining staff who are capable of doing their jobs properly due to the
lack of supporting resources for the hospitals. Nurses and even doctors might suffer from
the lack of a supporting specialist in a niche medial expertise area and might be unable
to properly conduct examinations. Another problem which is posed by the lack of specialist care in Tanzanian hospitals in remote locations according to the patients is that
they are admitted in the hospitals for longer periods of time and more frequently compared to other hospitals, which can hire their own specialists to treat and diagnose patients in person. The authors make the assumption that this way of operating has to do
with the lack of specialist support in the remote locations. (Kayange & Massawe, 2013)
Another reason why the Tanzanian officials are compelled with the idea of remote specialist support is the fact that, according to (Kayange & Massawe, 2013) there are too
few specialists graduating to be a medical officer in the country. The authors do not make
any claims as to how many of these officers there should be per hospital or per capita
for population, but it is clearly indicated that this problem should be fixed in the educational system of Tanzania by increasing the number of people to educate. (Kayange &
Massawe, 2013) To combat the lack of local specialists at hand, eHealth offers the videoconferencing and other remote connection possibilities as a solution to the logistics of
long distance and expenses of travel, as we discussed earlier in Chapter 2 of this thesis.
This possibility of remote specialist accessibility is great news for the small hospitals,
which can possibly outsource some of the load on their health systems to the better
equipped larger hospitals. The improved diagnosis and care taking abilities could serve
them well. Even though it may to solve the problem locally in Tanzanian remote areas,
the concept of remote specialists does not address the lack of specialists in the country
as a whole. Increasing the burden of all the hospitals with specialists is going to put staff
under heavier load and make specialist treatments harder to get appointments for,
should the number of these specialists remain the same in the future. In our view, this
should be motivational for the Tanzanian government and universities to solve together
in allocating resources to university education.
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The authors state that getting specialist treatment the traditional way in Tanzania would
mean long travels and staying overnight on the hospital journey for the patients. This of
course means that most low-income citizens cannot afford to go have this kind of treatment, because according to the authors, the logistics alone make it near impossible for
them to pay for. (Kayange & Massawe, 2013) We see this as a point which can cause
further division between higher and lower income households and it will create inequality
for the accessibility of the treatments. The access to proper healthcare is a basic human
right and we believe eHealth is one of the best ways to help democratize healthcare for
the people in regions with difficult distances to healthcare facilities.

3.4

Primary healthcare data collection study

An example of research conducted about data collection in low to middle income countries, LMIC as they are known, was conducted by researchers (Dickinson, et al., 2019)
in India, Kenya, and Pakistan. The researchers studied maternal health data collection
and the use of electronic data collection systems to pair with mHealth. We will present
their guidelines and observations of the data collection in these environments to assist
our project in the Chapter 0. The findings we present help set the requirements for
mHealth systems and help assess the disadvantages and advantages of mHealth in the
context of Tanzania.
The researchers claim that electronic data collection is safe and can be protected on the
device by encryption or passwords, easier to manage than papers which are cumbersome (Dickinson, et al., 2019). We consider that the same reasons presented here make
a compelling argument to move to digital only data collection in Tanzania as well. The
researchers named it essential for the low to middle income countries’ mHealth implementation to facilitate data transmission when the internet connection is available and to
collect the data when no internet is available, the application should also work regardless
of the number of patients input in the system as presented in Table 1 (Dickinson, et al.,
2019).
Essential requirements
Internet
Platform
Question types

Usable off-line
Data can be stored securely until checked for completeness
Able to be uploaded to server
Can be used on electronic tablets to facilitate viewing multiple
questions at same time
Tick box
Number box
Short free text
Date
Likert scale
GPS location capture
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Design Features

Skip logic & answer validation
Ease of design – Graphical user interface Potential to create
sub-forms within a tool Ease of deployment
System Features
Able to facilitate:
Large number of uploads (> 15,000/annum)
> 500 questions /form
Data analysis
Data exportable to Excel/SPSS
Support
Support for staff
Training
Cost
Not significantly more than existing paper-based option
Taulukko 1.
Requirements to enable electronic data collection according to (Dickinson, et al., 2019)

As we can observe from Table 1, the requirements set by the research (Dickinson, et
al., 2019) is rather all encompassing and addresses most aspects of mHealth systems.
For instance, the mobile device itself being capable of GPS signal usage, it has to have
internet connectivity in either Wi-Fi or mobile network fashion and the costs need to be
reasonable to keep the entire system costs down. As Table 1 shows, the systems consist
of other parts than just the hardware itself. The system also builds off of the staff who
receive training for the usage and continuous support in case of something does not
function as expected. The Table 1 list also shows us requirements for more abstract
things such as the design and system, how they function technically and how can humans interact with the system, and how the system supports logical decision making and
helps correct errors. Other remarks of note include that the data collection has requirements as well, questions need to be posed in a different manner and do not have to be
set individually to ease input of data. There should be multiple options available for the
healthcare staff to utilize the questionnaires and include more freeform information as
well, not necessarily only standardized information or fields, which are only provided by
a rigid non-customizable form.
Advantages
Software

Automated validation and skip
logic capacity
Off-line data collection capacity

Hardware

Portability of electronic tablets
Option to resize screen to enlarge
text useful for data collection

Costs

Re-usability of electronic tablets following initial investment

Field-based
Training

Data collectors enjoyed training
and appreciated capacity building

Disadvantages
Time required to familiarize with
new software
Specialist technical help required
to develop script for uploading data to
server in the UK
Training required to design and
manage forms
Issues with shipping devices and
customs clearance for international
deployment
Increased risk of theft of tablets
compared to paper forms
Cost of electronic tablets and accessories (covers, chargers, etc)
Cost of software
Cost of external support for technical aspects (scripting)
Training required to use devices
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Training required to use software
for data collection
Security

Data password protection on
devices
Processing
Reduced need for processing
Time required for inbuilding validaand cleaning
and cleaning of data compared to tions and skip patterns in the tool at
paper forms
development stage
Taulukko 2.
List of advantages and disadvantages of electronic data collection according to (Dickinson,
et al., 2019)

The research team (Dickinson, et al., 2019) compared different electronic tools for the
data analysis while keeping the focus on maternal morbidity. Based on these findings
they compiled a set of advantages and disadvantages, as shown in Table 2, they experienced in the electronic data collection. These advantages are similar to the Table 1 list
of requirements, in the sense that they address multiple parts of the data handling process in primary healthcare.
The themes in the list of advantages in Table 2 range from personnel requirements to
the device requirements. Most notable advantages we see in Table 2 include the reduced
need for additional labor when processing the data, to help with continuous work hours
building from every data entry, which has to be processed in a paper-based system by
hand, possibly multiple times. Another major benefit in Table 2 related to data collection
is the automated validation and skipping of the unnecessary fields; no staffer needs to
know at all times, which questions rule out which set of corresponding fields. This could
reduce the manual labor in the field again. Third major benefit is the lifespan of the devices since after the initial investment the yearly investment is smaller and possibly could
mean replacing only a set of the bought devices due to wear and tear in use, instead of
purchasing the whole fleet at one time, if most of the devices still remain operational. In
the case of Tanzania this could also mean licensing the software used for data collection
and keeping the data centers owned by hospitals to avoid racking up yearly licensing
fees, depending on the cost of upkeeping them, this could be another cost saving measure.
Electronic data collection is not all just positives and it has some tradeoffs compared to
traditional paper-based systems. Most disadvantages of electronic data collection from
Table 2 include the hours of training and preparations which are needed to validate the
system and help the users operate it alongside with the initial investments in the systems
needed to operate it. Depending on the capabilities of the hospital staff, the training could
be initially a big time and monetary investment, as we discussed earlier in Section 0, the
Tanzanian hospital staffers feel that they need more training as it stands today regarding
ICT.
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3.5

mHealth perceptions in patients

Researchers have demonstrated the effectiveness of data collection from patients for
example Duane et. Al. (Duane, et al., 2017) conducted a study in Ireland regarding UTI
infections. The researchers utilized text message surveys and a phone application downloaded on the phone in patient interaction. The data collection was conducted with surveys from the patients with text messages, online survey and from the UTI diary application. The researchers noted that there was little variation in the response rates of the
text message, online survey and the UTI application. (Duane, et al., 2017) The lack of
variation in the setting can be seen as net positive, because it would bring freedom to
execute a similar system as it fits in Tanzanian context. Duane et. Al. (Busagala &
Kawono, 2013) conducted the study in Ireland, so the context and results do not apply
directly to Tanzania.
Regardless of the applicability of the study directly in the context of Tanzania, it is interesting to note the similarities in the patient response rates regardless of the medium the
researchers used. The fact that SMS messaging was an effective way to communicate
with questionnaire patients is supported by the discoveries of De Bruijne and Wijnant
(De Bruijne, 2014). The researchers found in the study that respondents of a questionnaire who receive the request via SMS are just as likely to respond as any other participants. The researchers hypothesized before conducting the study that this might be a
factor because people receive so few spam SMS messages compared to the flow of
daily email spam. (De Bruijne, 2014)
Text message engagement had a positive response from the patients and the respondents reacted promptly to an unanswered questionnaire after reminding them. (Duane,
et al., 2017) This could be considered in the Tanzanian case as well; the mobile network
needs to transmit text messages reliably and preferably as encrypted too, to facilitate
this kind of approach. The need for a full coverage 3G network is diminished by these
notions about the relevance of text messaging, but serves a purpose for the future cases,
when more data is transmitted regularly on a larger scale and the scaling of the possible
text messaging solution reaches its limits through the restrictive nature of the data provided through SMS protocols.
The researchers noted that once patients are onboarded to a study via mobile devices,
they tend to complete it as well with good success. (Duane, et al., 2017) This discovery
is also supported by (De Bruijne, 2014); the researchers found that the response rates
in the Netherlands differed 14%. Of the respondents 71% of people completed the survey
when they received it via SMS and only 57% did so when they attended via email. The
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researchers noted that there was no observable correlation between education, sex or
age and it applied to a diverse group of people. (De Bruijne, 2014) We cannot be sure
that this result is applicable in Tanzania as a direct result, but we expect the behavioral
model of an email receiver and an SMS-message receiver to behave in a similar way.
This is due to the fact that email is by nature slower in pace, we consider email to be
similar format to letters, meaning the information provided to the user is never vital in the
moment, but rather in long-term standing.
Another note on the nature of emails comes from (Bly, 2018) where the author discusses
various issues with email, such as sender reputation to be of concern in the case of
Tanzania. We would consider this a real problem if a junk mail filter were to intercept
medical information sent to a patient who needs to see urgent instructions regarding
medication or their future treatments. The author states that 83% of email delivery issues
are being caused due to poor sender reputation in the USA. (Bly, 2018) This kind of
interception of communications has a good purpose behind it, because email is notoriously known for the intense amounts of unnecessary messaging and unwanted content.
SMS messaging and mobile applications do not suffer from this kind of an issue but may
also be susceptible to actions of a single user or governmental bodies, should they feel
the need to regulate these formats for any reason.
Related to the discussion about email versus SMS messaging, the final interesting discovery of (De Bruijne, 2014) was that people completed the survey much faster when
they were reminded of it via SMS compared to email. SMS reminders in the study were
effective on average in 171 minutes, while it took 734 minutes for email reminders to
have the same effect on people. (De Bruijne, 2014) This is an interesting discovery by
the researchers and in the context of Tanzania, where the adoption of cellphones is
higher than computers, it only makes sense to approach this from the more agile standpoint of instant messaging, such as SMS or health applications. We predict this might
yield similar responses from patients participating in Tanzania in such questionnaires
and treatments. Why we consider the subject this way has to do with the results of the
researchers (De Bruijne, 2014) and their study. It has more to do with the preconceived
notions of the applications, rather than a direct cultural comparison from our point of
view. The issues in Tanzania, which could be solved by implementing mobile communications between the patient and the local or regional healthcare facility.

3.6

Hospital staff perceptions of mHealth

In this Chapter we discuss the use of mobile devices as a part of medical workers daily
operations. Considering the vast number of responsibilities, a clinician must carry
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throughout the day, an emphasis must be placed on the ease of learning and adopting
new tools, for them to use these provided tools. In our view, mobile devices are a supporting tool, which the medical professional can seek out help from when faced with a
precarious situation.

3.6.1 Utilization and usefulness of mHealth
Wireless devices can improve the delivery of reliable information for the doctors, for instance PubMed4Hh, a mobile device implementation of PubMed medical database
(Gartrell, et al., 2018). Clinicians using mobile devices were observed to prefer summary
style information accessible for them, they preferred this style over the academic abstract
texts. (Gartrell, et al., 2018) This was possibly due to the accessibility of the information
in the summary style texts over the abstracts. On a mobile device the user has only a
limited amount of space on the display available at one time, so maximizing the efficiency
of this space, to have as much usable information available for the user can be deemed
very efficient and user friendly.
According to the research by (Gartrell, et al., 2018) the list of mobile support tools’ benefits include: the improved adherence of guidelines in treatments (Aranda-Jan, et al.,
2014); increased patient information collection and documentation improvements; more
accessible health information at the healthcare facility (Mickan, et al., 2013); decreased
rate of medical errors (Mickan, et al., 2013); health information accessibility is improved
in diagnosis, screening and referral situations as well (Lindquist, et al., 2008). The researchers (Gartrell, et al., 2018) who compiled the list of these benefits are addressing
the benefits in the context of clinicians and other hospital staff involved in patient related
functions, such as treating the patient or referring them to future treatments.
One example of integrating mobile devices into their daily workflow is Columbia University’s School of Nursing. According to the researchers (Gartrell, et al., 2018) they already
started this practice in 2002 for the students. This is very early adoption considering the
limitations of mobile devices almost 20 years ago, such as the display size and processing power. Nowadays longer lasting battery technology, such as portable power
banks for power outage and remote area coverage in Tanzania’s case is more advanced
and accessible and input methods are more flexible as well overall.
According to (Gartrell, et al., 2018) the research of mobile device utilization benefit studies do not range into other branches of healthcare professionals than physicians. The
researchers also (Gartrell, et al., 2018) provide some key insights from the (Johnson, et
al., 2013) research as to the perceptions of nursing students, who utilized the available
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information well, but the schedule might be too tight for them to use as a reliable information source. The study (Johnson, et al., 2013) consisted of measuring the usability of
research abstracts relating to patient care in preventing type two diabetes. The secondary measurements dealt with the study participants on individual level, such as the “demographics, accessibility and the usefulness of full-text manuscripts.” (Johnson, et al.,
2013)
Despite these shortcomings and timing constraints, researchers (Bakken, et al., 2014)
found that the mHealth decision support systems facilitate in their research, nurses and
nurse practitioners well. In their study (Bakken, et al., 2014), the results were that in a
statistically significant sample of 34349 patients with the cases revolving around obesity
and overweight issues, depression, and tobacco use, and the sampling was done randomly with a control group, the mHealth decision support system had a significant (P <
.0001) on the result of the diagnosis.
The findings by the researchers (Bakken, et al., 2014) regarding digital support systems
are encouraging for other medical professionals as well and show us that it is a promising
environment to implement mobile devices for others than just the physicians. We are not
medical professionals, so the accessibility of relevant information is more than we may
comment on with our expertise. With the abundance of possibilities, the mobile devices
may bring to the healthcare personnel in Tanzania, the relevance of the information to
the user should be a key point in delivery of the project. Not only is it important to properly
apply the devices to their context of use, such as a hospital or a remote location without
access to the internet, but moreover the platform delivery as well. Making too much available for inexperienced users of complex systems may cause confusion, frustration, and
insecurity, even if the user is proficient in their field of expertise.

3.6.2

Feasibility of mHealth applications in clinician work

In the study (Gartrell, et al., 2018) regarding the PubMed4Hh in clinicians work, the
researcher’s goal was to see how useful clinicians considered bottom-line summaries,
TBL, and abstracts in completing a diagnosis. This study (Gartrell, et al., 2018) had the
clinicians slightly prefer abstracts in their work over TBL summaries in their daily work
and generally had a positive impression on using both of ways of operating. In their discussions about the study conducted, the researchers (Gartrell, et al., 2018) found out
as a side effect that many medical professionals are not trained to search databases for
information to use with making a diagnosis, or they might not be aware that these types
of resources are available for them. We mentioned this problem earlier, if the tool applied
in the context does not have relevance in the user’s day-to-day activities, they might
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disregard the opportunity to use it altogether. This prospect of not being aware of the
possibilities at hand and lacking training is a definite risk in the case of Tanzania. We
discussed in Section 0 the Tanzanian healthcare professionals’ ICT skills and it is a possibility that poor integration and training into their workflow will result in not adopting
mobile devices at all, or utilizing the cherrypicked functions, which are already familiar to
them.
One of the possible mistakes to make in a project, where we implement new tools and
ways to work into professional’s schedule for them, is to just disregard them as useless
and commit already strained and limited resources to this idea. We will discuss the first
phases of the possible project in Chapter 0 describing the development and design and
moving into the field trial and final phases. From our point of view, for the mobile device
implementation to work in Tanzania, the system must be tested and designed together
with their respective stakeholders in the context, which they require for their work.
As a conclusion to the usage of the mobile devices in medical environments, we consider
that they should be prioritized as a supporting tool, which enables the physician or the
nurse to conduct their work as they would do normally in a hospital or health center
environment without interruptions from external factors or from the devices itself. There
are certain risks when implementing devices into the work of the physicians who might
be inexperienced in using a mobile DSS to support their work. The risks of this implementation are discussed more thoroughly based on the approach taken in Chapter 4.
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4.

Project plan of primary healthcare mobile device implementation

As we have presented in previous Chapters, the idea of mHealth in sub-Saharan Africa
is very tempting and has potential to address multiple issues with healthcare resourcing,
accessibility, and care reliability to name some examples. In this Chapter we will apply
the proposals and information to a theoretical model of mHealth first implementation in
Tanzania. This model will be focused on adopting the devices for primary healthcare
workers as the initial step to move towards a deeper implementation and a possible digital overhaul of the healthcare system in Tanzania. This model presents ways to continue
the implementation and we will discuss the mHealth for the people in Chapter 0 and as
a possible part for future work, which could be conducted on the adjacent topics to this
thesis.
The implementation plan in Tanzania needs to start with some guidelines and loose heuristics in our experience. Narrowing down goals and deliverables for the project helps
the scope of the project keep narrow and focused without losing track of the most important objectives. This is one reason we will not focus on the citizen mHealth in Tanzania, for we omitted it due to expanding the scope of the proposal too much.

Proposition 1: Effectiveness of learning will be positively related to the flexibility of the information technologies used for telemedicine.
Proposition 2: The greater the network density is, the more effective the learning
process of medical knowledge acquisition, transfer and sharing.
Proposition 3: Density of a telemedicine network positively influences the effectiveness of single loop learning
Proposition 4: The more strong ties there are in a telemedicine network, the more
effective its single-loop learning.
Proposition 5: The more strong ties there are in a telemedicine network, the more
effective the learning process concerning how to collaborate effectively via telemedicine. Proposition 6: The more weak ties there are in a telemedicine network, the more effective it is at introducing new ideas that promotes double-loop
learning.
Proposition 7: A balance between strong and weak links must be maintained for
a telemedicine network to promote both single- and double- loop learning.
Proposition 8: The diversity of telemedicine network ties positively influences
the effectiveness of double-loop learning. Proposition 9: The more diversified
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the telemedicine network ties, the more effective the learning process concerning how to collaborate effectively via telemedicine.
Figure 7 Propositions of researchers (Deng & Poole, 2003) for telemedicine network
learning
The propositions of (Deng & Poole, 2003) in Figure 7 can be deemed as the foundation
for the requirements of the Tanzanian healthcare mHealth system foundation. As we
discussed earlier in Section 0, the average Tanzanian healthcare worker’s ICT skills
might need training or guidance from the hospital or the local government, but more
importantly the learning that comes from the working community and the organizational
learning models will have a noticeable effect on the results. We discussed the contents
of these propositions earlier in Section 0. The core of the propositions in Figure 7 is the
ability of workers to learn for example from the institution they are employed at, their coworkers, surroundings, or material and training they are provided. Designing the usage
environment for the mHealth system around the principles of telemedicine learning in
Figure 7 could be considered to be essential. The nature of learning within the organization is going to impact the acceptance of mHealth and form future sentiments towards
expanding the system and using mHealth for the Tanzanian citizens.
Additionally, looking at Taulukko 1, we presented in Section 0, it will serve us to set the
stage for the digital system adoption and development. The requirements presented by
researchers (Dickinson, et al., 2019) relate to the capabilities of the system as a part of
human interaction for the data collection to provide valuable aid to the users. Some of
the notions address the system and the ability to interact with existing software in use,
such as the data exporting. This is also a necessary point to make, the system is not
going to be operated without the use of supporting systems or already in place solutions.
The necessity to facilitate ease of systems integration could prove to be difficult in Tanzania. There are already multiple systems in the healthcare space in use and major hospital systems also differ in private and governmental healthcare (Pharmacist, 2018), as
pointed out in the questionnaire in Tanzanian hospitals.

4.1

Introduction of simplified models to implement mobile devices

The models referred here are a combined effort between all of the sources we have
utilized in the thesis, based on the project setting of the Tanzanian government
(Government of Tanzania, 2017), which was published during the writing of this thesis
and our plans gain more stability from the alignment of our ideas. We present two different ways to implement mobile devices in Tanzania’s healthcare system to illustrate different ideas and possibilities based on the source material.
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This proposal is derived from the requirements presented by the Tanzanian digital health
investment roadmap point of computerizing primary healthcare data, as discussed before, the plan presents the idea to give users of the system access to solar powered
devices. The devices operate independently and without the need for access to the internet (Government of Tanzania, 2017), however, at the same time they retain the access to the required medical information journals and information critical for the clinician
to make the necessary assessment of the patient and refer them to the treatment they
need, as we discussed in Section 0 according to the research of (Gartrell, et al., 2018)
and the perceptions of clinicians and their specific user requirements to operate efficiently and accurately. Most of the source material we have used in describing the models has been in the context of clinical facilities in North American or European contexts
with a balance of added descriptions of the limitations found in Sub-Saharan African
countries and Tanzania especially.
The specific limitations of Tanzania we have presented so far have included the limited
resources in governance and execution of the projects in the country, lacking resources
of personnel in the specialist departments of hospitals and the supporting personnel
qualifications in ICT operations and sometimes in medical context as well. Along with the
aforementioned limitations, the electricity supply in Tanzania is unreliable even in big
cities and the double labor conducted by doctors and nurses threatens the work efficiency and reliability. From the side of the people of Tanzania the limitations include the
accessibility of internet communications or the lack of a reliable internet connection in
the modern web formats. Another limiting factor has been the geography of Tanzania
and the spread of people in the rural areas and how equal they are to their urban counterparts in terms of care quality and the costs of medical treatments.

4.2

Established infrastructure implementation

The final version of implementation possibility this thesis offers is what we call implementing mobile devices in established infrastructure. What we mean by established infrastructure is steady and reliable electricity availability, mobile cellphone accessibility
within citizens and hospital staff, network coverage for mobile internet, trained staff and
a support system for the user base to facilitate medical professionals and patients.
This type of implementation strategy would lean on an already built and tested facility of
the aforementioned services and goods. The project plan relies on the capability of the
local authorities, hospital staff and companies’ collaboration efforts to facilitate and manage a system to an already existing environment. We would consider establishing a more
mature strategy such as this in countries, where the infrastructure is more developed,
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and the capabilities of individual regions are higher. However, in Tanzania’s case this
type of approach would in our perspective mean significant delay in adoption of mobile
devices and conflicts with the MoH proposals to improve the existing health information
systems with mobile device capabilities.
Starting from the very basics such as a power grid in certain areas is just not feasible for
the project to make sense, more agile implementation strategies and scaling the solution
up could yield more beneficial results in Tanzania’s context. This approach can be
deemed as redundant, since it does collide with the goals of the Tanzanian government
of implementing the system in trial phase and rolling out with the solution in six years,
with the budget being less than 50 million USD (Government of Tanzania, 2017). For
the sake of curiosity and theoretical application, we brought up this possibility to implement eHealth in established infrastructure. We will not be focusing on this implementation strategy any further, since the risk benefit analysis cannot be compared between the
three of these proposals in the scope of this thesis and as noted, the goal of the project
set by the Tanzanian Government collides with this model.

4.3

Bottom-up mobile devices implementation

The second model we are going to introduce in this thesis we call Bottom-up, this means
the impact of the low-level implementation of the mobile devices. The devices could be
tested on the most technology deprived level of healthcare in Tanzania, the community,
and village levels or healthcare centers. These locations need electricity and easier access to reliable and effective healthcare delivery. In this setting the goal would be to fulfill
the investment project goal of implementing offline devices with a capability to synchronize data in the healthcare facility or in the availability of cellular connection
(Government of Tanzania, 2017).
This approach to patient data collection in the process would cut many links in the chain
of collecting data from a single patient and providing it up to national databases. The
transfer from pen to paper information collection introduces a chance for the information
to be entered incorrectly. We argue that writing up patient notes on a mobile device,
stored electronically might prove to be more reliable in the long term and more robust in
resisting the specific conditions and demands of Tanzania when compared to pen and
paper in conjunction with computerized systems without mobile devices. This model is
very similar to the one that the researchers (Brinkel, et al., 2014) found in their review
of the Sub-Saharan mHealth implementations. It relies on the healthcare personnel and
their capabilities as the expert user of the system, while providing the information to the
servers for synchronization and third-party analysis similar to the process in Figure 4.
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Figure 8 Mobile implementation model in practice scenario - nurse visits a patient in a
remote location.
The best depiction of the model to adopt mobile devices in the early phases of the project
is presented in Figure 8. We observe the model from the point of view of the healthcare
personnel and them as the expert user, who has needs for the system, but they in turn
also serve the healthcare infrastructure as a part of their work without the mobile devices
being in the center of the work itself, but supporting it, as we discussed earlier in the
thesis. Fundamentally this model does not differ from the use of traditional pen and paper
form systems, since the primary healthcare personnel has their duties, which they may
fulfil in a similar way, visiting an area, filling out the patient information, taking the information to the central facility for processing and that data being forwarded to the parties
involved. The major difference in the mobile device adoption would be the way information is treated in the system in the ways that it is forwarded for other users or being
backed up for future use.

-37-

4.3.1

Project requirements

Major considerations and requirements for this type of an approach include a capable
software to run the data collection and synchronization, which preferably would integrate
in to existing software in the hospitals, the availability of mobile devices and their external
backups, capable personnel to operate the mobile devices, established way to synchronize and share data from the primary healthcare facilities, and a functioning mobile network or a wireless local access point in the area of the primary healthcare facility. We
will discuss the leadership and project, implementation of the project in Section 0 in more
detail and aim to present the requirements that this would mean for a primary healthcare
facility in the rural side of Tanzania.
As we mentioned in the previous Chapter, most of the requirements are on the personnel
training and hardware access side of the project. Of course, to implement hardware in
this way, we also need a functioning software to implement on the hardware, so a health
information system operating on mobile devices tailored to the needs of Tanzanian primary healthcare is also essential. We are mostly focusing on the hardware implementation and the technology as an enabler of mHealth, further software aspects are out of the
scope of this project, such as the usability, training, costs, or the preferred service provider. The hardware implemented has some requirements for it to function in the
healthcare systems as needed. We consider that the main needs of the mobile hardware
implementation in Tanzania are:
•

Availability of steady power in the hospital and on the field via battery banks, local
generators, or car chargers.

•

Access to cloud and local data storage to enable the synchronization of the data
gathered from the local visits.

•

Redundancy to back up the data on the visit to an external device and in the
system when in the hospital premises.

•

System to be designed for minimal memorization, minimal external helpers, and
material to assist in training and robustness of use.

•

Usability of the system to not interfere with the primary healthcare work, but to
act as an enabler of the daily routines.

•

Training of personnel to be satisfactory to meet the learning needs for the system
and to operate mobile devices, should they be unfamiliar. This training should
include security protocols in data transfer and storage.
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With these requirements set based on the material we have studied regarding sub-Saharan mHealth characteristics (Brinkel, et al., 2014), basic guidelines of usability and
system design, organizational learning to perfect processes and eliminate frustration
(Deng & Poole, 2003) and other relevant material regarding to the specific characteristics
of Tanzania we have presented in the previous Chapters. The requirements here are
more akin to heuristics and guidelines to adhere to in the project phase, for we have no
knowledge of the real-world costs of this implementation, since our proposal also includes the building of more advanced ICT infrastructure, compared to a problem statement like, installation of N cellphone towers to cover more population with a set budget.

4.3.2

Project outcomes

We have presented results from previous studies in earlier Chapters with mHealth and
eHealth implementations, so this Chapter addresses Tanzania’s conditions and how
these outcomes relate to it. Researchers have found positive results that mobile devices
influence the reliability of care that a patient may receive due to the circumstances provided to the doctor by better information accessibility (Mickan, et al., 2013), or the lowered rate of medical errors in decision making (Lindquist, et al., 2008). What may influence the increase in reliability and quality of care is not necessarily the vast improvement
of using only mobile devices, but rather not using the paper systems.
The influence of paper-based data collection in the reliability of the data is not self-explanatory, but the physical transfer of papers, healthcare personnel copying information
by hand from one paper to the next and the storage issues of paper, the fact that it may
be destroyed in a fire, by water or other physical damage makes them fairly compromised
to a crisis, or even accidents. Mobile devices suffer from their own lack of reliability, which
we will present in Section 4.5, while assessing the risks of this project. Backing up archives of papers and updating that information is tedious manual labor, which also takes
healthcare personnel away from the nursing duties or forces the facilities to hire dedicated personnel to keep these records in check. Compared to a digital system, where
adding more storage to servers, or keeping backups of device data is relatively simple
and most of the time passive once the initial setup has been completed.

4.3.3

Benefits of bottom-up implementation

Based on interviews conducted four key hospital staff members in Tanzania (Pharmacist,
2018) across the respondents, the staff claimed that power outages are a major issue in
the hospital when working with a computerized system. The respondents of the interview
in a Tanzanian hospital (Pharmacist, 2018) shared their experiences in working with
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multiple systems operating in Tanzania and how that affected their work. Since the doctors have mostly no backup generators to power their computers in the case of a power
outage. This power outage causes them to do essentially work two times over and delays
patient work in their daily routines. We consider based on the respondent’s answers
(Pharmacist, 2018) and the general sentiment of the healthcare staff in Tanzania to be
for mHealth to be adopted in healthcare systems.
Improving one of the weak points in the healthcare system could result in improved results of the healthcare itself. We have discussed in previous Chapters the limitations of
the Tanzanian healthcare workers conditions in the primary healthcare field. The lack of
electricity, mobile connectivity and the limited equipment in the field are factors to consider when thinking about efficiency or results of a single worker. Their working conditions would reveal most of the issues prevalent in the trial phase of the mHealth implementation. Since the staff who operate in the patient data collection possibly also have
to operate in a hospital office environment with paperwork and different systems available, they would be testing the devices in most of the relevant use cases, revealing possibly beneficial information for the project group during the trial phases of the project.
The rigorous testing and use of the system would be no issue, the project group could
possibly give more attention to systematic analysis of the data provided by the workers
and their experiences of use in their daily routines to design a better iteration of the
system.

4.4

Transition to mHealth in Tanzania

The transition from the paper-based and partly electronic health services in Tanzania
today have some requirements when moving to mHealth and practically electronic services. We have discussed the infrastructure, personnel, and resource requirements in
earlier Chapters, but this is more related to the practical application of the model and
how it could be implemented in the context of Tanzania.

4.4.1

Project implementation and project group

The guiding work for this thesis, being the investment plan of Tanzania’s (Government
of Tanzania, 2017) healthcare has set the monetary and timeline for implementing the
projects in two parts, which are relevant here, first is the digitalization of primary
healthcare data and the second project is the digitalization of hospital data. We discussed that the first project restrictions and requirements in the introduction Chapter of
this thesis 1, where we mentioned that the primary healthcare project was estimated to
cost roughly 32 million dollars to roll out and 2,5 million dollars to test with a six year
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project plan, while the hospital data digitalization was estimated to cost 13 million dollars
and last roughly for three years (Government of Tanzania, 2017). We consider that this
strategy can be risky and pose problems for the implementation of the devices in the
data flow of hospitals, should the data digitalization project for hospitals be completed
later, than the primary healthcare data digitalization. We would argue that implementing
the testing phase while running a parallel project with the two of them would be a good
way to get results fast out of the projects.
To have simultaneous planning phases and time for the more expensive primary
healthcare data digitalization project to mature and test is good for the development of
these systems in our expertise. While the implementation of mobile devices for the primary healthcare workers requires more time and iteration for it to take off, it is better to
complete it with the requirements from the hospital database to know the scope of the
project and what kind of information the databases can ingest, what requirements do the
users of these databases have for the data, such as the earlier discussed spatial data
logging as the researchers pointed out as a possibility in their study of the sub-Saharan
mHealth implementations (Brinkel, et al., 2014). Scoping out the project and iterating
the bigger mobile device project based on the more rigid and smaller scale hospital data
digitalization could be helpful for the project leadership as well.
Should the projects be completed vice versa, adopting the mobile devices before the
hospitals have capabilities to ingest and process the data could prove frustrating for the
lower-level facilities, who could not relate everything to the full use of the higher-level
regional hospitals. However, implementing the mobile devices in the testing period first,
while holding off with the higher-level hospital data digitalization projects, Tanzania could
have more agile project team with less infrastructure and bureaucracy involved in it,
therefore resulting in a more efficient project group to implement and develop the project.
We consider that the agility of a project team in a project such as this, where creating
innovations is crucial, the budget is set to a certain guideline and the requirements are
somewhat known prior to starting to form a taskforce to conduct the project scope. In our
experience, agile teams create more innovations in software projects and have easier
time managing the workload they are assigned.

4.4.2

MHealth for healthcare workers

As we presented in Section 0, from our point of view, the primary healthcare workers
would be the first ones to receive the mobile devices for their use, this pattern is also
following the findings of (Brinkel, et al., 2014) and the general structure of mHealth implementations in sub-Saharan Africa. Implementation for the primary healthcare facilities
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in the communities could have the biggest effect in the reliability of the data and cutting
the process of transporting data physically, we posed this problem in Section 2.5 as it
may have an effect on the reliability of the data input and the care received by the patient
(Brinkel, et al., 2014). Other considerations in this step would involve using correct policies to educate the worker, monitor the resources allocated to this project, and to facilitate the work of the healthcare workers.

4.5

Risks of implementation

With the implementation of mobile devices in the Tanzanian HIS, there are some obvious
and hidden risks in place. We presented in Table 2 the work of (Dickinson, et al., 2019),
who addressed some of the disadvantages of electronic data collection. Some of the
disadvantages presented in the table would be more considerations and possible risks,
since the research team named (Dickinson, et al., 2019) importation as one possible
risk, which may hinder the project.
However, that does not discount the work presented by (Dickinson, et al., 2019), the
disadvantage list is clearly a list of some of the biggest problems this implementation is
facing. Training is mentioned in the table four times in different contexts and assistance
with the use of the system is mentioned as well. Disadvantages in Table 2, which can
also be considered to be risks in this instance, include time required to familiarize with
software, training required to design and manage forms, training required to use devices
and training required to use software for data collection. Training time and resources are
a risk, which can drive up the project implementation budget, upkeep of the staff, and
infrastructure. The initial costs to train all the possible staff members to use the systems
and keeping up the training for any future employee or substitute could provide to be a
large portion of the implementation costs in the project. The training does not limit to the
use of the system only, but possibly to the context of use in the case of mobile devices
in the field or the use of the data storage in a third-party facility and possibly the time
needed to educate internal or external educators to provide the services in the first place.
These steps could be mitigated by training the staff in a more conservative manner and
implementing mentorship and peer education in the organization based on the model in
Figure 6. For example, this could mean training people to train others for the device
usage and operating as pairs using the systems. We will revisit these topics and the
shortcomings of the plan in Chapter 0 results analysis.
Another risk that we draw from Table 2 is related to the increased theft of tablets compared to paper forms. This is true with the entire implementation, since more technology
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means more equipment is available to fall into the wrong hands. Ways to mitigate the
possible theft from the healthcare centers and workers include documentation of the devices, to help avoid misplacing and selling them forward, perhaps to encourage someone
to return the device for a small fee. Theft of the devices and any supporting mobile devices is easy, due to their portable nature. It is likely that the devices are also subject to
abuse in the working conditions, due to workplace accidents and misplacement, only to
have liquids poured on them, or end up crushed. Helping the workers to document the
history of the device, checking out personal devices using strong authentication or tying
devices to specific employees along training could assist in taking responsibility of the
devices as well.
Another theme is only partially implementing the devices and practices in Tanzanian
healthcare. This would include to conduct the project only for the primary healthcare
workers, while it is only the first of many steps to carry out. Possible negative outcomes
of the partial implementation could be inequal access to mHealth in different areas of
Tanzania. After the hypothetical first implementation and training is conducted, the project team has gained expertise in implementing their work and managing the risks in
place. Most of the project organization will have experience to replicate the steps taken
in different environments, without taking the time to gain knowledge and build everything
all over again. We would call this, thinking the mHealth implementation as a product. If
the project is not easily replicated after the first implementation and is too complex to
adapt to the needs of different parties, it is not a product. Much of the required knowledge
is applying patterns to the real world with minimal exceptions, so that the systems can
integrate with one another without excessive integration.
The final larger scope risk we name is the lack of continuous support and development
of the initiative. If the project team finds that the current state of Tanzania does not allow
for the efficient implementation of mHealth in the hands of primary healthcare workers,
it is a different matter. The first implementation of the mHealth system is only when the
maintenance and long-term planning really matters and the results could take several
years to reveal their negative aspects, should the system be under no scrutiny or development. Valid documentation of the project in the initial phase to help future work in
analyzing the system and its flaws could prove to be invaluable for the project team. In
everyday life projects, which are poorly documented and only a select few people can
operate them can again raise the upkeep costs of the product or make future development in the same path impossible.
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5.

Results and analysis

This Chapter is mostly dedicated to the analysis of the project and framing, since the
results we created have not been peer reviewed or critiqued by the stakeholders of the
project group in Finland or Tanzania. This Chapter presents our general observations
from the project, the generalization of the model to other countries in similar conditions
as Tanzania, the left-out citizen mHealth implementation and discussion about the reliability and weaknesses of the project plan. Most of the results are open ended questions
left in the project that we faced in the creation of the models in Chapter 0. Analyzing such
multifaceted issues as a healthcare system in one thesis is not possible due to the scope,
since the goal was to investigate the effects of mobile devices to the healthcare of developing environments such as Tanzania.

5.1

Results

To analyze the results, we must look at the hypotheses we set for the thesis. We will
analyze the results from the point of our literature review in combination with the model
we composed in Chapter 0.
H0: Mobile devices have no effect on the Tanzanian healthcare system.
H1: The utilization of mobile devices can help Tanzanian healthcare system operate more
reliably and efficiently.
The first case is our H0, where the status quo of Tanzanian healthcare would be unaffected by the adoption of mobile devices. The hypothesis exists in this thesis in the concept of mobile devices being in the way of the healthcare workers workflow and poor for
medical professionals for individual work. It lays on the idea that the devices will not bring
additional benefit for the workers. Organizational workflow and the larger scope
healthcare operations would be unaffected in this case or even disturbed. The flow of
data in the healthcare system would be similar in effect when presented on paper or
even more unreliable. We regard that this hypothesis is proved to be demonstrably false,
according to our literature review in Chapters 2 and 3. Why we consider this hypothesis
to be false under this thesis and its literature review, is the fact that most of our sources
listed mobile devices as the enabler of work and the positive experiences alone from
Sub-Saharan Africa mHealth reviews. In the literature review Chapters we present material to support the notions of mHealth usefulness and the counterproductive workflow
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without the use of mobile devices. Therefore, we can conclude that H0 in this study is
false, mobile devices will influence the Tanzanian healthcare system.
The second case is in this thesis the H1, where the adoption of mobile devices in Tanzanian healthcare would make a positive impact in the system, which could be proven statistically after adopting the devices. The measures to prove the effectiveness of the device adoption could be work hour logging comparisons in handling patients, data logging
errors in medical data, work interruptions, duplicate work, mistakes made in clinical treatment per N patients, or patient experience in hospitals to name some measures in different avenues of work in hospitals. However, within the limitations of this thesis, we
cannot prove that H1 is true in all the cases and avenues of work in hospitals and
healthcare environments. We can still conclude with relative security, that H1 is true as
the hypothesis setting is considered, but the extent of the truthy is up to further discussions in future studies and in the following sections.

5.2

Analysis

The validity of this thesis, or as (Saaranen-Kauppinen & Puusniekka, 2006) define it, has
the research we have provided been conducted thoroughly and have we deduced from
the material we have at hand correctly. According to (Saaranen-Kauppinen &
Puusniekka, 2006) qualitative research may be flawed due to fundamental misunderstanding in relationships or principles observed in the studied phenomenon, or the questions posed in the research are about the wrong issues.
The risk of our misunderstanding in this thesis is observable in the topic and the scope
of research alone. Our scope is wide, it is posed in a very general and broad manner
and it is in nature very open ended. Why we consider this topic to be very open ended,
is due to the number of observable relationships in our subject matter, and the lack of
clear and absolute answers. Many of the governmental and societal level questions
posed in the thesis have multiple correct answers to them depending on the parameters
of the case. From the government official standpoint, there may never be clear right and
wrong steps in a project, which has an impact on everyone in the country.
We might have misunderstood some relationships in this thesis. Do ICT implementation
projects succeed and go through as planned in Finland or other European countries?
From personal experience in working in software development, projects are almost never
completed as planned, there is always an element of uncertainty, which can be pointed
to a plausible explanation after the project. We can still be sure, that the conclusions are
correct to a degree at least. Dealing with questions such as, “should Tanzania focus on
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improving their electrical grid in semi-urban areas with poor cellphone reception to help
the future of mobile devices” has some built-in ethical dilemmas and bias. When we
answered to such questions, our perspective was built on the idea of, how will this help
us achieve the project we have planned in Chapter 0.
The scope of the ideas behind our process is built around our hypotheses, which we built
before conducting any research on the topic. Naturally, due to this binary thinking, selecting, or dismissing evidence has significant effects on our thoughts as a part of writing
the thesis. Our bias in the research is aligned towards ignoring many practical issues in
favor of more theoretical models, we reasoned this bias to be the least harmful way to
present the thesis. Keeping the scope and material to a known bias intentionally helped
us realize during the research process what flaws we had during each step and improved
the quality of material we accepted for the research, especially during the literature review. We also hope it helps the reader to assess the research, since our agenda and the
objective are clear from the start.

“Competence in qualitative research – especially if the research is not expected
to depict reality simplistically – it can be understood as credibility and conviction; how well the researchers constructions compare to the constructions produced by the researched, and how well they produce these constructions in a
comprehendible format for others.” (Saaranen-Kauppinen & Puusniekka, 2006)
The credibility and conviction of our research as defined by (Saaranen-Kauppinen &
Puusniekka, 2006), is lacking. We have presented many different interlinking topics
about the facts regarding the possible adoption of mHealth and different considerations
it brings, but to understand these relationships is not a simple task. We had discussions
about the general constructions of our thesis compare to the research constructions used
as a source material. The problem with the thesis scope is broadness and lack of detail
level attention.
To deal with the complexity of the topic our approach was to introduce most of the necessary background information we deemed important enough to help make sense of the
subject as a part of a bigger construct in Tanzania for example. This made us abandon
some details and deep focus to the mHealth systems themselves. We have dealt with
mHealth systems in this thesis, but much of the discussions are on a meta-level, not
rooted to practice in the context that we would desire, apart from the sub-Saharan Africa
mHealth review. This lack of practical roots highlights the theoretical nature of our thesis
and illustrates the general nature of the model, to help bring the adoption model to a
heuristics level to build a replicable process rooted in solid theories. Most of the ideas
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are configurable to a specific scenario in the limits of mobile device technology and existing hospital workflow.

5.3

Critique of reliability
“Diachronic reliability means the constancy of measurements or observations
during different times. What makes this problematic, is the fact that in qualitative
research, we are rarely dealing with immutable objects – argued otherwise, we
deny history and natural changes.” (Saaranen-Kauppinen & Puusniekka, 2006)

We mostly ignored two parts of the process, which have major impact on the mHealth
system, which have an impact on the diachronic reliability of this thesis. Our adoption
model for the primary healthcare workers is heavily focused on the doctor – patient relationship on the field and the work of the healthcare staff after the visit on the field. We
have left out the citizen mHealth and hospital staff, within the healthcare facility from the
model. Citizen mHealth was too much for the scope of our thesis and we felt that it would
have cluttered the topic too much, deviating from the healthcare center focused nature
of the thesis. Omitting the healthcare facility staff workflow is another matter entirely. The
simplest explanation is, that we did not feel that our findings would be significant enough
to present here and we are not an authority in medical procedures.
The addressed topics are related to the theme of healthcare workers using mobile devices in their work and how it may improve those conditions. Many of the planned workflows in data transfer and work efficiency could probably be directly applied to hospitals
as well, since hospitals do not face similar unpredictability of conditions as people on the
field face. The themes we found in the literature review mostly address healthcare professionals in clinical environments using mobile devices, but we feel we do not have the
credibility to pose information for such established environments.
Our expertise in medical environments is limited in nature and mostly theoretical. The
primary healthcare worker conditions described in our background literature review, for
example described by (Brinkel, et al., 2014) and (Dickinson, et al., 2019), pose the problems more as human and technology interaction, HTI, problems rather than purely medical in nature. Of course, in hospitals the work would still involve devices and interaction,
but as an environment they are more complex in workflow and rules, compared to the
less established primary healthcare data collection work environments.
The citizen mHealth point of view had more issues with the clashing scope of the thesis.
It did not make sense to present any models here, since much of the background literature review is highly irrelevant to the adoption of mobile devices in the rural areas for
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example. A heavier focus could be taken to the infrastructure research and social acceptance of mobile devices in conjunction to designing applications, which could send
the data over normal text messages, while masking the user interface as a modern web
application. That kind of an approach with testing could bring interesting results overall
when combined with the primary healthcare data collection study in this thesis. Overall,
we still regard that the omission does not have a major effect on the reliability of this
thesis overall.

5.4

Applying the mHealth model to other countries

We discussed earlier in the thesis the replicable nature of the model for adopting mobile
devices into Tanzanian primary healthcare, and briefly mentioned that we hope that the
project and the methodology could be transferred to other regions as well. After the literature review and the project model we do not see many compelling arguments against
the transferability of the project. The speed of the project team and the implementation
may vary, depending on the conditions in the target country, but the basic idea of gathering data digitally with mobile devices in low resource environments is applicable to
other challenging scenarios already.
Depending on how quickly the scenario is implemented to a target country, the supporting system may lack necessary expertise and functionality, which the workers will need
regardless of the destination. We consider that much of the implementation and the nature of it relies on agile workflows of experienced employees who can independently
conduct their work. If the country willing to adopt the model cuts the budget or testing
period much of the value in the model might be wasted. Shipping mobile devices and
battery banks to a destination for data collection is a solution in the short term. This
solution does not really address the underlying problems of the system, but transfers
them to an unknown platform, where there is no standard procedures or support and
validation of issues.
The model of organizational learning by (Deng & Poole, 2003) could be considered as a
foundation for the adoption evaluation criteria of eHealth implementation. If the organizations do not facilitate the learning required to adopt such complicated systems, the
work to adopt mobile devices could be adapted from the training and social aspects of
the workplace.
We discussed the findings of (Dickinson, et al., 2019) in Section 4.5 about the risks of
not implementing proper training and supporting systems to adopt the use of the devices.
In the context of low resource environment transferability, the key aspect would be not
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to waste any of the resources available to the project team and make use of a single
resource in multiple ways. This includes the training of the staff in the healthcare system.
Interacting with the devices might be natural for many healthcare workers from their personal life, but it is very different to operate mobile devices under protocol and certain
backups. A single point of failure could be a mismanaged security system, which could
be accessed using the in-built configurations of the devices, by accidentally leaving the
device at the site of visit.
As a conclusion to the transferability of the project, the context is everything. Depending
on the socioeconomical situation of the destination, basic infrastructure of the area and
the feedback gathering to iterate the implementation during the project have a major
impact on the transferability. It is near impossible in our opinion to say if the model is
applicable to a different country, but the situation of the country can dictate what kind of
a model can be applied and how much preparations it needs to be implemented sustainably. The project requires supervision and policies to protect it after the initial implementation. As we discussed in Chapter 4, the initial implementation of the project is only the
very first step in implementing mobile devices into healthcare systems.
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6.

Conclusions

This thesis was grounded in the hypotheses:
H0: Mobile devices have no effect on the Tanzanian healthcare system.
H1: The utilization of mobile devices can help Tanzanian healthcare system operate more reliably and efficiently.
In this thesis, we have examined the current standing of Tanzania’s internet infrastructure, telecommunication, future goals as a developing ICT operator, and healthcare systems from facility and personnel standpoints. The main focus was the possible implementation of mHealth in low resource environments using Tanzania as the primary example, in hopes of making the solutions more approachable to similar countries in the
region, or other countries for that matter.
As we stated in the introduction, the lack of specialist care access and high response
times were a motivating factor for this closer inspection. We discovered that the specialist
care accessibility is a prevalent issue for the regular people and healthcare system alike.
Most of the lacking aspects come from the inaccessibility of information for the healthcare
staff on the local levels of the healthcare infrastructure, too few specialists employed,
and the lucrativeness of specialists going to work abroad. The problems may be structural, but our literature review indicates that the existing healthcare staff and the people
in Tanzania would be keen to accept mobile phones as resources to assist them in decision making in healthcare or conducting their daily business in hospitals. The wide
adoption rate of mobile phones tells us that the people might be ready to adopt mobile
even more than as a communications device. These findings are something to consider
in future research of this topic.
Our research question was “Does the adoption of mHealth and mobile devices influence the Tanzanian healthcare system, and if so, what kind of an effect it is?”
Based on the findings of this thesis, we can state that the effect of mobile device usage
in Tanzanian healthcare could be a drastic improvement in the healthcare system. However, we have left some questions that surfaced during the research open and unanswered. As we discussed before, answering those questions would have brought the
scope of this thesis away from our focus. These questions need a closer inspection and
a narrower scope of study, rooted to the work and experiences of the hospital staff. The
unanswered questions include:
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How will the transition happen from paper-based systems to mobile devices, will Tanzania require a midterm phase of offline mobile device usage?
How will the healthcare system project team form the stakeholder groups to address the
discovery and research phase of the project to prevent overrepresenting densely populated areas?
What is the method to unite the fractured health information systems in Tanzania for
mHealth, can an outside party integrate a state-wide option to unify the development?
What is the reliability of data storage and synchronization from the mobile devices compared to paper medium and current ways of working?
What is the most efficient and reliable way to implement remote patient visits?
How will the mobile devices support the healthcare professionals work in various situations from the field to the office?
Cojoining the results from the healthcare professionals’ experiences to the ones experienced by people away from the main healthcare services could prove to be valuable
insight to the studies and future decisions. This thesis observed mHealth from a wide
spectrum of issues and points of view, future research of this topic could address personnel training, mobile application studies, the future system for the citizens mHealth
service, and perhaps the effects of mHealth implementation to healthcare equality in
addition to the questions mentioned above. In the future, studies examining the use of
mobile DSS in low-resource environments as a part of the primary healthcare and specialist healthcare would be advantageous in establishing mHealth in clinician work. The
applicability of the healthcare staff perceptions of mHealth devices in their work is also
an interesting point to study in these field experiments.
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