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Abstract

The role that locally relevant services and content can play in the development of
societies cannot be underestimated. The proliferation of mobile phones in Africa’s
developing countries is a significant enabler, which provides access to such locally
relevant services and content. Mobile applications have the potential to support the
development of the African continent through bolstering the main mechanisms of
innovation, inclusion and efficiency. This has been demonstrated by instances of
increased literacy, improved access to health care, banking, crowd sourcing and
provision of farming and/or agricultural assistance. Successful cases of such mobile-
based services include Kenya’'s M-Pesa, which has allowed millions of rural people,
who do not have access to traditional banking facilities, to send and receive money as
well as pay utility bills and school fees. The development of similar innovative and
locally relevant mobile-based solutions, which is currently considered to be in its
infancy, is key to improving the lives of people in developing countries. This study
identifies the essential components of an innovation ecosystem, for the development
and presentation of a Mobile Applications Innovation Ecosystem Framework for
Botswana. An innovation ecosystem enables effective interaction amongst
entrepreneurs, companies, universities, research organisations, investors and
government agencies towards maximising economic impact and potential. To gain a
practical understanding of the context in which locally relevant mobile-based services
can be developed, the study adopted a pragmatic research approach. Through
combining the 4Cs Framework for ICT and the systems theory’s Triple Helix Model of
Innovation, the study proceeded to develop the framework using a Design Science
Research (DSR) methodology. DSR guided the identification of the components,
which make up the mobile applications innovation ecosystem within government,
industry and higher education sectors, as extracted from the literature review. This
process facilitated initial framework designs, which were demonstrated to and
evaluated by conveniently sampled stakeholders from relevant helices. Thereafter a
synthesised framework was presented for evaluation by knowledgeable professionals

from the mobile applications innovation ecosystem.

The study contributes to the theoretical knowledgebase by presenting a theoretical

framework for understanding ICT4D innovation frameworks and mobile applications



innovation components. The practical contributions of the study include a validated
artefact which presents the components of a mobile applications innovation
ecosystem, an understanding of the challenges faced by Botswana'’s higher education
students in mobile application programming and the challenges and opportunities

available for mobile application developers in Botswana.

Keywords: Mobile Applications Innovation Ecosystem Framework, ICT4D Innovation
Ecosystem, Mobile Applications for Development, Innovation Ecosystem Framework

Components
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Chapter 1 Introduction

1.1 Background

Information and Communication Technology for Development (ICT4D) is a research
area concerned with utilising Information Communication and Technology (ICT) as a
means, and an end, to the developmental goals of communities (Tongia,
Subrahmanian, & Arunachalam, 2005). Heeks, Thapa and Wall (2018) noted
increased discussion as to the meaning of the “D” in ICT4D giving rise to diverse
perspectives. These perspectives include the role ICT can play in the reduction of
poverty and the facilitation of sustainable livelihood and economic growth, reiterating
the view that development facilitates freedom, as illustrated by Lwoga and Sangeda
(2018). The International Telecommunication Union’s (ITU, 2017a) broader
perspectives regarding possible ways in which ICTs can address Sustainable
Development Goals (SDGs) and how corporate services can utilise ICT to achieve
SDGs through the smart management of water, energy, conservation, buildings and
agriculture, amongst others (Ono, lida, & Yamazaki, 2017), are also relevant
examples. Heeks (2014) argues that ICT4D holds a place in the global development
agenda as it plays an ever-increasing role in the socio-economic development of
human life. Information and Communications Technology (ICT) can help realise
developmental goals through facilitating sustainable innovation in the following four
broad areas: (i) developing the required infrastructure in the form of computing
devices, (ii) developing and ensuring connectivity of these computing devices, (iii)
building the necessary human capacity to raise awareness of ICT whilst stimulating
innovation and use, and (iv) developing/generating locally relevant content (Tongia et
al., 2005) whilst addressing the sixteen international development priorities of ICT4D
(Heeks, 2014).

The World Bank (2016) states that more than 40% of the world’s population has access
to the Internet. In Least Developed Countries (LDCs) the phenomenon of mobile
phones being widely adopted as computing devices which offer connectivity is evident
with Africa showing an increase in the number of mobile telephone subscriptions from
10 in 2005 to 80 per 100 inhabitants in 2017 (ITU, 2017b). Innovations, which take
advantage of the proliferation of mobile technologies, can result in the developing

world becoming increasingly prosperous and inclusive by enabling poor and
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disadvantaged communities to access opportunities which had previously been out of
reach (The World Bank, 2016). Developmental goals, as exemplified by the SDGs, are
applicable to both developing and developed countries (Ono et al.,, 2017). The
developmental agendas of developing countries should, therefore, focus on mobile
technologies to provide poorer communities with developmental opportunities (The
World Bank, 2016).

The services offered by mobile phones have grown from merely making and receiving
phone calls, or sending and receiving messages, to complex and extensive mobile
services. These services, research has shown, allow users to access various content
from the health, agricultural, educational and business domains, even from remote
areas. These mobile applications have the potential to assist in the development of the
African continent by increasing literacy levels, improving access to health care and
banking, crowd sourcing as well as providing farming or agricultural aid. Mobile
technologies in Africa are therefore evolving from mere communication tools to service
delivery platforms (Aker & Mbiti, 2010). Herselman and Botha (2016) support the
argument that mobile technologies empower users and contributors with new abilities,
and in the face of several infrastructural and interoperability challenges in mobile-
based digital health innovation ecosystem, they present strategies, approaches and
experiences in building a digital health innovation ecosystem. There are several
instances of socio-economic and political developments utilising mobile technologies
in Africa. In the socio-economic domain, Aker and Mbiti (2010) refer to Ghana farmers
in Tamale enquiring as to the price of tomatoes and corn in Accra, 1 000 kms away,
through the use of text messages. Rashid and Elder (2009) explain how HIV/AIDS
patients in Malawi receive text messages which remind them to take their medicines,
as per schedule, thus helping them to adhere to the treatment programme. Millions of
rural people who did not previously have access to traditional banks can now send and
receive money, pay utility bills and school fees using M-Pesa, a mobile banking system
developed in 2007 in Kenya (Murugesan, 2013). Mobile technologies have resulted in
better living conditions for many people in developing countries addressing areas such
as crowd sourcing, farming, education and health. Anil, Parul, Rachan and Rita (2012)
argue that mobile phones can be used, within the health context of developing
countries, to: (i) create awareness by sending messages regarding health campaigns

or reminders for medication, (ii) establish emergency services where mobile phones



are used to send information before, during and after disasters in an effort to assist
people and rescue teams, (iii) monitor patients’ vital signs in real time, and (iv) collect
community and health data. In South Africa, the MomConnect app provides crucial
health information to mothers during pregnancy and in the early years of child rearing.
This app is described as being very useful as it empowers women in their role as
mothers (Skinner et al., 2018). Crandall (2012) notes that increased mobile penetration
in Kenya has resulted in Short Message Service (SMS) based services being
increasingly used to empower farmers through disseminating information regarding
weather conditions, market updates and other relevant information. In the political
realm, South Africa’s official opposition party, the Democratic Alliance, had 111 000
subscribers to their app on the now defunct Mxit in 2012 (The World Bank, 2012) whilst
Ghana used 1 000 independent locally trained parallel vote tabulation (PVT) observers
to transmit voting results, via text messages, to a central office (Aker & Mbiti, 2010),
thus increasing the transparency of the electoral process. The Ushahidi and Uchaguzi
mobile app was developed during Kenya’s 2008 elections to crowdsource and report
on post electoral violence (The World Bank, 2016). These listed innovations were all
created in response to identified inefficiencies in the society and, as such, contributed
in addressing the developmental needs of communities.

The socio-economic and political relevance of mobile phones in Africa is evident. The
development of more relevant mobile applications which, in turn, could generate
social, economic and political benefits for the African continent can be achieved by

creating an innovation ecosystem which fosters mobile application development.

1.2 Rationale

The rationale for developing a Mobile Applications Innovation Ecosystem (MAIE)
Framework for Botswana stems from the realisation that, despite the wide adoption of,
and the socio-economic developmental potential presented by mobile phones,
Botswana and Africa’'s mobile applications industry is still developing (Adkins, 2013;
Coetzee, 2013; “Hackathons,” 2013; Pieters, 2014). The relatively new industry is thus
limited by the lack of locally relevant mobile content and human capacity (Tongia et
al., 2005), the mobile applications industry in Africa faces a shortage of skills (Pieters,
2014), numerous challenges faced by mobile application developers such as the high
cost of mobile bandwidth, the high cost of smart phones, limited awareness of the



importance of mobile applications identified by Kapinga and Mbise (2019), poor policy
and regulations, lack of financial resources, poor ICT governance cited by Pankomera
and Greunen (2018) and numerous financial and technical challenges stated by
Drouillard, Taverner, Willianson and Harris (2014). Tongia et al. (2005) also noted that,
within the developing countries context, most Information and Communications
Technology (ICT) systems’ content is not locally relevant and the lack of correct
language and/or systems causes individuals to become passive consumers of
information rather than producers thereof. To avoid wasting resources in an attempt to
address developmental goals, it is necessary that ecosystems engage local
communities in developing technologies and digital content in line with their societal
needs (ITU, 2017a). The provision of locally relevant mobile content and services can
result in the realisation of the developmental potential presented by digital
technologies to African, and Botswana’s communities, should the numerous

challenges faced in mobile applications ecosystems be addressed.

The economic success of Africa thus requires innovative ecosystems as these
systems generate new ideas and organisations (IBM Communications, 2013).
Innovation ecosystem is the term used to describe the large number and diverse
nature of components, such as participants and resources, necessary to facilitate
innovation (Thomas & Walburn, 2017). These components include: material/structural
resources such as funds, equipment and facilities; human resource capital such as
students, faculty, staff, industry researchers and industry representatives within the
various innovation ecosystem institutional entities such as the universities, colleges,
business firms, venture capitalists, economic development and business assistance
organisations, funding agencies and policy makers (Jackson, 2011). This study utilises
the three perspectives of Higher Education, Industry and Government, as proposed by
the Triple Helix Model of Innovation (Etzkowitz, Dzisah, Ranga, & Zhou, 2007;
Leydesdorff, 2005). The research thus moves beyond the ‘block’ entities to investigate
and present deeper and specific actor identities, missions, objectives and needs, as
well as possible ways in which they influence interaction dynamics (Ranga &
Etzkowitz, 2013). Innovation ecosystems therefore model complex economic
relationships between actors in an ecosystem with the primary goal of enabling
technological development and innovation (Jackson, 2011). Thomas and Walburn

(2017, p. 13) state that “an effective innovation ecosystem therefore enables



entrepreneurs, companies, universities, research organisations, investors and
government agencies to interact effectively to maximise the economic impact and
potential of their research and innovation”. The Triple Helix Model of Innovation
(Etzkowitz et al., 2007; Leydesdorff, 2005) facilitates a fine-grained view of innovation
actors and roles, both institutional and individual, in addition to elucidating the
relationships between them (Ranga & Etzkowitz, 2013). In many African countries role
players in Higher Education, Industry and Government primarily operate in silos and
consequently they do not create new business opportunities (Kimatu, 2016). The Triple
Helix Model of Innovation (Etzkowitz et al., 2007; Leydesdorff, 2005) encourages
closer interaction between these innovation role players and was thus adopted to guide
the development of the innovation ecosystem framework in this research work. The
development of an innovation ecosystem framework for mobile applications can
provide a fertile environment which, in turn, encourages the production and
consumption of mobile applications ultimately driving the developmental goals of

societies.

This study sets out to explore, describe and evaluate the components, which together
constitute a Mobile Application Innovation Ecosystem (MAIE) framework for Botswana.
This process will be done through the use of: the Four C Framework for ICTs (Tongia
et al., 2005) (see section 4.2.2); the three perspectives (Higher Education perspective,
Government perspective and Industry perspective) articulated in the Triple Helix Model
of Innovation (Etzkowitz et al., 2007; Leydesdorff, 2005) and a Design Science
Research (DSR) methodology. The newly formulated MAIE framework would be able
to assist governments, industry and academia in the development of a mobile
application economy, thus driving society’s developmental goals through mobile

cellular-based Information and Communications Technology (ICT).

1.3 Purpose of the Study

The main aim of this research is to explore, describe and refine a Mobile Applications

Innovation Ecosystem Framework for Botswana.

Johnson and Foote (1988, p. 2) describe a framework as “a set of classes that
embodies an abstract design for solutions to a family of related problems, and supports
reuse at a larger granularity than classes.” Tomhave (2005, p. 9) notes that a

framework is “a fundamental construct that defines assumptions, concepts, values,
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and practices, and that includes guidance for implementing itself.” A framework can,
in addition, be defined as a structure, or system, for the realisation of a defined
result/goal without supplying the complete details (Verbrugge, 2016). In the software
development field, a framework thus provides a basic system model for a particular
application domain within which specialised applications can be developed (Berit,
Baharak, & Branca, 2002). Although several commonalities are evident in the above
definitions, this study adopted the definition presented by Johnson and Foote (1988).

Further to the research aim, the following brief narrative descriptions frame the study.

Tracy (2012) defines mobile applications as applications that run on mobile,
untethered devices. The World Bank (2012) defines mobile applications as software
that runs on a mobile phone, or on a server, and which interacts with mobile phones,
thus expanding on Tracy’s (2012) definition to include software running on servers
while interacting with mobile phones. This latter definition will be adopted in this study.
Mobile applications therefore enable the delivery of content, or any service, via a
mobile phone.

Within this context, the innovation ecosystem is comprehensively unpacked in sections
4.3 and 4.4. The study further aligns with the arguments presented by Thomas and
Walburn (2017), who describe innovation ecosystem as the term used to denote the
large number and diverse nature of components, such as participants and resources,
necessary for innovation. The definition also ascribes to Jackson's (2011) view that
such components include: material/structural resources (such as funds, equipment,
facilities), human resource capital (such as students, faculty, staff, industry
researchers and industry representatives) within various innovation ecosystem
institutional entities (such as universities, colleges, business firms, venture capitalists),
economic development and business assistance organisations (such as funding

agencies and policy makers).

To achieve this aim, the following research objectives are outlined and contextualised

in Figure 1-1:

o RO1. To investigate the components, challenges and opportunities within the
mobile applications innovation ecosystem from a Higher Education perspective.
o RO2. To establish the components, challenges and opportunities within the

mobile applications innovation ecosystem from an Industry perspective.



o ROs. To establish the components and support opportunities available to the
mobile applications innovation ecosystem from the Government perspective and to
assess the uptake of this support.

o ROa4. To evaluate the proposed Mobile Applications Innovation Ecosystem.

1.4 Research Overview

The aim of this research is operationalised through answering the main research
question, as presented in section 1.4.1.

1.4.1 Main Question

RQwm: What are the components of a mobile applications innovation ecosystem

framework for Botswana?

To answer this question, the following sub questions will be addressed:

1.4.2 Sub Questions

RQi1. What are the components, challenges and opportunities within the mobile

applications innovation ecosystem from the Higher Education perspective?

RQ2. What are the components, challenges and opportunities within the mobile

applications innovation ecosystem from the Industry perspective?

RQs. What are the components, support opportunities available to the mobile
applications innovation ecosystem from the Government perspective, and what is the

uptake of this support?

The following diagram maps the main research question to the sub research questions,
the research contribution as well as the research strategy employed to operationalise
it.
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Figure 1-1: Research links and data gathering approaches

1.5 Scope and Disciplinary Context

This study explores, describes and refines a Mobile Applications Innovation
Ecosystem Framework for Botswana. Whilst it does set out to interrogate the human
capacity component of the 4Cs Framework (Tongia et al., 2005) from various Triple
Helix Model of Innovation (Etzkowitz et al., 2007; Leydesdorff, 2005) perspectives, the
study does not engage with educational theories. Much literature exists on these
theories, as well as their associated pedagogies, and the author acknowledges the
discourse and work of many institutions and individuals in this regard. However, within
the context of this study, an in-depth engagement is considered beyond the scope of

research.



1.6 Research Design

The research, grounded in a pragmatic research philosophy, adopts a Design
Science Research (DSR) methodology, operationalised through the Design Science
Research process formulated by Peffers et al. (2006), as per Figure 1-3: Peffers’
(2007) DSR process adapted for this study.

Hevner, March, Park and Ram (2004) presented a Design Science framework which
centred on the building and evaluating IT artefacts. This Design Science framework
was expanded into three design science resear