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Introduction

Compared to developed countries. Digital illiteracy and complex socio-cultural
dynamics represent a major concern when it comes to ICT adoption and usage in the
developing world, as more than 80% of illiterate adults live in developing countries.
As aresult, these populations are unable to make use of digital resources. However,
the past few years have marked a huge increase in the use of the latest ICT innova-
tions in developing countries, and this has led to an enormous transformation in the
health, agriculture, economic, education, and social sectors in these countries. These
recent innovations are in the form of mobile payment systems, the Internet of
Things, Big Data, Geographic analysis and visualization tools, and other smart
technologies. Numerous studies have been conducted on the impact of these innova-
tions on the different economies; however, very few studies have been conducted on
the role of HCI design in fostering digital literacy and promoting socio-cultural
acceptance and usage of these latest ICT innovations in developing countries.

Major Audience

(i) Academia: Understanding design dynamics in developing countries

(ii) Business corporations with interests in developing countries: Designing accept-
able products and services for the market in developing countries

(iii) Governments: Designing socio-culturally acceptable e-government services
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A Bird’s Eye View of a Sustainable m)
Learning Game Design gk

James Boogere, Benedict Oyo, Emmanuel Eilu, and Paul Birevu Muyinda

Abstract We empirically explore learning games with an aim of empowering
learners’ lifelong learning skills to enable them deal with complex situations sus-
tainably. Learning is better by doing and the relation between learning and fun in
games is essentially much deeper. It is also important for the players to clearly know
the game system, which involves goals, entities and rules, in order to improve the
vital individual social skills required to succeed. This chapter presents learning
designs as a major determinant of motivation towards meaningful learning and chal-
lenge learners through continual provision of new aspects to learn, discover and
develop oneself. Prior consequences designate that holistic learning game practices
are more intense in a home compared to a school context. Moreover, the overall
influence of context on perceived learning is significantly smaller than that of other
experimental factors such as identification and enjoyment.

Keywords Sustainable - Complex situation - Learning games - Context - Learning
experience

1 Introduction

We present a study in which researchers collaborated with both undergraduate and
postgraduate learners in varying environments, in an activity grounded on learning
games to generate their own respective lecture slides once the course outlines are
given and present them during the lecture. The goal was to address that knowledge
gap and deliver a logical description of the lack of widespread self-directed learning
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skills envisioning to boost their life-long learning skills. Ontologically, universities
are no longer simply viewed as places where individuals just get the qualifications
specific to an area of specialization or an occupation. Rather, universities are learn-
ing environments where respective learners shape their knowledge, skills and iden-
tity. Thus, it is not only demeaning their value but is also a limited and flawed
viewpoint to treat universities as just occupational training organizations [1]. In this
study, learners worked individually; documented and presented their respective
slides into the learning environment, as well as executed the actual game-based
activities within or outside the learning environment. This chapter aims to highlight
the demands that the implementation and use of an educational game in formal
educational settings puts on educators’ working processes and skillsets. Thus, we
benchmark possibilities for professional development that an educator needs to take
on if they are to assimilate games into a curriculum. Game assimilation in the edu-
cation sector is a demanding one involving examination of roles that educators need
to play when assimilating and using learning games in their own environments.

It is important to note that our context is based on rural African perspective and
we do not deliberate about learning game effectiveness but rather the roles both
learners and their educators play. Ultimately, understanding the constraints under
which educators work, the contexts in which games are to be used, and the roles
educators play during learning games scenarios, is a necessary foundation for
improving the practicability of games. Practical tasks are indispensable when edu-
cators institute an environment ready for sustainable gaming activities. The chapter
intentionally reports on research aimed at establishing empirical grounds for incor-
porating SMAR model [2, 3] as a framework within which learning games are eval-
uated [4].

1.1 Classification

Sustainability as applied in learning would imply quantifiable limits to physical
consumption and to material use losses; natural system acceptable damage limits;
and that progress must be understood under such conditions [5]. Thus, sustainability
is a broad concept involving multiple fields and perspectives extremely difficult to
unify but specifically targeting the needs of the present without necessarily denting
the future generations’ ability to meet their own needs.

A sustainable future requires a right skillset to deal with the complex dynamics
and advance the environmental assessment ability and adapting to it. Adapting to an
environment demands emotional involvement and commitment, as motivation and
fun are fundamental for players’ engagement in any game. The key principle to
motivate and engage players in learning processes is the learners’ ability to control
the essential connection between fun and learning. Players are engaged at a cogni-
tive and emotional level, precisely what education for sustainability needs. Learners
ought to learn the effects of context on learning game experience.
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Complex situation; would inform learners to think more critically, express
thoughts more clearly and understand more complex problems. This demands for
learning theories that the situated-ness of knowledge and the need to create learning
situations in which theoretical ways of knowing were deeply connected to complex
practices in which learners are expected and wished to participate.

Learning games; the importance of our findings is in the context of games for
learning and where possible commercial-oriented ones. Both learning and
commercial-oriented games have been explored, but the use of entirely learning
games have certainly reduced participation, as these games are not as widely known
and played [6].

Context; Creating and designing a game-based curriculum involves many pro-
cesses and tasks as well as implementing and using learning game software in a
learning environment setting. Each learner ought to acquire specific skillset in order
to overcome numerous demands and roles required for effective game-based learn-
ing. Thus, integrating games into a formal educational setting is a complex process
involving heavy investments in resources and time in order to be considered a fea-
sible part of a learning process.

Learning experience; Learning games covers a broad range of topics featuring
different goals and eliciting different types of use. Playing games and learning are,
however, context-embedded activities. Hence playing a given game in an educa-
tional context may not necessarily be experienced the same way in any other and/or
different environment. Whilst the use of learning games has been studied in educa-
tional settings, little is known about how these games are experienced when being
played in other environments and about the experiential differences between differ-
ing settings.

1.2 Related Work

Vast amount of research work outputs in relation to learning games is available
more specifically for research conducted in developed countries. Research shows
that games can be used to support teaching and learning and eventually improve
skills in many different types of areas. Games can be used in areas such as lecture
assignments with an aim to improve participation and motivation of the learners.

According to [7-10], games ought not to be restricted to a specific area or local-
ity but should be spatially enabled relative to the learner’s everyday life. A restricted
game would imply playing it within the boundaries of a university campus, such a
game is not spatially pervasive because when the learner leaves the university cam-
pus, he or she will no longer be part of the game. There is a need to always empha-
size that for a game to be spatially pervasive the learner has to be in the game no
matter his location and attend to game-related actions [8].

Younger learners and their teachers in primary school need games that they can
easily alter as a means of expressing their creativity to the fullness. Researchers in
[11] propose a novel approach that serves as a middle ground between digital and
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traditional table-top games, grants learners more freedom to express themselves and
helps articulate their understanding and difficulties both individually and socially.
The approach called card-based model for digital game design is an alternative to
the current trend of associating programming with digital creativity. In [11], it is
possible to alter a digital game into a trading card game with an aim of exploring the
potential of the approach. Results showed that learners’ participation in the study
shifted between playing and design thinking.

Shifting between playing and design thinking demands motivation, intensive use
of resources, and there are few standards established to guide educators through the
complex process of integrating games into their working environments. They
address the knowledge gap by examining the educators’ roles in regard to imple-
menting and using games in their learning environments. Educational effectiveness
of the used game is a fundamental part of a curriculum; educators supervise and
guide a “game-ready” class as learners engage with the subject through play.

Essentially, the development of sustainable mindset(s) is a complex task and
worth investigating [10, 12], and could demand for multi-institutional involvement.

1.3 Institutional Perspective

Institutional collaboration is vital especially in the game selection process, which
enables learners from various fields such as health care, education and communica-
tions to identify and practice their lifelong learning skills throughout their careers.
Institutions collaboration at both national and international levels requires com-
munication activities involving international players that aim at managing the inter-
national relations and facilitate the assertion of various interests [13—15]. An
institution pursues common communication goals jointly with other institutions; a
cooperative approach known as public diplomacy. Public diplomacy can be
enhanced depending on the nature of games either online or offline games operated
in an increasingly interconnected world. For instance, the challenge of an online
game-based curriculum does not stop at national borders, but demand transnational
cooperation as well as engagement of state and non-state actors. Games serve as
meaningful New Learning Environments (NLE) activities which could act as pow-
erful means for improving learners’ ability to transfer knowledge, concepts and
skills learned in class to real-life contexts hence boosting their respective learning
experience.

1.4 Game Story

This study focused on game-based contexts to be integrated in a curriculum envi-
sioning the boosting of learners’ real-world experiences. The major aim being
focusing on design issues that could motivate learners to think critically, sustainably



A Bird’s Eye View of a Sustainable Learning Game Design 5

enhance their learning and challenge learners through continual provision of new
aspects to learn, discover and develop oneself [5]. Activities included among others
content nature, presentation, schedules, formats and styles presented on Playground.
tensorflow.org. The game is based very loosely on how humans think; a technique
known as neural network for building a computer program that learns from data.
First, a collection of software “neurons” is created and connected together, allowing
them to send messages to each other. Next, the network is asked to solve a problem,
which it attempts to do over and over, each time strengthening the connections that
lead to success and diminishing those that lead to failure.

The rest of the chapter is structured as follows: we highlight methods and proce-
dures used (Sect. 2), elaborate on the results and discussion of our findings (Sect. 3)
and lastly conclusion (Sect. 4).

2 Methods and Procedure

This research never subscribed to any ‘right’ approach, ‘novel’ system, or ‘true’
theory, we were mostly concerned on how our research could advance our ability to
solve project and problem-based learning challenges through learning games [10,
16, 17]. We specifically considered observations and thoughts during the implemen-
tation of the simulation game (Playground.tensorflow.org.) as a prototype in antici-
pation that such games would boost learners’ critical thinking and knowledge
acquisition about how real-world events influence each other in a causal way. Such
games are appropriate learning evaluation aspects for a spatially enabled learning
design especially during evaluation of concerns such as the following: Which
aspects are appropriate for a spatially enabled e-model? Are we addressing the right
problems? Are we solving them well? Thus, a combination of approaches was
adopted for in-depth understanding of best ways for enhancing learner skills hence
rendering staff development opportunities around various learning technologies.
Staff development opportunities may be pervasive with the application of the same
pattern applied in this study to various sectors [18-20].

3 Results

We used the game as an artefactual benchmark for the visualization of cognition of
complex data relationships. Learners were engaged at a cognitive and emotional
level, precisely what education for sustainability needs. The engagement boosted
learners to learn the effects of context on learning game experience. They visual-
ized the application of such neural network tools in areas such as speech recogni-
tion, character recognition, signature verification application and/or human face
recognition. Below are some of the snapshots and corresponding descriptions
learners gave:


http://playground.tensorflow.org
http://playground.tensorflow.org
http://playground.tensorflow.org
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Fig. 1 Learning rate

L
I mew mmEex

Fig. 2 Output demo

Preceding to the demonstration Fig. 1, illustrates necessary settings such as
Learning rate which determines the learning speed the player ought to select
appropriately.

In the demonstration, see Fig. 2, it was made clear that every neuron is connected
with other neurons through a connection link. Each connection link is associated
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FEATURES 3 HIDDEN LAYERS

Fig. 3 Solution

with a weight that has information about the input signal, whereby thickness repre-
sents the weights with higher priority.

Whereas the solution, (see Fig. 3), indicates how difficult it could be for the pro-
grammer to generate a classification code for a given dataset. The neurons in the
first hidden layers are doing the same simple classifications, whereas the neurons in
the second and third layers are composing complex features out of the simple fea-
tures, eventually coming up with the double spiral pattern. The learners highlighted
that it could require dozens of IF statements with many conditions, each checking
which small area a given data point is in. Hence, the learners were in a position to
identify the relevance of machine learning as a performance measure compared to
human programmer.

Learners argued that for both games, the learning experiences are more intense
in a home compared to a school context due to the strict school schedules. Thus,
context or environment should be considered as a significant determinant of learn-
ing experience. However, just like any other simulation games or tools, we antici-
pate excessive gaming may lead to players to suffer from various shortcomings such
as isolation, anti-social habits, psychological disadvantages, anxiety and ultimately
affect learning/academic outcomes.

4 Conclusion

The major contribution has been in syllabi, courses and activities enhancements so
that they are seen as an indispensable part of the curriculum entitlement of all learn-
ers. Future research must turn its attention much more towards empirical studies
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that not only analyze a single course but also scrutinize on a large scale how learn-
ing games are understood and practiced in different contexts and/or countries. We
recommend application of virtual realities and augmented realities were applicable
and/or necessary. We also commend careful selection of games that do not nega-
tively influence our learners’ mental process, cause violence, learners need not to be
trapped in the virtual world away from the real world.
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A User Experience Design Toolkit )
for Citizen Designers e

Apala Lahiri Chavan and Girish Prabhu

Abstract In a world where runaway consumerism is leading to the real possibility
of destruction of planet Earth, User Experience (UX) designers and the design pro-
cesses they follow contribute to the constant creation of new and desirable experi-
ences and fear of obsolescence. While there is new thinking by some sections of the
international design community to create responsible/conscious design processes,
these voices need to be reinforced if one is to see significant shifts in current design
practices. This chapter discusses the creation of citizen designers as a possible
approach to lend bottom-up support to hasten the dissemination of top-down design
community initiated changes to make design more responsible and inclusive.
Drawing from Participatory Design and Capability Approach, a design toolkit in the
form of a game is proposed, to engage and motivate citizens to become citizen
designers.

Keywords Citizen designer - Capability centred design - Participatory design

1 Introduction

At the very outset, we would like to define User Experience (UX) as used in this
chapter. According to Interaction Design Foundation’s definition, the process used
to provide meaningful and relevant experiences through products and services is
called user experience design. This process includes elements such as design,
usability, function and branding across the entire journey from when users first buy
the product through various stages of usage [1].

*This chapter presents ongoing doctoral research work by the first author that is part of an unpub-
lished thesis.
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Fig. 1 User experience design process
Image Source: https://www.usability.gov/what-and-why/user-centered-design.html

Fig. 2 Factors that
influence UX — The UX :
Honeycomb _ { useful
Image Source: https:// /
www.usability.gov/ 7 F
what-and-why/user- ( usable ) desirable
experience.html ;
{ valuable )

{ findable {accessible

To this description, we would like to add that in this chapter we refer specifically
to the User Experience of digital products (whether off the shelf or customised) and
not to the User Experience of non-digital products (Figs. 1 and 2).

In the last few years, several critiques have emerged about the mainstream frame-
works being used for User Experience (UX) Design — the process involved and the
influencing factors within the process. These critiques have applied a variety of fil-
ters to revisit current UX design frameworks, resulting in diverse perspectives/alter-
native frameworks such as Post-colonial Design [2], Feminist Design [3], Transition


https://www.usability.gov/what-and-why/user-centered-design.html
https://www.usability.gov/what-and-why/user-experience.html
https://www.usability.gov/what-and-why/user-experience.html
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Design [4], Design Ethics [5], Design Justice [6], Sustainable Design [7] to name
some of the prominent ones.

What is common across these new/alternative frameworks is their concern about
excluding users and points of view that do not act as enablers of return of investment
in the short term for organisations who fund UX design.

In fact, “users” for whom experiences are designed are either, at best, included in
the design process in short duration sessions to understand how the funding organ-
isation’s objectives can be successfully “sold” to users through the design or at
worst, they are not included at all in the design process.

The mainstream design process, while attempting to include users in the process
of designing the experience, merely looks at pre-decided functionings (goals/objec-
tives) and not at capabilities that provide freedom to users to decide their own func-
tionings. Hence the outcome is about designing features/functions that facilitate the
functionings that have been decided upon by the organisation/brand providing
(funding) the experience and has no concern about the user’s capabilities and free-
dom to decide and in many ways, through persuasive techniques these experiences
are pushed out to users as much “needed” experiences.

Take for example, an entertainment app that streams shows and films. When the
app is being designed, a conceptual design of the app is already made, after discus-
sion with business stakeholders, with the features that represent the business goals
and objectives (these goals and objectives is what we term as “functionings”, bor-
rowing from the capability theory vocabulary [8]). It is at this point that users are
involved in research sessions with designers where varying degrees of participatory
processes are used to understand what the users’ reactions are to the concept of the
entertainment app and its features, which aspects need refinement, what is not reso-
nating and hence needs persuasion techniques to be used to ensure adoption and
usage. There is very little room to deeply understand and accommodate users’ own
goals and objectives (their preferred functionings). The focus of the sessions with
users is usually to understand how their goals and objectives can be best adapted to
the goals and objectives already decided by the business, even if that means the use
of manipulative persuasion design techniques [9].

This inward looking design process, based largely on what businesses need and
how creatively designers can convert those needs into successful and persuasive
experiences for people without any serious dialogue with users and understanding
of their ecosystem, leads to a myopic view of the world. “The contemporary is the
one whose eyes are struck by the beam of darkness that comes from his own time”,
said philosopher Giorgio Agamben in his essay on contemporaneousness [10].The
field of UX design and its current processes continue to be struck by that “beam of
darkness” and ignore the fallout of continuously designing new and shiny
experiences.

The question that becomes critical to answer is whether the move to bring about
change to the current UX design process by including ways to balance the needs of
business with responsible design decisions be strengthened by making citizens
aware of the role of design in their lives and the impact on the life of the planet. Will
this enable citizens who have been viewed just as users so far, to contribute to a
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more responsible design process as well as make them more aware of their own role
in making sustainable purchase and usage decisions in their everyday lives?

This chapter aims to present a possible way, in the form of a game, to enable citi-
zens to become citizen designers by helping them to acquire important capabilities
that they would need, to actively contribute to the design process like citizen jour-
nalists [11] contribute to journalism.

2 Designing for a Better World: New Considerations
for User Experience Design

UX Design frameworks being used today take no cognisance of a set of globally
relevant and comprehensive set of human values, needs or capabilities when design-
ing product and service experiences. The heartening news is that several companies
are at this point in time beginning to relook at their current corporate vision and
mission to incorporate tenets of conscious capitalism [12], ethical service [13]. The
financial crisis that began in the USA in 2007 and the impact of which is still being
felt, the ongoing climate change debate, the forecasts of dire food and water short-
age in the not-distant future have all led to some shifts in corporate thinking. In
addition, many corporates are realizing that millennial consumers are more likely to
engage with a brand if they see it as ethical and conscious of the needs of the planet.
A win-win scenario can therefore emerge if corporates who sponsor UX design can
see that adopting a more responsible design approach with involvement of citizen
designers can increase profit along with purpose [12].

Hence this is perhaps a better time than ever before for UX Design to also make
a turn towards more responsible design using democratic processes and that makes
the existence of citizen designers an absolute necessity. A new UX design frame-
work that looks at the following, as important factors (other than what the business
stakeholders/sponsors consider as important) to arrive at concepts for product/ser-
vice that users would buy and experience (Figs. 3 and 4).

Three Factors to Consider:

1. A set of values that all stakeholders in a design process must select from. An
example would be the Schwartz Universal Framework. There has been a renewed
interest in the research of a universal values construct due to the theoretical and
methodological work done in the last few decades [14, 15]. The recent theory
identifies a set of ten distinct types of values and then details the dynamic rela-
tionship between them. The construct of values is structured similarly across
diverse cultures but the relative importance assigned to each value may differ in
different cultures.

2. A set of needs that all stakeholders are free to prioritise and select for them-
selves. Max Neef’s Human Scale Development Model [16] could be one needs
framework that could be used as a way of categorisation of a superset of
human needs.
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Fig. 3 Universal Values Framework
ImageSource: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.832.177 &rep=rep 1 &type=pdf

Considering human needs within a model of human development, Max-Neef
has questioned earlier theories, such as Maslow’s [17], proposing instead a
matrix of intertwining needs (axiological and existential needs, in which the first
are representations of the latter), whose priority changes in time and context. By
placing axiological and existential needs in a matrix, intersections are created
between each, which can be filled with what the author calls satisfiers. The model
is certainly an excellent way to get a big picture view of universal user needs
from an ecosystem level rather than dividing into hierarchies and narrow
categories.

Max-Neef comes from the perspective of understanding human needs so that
any development process can bring about the most improvement in people’s
quality of life. He further notes that the interrelated nature of human needs makes
it necessary to view human needs as a system.

3. Martha Nussbaum’s list of 10 capabilities [18] namely life, bodily health, bodily
integrity, senses, imagination and thought, emotions, practical reason, affiliation,
other species, play and control over one’s environment (both political and mate-
rial). She specified these capabilities as “must have” for living a life with human
dignity and having the ability to exercise one’s agency could form the third set
from which all stakeholders decide which capabilities (of users) are to be primar-
ily enhanced by the product/service and its design.
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Fig. 4 Max Neef’s Human Scale Development Model
Image Source: http://www.buddhaxbondi.com/new-page-1/

In order to shift the narrow and limited involvement of users in the design pro-
cess as is prevalent today to a truly democratic and empowering co-creation exer-
cise will need a thorough revamp of current processes and this revamp can happen
only if citizens are aware of their right to participate in design of products/services
that will impact their lives and are capable of confidently collaborating with design-
ers and other stakeholders. This is the most important step needed to democra-
tize design.

3 How Can Citizens Be Included in the Design Process?

As John Rheinfrank [19] pointed out almost two decades ago, “the designer is mov-
ing from being the detached expert to be a collaborator”. This will imply that project
goals will be defined by also taking into consideration the views of users. The value
of co-creation with users will thus gain momentum. “In the past we designed for
users, today we design with users, tomorrow we will have design by users” [19].
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This shift towards integration of participatory design methods in the current UX
design process, to ensure that users views are taken into consideration, has indeed
gained some momentum. However, the empowerment of users in the process
remains rather unevenly distributed in participatory design and in recent times there
have been concerted attempts to “revitalise” and shift focus in participatory design
to making impact on big issues by envisaging new ways in which partnerships and
roles of researchers can unfold with more emphasis on research activism [20].
Hence, we feel that the approach presented in this chapter, of working bottom up
and raising the design awareness of all citizens and not just those who are invited to
participatory design sessions, is important. We have done this through a scalable
option of an easily accessible game as the first step in creating a toolkit for citizen
designers (as opposed to the numerous UX toolkits that exist today for student and/
or professional designers). We hope that this would contribute to hasten the trans-
formation of the designer that Rheinfrank had envisioned two decades ago, from
being a detached expert to a collaborator who designs with informed users and
facilitates design by users, where the users have now become citizen designers [19].
The existence of citizens who are aware and informed about design’s role and
impact in their lives will also help to revise participatory design that contributes to
“big issues” of sustainable and responsible choices and question participatory
design when used as a way to merely focus on banal issues around usability [21].

Two frameworks that have been applied to design and have provided the inspira-
tion to look for answers to the question of including citizens in the design process
are Participatory Design and Capability Centred Design. Even though the objectives
of these two frameworks are very different, with one emphasising full participation
of the end user in the design process and the other focusing on designs that expand
the capabilities of the end user, both provide useful ideas about how to make people
from all walks of life have the capability to understand what role design plays, what
they can expect and demand and hence are able to be citizen designers who can
critique existing ideas and help generate new ones.

3.1 Participatory Design

The idea of citizen designers is inspired by the original ideology of participatory
design, as practiced in Scandinavian countries. As MIT Technical Review [22]
observed about the pioneering participatory design project UTOPIA and how this
project showed that it is possible to design industrial technology/products with
users of the technology/product.

Scandinavian participatory design practices originate from a very strong political
commitment by designers and researchers in the 1980s [23], to see design and
democracy work hand in hand by building a collaborative relationship between
designers and the communities of users who would be the final consumers of the
technology/product (and now service) being designed. The strong belief in the abil-
ity of a democratic design process yielding a democratic result that would lead to a
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collective evolution of the lives of both, designers and users enabled Scandinavian
advocates of participatory design to move this new design philosophy (at that
time) ahead.

“Design is about changing: changing artefacts as well as changing people, organ-
isations, communities” [24]. This emphasis on change and evolution of the entire
ecosystem consisting of people, their practices as well as organisations and technol-
ogy is another differentiator of the Scandinavian participatory design approach.

It is this dialogic exchange and emphasis on mutual learning that also makes
action research and participatory action research sources of methodological inspira-
tion for the participatory design movement. There is also an epistemological simi-
larity between the two [25-27].

In addition, as Lucy Suchman articulates, recognizing that designing of technol-
ogy has involvement and impact in the political movements of the ecosystem that
technology is situated in could lead to an alternative assessment of the critical role
that design and development of technology systems can play in furthering of democ-
racy [28].

This political stance that formed the basis of participatory design along with the
importance laid on explicitly articulating the values being embedded in design of
systems is very much in line with what we consider as missing in mainstream UX
design frameworks. Participatory design, especially in the context of India and other
emerging countries could lead to a complete rethinking of the role of designers and
that is very much needed to change the current perspective of the designer as the
disinterested and detached expert. This current power dynamic between the designer
and the user makes it difficult to empower those for whom the design solutions are
aimed at, to participate and co-create along with designers.

There needs to be a rethinking of the current UX Design frameworks such that
citizens become more than mere users and are able to have a voice in design deci-
sions that have an impact on them rather than be passive consumers of decisions
taken by designers and business owners.

Participatory design processes are also expected to help users who participate in
the process, to experience what it is like to “overcome the habit of submission, a
frame of mind that curtails people from fully and critically engaging with the world
and participating in civic life” [28].

3.2 Capability Centred Design

The concept and measurement of human welfare has undergone a massive change
with Amartya Sen’s capabilities approach. Several measures such as the Human
Development Index, Better Life Index, Happiness Index, etc. are now a part of
social welfare measures, in addition to the traditionally preferred measure of
national income.

The Humanist Revolution in economics was ushered in by Amartya Sen and
Martha Nussbaum [29], with their capabilities approach. What people can do instead
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of what they simply have is what Sen and Nussbaum focused their attention on in
the capability approach. In his search for the most suitable measures for people’s
well-being, Sen found that income or possessions or fulfilment of desires were not
adequate indicators of people’s well-being. His argument was that people’s actual
capability of being and doing is what determines their well-being or the lack of
it [30].

The defining elements of the capability approach are functionings and capabili-
ties. One way to look at functionings is that these are all the things that someone
aspires, desires and chooses to be and do in life while capabilities are the superset
of these “things” called functionings that someone possesses and can decide on
which functionings to actually pursue [31, 32].

In contrast to capabilities and functionings, goods are merely things that one pos-
sesses. It is one’s capabilities that allow one to decide how to use goods in fulfilling
ways. Both Sen and Nussbaum also emphasised that people have the freedom to
decide the types of functionings that they value and not be forced to follow someone
else’s pre-decided criteria for what functionings are important for them [15, 16, 18].

Nussbaum [18] also, unlike Sen, believes that a “decent social minimum” can
and must be ensured for all citizens, in terms of capabilities. A list of 10 categories
was identified by Nussbaum, of those capabilities that are a must to accord every
human being a life of dignity and freedom [18].

Nussbaum’s List of Capabilities include [18]:

Life,

Bodily health,

Bodily integrity,

Senses, imagination and thought,

Emotions,

Practical reason,

Affiliation,

Other species,

Play and.

10. Control over one’s environment — both political and material.
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This list of 10 capabilities provides a tangible minimum set of capabilities that can
form part of the core purpose of any UX design activity and hence a critical compo-
nent of the citizen designer’s toolkit.

3.3 How Does the Capability Approach Impact Design?

Since technology in its various product/service avatars is closely connected with the
enriching of human capabilities, this approach provides a construct to make the
design process expand its objectives and outcome to positively impact human capa-
bilities and agency and not just business outcomes. Nussbaum’s list of central
human capabilities that she felt must be protected by public policy could provide the
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seeds of what could become the core purpose that helps transform UX design and
consequently citizen design. The list of capabilities would provide a starting point
in the design process, to reflect on which of the 10 should form part of the outcome,
that is, the product/service user experience being designed. On the other hand,
building awareness of this list of capabilities and their role in user experience design
from the user’s perspective would be an important component of the game being
conceptualised as part of the citizen designers’ toolKkit.

There is also an interesting connection between capability theory and participa-
tory design because capability theorists view “agency” not just as the expansion of
people’s capabilities but also people’s active participation in the process that deter-
mines that expansion. Just as in participatory design, the capability approach doesn’t
look at people as helpless and needing experts / outsiders to make decisions about
their capability expansion. Hence, the process needs to be participatory and demo-
cratic so that the process itself becomes a way for people to exercise and strengthen
their agency [31].

An example of how the capability approach can be applied to design has been
described by some authors while exploring the design of “care robots” that are
meant to be part of the ecosystem of caregiving for elderly. Coeckelbergh [33, 34],
a philosopher of technology, wrote about evaluating products/technologies like the
care robot by measuring their impact on their users’ capabilities, using Nussbaum’s
capability list [18]. If this evaluation criterion was to be used, then these human
capabilities need to be considered early in the design process. According to
Coeckelbergh [34], the main advantage of the capabilities approach is the manner in
which it can influence design to meet core human needs, as in the case of robot
caregivers. While the reason to introduce robot caregivers is usually to do with cost
savings that are obtained by automation, the capabilities approach could be used to
ensure that the human element in the interaction between the robot caregiver and the
person receiving care is also given utmost importance.

As Oosterlaken has discussed, design can indeed enhance capabilities of indi-
viduals thereby enabling them to realise their desired life goals. Design can also
collectively change attitudes and help shift behaviour towards a more sustainable
and inclusive world [35-38].

4 Making of Citizen Designers: The Citizen
Designer’s Toolkit

But how do we ensure that citizens have the required skills to be able to actively
participate in the design process? This participation should be such that it provides
citizens the opportunity to overcome the lack of confidence when interacting with
designers. It is critical that citizen designers are able to not only critique concepts /
ideas presented by designers but also present alternative ideas/concepts by them-
selves. Citizen designers should, eventually, be able to build their own capacity to
act for themselves and their communities.
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In order for citizens to actively participate in the design process, there have to be
ways in which they can be made capable of understanding at least the basics of
design. As Dong has pointed out there are a set of important capabilities that are
needed to make citizen designers. He categorised these capabilities as information,
knowledge, abstraction, evaluation, participation and authority [39].

Connecting participatory design and the capability approach may lead to ways in
which citizens can become citizen designers and hence change the design process to
create a shared means of expression and reflection between designers and citizen
designers. This would perhaps make it possible to have a truly collaborative way for
designers and citizen designers to codesign their lives and the world they both aspire
to make better.

In order to shift the narrow and limited involvement of users in the design pro-
cess as is prevalent today to a truly democratic and empowering co-creation exer-
cise will need a thorough revamp of current processes and this revamp can happen
only if citizens are aware of their right to participate in design of products/services
that will impact their lives and are capable of confidently collaborating with design-
ers and other stakeholders. This is the most important step needed to democra-
tize design.

The concept of enabling all citizens (and not just designers) to have access to the
language and process of design and provide them explicit ways to question and
reconfigure current designed experiences led to conceptualizing a “game” that can
be played at three different levels depending on what the objectives of the players
are. A game is the first step in creating an entire toolkit for citizen designers. Using
a toolkit such as this would also provide citizens with additional skills and may even
lead some citizens to become professional UX designers, especially at a time when
the field of UX Design is in its growth phase and demand for UX designers is rising
every day.

4.1 Games Reviewed

In the area of learning and skill development, serious games have become an impor-
tant mechanism that is transforming learning. Serious games have as their main goal
the imparting of education. However, being a game, the format enables the learning
to happen in an engaging, fun way. Serious games can range from subjects like his-
tory, science, math to teaching soft skills like communication, empathy, etc. Younger
learners in particular find serious games a motivating way to learn.

As Val Shute, PhD, and professor in the educational psychology and learning has
noted, the popularity of games cutting across demographics and socioeconomic
class is what makes it a very potent medium [40].

One of the earliest serious games, Microsoft’s Flight Simulator, launched in
1982 still remains very popular. Today, there are hundreds of serious games but
some that regularly make it to the top 10 list [41] include:
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* Microsoft Flight Simulator.
e Tiltfactor Laboratory.

* A Force More Powerful.

e Darfur is Dying.

* PeaceMaker.

*  World Without Oil.

e FoldlIt.

e IBM City One.

e Superbetter.

Serious games also have social awareness as a goal along with educating learners
about larger issues related to social impact, Katsaliaki and Mustafee have reviewed
35 serious games that deal with the topic of sustainable development. It is pertinent
to note that of the 35 games on the theme of “SD” that they reviewed, there were 5
games where the player had to be play the role of a citizen and learn various ways
of creating a more sustainable ecosystem [42]. Panzl, Classe, Araujo, and Vossen
discuss serious game design as an approach to bring about change in citizens’
behaviour towards and engagement with public service improvement. They propose
the design of a sample serious game [43].

A review of serious games such as the following (see excerpts from reviews and
write ups below) reinforced the value of using a game [44], to enable citizens to
become aware of the impact of design in their lives and to also learn how to apply
elements of design to bring about change in their own ecosystems.

e Fernando Quiroga, D. & Lucia Agudelo, M. “I got the power”.

o This is a game that helps to understand the way in which a social leader emerges
within a community in Colombia. The idea is to allow anyone to interact with
each proposed scenario and make decisions that help the community. The main
motivation is to teach about the importance of social leaders in Colombia.
Additionally, the game teaches about some of the risks that social leaders can
suffer. And this is a subject that should not be taken lightly and more in these
post-conflict moments in which Colombia lives [44].

e Gonzilez, F.,, Barrera, S., Albornoz, J. Lépez, H. “La Guerra del Centavo”.

e The project “La Guerra del Centavo” seeks to create a game that puts the user
in the place of a public service bus driver of the old transportation system in
Bogotd. In this system, drivers receive money according to the number of pas-
sengers they collect, which causes problems for everyone involved and causes
drivers to make decisions about how to drive in order to pick up a significant
number of passengers while they meet the traffic rules. On occasion, service
users blame drivers for system problems, but in reality they have limited options
to work with [44].

* A single Ramirez, S., Alejandro Silva Ariza, J., Zambrano Votto, C., Bautista
Cabrera, D. “Una de Dos”.
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* Player video game that simulates the decisions that a Colombian rural family
must face in their daily lives. Every decision will affect the economic resources
of your family and their well-being [44].

e Eberhardt, R., Feeley, C., Leung, S., & Seidman, M. “Untitled Policy Game”.

e A game about the local decisions that can be made in Puerto Rico, in which play-
ers are tasked to make decisions that are best for the island but are ultimately
restricted by the resources and agency that they have. Each player has a role that
gives them access to two piles of resources: a teacher might have access to social
capital and community cards, a housing justice advocate might access govern-
ment and social capital, a zoning board officer might get government and econ-
omy. In the center are random policies that have requirements — if all of the
requirements are met based on the cards played in a round, the policy is passed
and whatever consequences that policy enacts change the state of the board [44].

e “Fair Play”, enables the player to adopt the persona of an African American
student and in that role playing mode experientially learn about biases people
have and how they manifest [44].

4.2 A Game for Citizen Designers — The Concept

The current concept is that of a puzzle with multiple solutions that contains all the
elements/pieces of the framework. Based on some underlying rules, the “player”
would need to use the “design pieces” of the framework to explore how different
combinations would lead to different ways of reconfiguring their experience.

e Level 1 would be for those who would like to understand how design can lead to
different configurations of everyday life, ranging from status quo to fundamental
change. Playing the game would make players aware of the role of design, the
alternative solutions that can be designed to create a more equitable and sustain-
able future and enhance personal capabilities.

e Level 2 would be for those who would like to also, in addition to what Level 1
offers, understand how business decisions impact design outcomes.

e Level 3 would be for players who have mastered levels 1 and 2 and hence have
the capability to function as citizen designers and now would like to wear a
designer’s hat and understand the role a designer plays.

All three levels, when experienced would provide potential citizen designers
with a holistic view of all the elements and stakeholders who impact the design
ecosystem and hence enable a citizen designer to navigate through the various
points of view and express his/her perspective when involved in participatory design
processes.

Level 1 The game, in the form of an online puzzle to be played on phones or com-
puters would have “question cards” stating a design problem on each card, to be
solved by the player and “design pieces” that the player could combine to get ideas/
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concepts as possible solutions to the design problem that is stated on the selected
“question card”. Different combinations of the “design pieces” would generate dif-
ferent ideas/concepts for the same design problem.

The “design pieces” would be components from the “Universal Values” set, the
“Human Needs” set and the “Capability” set mentioned earlier. The player would
pick one of the readymade question cards and to generate suggested ideas/concepts
he/she would be allowed to combine any number of “design pieces” from each of
the three sets. The selected combination of “design pieces” would reveal a specific
set of concepts/ideas (Fig. 5).

Example of a Question Card that the player could select — “What ideas can I
generate for designing a cinematic entertainment product/service for myself and my
friends?” On selecting the above card, the game would then present the various
“design pieces” that belong to the three different sets and let the player decide on
what “design pieces” she decides to combine. Let us imagine that the player decides
to select the following (Fig. 6 and 7):

e Values — self-direction and self-transcendence.
e Needs — participation, leisure, identity and freedom.
* Capabilities — senses, imagination and thought, affiliation and play.

As soon as this combination is locked down, the game would provide possible ideas/
concepts that meet this specific combination of values, needs and capabilities. For
example:
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Fig. 5 Prototyping the concept of the game with different coloured strips representing pieces from
different sets (Values, Needs, Capabilities, etc)
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Fig. 6 Prototyping the concept of the game with different coloured strips representing pieces from
different sets (Values, Needs, Capabilities, etc)

A CHANNEL WITH INTERACTIVE DOCUDRAMAS
-

Fig.7 Prototyping the concept of the game with different coloured strips representing pieces from
different sets (Values, Needs, Capabilities, etc)

* A channel with interactive docudramas that can have different plot progression
depending on the interaction by the viewer.

¢ A channel with crowd-sourced ideas for each show that is commissioned, at both
the level of the overall storyline and the details of dialogue, locations, props,
character development, music, etc.

¢ A massive multi-creator online futuristic 24/7 show.
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On the other hand, if the player now combines the “design pieces” in a different
manner, the resulting ideas would be different. Let us suppose that the player now
selects the following combination to be the foundation of ideas:

e Values — stimulation and hedonism.
¢ Needs —affection, leisure and freedom.
» Capabilities — emotions and play.

With the above combination of the puzzle “pieces”, a different set of ideas would be
generated for the same question — “What ideas can I generate for designing a cine-
matic entertainment product/service for myself and my friends?”

Possible ideas generated by the game:

Netflix-like streaming service

e with similar shows (emotional and dramatic) but with a way to watch as a
group even if everyone is not in the same place.

* with shows and films categorized according to viewers’ moods,

» with shows and films organised according to private categories that cannot be
seen by anyone else other than the viewer and public/ family categories that
can be seen by others.

As one can see, one combination of elements could provide ideas that are very dif-
ferent from what is current and is experienced by the player today while another
combination provides ideas that are mainstream. This experiential awareness that
design solutions depend on what elements are considered as fundamental building
blocks should lead citizens to awaken to the myriad possibilities that can be gener-
ated. Playing the game will also build the citizen designers’ capability to identify
and demand to know why a certain combination of elements have been privileged
over other combinations in generating the design solutions.

In addition, the game would also ask the players for their own ideas and give
players the options to generate their ideas and add to the idea pool that the game’s
algorithms draw upon. Ideas sourced from players could be rewarded/ recognised.
The game would also provide deeper levels of exploration and learning for each of
the 3 sets from which players can select “design pieces”. Hence, players would be
able to learn about the role of Universal Values, Human Needs and Capabilities, the
origin of these concepts and their impact on design (and life). They would be shown
successful designs that have taken into account “design pieces” from these 3 sets
and hence can act as exemplars from around the world and demonstrate how spe-
cific combinations of design pieces can make the world a better place or not.

Level 2 Players would be exposed to additional categories of “sets” such as busi-
ness modelling and marketing from which they need to select “design pieces” in
addition to the 3 sets they drew upon in Level 1. At this second level, citizens when
playing this game would learn to use components such as conscious capitalism,
Cleantech, Greentech, Carbon Disclosure Rating, Social Audit, Green Levy, Social
Impact Bond, revenue planning, cost structures, USP, target market, competition,
distribution channels, etc. and see how the ideas generated change (or not) based on
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the combinations the player selects. Hence at Level 2, the player would start to
understand the business/financial ecosystem of decision-making that affects the
design of products / services and their usage and experience.

Level 3 Players who have been exposed to what constitutes design and what can be
expected from design can now change places from being a citizen designer to get an
idea of what a professional designer needs to deal with. Hence, at this advanced
level, those citizen designers who are considering a professional level of involve-
ment in the design process as a designer would benefit from role playing as a
designer in the fictional design world created by the game.

5 Conclusion

A game such as this would help raise awareness of all citizens about how “designed”
their lives actually are and increase their capability to “demand” that design enables
desired reconfigurations to happen. Perhaps even work on the reconfigurations by
themselves instead of depending on designers. Playing the game would also enable
building citizens’ capability to discern the impact of their decisions (as they select
different combinations of values, needs and capabilities) on the resulting concepts
that emerge and how those concepts help the world become a more sustainable and
inclusive planet.

Playing this game would also prepare citizens to contribute meaningfully to par-
ticipatory design processes and thereby help move citizen participation in design
and democratisation of design to become reality. Design that has involvement of
citizen designers has the possibility, as Oosterlaken said, “to create products that
improve people’s real opportunities or capabilities” [36].
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Contextual Inquiry Related to Cab
Booking: Using Uber and Ola Cabs
in India
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Akash Rode and Ganesh Bhutkar

Abstract Ola Cabs and Uber are leading Cab Booking Apps in India that offer
services like cab booking, ridesharing, and food delivery. To cater to the increasing
demand from customers and to expand their horizons, these tech giants are involved
in constant competition with each other to gain new users and retain existing ones.
This research paper is a result of an extensive study of the notion of cab booking in
India. The objective is to understand the nature and the perception of Indian users
who avail these cab services via mobile apps, especially users of Uber and Ola
Cabs. In doing so, the motive is to empathize with Indian cab users, both drivers and
travelers, by understanding their problems and frustrations. This is achieved by
using the ethnographic approach of Contextual Inquiry and work models are devel-
oped based on the insights found therein.

Keywords Contextual inquiry - Work models - Ola Cabs - Uber - Cab booking -
Traveler - Mobile apps - India

1 Introduction

A cab (also known as taxi) is a vehicle for hire with a driver, which may be used by
a single passenger or a group of passengers. The vehicle hired as a cab can be a
public hire, a private hire, or local buses. For the scope of this paper, the term
“Traveler” is been used to identify passengers or users commuting via cab.
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1.1 History of Cab

The first-ever documented form of cab service, a public horse carriage coach service
for hire started in London in 1605 [1]. After 30 years, in 1635, the British Parliament
passed the Hackney Carriage Act to legalize horse-drawn carriages for hire by local
innkeepers to merchants and visitors. Further in 1834, the hansom cab was designed
and patented by an architect which was two-wheeled, fast and light enough to be
pulled by a single horse making the journey cheaper. By the nineteenth century, the
modern taximeter was invented and perfected by a trio of German inventors and
used in the world’s first gasoline-powered taximeter cab. Thereafter, cabs prolifer-
ated around the world in the early twentieth century [2].

1.2 Cabs in India

India is the second most populated country in the world residing people from diverse
cultural backgrounds. India has more than 2000 ethnic groups with major religions
including Hindus, Muslims, Christians, Sikhs, Buddhists, Jains, and others [3].

For fellow Indians, the word “taxi” is reminiscent of the classy and iconic
Premier Padmini cabs. These cabs were colored in dual shades of black and yellow
and were manufactured by Premier Automobiles Limited under a license from Fiat
[4]. Those were the real glory days for cab drivers. Travelers faced problems due to
factors like monopolistic attitude, poor services, refusal to provide services, and
high rates. For the first time, in the early 2000s, well-organized cab services with
high traveler satisfaction and cheaper rates came into existence in the form of Radio
Cabs. Initially, cab operations were started on small scales by companies like Mega
Cabs and Fast Track Taxi. By 2006, other companies joined the bunch. These were
Meru Cabs, Easy Cabs, and Savaari. Each of these companies operated in different
ways. Some companies made the driver place a deposit with the company. The com-
pany would have ownership of the car. Drivers would be trained in soft skills, and in
return, the company would charge a fixed monthly amount from them. In such
cases, the driver had to bear the fuel cost and the company would bear car mainte-
nance charges. Other companies like Easy Cabs let the driver own the car after
5 years of nonstop service with the company [5].

1.3 Rise of Ola Cabs and Uber in India

A historic shift happened in the Indian cab business when initially Ola Cabs entered
the Indian market with its fleet aggregation model followed by Uber. Ola Cabs is a
company developed by ANI Technologies Pvt. Ltd. based in Bengaluru, India.
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While Uber is an American multinational company based in San Francisco. Ola
Cabs was founded in 2010, while Uber, founded in 2009, entered the Indian cab
business 3 years after Ola Cabs. As of FY 2018, Ola Cabs generated a revenue
equivalent to US $310 million, while Uber generated about US $11.27 billion (as of
2018) [6]. In January 2018, Ola entered the overseas market through Australia fol-
lowed by New Zealand and also began operations of auto-rickshaws in the UK in
March 2019. Uber is a giant with operations in over 785 metropolitan areas world-
wide. As of 2019, Uber has 110 million users worldwide while Ola has over 150 mil-
lion users [7].

Ola Cabs and Uber both categorize cars based on their power and capacity. This
helps the user to efficiently decide a car-type for their travel requirements. While
Uber in the United States of America may have some interesting car-types like
UberBLACK (Black Luxury Car), UberWAV (Wheelchair Accessible Vehicle), and
UberJUMP (Electric Bike), Uber in India has common car-types categorized as
auto-rickshaws, micros, hatchbacks, sedans, and SUVs [8, 9]. In January 2019,
Uber pilot launched Uber Boat in the city of Mumbai which includes a ride along
the city’s popular coastal routes using two variants of speed boats, a 6-8-seater and
other 10+ seater [10]. Similar car-type categorizations exist for Ola Cabs vehicles
as well.

1.4 Women’s Safety

As Indians began to shift from using traditional cab services in the early 2000s to
today’s Ola-Uber services, several personal and cultural issues came into play,
which directly affected their perception of using cab services in their daily lives.
The most crucial issue was women’s safety in traveling by cabs.

According to one of the articles referred [11], an Uber driver in Delhi molested a
woman returning from work at night and threatened to kill her if she reported the
incident to the police. In August of 2016, a 12-year-old girl was allegedly gang-
raped and strangled by two men in an Ola Cab in Kolkata city. The article stated that
both Ola and Uber repeatedly condemn such crimes and help the police find cul-
prits. Even so, nothing seems to work as the crimes recur with increasing frequency.
One of the police officers commented saying that the route of the vehicle was
changed mid-way during the ride and he was surprised that the company could not
detect this abnormal behavior. He suggested that these companies should do random
checks on their drivers about following the right route notice any uncertainty in their
travel behavior. This seems to be an issue that both Ola and Uber are determined in
solving, but haven’t yet resolved it completely. One article [12] also talks about
incidents where women reported such nasty crimes to Ola-Uber helplines, but such
events continue to repeat with ever-increasing frequency.
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1.5 Exploring New Horizons — Uber Eats and Food Panda

Soon after launching their cab services, Ola Cabs and Uber both launched their food
delivery franchises. Ola Cabs acquired Food Panda in December 2017, while Uber
founded UberEats, an American online food ordering and delivery platform in 2014.

Ola seems to fail at food ordering business. Initially, it had launched Ola Café in
2015, but failed and was shut down a year later. Food Panda was Ola’s second
attempt in the food delivery business. Since, Indian food delivery market already
has giants like Swiggy, Zomato, and UberEats, Food Panda struggled to survive and
started scaling down its marketplace. After laying off several employees, Food
Panda now focuses on running the cloud kitchen brands instead of food delivery
business. UberEats on the other hand ranks second with 4.2 stars on the Google Play
Store after Zomato. It has good brand recognition as compared to Food Panda.
UberEats being a newcomer in the Indian market, it offers good discounts for con-
sumers and low commissions for merchants in an attempt to break into the market.
Even so, it seems that, with Swiggy and Zomato dominating the Indian food deliv-
ery market, it would be tough for these two newcomers to create their own place in
the market [13, 14].

2 Related Work

Initially, several research papers related to customer perception and satisfaction lev-
els of Ola Cabs and Uber were studied. Several blog articles were also read which
talked about issues that individuals using Ola and Uber face on a daily basis.

One research paper [15] talks about consumer perception of Ola and Uber cab
services in the city of Mumbai. This study was focused on identifying differences in
between Ola and Uber customers where data was collected via a structured ques-
tionnaire. This paper presents an interesting approach to consumer perception using
specifically designed hypotheses. This study identified the difference in between
services of Ola and Uber in India with an intention to help the cab service industry
design their marketing strategies and customer relationship plans. The study con-
cluded that the female working population in Mumbai preferred Uber over Ola. The
conclusion helped in developing a perspective to design questionnaire for women.
This further helped in deriving relevant insights related to the needs of women trav-
elers which was crucial to this study.

Another study [16] dives into the details of understanding the dynamics of the
cab market in Pune city of India, where it focuses on studying various technical fac-
tors like pricing, market share, revenue models, and app convenience. It collects
data using a structured interview questionnaire. Interview results convey valuable
user feedbacks on parameters such as waiting time, satisfaction levels, safety levels,
and payment options. This paper represents data derived in visual format by ample
use of graphs and charts. This makes it easy for the nontechnical reader to derive
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insights and make sense of the information. It also represents the complaints and
suggestions for Ola and Uber in crisp and clear distinguishing tables. It concludes
that Ola has more market share as compared to Uber in Pune city of India. In addi-
tion, it says that consumers are generally satisfied with these apps and 68% respon-
dents did not have any complaints whatsoever. Also, it adds the fact that maximum
respondents prefer safety to be the most important factor while choosing a cab ser-
vice. Interestingly, only 23% respondent “strongly agreed” that Ola and Uber are
safe and secure for women. The conclusion derived by this research study helped
understand various factors that an Indian traveler looks for in a cab service. Several
suggestions provided by travelers as a part of this study helped in understanding
certain behavior traits of Indian cab travelers.

One interesting research paper [17] studies how cab aggregators such as Ola and
Uber have impacted society through various methods like offering coupons, quality
service, mobile applications, 24x7 user support, and much more. This paper incul-
cates within it a “suggestions” section where it simply enlists actionable sugges-
tions retrieved from the questionnaire. These suggestions which are titled as “7To
Aggregators,” “To Cab Owners,” and “To Drivers” make it easy for the reader to
understand insights derived from the research work. Commendable work has been
done in identifying specific benefits enjoyed by online cab booking apps and fea-
tures expected in near future. Some important features mentioned that are expected
in future are “CCTV to monitor the driver” and “female drivers for female custom-
ers” Additionally, this study derives that half of the travelers would prefer cabs over
public transport in the city of Coimbatore in India. Even so, it points out the fact that
cab industry revenues are gradually declining in the Indian society due to increasing
expectations of the user with respect to add-on benefits. This paper helped highlight
certain inherent expectations of drivers and travelers before booking a cab.

Another study titled OLA vs. Uber: The Battle of Dominance [18] was referred,
which tries to understand the dynamics of the Indian cab market by studying factors like
pricing, market share, and revenue models. This study puts forth interesting insights by
enlisting a SWOT (Strengths, Weaknesses, Opportunities, Threats) Analysis of both
apps. Thereafter, several research papers [19-21] related to Ola and Uber services were
referred. In addition, several research papers [22-25] related to Traveler Classifications
and Analysis were studied and analyzed. Also, research papers related to Contextual
Inquiry were referred [26-28]. All of the above papers studied provide valuable obser-
vations related to Indian travelers and drivers. Several research papers [22-25] and
online blogs [29-31] were referred to understand traveler categorizations.

3 Research Methodology

The methodology of research work for studying Indian Ola-Uber travelers was done
in two major steps; first of which includes conducting a Contextual Inquiry of trav-
elers and, second, developing work models that effectively convey insights related
to their behavior and underlying issues.
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3.1 Contextual Inquiry

Contextual Inquiry is a research technique that emphasizes studying users in their
natural environment to understand key insights that may help identify core require-
ments. Insights thus derived can also put light on certain usability problems that
may exist in the environment.

Fieldwork is essential for observing user interaction and understanding user
problems. The objective of this research paper was to gather qualitative data. Since
several other studies have already derived quantitative statistics. So, instead of
deploying a questionnaire, random users (travelers) were asked for their experience
of commuting through Ola and Uber cab services. These travelers represented in
Table 1 below comprised of 25 users who consisted of close relatives, friends, work
colleagues, and strangers. Out of these 25 users, 11 were female and the remaining
14 were male. These users were selected by the method of convenient sampling
[26, 27].

Most insights were derived from interaction with drivers. These included 14 car
and auto-rickshaw drivers. Three drivers were intentionally included who weren’t a
part of the Ola-Uber family. The reason for this was to understand their views and
opinions related to Ola and Uber as companies, as these companies are slowly
invading the market which initially belonged solely to them. For each of them, a
rapport was built with initially while traveling by their cab. In such an environment,
they were asked about their experiences and frustrations related to these apps. The
insights derived were noted as the conversation progressed.

3.2 Development of Work Models

Work Models sort information in different manners producing flow diagrams that
help build a truly holistic view of the system. They explore various types of users,
their roles, major and minor cultural influences, and primary/secondary actions.

Flow Model Flow Model focuses on identifying the roles and responsibilities of
different types of users. This is useful in determining workflow hierarchies and
understanding interaction links between these roles. These links can be of direct or
indirect nature.

Table 1 Traveler demographics in user study

Age range (in years) Number of female travelers (11) Number of male travelers (14)
18-25 5 4
26-35 2 3
36-45 3 4
46-55 1 1
56-65 - 2
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Cultural Model A person’s beliefs, values, and surroundings play a major role in
shaping how they perceive the world around them. This further determines their
actions. Cultural Model is crucial when it comes to understanding the user because
it helps to understand not only their beliefs and values but also their frustrations and
pressures. Gaining this knowledge about the user is important because it helps us
empathize with the user, and only then, we can design effective experiences for them.

Sequence Model The Sequence Model represents tasks and related action
sequences involved in task completion. This task completion is from the point of
view of an Indian user. It focuses on identifying the intent of the task and, in the
process, tries to uncover any problems that may be faced by the user while execut-
ing the specific action sequence.

Sensory Model The Sensory Model includes a listing of all materialistic and non-
materialistic aspects that contribute to the experience of using the system.

Artifact Model Artifact Model describes the use of artifacts that can potentially
make a difference towards effective working of the system and its user experience.

Physical Model Physical Model involves analysis of workplace dynamics by con-
sidering materialistic elements like buttons, tablets, and printers.

Out of these, four work models, namely flow model, cultural model, sequence
model, and sensory model, have been developed to understand Indian Ola and Uber
cab travelers.

4 Work Models

Below are the four work models that have been developed to understand the Indian
Ola and Uber cab travelers and their usability issues.

4.1 Flow Model

When thinking of users of Ola and Uber cab services, we have defined them as
“travelers,” as they use cabs as a means of traveling from one location to another.
Based on the task they are trying to accomplish, Ola-Uber cab travelers are classi-
fied into nine distinct categories. They are as follows:

1. The Professional — The Professional travelers choose to use cab services strictly
for business or work purposes. Such travelers generally have their e-wallet con-
figured with Ola/Uber mobile apps. This helps them effortlessly claim their
travel expenses from their respective companies.

2. The Frugal — The Frugal travelers are extra-careful while spending money on
cab services. A major chunk of middle-class Indian users falls into this category.
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It was observed that such travelers compare prices on both apps (Ola and Uber)
before they book a ride. These travelers are also extra-vigilant about offers and
discount codes that are displayed to user via Push Notifications. With a motive to
save money, these users make sure that they grab such offers. They frequently
travel via carpool services such as Uber Pool and Ola Share.

3. The Socialite — The Socialite travelers travel solely for recreational or entertain-
ment purposes. They may be going for an outing or a movie with their friends.
These people generally travel in groups.

4. The Shopper — The Shoppers use cab services only when they go for a day-long
shopping. When asked the reason for the same, they say, after a long day of shop-
ping they find driving in traffic tiring, hence they prefer to travel first class by cab
services.

5. The Confidential — The Confidential travelers travel only to achieve a specific
pre-decided personal chore. They may have to accomplish a single task or a list
of tasks before they head back home.

6. The Newcomer — The Newcomers are visiting a certain place for the first time.
Since they may not be well-versed with the local language or may not know
anyone local, they prefer searching for their desired destination online and hiring
a cab to get there.

7. The Unfortunate — The Unfortunate are individuals who face a sudden break-
down of their primary vehicle in heavy traffic and are hence forced to book a cab.
They may also have an old bike or car which faces frequent breakdowns when
commuting. At such times, they acquire the assistance of a cab.

8. The Challenged — The Challenged are individuals who face a certain medical
emergency with their family members or close friends. In such a scenario, they
are forced to book a cab to get to a nearby emergency room.

9. The Transitionary — The transitionary are travelers who use cabs as a means to
switch from other modes of travel. For instance, someone might hire a cab to
travel from the train station to the airport or walk to the auto-rickshaw stand after
getting off a cab.

In Fig. 1, five most frequently observed user types out of nine namely — the profes-
sional, the frugal, the socialite, the shopper and the unfortunate are shown enclosed
in ellipses. All possible activities associated with user—cab interaction are repre-
sented using rectangles. If the user is involved in the activity, a link has been created
between that activity and the user. Each user type has been assigned a color. Every
activity has certain subtasks that are written inside the rectangle. Adjacent to the
subtasks are the color-coded rectangles that represent user association with that
subtask. For instance, to book a cab, the professional user type would not consider
searching for offers and discounts in the app as the travel cost is taken care of by her/
his company.
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Fig. 1 Flow Model for Indian Ola and Uber cab users
4.2 Cultural Model

When it comes to Indian users, defining a cultural model was a must because it put
light on several factors that come into play when using a cab service like Ola or
Uber. The scope of culture in this paper is restricted to the traditional culture of
India and the daily lives of Indian citizens. These individuals are several types of
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Ola-Uber users that have been previously categorized in the Flow model. The find-
ings of the ethnographic study are reflected and presented as follows:

4.2.1 Women’s Safety

This is by far the most serious issue that Indian women face today. There have been
numerous cases of sexual assault on women by cab drivers. These issues range from
verbal abusing to molestation, to abduction, to gang rape. To address this issue,
several Ola and Uber cabs have easily accessible Panic/Emergency buttons fitted
near the doors of the car.

4.2.2 The Confirmation Call Syndrome

A certain kind of behavior that has been observed frequently among both drivers
and travelers is the habit of confirming a ride by calling the other person. Even after
booking a ride, traveler calls the driver for confirmation and asks about the driver’s
location and Expected Time of Arrival (ETA). Often times, if the traveler doesn’t
call the driver, the driver takes the initiative of calling the traveler to “seal the deal”
and enquire about landmarks near the pickup location. It seems that Ola and Uber
have taken note of this cultural trait and have inculcated the feature of free internet
calls in their apps. In addition to calling, they have also embedded an in-app chat
feature where traveler and driver can text each other.

4.2.3 The Indian Cab Driver — Traits and Frustrations

There are certain behavioral traits of Indian drivers that have been observed by sev-
eral customers which they find undesirable. In addition, while interviewing auto-
rickshaw drivers, certain frustrations that these drivers face were also revealed.

1. Drivers Refuse Long-Distance Rides

If you ask Indian travelers about this behavior, they would agree with the fact that
local auto-rickshaw drivers deny certain rides just because they are long distance.
They worry that they won’t get a customer on a ride back from the drop location.
The same behavior has been observed with Ola and Uber cab drivers. Customers
complain that several times drivers cancel the ride if the drop location is far from the
driver’s zone of operation and convenience. Many times, drivers request the pas-
senger to use the same cab while coming back saying that they would wait for them
till they finish off their chore. Drivers may or may not charge external additional
charges for waiting.
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2. Drivers Start a Trip Without the Traveler

Initially, as customers complain, there have been several cases where the driver
started the trip without the traveler. There was no way of knowing this until Ola
introduced the OTP verification in their system. Uber also claims that their algo-
rithm checks for the location of the driver and the traveler before starting the ride.

3. Drivers Confirm the Next Ride in Advance

It has been experienced by several travelers that drivers accept the request for a new
ride while they are currently dropping off another traveler. They convince the new
traveler by saying that they have a current drop in the same location and will reach
their pick-up location in less than 10-15 min. This behavior is sure to fetch the
driver more rides which helps them reach their daily incentive quota but, travelers
despise such behavior. They may choose to cancel the ride if the driver takes too
long to reach for the pickup.

4. “Can You Please Give Me a 5-Star Rating?”

Driver ratings are extremely valuable to drivers as compared to customer ratings for
customers. It was observed on several occasions that at the end of a ride, drivers
request the customer upfront to give them a 5-star rating. This behavior is rarely
observed amongst drivers outside of India.

5. Indian Drivers Love Chatting

No one can disagree with the fact that driving all day long can get monotonous and
boring. Indian drivers love to strike up an interesting conversation, whatever may be
the topic. Travelers might sometimes find this behavior irritating. It has also been
observed that drivers give a better rating to customers who strike up a conversation
with them as compared to those who do not. The vice versa is the case for travelers,
which means that a traveler will rate a driver better if he does not chat monoto-
nously. It generally depends on several factors related to individual personalities of
travelers and drivers.

6. Is Ola Better or Uber? Who Cares?

Although these tech giants (Ola and Uber) might be involved in tough competition
to gain more users and profits, drivers don’t seem to care about it. A majority of
drivers (and travelers) use both apps simultaneously. Such drivers have two smart-
phones with them, each running either of the apps. Whichever service gives them a
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Fig. 2 An auto-rickshaw
driver using two
smartphones fixed

the handle

quicker ride, they choose to go with it. Figure 2 shows an auto-rickshaw driver using
two smartphones to run both apps at the same time to get quicker customers.

7. Do We Call It the Extra Change or a Tip?

While interviewing travelers, most agreed to the fact that, after payment, Indian cab
drivers are reluctant to return the change. They respectfully ask the traveler if they
can keep the change. Such behavior is also observed among general drivers in India
(drivers not specific to Uber and Ola) On the contrary, it was observed that interna-
tional cab drivers return the exact change every time. But, international culture also
follows the concept of the tip where it is up to the user to tip the driver according to
their convenience.

8. Delayed Payments Affect Drivers

In an interview with an auto-rickshaw driver, an insight regarding the transfer of
money was revealed. According to the driver, revenues earned by Ola Money (which
is Ola Cabs e-wallet) rides get transferred the next day itself. While revenues earned
by Uber e-wallet take around a week to get transferred to the driver’s account. The
driver confessed saying that such late payments make it tough to manage home
expenses. At such times, he prefers switching his online service and starts opening
his service to local passengers.



Contextual Inquiry Related to Cab Booking: Using Uber and Ola Cabs in India 43

9. Night Charges

Drivers complained that they do not get paid extra for night trips. Even though these
ride-booking apps charge extra for night trips, drivers do not receive their additional
share for such trips. An auto-rickshaw driver commented saying “Night times are
risky for us also. We should be paid the incentives.”

10. Local Auto-Rickshaw People Despise Tech-Giants Like Ola and Uber

This insight was revealed by booking an auto-rickshaw directly on road. Observing
no smartphones on the dashboard, a conversation about Ola and Uber was initiated.
The driver responded saying “Due to these tech companies invading local markets,
we local rickshaw-wallas have lost our business. Even though these apps are conve-
nient for the user, they have affected us local people whose livelihood depends on
driving rickshaws. So, we do not use these apps.”

11.  No Additional Charges for Extra Distance Traveled for Pick-Up

Drivers complain that often the actual location of the pickup is a bit far from the
location pinned on the map. This is mostly due to the complexity of streets in India.
In such cases, drivers have to travel a little farther to pick-up the customer. These
individually insignificant extra distances traveled when added up together lead to an
increase in petrol expenses for the driver.

4.2.4 The Indian Traveler

The Indian Ola-Uber app user is unique because it consists of people from diverse
religions and different mindsets. Indian people have found an interesting way to
voice their issues to the public. They do this through the medium of stand-up com-
edy. These videos reach out to millions through social media and are thus, sure to
reach the intended people.

1. Hatred Towards Certain Specific Cars

Indian travelers despise certain cars and hate it when they show up for their Ola or
Uber ride. The main reason for this is the bad comfort level of the car. Users com-
plain saying that if they are traveling by car, they expect it to provide comfort.
Generally, cab business owners purchase old cars at cheap rates and hire drivers to
earn better profits. This tendency ruins the cab experience for the end-user.
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2. Ola Share and Uber Pool

Indian users find services like Ola Share and Uber Pool cheap, which makes them
opt for it. At the same time, they complain about the excessive time it takes to reach
their destination. They say that this mainly occurs due to impromptu out-of-the-way
pickups and drops as a result of poor algorithm.

3. Using Ola and Uber Parallelly

All users had both mobile apps (Ola Cabs and Uber) installed on their smartphones.
Most users confirm the fact that they check for cab rates on both apps before con-
firming a ride. Even so, there exist a few cases where users confirm the ride on both
Ola and Uber. Whichever ride has the shortest time, they opt for it and cancel the
other ride. Figure 3 shows a user who has booked a ride parallelly on both Uber and
Ola apps.

4. In-Car Music Matters

Travelers claim that the kind of music that is being played in the cab affects the
experience of the journey. If the driver is playing cheap songs in regional languages,
there are high chances of him getting a poor rating.

5. Drivers with Bad Habits

Several users conveyed a key issue that ruins the cab experience for them which is
bad habits of the driver like chewing tobacco, smoking, or drinking. A user com-
ments having commuted through numerous cabs which are full of tobacco smell. In
such a scenario, she had no choice but to tell the driver to open all the windows.
“Such drivers definitely end up with a 1-star rating,” she says.

6. Drivers Asking for Directions

Most of the drivers are not well educated or trained, which makes it hard for them
to understand English pronunciations by the Global Positioning System (GPS)
voice assistant. As a result, they may miss a turn and get lost. In such cases, they
have no option but to ask local people for directions. This adds up to the frustration
of the traveler who may have to reach her/his destination early and cannot afford to
lose extra time in transit.
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7. Retrieving Lost Belongings

If a traveler is in hurry, it may happen that she/he forgets belongings or important
documents in the cab. Travelers complain that it becomes hard to get back the lost
belongings as the driver may already be on his next ride. They also suggest that
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there should be a helpline number through which they can convey necessary details
to proper authorities instead of depending solely on the driver.

4.3 Sequence Model

The most crucial and frequently performed task is booking a cab. Actions sequence
diagram has been created in Fig. 4 for the tasks. Problems at relevant steps have
been identified.

Let’s look at identified problems at every step according to the sequence diagram
in Fig. 4:

1. Incorrect location is pinned by the traveler — It was observed that, when a
traveler was in hurry to book the cab, she/he did not pay attention to the pinned
location for pick-up and was pinned inaccurately. As a result, the driver required
more time to reach the pick-up destination.

2. Exact drop loction of the traveler is inaccurate — The drop location is searched
using Google Maps which recognizes most well-known landmarks. But, on sev-
eral occasions, the drop destination is located in narrow lanes which are hard to
pinpoint on Google Maps. In such a case, driver has to drive a few additional
meters to drop the traveler.

3. Undesirable increase in ride fare after checking multiple times — Most Indian
travelers compare ride prices on Ola and Uber apps before confirming the ride.
They complain about increase in ride fare after searching for the same ride mul-
tiple times.

4. Cabs are not available — Due to high demand in popular areas or low cab fre-
quency in less popular areas, a traveller may not find cab. In such a case, she/he
may choose to opt for local cab services like auto-rickshaws.

5. Traveler having to walk a significant distance to reach the cab due to inac-
curately pinned location — Several times, a driver is not able to reach the exact
pinned location due to narrow lanes. A driver may also disagree to reach the
exact pinned location due to certain inconveniences. In such a case, the traveler
has no choice but to walk to the cab’s current location.

6. No Internet connection to pay via E-wallet — There are certain category of
travelers who depend on E-wallets to pay for their cab rides. So, in absence of
good internet connection, they may not be able to pay for their cab rides using
E-wallets.

4.4 Sensory Model

In the case of Ola and Uber, both apps convey completion of specific action
sequences via push notifications and a specific sound that accompanies it. In an
interview, the traveler mentioned the peculiar alert sound of Ola Mobile app. When
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the cab arrives at the desired pickup location, a specific ringtone is played that
resembles the sound of shutting the car door. This sound is accompanied in unison
with the horn of a car. As this sound is not that popular in phone ringtones, it does
an effective job of attracting the user’s attention. Figure 5 shows screenshots of
Uber and Ola Android app user interfaces.

Uber and Ola both provide an effective user experience in their mobile apps. The
User Interface of Uber is of a minimalist nature incorporating ample amounts of
white space in their design which makes it visually appealing for certain users.
Users were also attracted by the 3D icons of cars used in the Uber app. Some users
were also attracted to the bright yellow color used throughout the Ola Cabs
mobile app.

5 Aspects Derived from CI and Related Work Models

The following aspects were derived from the Contextual Inquiry and related work
models for the notion of cab booking in India.
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5.1 Aspects Derived Related to Indian Travelers

Below are the aspects that define the unique Indian traveler.

Five most frequently observed user types for Indian cab travelers were derived
from Flow Model as seen in related Fig. 1. These traveler types—professionals,
frugals, socialites, shoppers, and unfortunates—help us understand pain-
points of the traveler.

A women’s safety is of utmost concern for Indian travelers as discussed in
Sect. 4.2.1. There exist several issues that women face even today while com-
muting by cabs, which have led to numerous cases of sexual assault on women
by cab drivers.

As seen in Fig. 3 and discussed in Sect. 4.2.4.3, Indian travelers have both apps
(Uber and Ola) installed in their smartphones and generally compare fare prices
before booking a cab. Through fare comparison, they ensure that they cash-
in the cheapest cab ride.

As discussed in Sect. 4.2.4.2, Indian travelers find Cab Pool services cheaper, but
are irritated about excessive time it takes to reach the destination due to
impromptu pickups. The excessive time due to pickups is a major cause of
annoyance among Indian travelers.

Indian travelers call the cab driver for confirmation after a ride is booked. As
discussed in Sect. 4.2.2, this call to cab driver is their way of confirming the
driver’s location and Expected Time of Arrival (ETA).

As discussed in Sect. 4.2.4.5, Indian travelers despise traveling with drivers
having bad habits like chewing tobacco, drinking, or bad hygiene in general.
Such drivers end up with a poor rating from travelers.

Indian travelers count in-car music as a significant factor in determining
their ride experience as discussed in Sect. 4.2.4.4.

Indian travelers are annoyed when drivers repeatedly ask them verbally for
a S5-star rating as discussed in Sect. 4.2.4.6.

Indian travelers find it hard to retrieve lost belongings. As discussed in Sect.
4.2.4.7, they also suggest authorities to setup a dedicated helpline number which
would assist them retrieve their belongings.

5.2 Aspects Derived Related to Indian Cab Drivers

Indian drivers use this technique to maximize their profits. As seen in Fig. 2, they
have both apps (Uber and Ola) installed on their smartphones and switch
their services in between the two apps, based on which service gives them a
quicker customer.

As discussed in Sect. 4.2.3.1, Indian drivers are always on the look-out for
short-distance rides and try to avoid long-distance rides through cancella-
tions or delays. They use this strategy frequently to get out of inconveniences
like long-distance pickups or long-distance drops.
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e Indian drivers complain about having to drive a few extra meters from the
pinned location to pick-up the traveler, as discussed in Sect. 4.2.3.11. They
complain that, this adds to their fuel costs and results in lower profits.

 Indian drivers confirm the next ride while they are dropping off a current traveler,
as discussed in Sect. 4.2.3.3. They may request the next traveler to wait for a
period up-to 15 min.

e As discussed in Sect. 4.2.3.4, Ratings are of utmost importance to drivers. The
Indian drivers do not shy away from asking travelers upfront for a
S-star rating.

e As discussed in Sect. 4.2.3.7, Indian drivers respectfully ask the traveler if
they can keep the extra change in the form of a tip after the ride. This behav-
ior is common among drivers outside of services such as Uber and Ola as well.

6 Conclusion and Future Work

This research paper aims to define and categorize the Indian cab traveler. It makes
use of Contextual Inquiry and Work Models to study and understand Indian travel-
ers and cab drivers. It makes an effort to understand specific cultural aspects that
separate Indian cab travelers from others around the globe. It also tries to under-
stand some problems faced by Indian cab travelers. The study of cultural separation
will prove a game-changer while designing experiences for them in the future.

In future, this study will be referred to improve Indian cab booking system as a
while by suggesting several tangible modifications in design of related apps and
services.
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Data Set Reduction to Improve Computing
Efficiency and Energy Consumption
in Healthcare Domain

Check for
updates

Priyadarshan Dhabe, Param Mirani, Rahul Chugwani,
and Sadanand Gandewar

Abstract Many data sets used in the healthcare domain are huge and thus, need a
considerable amount of computations, memory, electrical energy, and processing
time for training and testing of Machine Learning (ML) algorithms. In this chapter,
we propose a new data set reduction technique to reduce the size of data sets without
affecting much of classification and recognition accuracy. This can be done by iden-
tifying and removing the redundant data samples from the training data set, which
leads to the creation of reduced data sets, which are termed as “Bonsai data sets.”
As per our experimentation with the Skin segmentation data set, we reduced 39,993
samples out of 1,83,793 samples, which is around 21% samples, without sacrificing
much on percentage classification and recognition. We used Logistic Regression
(LR) K-nearest Neighbor (KNN) and Support Vector Machine (SVM) for testing
classification and recognition accuracy using original as well as Bonsai data sets.

Keywords Data set - Data points - Bonsai - Recognition - Distance factor

1 Introduction

Nowadays, computer-assisted medical diagnosis is pervasive due to better accuracy
and lesser efforts. Various ML algorithms are used to train models that can be used
for reasoning about the diagnosis. We need a data set to develop a model using ML
algorithm. The more the samples in the data set, the better will be the developed
model and hence the diagnosis. But a very large number of unnecessary samples in
a given data set may lead to the following problems.
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1. Increased computing time: - Many ML algorithms need multiple passes through
the data set for model learning.

2. Increased number of computations.

. Increased electrical power consumption.

4. Increased memory space.

(O8]

Data set plays an important role in developing an ML model. It is a collection of
n-dimensional data points. Each such data point is defined with n — D vector con-
taining n-values, one for each attribute. These data points are grouped into classes
based on the similarity of their features. An input to the ML algorithm is such a data
set and output is the developed model and is used for prediction. These data sets are
created and maintained by organizations and/or repositories without taking much
care of redundant samples within them. It is not much of their fault since data col-
lection is their prime goal. Thus, we are proposing a new approach to identify and
remove redundant data samples for preparation of “Bonsai data sets” and their obvi-
ous advantages like energy efficiency, reduction in computations, improved execu-
tion time and memory space, without affecting much on the accuracy.

While reducing the data set one must have to consider that, the reduction should
not degrade substantially recognition and classification accuracies of the trained
model. To accomplish this, we identify and remove redundant data points. A sample
is called as redundant if it does not contribute to training since their peculiarities are
already represented by some another pattern/sample. Thus, their removal will defi-
nitely reduce the size of data set but not have an adverse effect on the recognition
and classification accuracy.

Our proposed approach is very simple, we remove all the data samples of a pat-
tern class that are falling close to the mean of that sample population with a user-
defined distance parameter d, which needs to be learned (tunable) or decided for
each data set. Since mean consists of all the properties of those removed data points
it will contribute in the same way to the learning as compared to the removed redun-
dant data points. There are many classifiers available for testing/verification of the
classification and recognition accuracy. But, due to their popularity/wide applicabil-
ity, we used LR [1, 2], KNN [3, 4] and SVM [3, 6] for verification of classification
and recognition accuracy, before and after removal of redundant patterns from the
training set. Independence of the proposed technique from the classifier is also
another feature and provides the freedom to the user to choose any classifier.

1.1 Related Work

Reducing the data set has two-fold meaning. One interpretation is to reduce the
dimensionality of the data set and the other is to reduce the number of data samples.
The former approach is called as dimensionality reduction [6] and the latter is
known as sampling [7] [8]. Reducing data sets for optimization is a common prac-
tice while building the ML model. Each of the approaches has its specific method
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and process of reducing the data set. There are seven methods reported in [6] for
dimensionality reduction. Our proposed method, the Bonsai data set, aims to
remove data points that do not contribute to the learning.

Data columns with little changes in the data carry little information. Missing
Value Ratio [6] is a technique in which the data columns having too many missing
values are removed. Low Variance Filter [6] is another technique in which all data
columns with variance lower than a given threshold are removed. Since variance
depends on range, we have to normalize the data set before the application of this
technique. High Correlation filter [6] is another method in which we eliminate
based on the correlation of two attributes. This is because if two attributes have a
high correlation, only one of them will contribute to learning. Hence one of the two
columns is removed.

Decision Tree Ensembles [10], also referred to as random forests, are useful for
feature selection in addition to being effective classifiers. One approach to dimen-
sionality reduction is to generate a large and carefully constructed set of trees
against a target attribute and then use each attribute’s usage statistics to find the
most informative subset of features.

Principal Component Analysis (PCA) [1] is also a statistical procedure that
orthogonally transforms the original n coordinates of a data set into a new set of n
coordinates called principal components and then eliminates unnecessary attributes.
Backward Feature Elimination [6] is a method where attributes are removed, one at
a time, and then the model is rebuilt. Then the error rate of the new model and previ-
ous model is compared. This process continues until the error rate of a new model
is more than the older model. The older model then becomes the best performing
model. Forward Feature Construction [6] is the inverse process to the Backward
Feature Elimination. We start with one feature only, progressively adding one fea-
ture at a time, i.e. the feature that produces the highest increase in performance.

Patterns recognition algorithms such as LR [1, 2], KNN [3, 4], and SVM [5, 6]
commonly suggest that their computations increase with the increase in the number
of datapoints in the data set. These methods are also used for experimentation pur-
poses for computing classification and recognition accuracy of the Bonsai data set.

There are some sampling algorithms given in [7] [8] [9] for the selection of a
subset of samples using various criteria from bigger data sets. Our proposed
approach of Bonsai data set preparation is somehow more similar to sampling than
dimensionality reduction (feature selection) [6], but different than sampling too. In
sampling, one sample at a time is randomly/systematically chosen and a decision is
made to add it to the reduced set or not. We can consider the proposed approach of
Bonsai data set preparation as a batch sampling (we are coining this term and refers
to), where a batch of patterns i.e. subset of patterns within a given class are declared
redundant and removed from that pattern class.

While developing these algorithms, everyone proposed/improved these algo-
rithms without considering any limitations on electrical energy consumption. Due
to this, a lot of electrical energy is consumed in building and using these algorithms.
Based on [11], almost 28-35% of the total energy is spent in moving data across
memory hierarchy (e.g. register to RAM, RAM to Disk). Algorithms such as SVM
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consume more power [12] than other learning algorithms [13]. However, this con-
sumption of energy is not even constant over its time of training. The following
papers [12, 13] were also helpful in understanding the consumption of power for
training and using ML algorithms.

The main research objective of this paper is to propose a method that detects and
removes redundant data samples from a data set, which do not (very little) affect the
reasoning accuracy, for optimizing computations, time, space, and electrical energy
also. Cross-checking the accuracy of using redundant and reduced Bonsai data set
using classifiers is another research question that is discussed in this paper.

2 Proposed Method of Preparation of Bonsai Data Set

In this section, we are presenting the proposed method of preparation of the Bonsai
data set, which is the smallest subset of nonredundant data samples from the train-
ing set, such that, it must provide comparable classification and recognition accu-
racy. The proposed method is explained as follows.

Let S be the K sets of training pairs (r,,d,), where r, = (71,752, ..., F3,) be an
n-dimensional input pattern for n > 0 and d, is the class label. Each ry, is one of the
numeric features of the pattern r;, i = 1, 2, ..., n. An input pattern r, has a class label
d, € {dn,dp, ...,d,} i.e. set S has training patterns of C classesC > 0.

While deciding the redundant patterns we consider all the patterns belonging to
a given class from training set, say m < C, and computed the mean pattern
R, = {rml,rmzwr as an arithmetic mean of all the patterns of m™ class. We define
a maximum distance dpnax @s the maximum distance of any pattern of m™ class from
its mean R,. We use a user-defined, tunable, fractional parameter 0 < a < 1 for
deciding the redundant patterns. A pattern of a m” class is redundant if its distance
d from mean R, is satisfying condition d < (@ * dyn,,). The parameters dyay, (@ % diax)
and R, used for computation of the Bonsai data set are pictorially illustrated
in Fig. 1.

In our experimentation we start with a smaller value of a, identify and remove
the redundant patterns from each class. Then, we check the classification and recog-
nition accuracy. By gradually increasing a, we decide the final value of a, where we
are getting maximum classification and recognition accuracy nearly the same as that
of exhibited by the original training data set. We settle at this value of @ and measure
the total number of redundant patterns from the training data set. We recommend all
the researchers not to use these patterns for their work to save computations, time,
memory space, and electrical energy. Thus, the proposed approach provides benefits
in all possible ways and hence strongly recommended.
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Fig. 1 Pictorial description of parameters used for computation of the Bonsai data set

3 Experimental Results

We experiment with the Fisher Iris data set [14] for generating proof-of-concept
(POC) of our approach. Then, we worked with the Skin Segmentation data set [15].
For both the data sets, we used 75% (roughly) randomly selected patterns as a train-
ing set and the remaining 25% as a testing set. The training set is used for classifica-
tion accuracy and testing set for knowing recognition performance.

As per our study, there is no consensus on how much must be the split of training
and testing set. A lot of debate is found on StackOverflow [16], between ration
75:25%, 80:20% and even on 50:50%. We learned that this ratio needs to be decided
based on the size of the data set. If the data set is very large then even 50% samples
in the training set and the remaining 50% samples in the test set will work fine. Due
to the large data set, 50% of samples are also enough to fit the training data. But, if
the data set is small to medium 80% to 20% and 75% to 25% is common practice.
The 80% training and 20% testing set is also supported by the “Pareto principle”
[17]. But we used [18, 19] as a logical base of 75% samples in the training set and
25% in the testing set, this is also a default setting in sklearn library in Python [19].

3.1 Fisher Iris Data Set

In this sub-section, we compare the recognition and classification accuracy of the
Fisher Iris data set, as described in Table 1, using both the Bonsai set and originally
provided data set.
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Table 1 Description of Iris Number of datapoints | 150
Data Set [14] Number of attributes | 4
Number of classes 3
Associated task Classification
Table 2 Experimental results of the Fisher Iris data set
Distance factor (a) Number of samples used in training %Rd %C % R
0 115 0 96.52 97.37
0.1 112 2.61 96.43 97.37
0.15 108 6.09 96.30 97.37
0.2 97 15.65 95.88 97.37
0.25 86 25.22 95.35 97.37
0.3 75 34.78 94.67 94.74
0.35 60 47.83 93.33 94.74
0.4 48 58.26 93.75 97.37
0.45 42 58.26 92.86 92.11

We start experimentation with a value of a from 0 to 0.5, and the percentage
reduction of patterns, obtained percentage classification, and recognition are shown
in Table 2. In Table 2, %Rd. represents percentage reduction, %C indicates percent-
age classification, and %R represents recognition.

The value « is used to identify and eliminate redundant data samples from the
training set. For @ = 0, i.e. without any reduction (using all 115 samples from the
training set), we obtained 96.52% classification and 97.37% recognition accuracy,
respectively. This result is the first highlighted row of Table 2. Then by increasing @
up to 0.25, we obtained the same % recognition accuracy of 97.37 as far a = 0 and
there is a small drop in % classification from 96.52% to 95.35%. This small drop in
classification accuracy should not be treated as a serious handicap of the proposed
method since most of the time we need recognition than the classification. Thus, by
reduction of 25.22% of the training set (86 samples out of 115), we can provide
exactly the same recognition accuracy and comparable classification accuracy. This
is shown in the fifth highlighted row of Table 2.

Such a Bonsai data set is recommended for training various ML systems rather
than using the original data set.

If we increase a further from 0.25, we observe a decrease in both classification
and recognition accuracy and thus it is not recommended to use these values. The
plot of a versus classification and recognition accuracy is as shown in Fig. 2. The
plot of percentage reduction in samples and accuracy is explained in Fig. 3. We sug-
gest choosing the maximum value of @ where we obtained classification and recog-
nition accuracy close to the original training set.
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Table 3 Accuracy of Bonsai data sets using different algorithms

Algorithm Distance factor («)

0.1 0.25 0.4 0.5

C% R% C% R% C% R% C% R%
KNN(@3) 96.43 97.37 95.35 97.37 93.75 97.37 97.14 |86.84
KNN(5) 96.43 97.37 95.35 97.37 93.75 97.37 97.14 | 86.84
LR 98.21 97.37 97.67 97.37 95.83 94.74 97.14 | 86.84
SVM 98.21 97.37 97.67 97.37 97.92 94.74 9429 | 86.84

Let’s summarize the different results which were found after training the Bonsai
data sets for different distance factors a. At the initial state distance factor is a = 0
which means that 0% reduction has been done i.e. we are using the complete train-
ing data set and the result obtained is shown as the first row of Table 2. As we go
down in the table you will observe that distance factor a is increasing thereby,
increasing the percentage reduction. Till the distance factor a = 0.25 results are
quite good and surprisingly close to the initial results, which is a great thing because
the percentage reduction is nearly 25.22% which means only 75% of the original
training set is sufficient to provide around the same classification and recognition
accuracy.

After the distance factor a = 0.25 5 we observe the drop in recognition percent-
age so for this data set we suggest that you should not go beyond a 25.22% reduc-
tion to get the best possible results. The 25% reduction means that out of 115 in Iris
data set, we are training from only 86 patterns i.e. we can remove 29 patterns with-
out compromising much on the accuracy.

We also measured the performance of the Bonsai data set using various ML
algorithms and the performance is as shown in Table 3.

As shown in the above Table 3, we applied different training algorithms on
Bonsai data sets having different distance factor. As you can see all the algorithms
give a really good recognition percentage till the distance factor is 0.25 when you
go beyond that percentage recognition drops for every algorithm.

The motive behind applying different algorithms on Bonsai data sets was to show
that independent of any specific classification algorithm Bonsai data sets performs
well. From the above experimentation, one can conclude that without losing much
on the performance we can reduce the data set and it works with any ML algorithm.

3.2 Skin Segmentation Data Set [15]

Features of this data set collected from the UCI repository [15] are mentioned below
in Table 4. It is one of the famous data set from the healthcare domain.

To summarize the results mentioned in Table 5, highlighted first row indicates
0% reduction for a = 0, we obtained 99.97% classification and 99.96% recognition
accuracy. When we increase the distance factor a, percentage reduction will also
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Table 4 Features of the Skin Number of datapoints | 245057
Segmentation data set Number of attributes | 4
Number of classes 2
Associated task Classification
Table 5 Results of the Skin Segmentation data set
Distance factor (a) Number of samples used in training %Rd %C % R
0 183,793 0 99.97 99.96
0.1 176,769 3.82 99.97 99.96
0.15 161,330 12.22 99.96 99.82
0.175 156,249 14.99 99.96 99.42
0.2 143,793 21.76 99.97 99.96
0.25 133,794 27.20 99.97 96.08
0.3 118,091 35.75 99.97 92.25
0.5 57,261 68.84 99.98 78.06

increase and percentage recognition goes down slowly. The drop observed in per-
formance is in decimal points a = 0.2. For this particular data set we suggest ideal
reduction percentage would be 21% for a = 0.2, the reason behind this is that after
this point there is more drop in recognition accuracy. This means that only 79% of
patterns of the existing training set is sufficient for comparable classification and
recognition accuracy. Thus, the remaining 21.76% patterns i.e. around 39,993 pat-
terns out of 183,793 are declared redundant and can be removed. Removal of this
21%, huge number, of redundant patterns leads to a reduction in 21% number of
computations, 21% computational time, and 21% amount of memory space and
21% less energy consumption. Figure 4 shows the plot of a versus accuracy for Skin
segmentation data set.

From the experimentation using both the data sets, we conclude that there can be
considerable redundant samples in the training data sets used for ML applications.
We proposed a new sampling [7] [8] [9] type method of preparation of the Bonsai
data set to detect and eliminate the redundant samples that do not contribute much
in ML training. In the proposed approach we need to decide the best value of the
parameter a experimentally, such that we can get around comparable classification
and recognition accuracy using minimum samples from the training set. Such reduc-
tion will be helpful for a reduction in the number of computations, time, memory
space, and consumption of electrical energy for training ML algorithms.

Reduced data set (Bonsai data set) will cut down the training time and recall time
of the system used for medical diagnostic purposes, and thus keeps their users happy
without compromising the quality of output. It also supports green computing [20]
by reducing the number of computations to be done, since more computations need
more consumption of electrical energy. More energy consumption can have a cas-
cading effect of heat generation in the system and may need cooling.
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4 Discussion of the Results

As per our experimentation with both Iris data [14] and Skin Segmentation data
[15], the proposed method of Bonsai data set, suggests the redundant patterns within
each pattern class can be removed so that ML algorithms can be trained quickly,
with less memory space and thus need less consumption of electrical energy. A tun-
able parameter 0 < a < 1 needs to be decided for each data set for determining the
redundant training samples. The more the value of a, the more will be the redundant
training samples, like sampling technique [7-9]. By experimenting with @, we need
to decide the value of a, where we get comparable recognition and classification
accuracy as compared to the original training data set. Results show that the pro-
posed approach allows us to reduce 21% computations, 21% computational time,
21% of memory space, and a similar amount of electrical energy (since 21% fewer
computations are performed), for the skin segmentation data set [15]. Similar results
can be expected from other ML data sets too, and this proves the importance of the
proposed approach of the Bonsai data set.

We suggest to all the websites like UCI machine learning repository [21] and
kaggle [22] hosting huge data sets for ML purpose to also host reduced Bonsai data
sets, such that many researchers can use the Bonsai data set and can work quickly
with it by saving computations, time, memory space, and electrical energy.
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S Conclusion

It is concluded from the proposed sampling method of the Bonsai data set that we
can remove the redundant patterns from ML data sets and can prepare the reduced
Bonsai data sets. We obtained Bonsai data set with a 21% reduction in training
samples for Skin Segmentation data set [15] and hence the same percentage reduc-
tion in computations, time, memory space, and electrical energy. Then, we can train
the ML models on these Bonsai data sets without compromising much on classifica-
tion and recognition accuracy. It is observed that using Bonsai data sets for model
training, we can achieve reduced computations, memory space, and reduced electri-
cal power consumption as compared to data sets containing redundant patterns.
Because of these advantages Bonsai sets help users to train ML models efficiently.
Thus, they are strongly recommended as opposed to original data sets, in the health
care domain.
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Design Strategies for Improving
Anticipated User Experience

in a Developing Country Setting:
Case of Uganda

Emmanuel Eilu

Abstract Whereas the use of mobile phones could improve the low voter turnout
in many developing countries, different studies show that there is a lot of negative
perception and responses towards the use of mobile phones for voting. This study
assesses the extent to which six design strategies namely, reciprocity, tailoring,
social and political validation, demos, ease of use, and perceived usefulness, would
influence positive perceptions and responses towards the use of mobile phones for
voting in a developing country like Uganda. Expert evaluation and user studies were
used to assess the extent the six strategies influence positive perception and response
towards the use of mobile phones for voting prior to their implementation. There
was an average of 78% agreement by experts and 72% agreement from user studies
that the design requirements could influence positive perceptions and responses
towards the use of mobile phones for voting. This paper, therefore, recommends
design strategies that can be used by practitioners to design products or services for
the market where the product or service has not been well received or has been
rejected before, especially in a developing country setting like Uganda.

Keywords Anticipated user experience - Mobile phone voting - Expert reviews -
User studies

1 Introduction

In electoral democracy, the electorate hold within their authority, the supremacy to
accord political legality, or withhold it from any leader, institution, and regime [1].
In order to accord political legality or withhold it, people have to fully participate in
the electoral process. It is through voter participation that the will of the people can
be truly demonstrated. Therefore, the number of people who turn up to express their

E. Eilu (P4)
Uganda Christian University, Mbale University College, Mukono, Uganda

© Springer Nature Switzerland AG 2021 65
E. Eilu et al. (eds.), Digital Literacy and Socio-Cultural Acceptance of ICT
in Developing Countries, https://doi.org/10.1007/978-3-030-61089-0_5


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-61089-0_5&domain=pdf
https://doi.org/10.1007/978-3-030-61089-0_5#DOI

66 E. Eilu

preferences in a voting process is of great importance to the very core definition of
electoral democracy [2]. Lijphart [3] observes that, if there is low voter turnout, it
would then often translate into “unequal participation,” and therefore, the vital prin-
ciple of democracy is not demonstrated.

However, the number of citizenry interested in participating in a democratic elec-
toral process more especially in African is low. Recent statistics show that Africa
registers the lowest voter turnout in the world with an average of (65%) [4]. The
voter turnout in some African countries like Uganda is even lower. For example, in
2005, the government of Uganda held a referendum which registered a 47% voter
turnout [5]. The 2011 and 2016 presidential elections in Uganda registered less than
60% voter turnout [6, 7]. A number of African countries with the same trend include
Nigeria with 43% in the 2015 elections and Tanzania with 43% in the 2010 elections
[8]. Violence, long voter queues at the polling stations, and intimidation have been
registered as some of the factors hindering high voter turnout [4, 6, 7, 9]. Several
efforts are underway to improve voter turnout in Africa and one of those efforts is
the use of Information and Communication Technologies to increase voter turnout.
One of the most available and affordable technology that can be deployed in an
electoral process to improve voter turnout is the mobile phone [10]. Uganda, for
example, has over 23 million mobile phone users and a network penetration of 73%.
Therefore, the use of mobile phone as a voting tool would increase voter turnout in
the following ways. Anyone who owns a mobile phone can vote from anywhere and
at any time than to make a long trip to the polling station and queuing for hours [11].
The use of mobile phones for voting would also limit violence and intimidations
that normally take place at the voting. The sick and the disabled who could not reach
the polling station would be able to vote through their mobile phones.

Whereas the use of mobile phones could improve the low voter turnout in many
African countries, different studies show that there is a lot of negative perception
and responses towards the use of mobile phones for voting [12—15]. This is largely
influenced by social, political, and technological factors, though political factors are
highly considered a major hindrance. These perceptions and responses (be it posi-
tive or negative) towards the use of mobile phones for voting are generally called
User Experience (UX), one of the fields in Human-Computer Integration.

2 User Experience and Anticipated User Experience

ISO DIS 9241-210 defines UX as a person’s perceptions and responses that result
from the use and/or anticipated use of a product, system or service. It, therefore,
means that UX is closely related with a person’s perceptions (what a person thinks
about a product) and responses (feedback) as the client is using a particular product
or service. UX is also closely related with perceptions and responses that arise as a
result of anticipating the use of a product or service (before use). The second part of
the ISO definition (perceptions and responses that result from anticipated use) is the
type of UX of interest for this paper (anticipated use of mobile phones for voting).
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This kind of user experience is referred to as Anticipated User Experience
(AUX). Yogasara et al. [16] define AUX as the needs, wishes and feelings that the
user expects to occur when imagining an encounter with an interactive product or
system. AUX is a nonphysical interaction with a product or service, it is when a cli-
ent fantasizes with the product or service and imagines possible interactions [17].
For Pakanen [18], AUX are needs and wishes that result from expected interaction
with the concept of a product before the actual product exists. Law et al. [19] call it
“imagined experience”. In this paper, AUX is portrayed as a positive imagination
that someone has towards a product or service. AUX is a form of fantasy or excite-
ment that a user feels about a given product or service before using it. When fully
achieved, AUX influences positive perceptions and responses towards a given prod-
uct/service, i.e. it creates a desire for the product or service even before using it. The
next section discusses six design requirements for influencing positive perceptions
and responses towards a given product/service.

3 AUX Design Requirements

In his paper entitled the “science of persuasion” published in 2001, Robert
B. Cialdini [20] proposed a series of strategies in marketing that can have a positive
influence on a potential customer. In 2002, J. B Fogg [21] adapted some of Cialdini’s
strategies to develop persuasive technology model which can be used to shape, rein-
force, or change behaviors, feelings, or thoughts about an issue, object, or action.”
Other scholars such as Davis (1989) also forwarded strategies that influence positive
perceptions prior to the product use as discussed below.

* Reciprocity- is when someone is rewarded after or before performing a certain
action. Reciprocity employs rewards to influence a user to use the product
[20, 21].

* Tailoring- means designing a product according to the user’s preferences, needs,
and profiles [21]. For example, designing according to a user’s favorable colors
and user’s language.

e Social and Political Validation- where individuals follow or conform to the
actions of others within a group [20, 22]. It uses peer pressure to influence posi-
tive perceptions towards a certain product or service.

* Demos- means step-by-step guidance on how to use a product [23]. It reduces
“uncertainty” that the user had towards a product, therefore influencing positive
perceptions towards the use of the product or service.

» Ease of Use- the degree the user believes that the product or service is easy to
use. It focuses on a simple-to-learn and easy-to-use product or service to influ-
ence positive perceptions towards a product or service [23, 24].

e Perceived Usefulness- means the degree to which the user believes that the prod-
uct or service is useful. It highlights the usefulness of using a product or service
to influence positive perceptions [24, 25].
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However, the success of these design strategies in a developing country like
Uganda may not be guaranteed given the fact that these six design strategies were
derived from the context of a developed country. There was a need to assess the
extent the six design strategies would influence positive perceptions towards the use
of mobile phone for voting in a developing country like Uganda before the strate-
gies are finally used for design a mobile phone voting system. There are a number
of methods that can be used to measure the extent the six strategies influence posi-
tive perception and response towards the use of mobile phones for voting prior to
their implementation. However, due to time and financial limitation, this research
carried out a pilot study and used two approaches to evaluate anticipated user expe-
rience. These approaches include expert reviews and user studies.

4 This Research

The purpose of this research was to assess the extent to which each of the six strate-
gies would influence positive perceptions and responses towards the use of mobile
phones for voting in a developing country like Uganda, where the use of mobile
phones for voting was rejected.

This study is of great importance, for it provides vital ideas on how a product or
a service can be designed for acceptance in a developing country setting. The design
strategies can be used by practitioners or entrepreneurs to redesign a product or
service for acceptance particularly where the product or service has not been well
received or has been rejected before, especially in a developing country setting
like Uganda.

S Methodology

In the pilot study, two evaluation methods were used as discussed below.

5.1 Expert Reviews

Expert review involves a usability or user experience specialist who, using her/his
expert knowledge on a product, service or procedure, performs the review from the
angle of a typical user so that they can highlight any user experience issues that
might spoil a genuine user’s experience. In this case, UX experts use their expertise
of users and UX theories to perform an evaluation. According to Baguma [26], most
techniques used for validation do not involve end users but rather the designer or
human factor experts assessing the impact of the design on a typical user. For best
results, Microsoft [27] and Tory & Moller [28] recommend a minimum of five
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experts to review the system or framework. However, Nielsen [27] argued that
expert reviews should be performed by at least three experts. Their argument was
based on an extensive study that found out that three experts could identify about
60% of the problems. The study found out that as the number of experts increased
in the evaluation process, there were very few additional problems found. For exam-
ple, it took 10 experts to find 85% of the problems and 15 experts to find 90% of the
problems.

In this study, the researcher used six user experience experts. These user experi-
ence experts had published extensively in the field of user experience. Since these
user experience professional resided both in and outside the country (Uganda), it
was difficult and expensive to bring them together in a workshop. The easier way
was to e-mail evaluation questionnaires to them, and their opinions were expressed
in writing. Questionnaires allowed the user experience experts to work indepen-
dently and to form and express their own opinions freely.

The first task during the evaluation was to brief the experts on the preamble and
rational that led to the development of these design strategies. These design strate-
gies were therefore presented to user experience experts to determine their validity,
the extent to which each of each design strategy, if used for designing a mobile
phone voting systems, they would influence positive perception and make a voter
who has a negative perception towards the use of mobile phones for voting, to will-
ingly accept to use his/her mobile phone for voting.

On a scale of 1-10, the user experience experts were kindly requested to assess
the extent each of the requirements identified can influence positive perceptions
towards the use of mobile phones for voting, and the major limitations and flaws of
each of the requirements. A total of 21 evaluation questionnaires were sent by e-mail
to 21 user experience experts. Only six experts responded to the questionnaire.
There was no response from the other 15 experts.

5.2 User Studies

This involves the application of the design strategies on a limited basis in a pilot
setting while results are closely being monitored [29]. User studies are more accu-
rate than survey and expert reviews, as they reflect real users attempting common
tasks on a product or system [30]. Pakanen [18] observes that there are only a hand-
ful of user evaluation methods that can be used to evaluate Anticipated User
Experiences in the early development phase. However, the anticipated eXperience
Evaluation by Gegner & Runonen [31] is one of best suited for the evaluation. This
enables the participant to visualize and imagine a use situation and give feedback on
how he or she feels about the experience. Furthermore, AXE provides deep insights
into the participant’s real-life context. AXE is an early study that reveals the user’s
perception about a product before the product is made available to the user for con-
sumption. It involves using users in an interview setting and can be used both as an
evaluative method and a method for gathering ideas for improvement.
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The next section describes how the areas of study and users/participants for the
evaluation exercise were chosen.

5.2.1 Selection of the Area of Study and Participants for User Studies
5.2.1.1 Ceriteria for Selecting Area of Study and Participants

During the user study, there was a need to select participants from both the rural
setting and the urban setting. The rural and urban areas were identified based on the
Uganda National Bureau of Statistics report of 2014. Sonde Village, in Misindye
Parish, Goma Sub-county in Mukono District was identified as a typical rural set-
ting in Uganda. While Kansanga located in Kansanga-Muyenga Parish, Makindye
Division Sub County, in Kampala district was identified as an urban area. In
Kansanga, user studies were conducted in a university setting, that is, at International
University of East Africa (IUEA), one of the private universities in Uganda founded
in 2010. The main reasons for the choice of IUEA in Kansanga was the ease of
recruitment of participants (teaching staff and students) given that the primary
researcher worked there as a lecturer in the Faculty of Science and Technology.
Participants in the evaluation study, both in rural and urban settings, were purpo-
sively selected based on the following criteria;

e Ugandan nationals of 18 years and above (voting age).

*  Own a mobile phone.

e The participants should have negative perceptions towards the use of mobile
phones for voting. It was necessary to use these kinds of participants so as to
determine the extent to which the design strategies would influence the partici-
pant’s perception towards using mobile phones for voting.

5.2.1.2  Sample Size of the Participants

Nielsen [22] recommends a minimum of 5 participants for a usability/user experi-
ence evaluation of a product or service. Using 5 users is expected to find 85% of the
usability or user experience problems in a test iteration [22]. Macefield [32] states
that for problem discovery, anywhere between 3-20 participants is valid, with 5-10
participants being a workable baseline range. Faulkner [33] used yet another bench-
mark task and found that although tests with 5 users revealed an average of 85% of
usability problems, the total percentages for each set of 5 participants ranged from
nearly 100% down to only 55%. Groups of 10 participants did much better, finding
95% of the problems with a lower bound of 82% as shown in Table 1.

Based on the evidence from existing research on sample size for user experience
evaluation studies and the criteria for the kind of participants needed, a total of 15
participants were selected for the evaluation. All the 15 participants were not in
favor of using mobile phones for voting. Five students were purposively chosen
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Table 1 Number of Number of participants | Minimum % found | Mean % found
problems found in a project 5 55 3555
relative to the number of
participants (Faulkner 2003) 10 82 94.686
15 90 97.050
20 95 98.4
30 97 99.0
40 98 99.6
50 98 100

from IUEA, 3 students were male and 2 were female. Five teaching staff were cho-
sen for the evaluation. All the staffs were Master’s degree holders; 3 female
and 2 male.

On the side of the rural participants, five participants were randomly selected
from Sonde village. The researcher got participants at the village trading center.
Three had completed Ordinary Level (O-Level) certificates (General Certificate of
Secondary Education-GCSE) and 2 had Advanced Level (A-Level) certificates. Of
the 5, only 1 female met the criteria during the sampling process carried out in the
area. The 5 participants then took part in the user evaluation studies.

5.2.2 User Evaluation Process

The Anticipated User Experience evaluation approach is divided into three major
steps: concept briefing, concept evaluation, and data analysis as briefly
described below.

5.2.2.1 Concept Briefing

Concept briefing is done at the beginning of the evaluation session. The whole idea
is shared with participants. The purpose of a concept briefing is to allow participants
to deepen their understanding of the concept. Typically, the concept is conveyed
through description and use scenarios. Scenarios are one of the ways a researcher
explains defined tasks in the test situation to the participants or users [34]. When
using scenarios, the narratives can be accompanied with other material than text
such as illustrations or prototypes. In addition, mock-ups and visual expressions or
illustrations can be used to clarify and better illustrate the concept.

The mobile phone voting prototype was coded in PHP scripting, hosted on
MySQL and the USSD functionality was simulated using the Africa stalking (http://
africas-talking.com/sandbox) developer platform (sandbox). A short scenario of
using a mobile phone for voting in the next 2021 presidential elections in Uganda
was performed. Each feature of the mobile phone voting prototype was clearly
described namely, reciprocity, customization, ease of use, perceived usefulness, and
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endorsement. This short scenario was presented using simple common terms to
make it easy for all participants to understand. The scenario session was followed
by a demonstration of the mobile phone voting prototype.

After demonstrating how the mobile phone voting prototype works, participants
were informed that their political, particular party leaders like presidential candi-
dates themselves, had tested and endorsed the system. Participants were then given
an ID number and PIN. As the participants used the prototype, the researcher keenly
observed and listened while taking notes on how each of the participants reacted to
each feature, their perceptions, fears, and what they would have liked in regards to
the way the prototype functions and its features. Data obtained from this process
was used to assess the extent to which each feature influenced the participant’s per-
ception towards the use of mobile phones for voting.

5.2.2.2  Concept Evaluation

After the user has used the prototype, the researcher goes through all the visual
displays (Prototype) again with the participants. Then in an interview setting, the
researcher begins to conduct an in-depth investigation of participant’s views, expe-
riences, attitudes, opinions, and beliefs towards a given product concept and visual
displays. During the concept evaluation process, the researcher had an interview
with each participant to get their views about the utility of the system for national
elections, ease of use, its limitations, its influence on their attitude towards voting
using mobile phones in national elections and general perceptions. The participants
were asked to indicate the features in the prototype that positively influenced their
perceptions towards the use of mobile phones for voting, and why. The answers to
this question provided a platform for the researcher to start a conversation around
the concept. As the participant explained his or her choice, the facilitator went ahead
to probe deeper the participant’s view regarding each feature of the prototype.

5.2.3 Data Analysis

Content analysis was the main method used to analyze data obtained from both user
studies and feedback from user experience experts. Context analysis is a research
procedure used to make replicable and acceptable inferences by interpreting and
coding textual material. This is normally done by systematically evaluating and
classifying texts such as documents, oral communication, and graphics. Using con-
text analysis, the researcher reviewed data collected from user studies and experts.
The feedback from the respondents was carefully analysed, common themes were
identified as well as areas of disagreements. Results of data analysis are pre-
sented below.
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5.2.4 Presentation Results of the Evaluation

The results of expert reviews and user studies are summarized in Table 2.

From Table 1, it is worth noting that expert review evaluation on the extent reci-
procity, demos, customization, endorsements, perceived usefulness, and perceived
ease of use influence positive perceptions and responses towards the use of mobile
phones for voting showed higher percentages than user studies. Reciprocity received
80% positive influence from the experts, and 60% from user studies. Although some
of the concerns identified include the risk that it can stimulate the use of voting
software/app, without voters being serious (just to get the reward). For example,
voting blanks may be higher. Reciprocity is also less effective with older people.

User studies gave the tailoring strategy a slightly higher influence (73.3%), while
the experts gave it a 70%. However, some of the limitation identified included; it is
hard to think of any other politically neutral way of tailoring. For example, working
with default votes or preferred choices at the top would be not neutral and not
acceptable.

Experts, on the other hand, gave higher percentages to endorsement (80%) and
demos (80%), while user studies showed that endorsement and demos had a 53%
and 73% positive influence, respectively. However, participants pointed out that
endorsements could work very well, but the endorsers should be people that really
have authority to the specific voter, someone whose opinion they really value (not
necessarily a political leader, it could be a musical star, or elderly in a village, etc.).
Demos on the other hand should be made optional: a user can check/watch

Table 2 The extent the design strategies influence positive perceptions towards the use of mobile
phones for voting

Expert | User Total
Design strategies reviews | studies | average

Reciprocity: A voter given a reward after voting say free SMS, | 80 60 70
Mobile data, free airtime

Tailoring: The voter’s preferences, needs, and profiles are 70 73.3 72
identified and the voting service customized based on those
preferences. E.g. voting application in the local language
Endorsement by influential social and political leaders: Use | 80 53 67
of influential peers, political and technical acquaintances, like
the head of political parties, influential persons to encourage
voters to use their mobile phones for voting.

Demos: Step—by-step guidance through the mobile phone voting | 80 73 77
process using various means, say on TV, radio, or the use of
mobile phone voting test prototypes.

Ease of use: The proceedure should be short, easy to learn and | 80 84 82
use.
Perceived usefulness: Highlighting the usefulness of using 80 89 85

mobile phones for voting is crucial. Benefits such as time-saving,
privacy, and flexibility to vote from any place.
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guidance/demos when she/he wants or not check it at all. Another limitation for
demo is that it does not work with older people.

User studies indicated higher positive influence percentages in perceived ease of
use (84%) and perceived usefulness (89), while expert reviews indicated 80% influ-
ence for perceived ease of use and 80% positive influence on perceived usefulness.
However, participants pointed out that positive anticipated user experience will only
result from perceived ease of use if the people already know or can easily see that
indeed it is easy to use the tool or system.

Therefore, the average positive influence towards the use of mobile phones for
voting for all the design strategies was 72% for survey studies and 78% for expert
reviews, while the overall average percentage for the two methods was 75%.

5.3 Discussion and Recommendations

The design strategies presented in this paper can be used to design products and
services for acceptance. These strategies lead to acceptance by influence positive
perceptions towards a given product or service. The design strategies can be used by
practitioners or entrepreneurs to redesign a product or service for the market where
the product or service has not been well received or has been rejected before, espe-
cially in a developing country setting like Uganda. This paper, therefore, draws its
conclusion from the results presented in the earlier section, and presents recommen-
dations for practitioner and entrepreneurs.

Going by the average percentages from all the two pilot studies (expert reviews
and user studies). The most influential design strategy was perceived usefulness.
The participants also found the prototype useful, it would save time and it would be
very convenient, it could also allow them to cast their votes effectively. The study
found out that an average of 85% of the responses in the expert reviews and user
studies said that the use of mobile phones for voting would save time, very conve-
nient, and would enable them to cast their votes effectively. There would no need to
travel to the polling station and follow a long queue so as to vote. From the study,
perceived usefulness was closely linked to proximity and convenience that the
mobile phone provides to the voter. Battarbee & Mattelméki [35] recommend a
need for a portable object for product acceptance to be achieved. A study by Google
shows that there is 67% chance for a product to be bought if it can be accessed on a
mobile device [36]. Therefore, proximity and convenience are key factors to be
considered by practitioners who want to offer a product or service. From the study,
we see that highlighting the benefits of using mobile phones for voting, like it takes
a shorter time to cast a vote, facilitates voting from anywhere at any time within the
voting time, and that the voter will not have to go to the polling station where some-
times violence and intimidation occurs- influences positive perceptions towards the
use of mobile phones for voting.

The second most influential design strategy was ease of use (easy to learn and
operate). This had an average of 82% for the two studies. The study found out that
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ease of use, easy to learn, and familiar interfaces were of such a great significance
in influencing positive perceptions towards the use of mobile phones for voting in
Uganda. That means that simpler steps need to be used, for example, Amazon.com’s
“one-click shopping” uses reduction technique: it retains user details obtained dur-
ing registration, which is later used to reduce the number of steps necessary to buy
a product [23]. Therefore, when designing for a product or service, practitioners
should note that, in a developing country setting, keeping task processes easy and
short is of great importance to the product success.

The third most influential strategy was the Demo. A demonstration on how the
system worked made participants feel confident about the system. The study
revealed that an average of 77% of the participants in the two studies said that the
demo was useful in building their confidence and created a positive perception
about the future systems. Therefore, practitioners should note that prospective cus-
tomers or clients should always be provided with an opportunity to try out the prod-
uct before they buy it. This resonates with the famous Chinese verb ** Tell me and
I'll forget; show me and I may remember; involve me and I'll understand” A survey
conducted in the United States found out that about 58% of the participants would
buy an item if they tried it out [37].

The fourth most influential strategy was customization, with an average of 72%.
Customizing the product or service to the customer’s needs and preferences is
highly recommended. For example, the name and language, has a potential to posi-
tively influence the customer to purchase a product. Cialdini [20] agrees and
observes that having a customer’s name on the product increases the chance of buy-
ing the product. A study carried out in the United States found out that there was a
higher chance (20% more) that a customer would pay more for a customized prod-
uct [38].

The fifth influential design strategy was reciprocity, with an average of 70%.
Rewards do influence positive responses. A study in the United States found out that
a waiter’s tips increased by 23% when waiters gave guests two mints as they waited
for their order [20]. Therefore, there is need to consider rewarding customers for
using a product or service. These rewards can be inform of bonuses, annual recogni-
tion or any other favours the business can give its clients.

6 Conclusions

As stated earlier, the major purpose of this study was to assess the extent each of the
six strategies would influence positive perceptions and responses towards the use of
mobile phones for voting in a developing country like Uganda. There was very little
difference between the expert review and user studies. During the study, the experts
were provided with questionnaires, no real mobile phone voting system was given
to the respondents to try out. The experts were asked to imagine a mobile phone
voting system, and give feedback on the extent each of the design strategies would
influence positive perception and responses toward the use of mobile phones for
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voting, and limitations of each requirement. There was an average of 78% agree-
ment by experts that the design strategies would influence positive perceptions and
responses towards the use of mobile phones for voting. On the other hand, when the
same strategies were used to develop a mobile phone voting prototype and piloted/
tested with users in user studies, there was a 72% agreement that the requirements
could influence positive perceptions and responses towards the use of mobile phones
for voting. Practitioners in other fields can borrow a leaf from this study and embrace
the various design strategies discussed in this paper, and use them to design for
acceptance by positively influencing perceptions and responses for their various
products and services.
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Abstract This paper aims to examine the effect of technological context on aca-
demic entrepreneurial activities in Algeria. For this, we adopted a structural per-
spective taking into consideration a systemic framework. It provides also an
opportunity to examine the nature of the entrepreneurial activities in Algerian uni-
versities and identify the technical elements which may influence academic entre-
preneurs. To this end, a survey methodology was used to collect data. The research
results demonstrated that academic entrepreneurs in Algeria have reacted positively
to patents production and consulting activities, more than on the entrepreneurial
activities related to enterprise creation. The results also show that R&D activities
can be counted as one of the missing gaps in fulfilling academic entrepreneurial
activities. The results show also that Algerian universities must develop their inter-
nal ICT infrastructures and gain appropriate systems and technological skills to
increase the level of academic entrepreneurship. Besides, at any level of the univer-
sity, academics must be more creative and entrepreneurial.
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1 Introduction

The current context indicates that the traditional role of the university, namely
teaching and research, is being challenged and now it is extended to a socioeco-
nomic development project. Universities have changed their position in economic
growth in time and have gone beyond their traditional teaching and research activi-
ties. It is a recent change in the university’s traditional model, where knowledge
transfer and collaboration between industrials and universities plays a key role in
the tasks and responsibilities of the university.

Several activities carried out by universities across the world demonstrate that
they are working to become more entrepreneurial. This is to say that the universities
are going through a major transformation that attests to a transition towards what is
called an ‘entrepreneurial university’ in the sense of Clark [1, 2] and Etzkowitz [3].
This new definition of the university has a positive influence, not only in the aca-
demic world but also in the society as a whole.

Universities are the primary source of new knowledge and play a fundamental
role in creating and growing an economy geared towards entrepreneurship. They are
expected to develop needed solutions to the industry and the society, by leveraging
researchers’ knowledge and expertise. Therefore, the role of the university in a tech-
nological and regional development environment is to be a knowledge hub. Such a
hub university creates intermediaries that span the boundary between the academic
and business worlds.

Moreover, universities are also exposed to the universe of digitalization. With the
advent of IT tools, it is therefore difficult to ignore the role of digitalization in main-
taining an organization’s competitive advantage. It will provide innovators and
entrepreneurs with exciting opportunities [4—7].

The effect of digital technologies on various academic activities, described as
academic entrepreneurship [8—11], has been intense and encompassing activities
such as industry research collaborations, patent applications, creative ideas com-
mercialization, transfer of technology, and more.

Algerian universities are not excepted by this changing context [7]. Their roles
lie in fostering the rapid diffusion of technology, increasing the interactions between
the academic and business world, and enabling the dissemination of tacit knowl-
edge that is essential in the innovation process.

This entrepreneurship concept needs to explore the strategic technological con-
text that supports entrepreneurial activities and determine its influence on the aca-
demic entrepreneurs’ intentions. Especially, with the rising number of
entrepreneurship activities which reach more than 1.2 million entrepreneurs in 2019
according to the Algerian Statistical Information Report [12]. Therefore, there’s the
need to actively improve the entrepreneurial capacity within universities.

For this, this paper aims to analyze the state of the art of academic entrepreneur-
ship in Algeria. Its main purpose is to identify the role that digitalization can play in
establishing a positive academic entrepreneurship context. In other words, this
paper seeks to explore the effects of the technological context on academic
entrepreneurship.
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This study will be also an opportunity to analyze the implications and challenges
of digital context on academic entrepreneurship in Algeria and provide a guideline
for enhancing a variety of available opportunities. To this end, the main research
objective can be formulated as follows:

Which practices of academic entrepreneurship are more affected by the Algerian techno-

logical context?

What forms of research collaboration between the academic and business world are best

served by digital technologies?

The remainder of this chapter is structured as follows. Section 2 reviews the relevant
literature on academic entrepreneurship. Section 3 highlights the opportunities and
challenges of academic entrepreneurship for Algerian universities and presents the
different factors that can support its various activities. Section 4 describes the con-
ceptual model and the adopted methodology to support the research hypothesis.
Section 5 outlines and displays the results and discussion. Section 6 ends with con-
clusions, implications, limitations, and further research directions.

2 Academic Entrepreneurship: A Literature Review

Entrepreneurship is one of the key driver elements for a healthy productive econ-
omy. Since the seminal work of Schumpeter [13, 14], entrepreneurship has been
regarded as a positive driving force for regional economic growth and development
[15-18], and [19].

Also, it is one of the major channels for performing the universities’ third mis-
sions: socioeconomic support functions [20]. Etzkowitz [21] claimed that entrepre-
neurship within universities is not an unusual trend.

Entrepreneurial ventures have increased since the 1970s when biomedical indus-
try researchers started to explore ways to exploit their work by forming or involving
private companies. This characterized, according to Stuart and Ding [22], a new
entrepreneurial division called academic entrepreneurship.

Based on such initiatives, many new technology-based companies slowly gain a
position for academic entrepreneurship on the growth agenda of policymakers.

Academic entrepreneurship is defined as [23]:

The transformation of advanced scientific research into commercial products, with a focus
on high-technology ventures

As several new technology-based firms have grown from such initiatives, academic
entrepreneurship is gradually gaining a place on policymakers’ development
agenda. This entrepreneurial branch helps academic entrepreneurs to build com-
mercial value out of scientific and technological knowledge [24].

Universities’ evolving roles in economic growth have received great attention
from academics and have been studied for decades in developed countries in several
disciplines. Many researchers tried to define the essence of academic
entrepreneurship.
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The analysis of empirical studies shows that the entrepreneurial university model
has its origins in the US, with the launching of the Bayh-Dole Act or “University
and Small Business Patent Procedures Act” (12/12/1980). This act allowed universi-
ties to patent inventions made by their researchers, even if the research has been
fully funded by the government.

The study carried out by Shane [25], in the American university context, revealed
that after the Bayh-Dole Act, the patenting of university research increased in gen-
eral in the efficient scientific fields and carrying business opportunities such as the
basic sciences sector and, especially, the biomedical inventions sector.

It should be noted that from the 1970s, several US universities, such as Harvard,
Stanford, or MIT, began to adopt internal policies and strategies to facilitate and
support the commercialization of scientific research outputs.

From 1970 to nowadays, the entrepreneurial culture initiated in American uni-
versities seems to have spread in many countries or geographic areas, and several
researchers have carried out pioneering studies on academic entrepreneurship.

The first works on the university’s third mission date from the late twentieth
century, and only in 1995 and 2000 the term was included in the implementation of
the Europe of Knowledge 2020 [26, 27], and [28].

Globally, the literature under the heading “Academic Entrepreneurship” looks at
activities, people, programs, and organizations that serve the economic exploitation
of scientific knowledge.

By analyzing the number of the scientific publications indexed in Web of Science
(all database) during the last decade, and containing the concepts ‘Academic
Entrepreneurship’, we can notice that more than 2500 publications were made as
shown in the following figure.

Figure 1 reflects the interest of Academic Entrepreneurship among the scientific
community and shows that the number of scientific contributions has been increas-
ing. Also, the results of this analysis show that the publications were maximal in the
field of Business Economics (46.40%), educational research (20.76%), Business,
and Engineering (14.55%). It is worth noting that entrepreneurial university has
attracted less attention in other research areas such as Social Sciences, Environmental
Sciences, and Computer Science.

The next sections will provide some keys to understand the reasons for adopting
such an attitude of openness towards the industry and to define the technological
context in which it operates.

3 Academic Entrepreneurship for Algerian Universities:
Opportunities and Challenges

Universities play an important role in the growth and development of an entrepre-
neurial ecosystem [7], as they constitute a vital source of knowledge and continually
regenerate the stock of students and scientists.
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The idea of academic entrepreneurship is regarded to be an important techno-
logical and regional development factor for the national innovation system with
multiple stakeholders such as the government, local authorities, and the busi-
ness sector.

Academic entrepreneurship affects economic development because it creates
product innovation ideas, stimulates investment in new technology, provides oppor-
tunities for knowledge workers, and enables local high-tech clusters to grow.

The good practices that guided universities’ first steps in implementing policies
to support academic entrepreneurship were essentially drawn from the experience
of leading American universities. However, there are significant disparities in uni-
versities. Therefore, the strategies that have worked for some do not lead others to
similar results. In addition to their internal differences, universities are distinguished
by the specific environment in which they operate.
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The effectiveness of policies supporting academic entrepreneurship is impacted
by the context, which varies in terms of business activities’ development, national
and regional innovation systems, public intellectual property policies, public fund-
ing, the level of industrial network growth, and the importance of innovation and
R&D in the university environment.

Developed countries understand the economic and strategic benefits of academic
entrepreneurship. In recent years many policy-makers around the world have been
discussing issues related to this type of entrepreneurship and knowledge commer-
cialization [29].

Several activities can make use of the university’s expertise commercially, such
as [30, 31]:

* R&D contracts,

e Patents,

* Licenses,

e Consulting,

e The creation of enterprises.

Among the previous activities, the creation of enterprises has emerged as a key
element in commercializing the university’s knowledge.

Despite the progress in its domestic promotion, the Algerian economy remains
strongly dependent on the oil industry, highly vulnerable to external shocks, and
unemployment growth. As a way to promote and maintain large-scale growth,
Algeria must facilitate economic diversification and promote structural reforms.

The high level of uncertainty that has affected the business climate in the country
has earned a lot of attention to the entrepreneurship over the past decade [7]. To
enhance the business and economic development, and improve the entrepreneurship
ecosystem, there is a need for a transformation of the university research results into
commercial outcomes. This is possible through academic entrepreneurship.

Besides their two traditional missions (the production of new knowledge through
research activities and the dissemination of this knowledge through teaching and
publication activities), Algerian universities are called upon to pursue a third mis-
sion: transfer of this knowledge to the industrial world through economic develop-
ment activities.

The awareness of students and researchers of the idea that creating business
offers career opportunities seems to have a positive effect in reducing the gap
between the academic and the industrial world [32], but it is not enough to go
through all the stages of creating an academic spin-off in Algeria. This creation is
supported by internal policies, by a set of external actors, and by the efforts of
articulation between internal and external mechanisms.

To understand the scope of academic entrepreneurship in Algeria, it is important
to place it in the broader context of relations between universities and enterprises.

While this strategy will be very successful for entrepreneurial orientation in uni-
versities, Algerian universities face significant challenges in terms of achieving
their strategies and surviving today’s shifting and developing environment. The
presence of a broad distance between what happened in practice and what exists in
reality is one of the major challenges.
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Table 1 Factors influencing academic entrepreneurship in Algeria

Factors

Large dependency on the

oil industry Large dependency on the oil industry

Organizational Resources (human, physical and commercial) and capabilities
(networks, etc.)

Financial Difficulties securing bank loans or finding risk-capital, etc.

Technological ICT infrastructure, internet connectivity, technology transfer, etc.

Others Government policies, centralizations of incubators around the
capital, accompaniment program, equipment, facilities, etc.

It should also be mentioned that, despite efforts to lay the foundations of the
information society and improve the ICT infrastructure and the core components of
the digital economy, the country suffers from the digital gap problem due to several
factors that have resulted in inadequate ICT implementation.

In Algerian universities, the challenges of academic entrepreneurship can be
divided into financial, organizational, and technological factors, as illustrated in
Table 1 [7].

Despite the importance of all these factors, this study focuses on analyzing the
internal and external technological context and how it affects academic entrepre-
neurship among Algerian universities. This technological factor can deeply affect
the innovative behavior of academic entrepreneurs.

It should be mentioned that in the previous studies on academic entrepreneur-
ship, technological factor was not given enough attention, and identified as a main
factor of interest for the success of the academic entrepreneurship process.

This study adopted this particular factor to examine its role in academic entrepre-
neurship within Algerian universities.

Literature-based on the study of the increasing tendency of academic entrepre-
neurship has underlined that technology transfer plays a significant role as a driver
of the processes of knowledge valorization and intellectual property.

Such internal and external technical contexts can also constitute obstacles for
entrepreneurial universities due to the inherent existence of Algeria’s higher educa-
tion system, lack of ICT infrastructure, existing technology parks, technological
integration, equipment, etc.

Based on the above points, the following sections discuss the impacts that the
technological context has on academic entrepreneurship in Algeria.

4 Methodology

4.1 Research Framework and Hypothesis

Academic entrepreneurship may be adopted by individuals, operating indepen-
dently or as part of a university system that can launch new projects or fostering
innovation, within or outside the university via research centers, technology parks,
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etc. Academic entrepreneurship internally or externally carried out in and outside
the university, includes innovation, business ventures, and strategic renewal.

Algeria is an entrepreneurship ecosystem that undergoes major changes and has
enormous potentials that allow the development of academic entrepreneurship. To pro-
vide an appropriate theoretical structure within the current research, and analyze aca-
demic entrepreneurship in Algeria, we classified technological factors as follows (Fig. 2).

The conceptual model proposed to analyze the effect of digital context on aca-
demic entrepreneurship activities and the commercialization of the university
knowledge includes five factors:

e ICT infrastructure: It covers all the devices, network connectivity, and technolo-
gies available at the university. This includes software, hardware, and website.

o Existing IT skills: Skills and knowledge related to the use, management, and
technology development (software, applications, or devices).

* Technology parks: Open spaces related to a university to serve as business
incubators.

e ICT sector: The ICT sector consists of industries whose main activities are linked
to use, develop, product, and commercialize new technology.

* Technology transfer facilities: It includes all the facilities from authorities, uni-
versities, and institutions facilities to ensure that academic skills, knowledge,
technologies, methods, etc., are available to a broader variety of users to develop
new products s and services.

Mainly, it is presumed that all elements relevant to the Algerian technological
background that affect academic entrepreneurship are classified into subcategories
of internal (inside the universities) and external (outside the universities) influences.
These subcategories will provide a clear description of the conditions and structures
under which this research was carried out, for studying academic entrepreneurship.
Therefore, we mainly hypothesize:

Internal External
ICT IT Skills Technology- ICT Technology transfer
Infrastructures Parks Sector facilities 3
h— A — S —

v

Academic Entrepreneurship

Contract

Patent

License

Consulting activities
Enterprise creation

Fig. 2 Conceptual model
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H]I: There is a positive relationship between academic entrepreneurship activities
and technological context.

This hypothesis is included in the following sub-hypotheses:

Hla: There is a positive relationship between academic entrepreneurship activities
and ICT infrastructures.

HIb: There is a positive relationship between academic entrepreneurship activities
and IT skills.

Hlc: There is a positive relationship between academic entrepreneurship activities
and technology parks.

Hld: There is a positive relationship between academic entrepreneurship activities
and ICT sector.

Hle: There is a positive relationship between academic entrepreneurship activities
and technology transfer facilities.

4.2 Data Collection and Academic Entrepreneurs Profiles

To better analyze the research hypothesis and improve the accuracy of our research
results, this study adopted a survey method to collect data, using Google forms. A
questionnaire, containing 18 questions, was administered to 68 academics in
Algerian universities were given a questionnaire.

The questionnaire was designed primarily to examine the Algerian academic
entrepreneurship environment and to identify both the design characteristics of aca-
demic entrepreneurs and the effects of technological context on various academic
entrepreneurship activities.

The questionnaire was first tested to ensure the simplicity, accuracy, and validity
of survey content and measurement scales. Some elements have been updated based
on the results of this study.

The questionnaire was conducted from November to December 2019, through an
e-mail sent to 200 randomly sampled academics, of which 68 were successfully
returned, resulting in a reaction rate of 34%.

The questionnaire grouped these five factors by adopting a 5 point Likert-type
scale which ranges from °1- Strongly Disagree’ to ‘5- Strongly Agree’. For other
items, the questions are coded from 1 to 2 (yes or no).

The inter-item reliability of each variable has been assessed through Cronbach
alpha (a measure of internal consistency or how closely connected a group of items
is). Table 2 shows that the validity and the reliability criteria of all items were satis-
fied. The distribution of these variables is presented in Appendix 1.

Academics were tasked to select the most significant factors about academic
entrepreneurship and technological context. To this end, the questionnaire was
divided into two sections to capture the necessary information about academics
including gender, age, qualification, etc., and the different information about the
impact of the various factors on academic entrepreneurship activities.
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Table 2 Variables reliability score based on Cronbach’s Alpha

S. Sedkaoui et al.

Variables Means St Dev Cronbach’s Alpha
ICT infrastructures 1.93 0.739 0.754
IT skills 3.00 1.007 0.688
Technology-parks 1.59 0.604 0.726
ICT sector 2.32 0.969 0.698
Technology transfer facilities 1.85 0.833 0.713
Table 3 Academics characteristics details (%)
Characteristics University University Centers Higher Institutions
Gender M 53.8 71.4 68.5
F 46.2 28.6 31.5
Age <35 9.1 224 7.9
<35-40> 25.8 47.3 14.3
<40-45> 343 15.1 33.9
<45-50> 22.6 8.8 28.7
>50 8.2 6.4 15.2
Status Permanent 82.3 614 86.7
Contract 17.7 38.6 13.3
Qualification Ph.D. 69.4 54 76.8
Master 27.3 34.8 17.5
Other 33 11.2 5.7
Designation Ph.D. student 9.5 6.4 10.2
Assistant 21.9 32.7 19
Lecturer 41.2 51.6 39.7
Professor 274 9.3 31.1

The characteristics of the 68 academics are summarized in Table 3.

The results show that the surveyed academics in universities (69.4%), university
centers (54%), and higher institutions (76.8%) have a Ph.D. degree. They are pre-
dominantly male with more than 53% for the three categories. Results illustrate also
that among 68 academics the majority is permanent and have between 35 and
50 years old. As shown in Table 3, more than 39% of academics in the three catego-
ries are lecturers.

5 Results and Discussion

5.1 Hpypothesis Analysis

After detailing the sample’s general characteristics, we will in the following present
the results of the analysis of questions related to the subject of this paper and orga-

nized the research hypothesis.
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Before evaluating the effect of the different technological context elements, we
need to provide some information about the consideration of entrepreneurship
activities by Algerian academics. For this, some questions have been addressed to
the 68 academics to divide them into two categories: academic entrepreneur and
nonacademic entrepreneur. The results of this analysis are illustrated in Fig. 3.

Regarding academic entrepreneurship consideration, results indicate that only 13
academics have confirmed that they are academic entrepreneurs. This presents only
19.11% of our sample. Among them, 38.46% from universities, 53.85% from higher
institutions, and 14.55 only from university centers.

By analyzing the collected data to identify the characteristics of academic entre-
preneurs, we can see (Table 4) that among 13 academic entrepreneurs all of them
have a Ph.D. degree and are permanent.
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Table 4 Characteristics of the 13 academic entrepreneurs

Characteristics Academic Entrepreneurs %
Gender M 9 69.23
F 4 30.77
Age <35-40> 4 30.76
<40-45> 7 53.84
<45-50> 1 7.70
>50 1 7.70
Designation Lecturer 7 53.84
Professor 6 46.16

We can notice also that 69.23% are male. Also, more than 53% are lecturers, the
rest are professors. But, no assistant or a Ph.D. student is registered as an academic
entrepreneur.

The results in Table 4 also show that academics under 35 have not engaged in any
entrepreneurial activity contrary to those who are over 35 years old.

We notice that there is a relationship between a researcher’s age and the realiza-
tion of academic entrepreneurship activities. In other words, more experienced aca-
demics may participate in entrepreneurial activities [33] related to, for example,
consultancy activities because of their visibility and reputation they gained through-
out their careers, in addition to research funding and patent filing initiatives.

Concerning the gender, results affirm partially the result of previous research
studies, as men have more advantage in academic entrepreneurship [33, 34], and
[35], but their percentage is still higher among non-academic entrepreneurs
(63.63%). The academic qualification and designation elements should also be con-
sidered, since from the 13 entrepreneurs, lecturer and professors are the most ori-
ented entrepreneurial academics.

It should be noticed that due to the time and energy devoted to the family, women
have a great difficulty in pursuing an academic entrepreneurship career [36, 37].

Ultimately, Fig. 4 confirms the results of previous studies and stands out the
academic entrepreneurship practices in the applied Sciences field comparing to
other fields.

But, in which entrepreneurial university activities have these 13 university entre-
preneurs participated?

The answer is that Algerian academics are not very experienced in academic
entrepreneurship, as they are primarily focused on other methods to transfer and
exploit their knowledge.

The results detailed in Table 5 confirm that academic entrepreneurship is not a
common concept in Algerian universities.

Like in the other developing countries, Algerian universities typically contain
bureaucratic units based mostly on the protection of technology and other forms of
transfer such as consulting activities (84.61%) and patents (76.92%), then on R&D con-
tracts (7.69%) or the creation of enterprises (15.38%), even if many authors have shown
the relevance of enterprise creation in improving innovation and job creation [20, 38].
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Table 5 Academic Activities Nbr | %
entrepreneurship R&D contract 1| 7.69
consideration by activities
Patent 10 76.92
License 0 0.00
Consulting 11 | 84.61
Enterprise creation | 2 | 15.38

This conducted academics to focus more on commercializing their knowledge
through consulting and patents rather than in other academic entrepreneurship
activities.

Nevertheless, the interest in encouraging entrepreneurial performance at univer-
sities has recently been growing. Since universities are committed to designing poli-
cies, devote resources to promote the creation of enterprises, through their
Entrepreneurship House (Dar El Mokawalatiya), and why not improving R&D
activities.

By analyzing the correlations, we found some moderately low (positive or nega-
tive) relationships between academic entrepreneurship and the different technologi-
cal factors selected.

As shown in Table 6, the Pearson’s coefficient for the correlation between each
factor and academic entrepreneurship was positive, expect the technology parks
(0.165).

The results of the correlation analysis, which varies from positive to negative
correlation (see the measurement scale in Fig. 5), the values of the coefficient were
rather medium; that means that there is not a strong relationship between the factors
and entrepreneurial university. The strongest correlation is with the Technology
transfer Facilities (0.230), followed by ICT Sector (0.163).
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Table 6 Assessment of correlation and the results of sub-hypotheses validity

Factors Correlation Effect Sub-hypothesis Results

ICT infrastructures 0.002 Positive Hl, Accepted
Very weak

IT skills 0.037 Positive HI1, Accepted
Very weak

Technology-parks —0.165 Negative HI. Rejected
Weak

ICT sector 0.163 Positive Hl, Accepted
Weak

Technology transfer facilities 0.230 Positive Hle Accepted
Medium

-10
Academic Entrepreneur -

-0.8

ICT Inf
0.6

IT Skills
Technology-Parks - 04
ICT sector 0.2
Techno Transfer Fac 0.0

Academic Entrepreneur -
ICT Inf -
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Technology-Parks -

ICT sector -

Techno Transfer Fac -

Fig. 5 Correlation matrix plot

However, the other variables, internal and external ICT infrastructures and IT
Skills, are weakly correlated with academic entrepreneurship (0.002) and (0.037)
respectively.

The results in Table 6 show that four of the relationships supposed in the previ-
ous section are acceptable. This is to say, that there is a positive relationship between
academic entrepreneurship and availability ICT infrastructures, the availability of
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IT skills, the level of development of ICT sector, and the facilities that academics
find to transfer their knowledge and developed technology.

Moreover, the negative value of technology parks cannot support the sub hypoth-
esis Hlc.

The correlation analysis conducted to test the sub hypotheses showed that each
technological factor influences the academic entrepreneurship activities in Algeria.
However, the relationship between academic entrepreneurship and the five selected
factors of the Algerian technological context is not strong. The correlations scores
indicate a low to moderate the relationship between entrepreneurial university activ-
ities and the technological context.

Results indicate that the Algerian universities must improve their internal ICT
infrastructure and gain adequate technical and systems competencies to increase
academic entrepreneurship. Therefore, academics must be more innovative and
entrepreneurial.

5.2 Discussion

Based on the results drawn from the test of the sub hypotheses, descriptive statistics,
and correlations analysis, the paper provided the adequacy of the technological con-
text to measure the effect of its different factors (internal and external) in stimulat-
ing the level of academic entrepreneurship activities in Algerian universities.

To analyze deeply the relationship between the five selected factors and the uni-
versity entrepreneurship, cluster analysis was used to identify clusters of Algerian
academic entrepreneurs with similar characteristics; with the condition of the highly
differentiating of the identified clusters. Besides, concerning the variables which
have been applied for the creation of the cluster, each group of Algerian academic
entrepreneur is homogeneous.

This supervised multivariate algorithm determines whether certain distinct clus-
ters of academic entrepreneurs in Algerian universities that meet the following two
criteria can be defined when some relevant characteristics are taken into
consideration.

As we have quantitative variables, the number of clusters is not known, and the
number of cases is not too large (68), for this study, a cluster-hierarchical approach
is an effective statistical method.

It should be noticed that, to classify clusters, the Ward method and the Euclidean
distance have been applied since these two methods are the most widely used meth-
ods for developing such analysis [39].

The clusters were labeled based on the entrepreneurial university activities and
the academic entrepreneurs’ profiles. These activities are defined as activities that
have at least n > 0 links of at least a given strength according to the underlying simi-
larity measure.

Since academic entrepreneurship activities are linked with enormous academic
characteristics in the same cluster, based on the similarity measure used for the
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Fig. 6 Dendrogram: Clusters in Algerian academic entrepreneurs

clustering, they are expected to form the very cognitive nodes of the academic entre-
preneur they represent.

Five clusters, or group of an academic entrepreneur, may be distinguished as
shown in the dendrogram (see Fig. 6).

A summary of these clusters is detailed in Table 7 which provides a crucial over-
view based on their characteristics in each cluster, to better examine the profile of
the 13 academic entrepreneurs.

The third cluster is not included, because it contains any academic entrepreneurs.
The results indicated also that Patents and Consulting activities are the most affected
academic entrepreneurship activities by the technological context in Algeria.

We can say also, that the academic entrepreneurs that belong to Cluster 1 have
realized one R&D contract, produced four Patents, and participated in five consult-
ing activities. In Cluster 2, academic entrepreneurs have realized also four patents
and four consulting strategic activities, counter to Cluster 4 and Cluster 5 where we
find only one patent and one consulting activity for each.

Concerning the creation of enterprise, the two academic entrepreneurs that have
created companies through academic spinoffs, belong to Cluster 1 and Cluster 2.
This is to say that these two clusters gather the different academic entrepreneurship
activities realized by academics.

6 Conclusion

The social and economic development of modern economies is increasingly shaped
by a change in previously industrial relations to a knowledge-intensive service,
information, and communication society. In this process of dematerializing eco-
nomic activities and the associated rise of a knowledge economy, academics are
becoming increasingly important.
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Table 7 Clusters of Algerian academic entrepreneurs

Characteristics Clusters
Cluster 1 Cluster 2 Cluster 4 Cluster 5
Gender M 5 3 - 1
F - 2 1 1
Age <35 - - - -
<35-40> 1 1 1 1
<40-45> 4 2 - 1
<45-50> - 1 - -
>50 - 1 - -
Status Permanent 5 5 1 2
Contract - - - -
Qualification Ph.D. 5 5 1 2
Master - - - -
Other - - - -
Designation Ph.D. student | — - - -
Assistant - - - -
Lecturer 4 4 1 -
Professor 1 1 - 2
Academic R&D contract | 1 - - -
entrepreneurship | Patent 4 4 1 1
activities License _ _ _ _
Consulting 5 4 1 1
Enterprise 1 1 - -
creation

Little has been said on the effect of technological context on academic entrepre-
neurship in the literature. In this paper, the review analysis of the previous studies
indicated that most studies did not consider this context. The analysis shows that
there were just a few research studies that have discussed the influence of other fac-
tors (organizational, human resources, culture, etc., [40] on technology transferor or
the academic spinoffs.

This paper, focused on the digitalization strategies to support academic entrepre-
neurship implemented by universities that operate in an environment that does not
have the maturity of Silicon Valley. This environment, that we consider not mature,
is characterized by an ecosystem that is poorly designed to support entrepreneurial
activities.

According to Youtie and Shapira [41], in immature environments, the develop-
ment of academic entrepreneurship requires a contribution from universities to the
construction of this environment. The university then functions as a knowledge hub
and its policy must be driven by the development of rich interactions and connec-
tions between the academic, business, and financial world. The university thus con-
tributes to the development of an ecosystem favorable to economic
entrepreneurship.
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The rationale for the interest in academic entrepreneurship usually focuses on
the economic benefits of the scientific and technological knowledge being commer-
cialized [42]. Examples from Stanford University and Silicon Valley in the United
States and University of Cambridge in the United Kingdom are also kept as emula-
tive models.

The current study brought together the components of the Algerian technological
context including ICT infrastructures, IT skills, ICT sector, technology parks, and
Technology transfer facilities, to analyze their influence on the practice of the vari-
ous entrepreneurial university activities by academics. Comparing to previous
research, the distinctive feature of this analysis is broad of elements able to influ-
ence academic entrepreneurship activities in the Algerian technological context.

The study showed the importance of developing the technological context of
academic entrepreneurship by its diverse elements’ influence in stimulating the
activities of academic entrepreneurship of Algerian universities.

As a consequence, we learned more about the characteristics of Algerian aca-
demics entrepreneurs and the entrepreneurial activities that they practice. Also, the
results demonstrate that the Algerian university system should have flexible struc-
tures for establishing and achieving the task of academic entrepreneurship.
Moreover, IT competencies in such an environment will foster academics entrepre-
neurial practices learning in the entrepreneurship ecosystem.

The structure of this study broadened also the analysis of the integration of aca-
demic entrepreneurship perspectives that cover the different activities occurring
within and outside the university.

The good news is that Algerian universities and other public research institutions
can create companies that can promote growth and secure prosperity. But, their
importance to the development of cutting-edge technologies for high-tech products
must increase further.

The results of this research can help to define the basic elements which must be
available for academics that are interested in promoting the performance of entre-
preneurial. Such elements can be used to encourage academic authorities to act on
the future orientations of Algerian universities in aspects relating to the develop-
ment of spinoffs, patents, R&D development, etc.

For academic entrepreneurship to be an effective policy in the economic sector,
some factors need to be taken into account. Especially at two levels: ‘“What’ and
‘How’ - which are mutually dependent and intertwined. Both, and especially the
latter, need to be pursued in the short or long term with a view to the more adequate
promotion of academic entrepreneurship activities. These factors include:

e Transfer culture within the research institutions, which appreciates exploitation
activities such as start-ups and which offers scientists incentives and motivation.

e The transparency of start-up processes and clear rules on the use of patents.
Besides, successful transfer facilities should not only be a point of contact for
those interested but should also actively scout ideas and technology in their
research facilities.

* Adopt policies that consolidate the values of ICT-backed academic entrepreneur-
ship activities. This is based on the development of an integrated plan to formu-
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late goals and future choices that are central to activating integration into the
digital economy.

* Use ICT tools to encourage entrepreneurial skills among academics, and embark
on the creation of start-ups dedicated to ICT. To this end, a technological
innovation center, meeting international standards and intended for start-ups and
academic entrepreneurs with innovative solutions, must be set up. A lively aca-
demic start-up culture, in turn, is an important success factor for creating employ-
ment opportunities for young academics - and also contributes to an economic
and social dynamic from which education systems and (labor) markets can
benefit.

* Move towards a more selective support model that must be part of a strategy of
seeking increased efficiency.

* Develop the relationship between universities and companies in various sectors,
to promote research-based on real business development needs and promote the
exploitation of research results in the science system.

* Implement strategies that aim to increase the tendency of academics to utilize to
strengthen the transfer of knowledge and technology and the innovative power in
general.

These orientations will help to disseminate the research results of Algerian aca-
demics to being used by industry and society, so these results will not be limited to
the academic environment. This strategy may also help to create new opportunities
for Algerian academics for career trajectories, including entrepreneurship.
Therefore, positive results on the technological and socio-economic development
indicators of the country could be anticipated.

To make valuable contributions to job creation, innovation, and regional prosper-
ity, academic entrepreneurs must be able to convert their technologies into market-
able products. Universities and public research institutions should not only think
entrepreneurially but also act.

Despite its contribution and results, our analysis is not without limitations.
Firstly, our sample may not permit to generalize entirely the characteristics of all
academic entrepreneurs, and the technological elements that can stimulate and
improve the different entrepreneurial activities they practice. Secondly, regarding
the priorities of this study, and due to constraint of time, we probably missed some
important aspects of academic entrepreneurship activities in Algerian universities.

Similar research studies are, therefore, suggested in different Algerian universi-
ties, considering the other aspects. This can make a major contribution to the gap
between academic and real-world practices. A potential research line should exam-
ine also how academic entrepreneurs’ goals should not only suit the strategic pur-
poses of universities but also with the opportunities offered by these universities and
the entire Algerian authorities. Finally, the causality of the relations between the
variables studied in this research should be deeply analyzed.
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Appendices

Appendix 1: Kernel Density Estimates (KDE) of Variables

2
o /¥. 0p0 4 . I."I .II 5 /\'\
—— Academic Entrepreng@robs | / VL 8 21— IT Skills
w . W
o al N .E:\ - e ICT Infrg__ " _/ 'L
2 0 c

2.4

o N X

Techno[ogy Parka (.2 1 —— Techno Transfer Fac

- '_/ b IcT sectoi&o - J \'_
0 2 5.0

Derﬁlty

| T T

4 00 25 50 00 25

References

1.

2.

3.

B.R. Clark, Delineating the character of the entrepreneurial university. High Educ. Pol. 17(4),
355-370 (2004)

B.R. Clark, The entrepreneurial university: Demand and response. Tert. Educ. Manag. 4(1),
5-16 (1998)

H. Etzkowitz, The evolution of the entrepreneurial university. Int. J. Technol. Glob. 1(1),
64-77 (2004)

. B. Cohen, J.E. Amorés, L. Lundyd, The generative potential of emerging technology to sup-

port startups and new ecosystems. Bus. Horiz. 60(6), 741-745 (2017)

. S. Nambisan, Digital entrepreneurship: Toward a digital technology perspective of entrepre-

neurship. Entrep. Theory Pract. 41(6), 1029-1055 (2017)

. V. Ramaswamy, K. Ozcan, What is co-creation? An interactional creation framework and its

implications for value creation. J. Bus. Res. 84, 196-205 (2018)

. S. Sedkaoui, An empirical analysis of the Algerian entrepreneurship ecosystem:

Entrepreneurship ecosystem in Algeria, in Handbook of Research on Ethics, Entrepreneurship,
and Governance in Higher Education, ed. by S. Nair, J. Saiz-Alvarez, (Hershey, PA, IGI
Global, 2019), pp. 476-497

. G. Dalmarco, W. Hulsink, G.V. Blois, Creating entrepreneurial universities in an emerging

economy: Evidence from Brazil. Technol. Forecast. Soc. Chang. 135, 99-111 (2018)

. H. Etzkowitz, Innovation lodestar: The entrepreneurial university in a stellar knowledge firma-

ment. Technol. Forecast. Soc. Chang. 123, 122-129 (2016)



Does Technological Context Support Academic Entrepreneurship Activities in Algeria? 99

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

G. Secundo, S. Elena-Perez, Z. Martinaitis, K.H. Leitner, An intellectual capital framework to
measure third mission activities. Technol. Forecast. Soc. Chang. 123, 229-239 (2017)

F.T. Rothaermel, D.S.D. Agung, L. Jiang, University Entrepreneurship: A taxonomy of the
literature. Ind. Corp. Chang. 16(4), 691-791 (2007)

Statistical Information Report, Ministry of Industry and Mines. General Management of
Strategic Intelligence, Studies and Information Systems, n°31, November 2019

J.A. Schumpeter, History of Economic Analysis (Oxford University Press, New York, 1954)
J.A. Schumpeter, The Theory of Economic Development: An Inquiry into Profits, Capital,
Credit, Interest, and the Business Cycle (Transaction Publishers, New Brunswick, NJ, 1934)
D.L. Birch, Job Creation in America: How our Smallest Companies Put the Most People to
Work (The Free Press, New York, 1987)

D.J. Storey, S. Johnson, Are Small Firms the Answer to Unemployment? (Employment
Institute, 1987)

P.D. Reynolds, New firms: Societal contribution versus survival potential. J. Bus. Ventur. 2(3),
231-246 (1987)

S. Shane, S. Venkataraman, The promise of entrepreneurship as a field of research. Acad.
Manag. Rev. 25(1), 217-226 (2000)

Z.J. Acs, C. Armington, Employment growth and entrepreneurial activity in cities. Reg. Stud.
38(8), 911-927 (2004)

M. Guerrero, J.A. Cunningham, D. Urbano, The economic impact of entrepreneurial universi-
ties’ activities: An exploratory study of the United Kingdom. Res. Policy 44(3), 748-764 (2015)
H. Etzkowitz, The norms of entrepreneurial science: Cognitive effects of the new university-
industry linkages. Res. Policy 27(8), 823-833 (1998)

T.E. Stuart, W.W. Ding, When do scientists become entrepreneurs? The social structural
antecedents of commercial activity in the academic life sciences. Am. J. Sociol. 112(1),
97-144 (2006)

M. Fontes, The process of transformation of scientific and technological knowledge into eco-
nomic value conducted by biotechnology spin-off. Technovation 25, 339-347 (2005)

M. Fontes, C. Sousa, Types of proximity in knowledge access by science-based start-ups. Eur.
J. Innov. Manag. 19(3), 298-316 (2016)

S. Shane, Academic entrepreneurship: University spinoffs and wealth creation, in New
Horizons in Entrepreneurship, ed. by S. Venkataraman, (Edward Elgar Publishing, Inc,
Cheltenham, UK, 2004)

H. Etzkowitz, A. Webster, C. Gebbardt, B.R. Cantisano Terra, The future of the univer-
sity of the future: Evolution of ivory tower to entrepreneurial paradigm. Res. Policy 29(2),
313-330 (2000)

B.R. Martin, The changing social contract for science and the evolution of the University.
Science and innovation, in Rethinking the Rationales for Public Funding, ed. by A. Geuna,
A.J. Salter, W. E. Steinmueller, E. Edward, (Cheltenham, 2003), pp. 448—471

P. Mustar, M. Wright, Convergence or path dependency in policies to foster the creation of uni-
versity spin-off firms? A comparison of France and the United Kingdom. J. Technol. Transfer.
3(1), 42-65 (2010)

V. Ratten, C.S. Marques, V. Braga, Knowledge, learning and innovation: research into cross-
sector collaboration, in Knowledge, Learning and Innovation, ed. by V. Ratten, V. Braga,
C. S. Marques, (Springer, Cham, 2018), pp. 1-4

A. Davari, A. Emami, V. Ramadani, S. Taherkhani, Factors influencing academic entrepreneur-
ship: A case-based study. J. Sci. Technol. Pol. Manage. 9(3), 284-295 (2018)

A. Ustundag, S. Ugurlu, M. Serdar, Evaluating the performance of technology transfer offices.
J. Enterp. Inf. Manag. 24(4), 322-337 (2011)

M. Wright, E. Piva, S. Mosey, A. Lockett, Academic entrepreneurship and business schools.
J. Technol. Transfer. 34, 560-587 (2009)

M. Abreu, V. Grinevich, The nature of academic entrepreneurship in the UK: Widening the
focus on entrepreneurial activities. Res. Policy 42(2), 408422 (2013)



100

34.

3s.

36.

37.

38.

39.

40.

41.

42.

S. Sedkaoui et al.

B. Clarysse, V. Tartari, A. Salter, The impact of entrepreneurial capacity, experience, and orga-
nizational support on academic entrepreneurship. Res. Policy 40(8), 1084-1093 (2011)

C. Haeussler, J.A. Colyvas, Breaking the ivory tower: Academic entrepreneurship in the life
sciences in UK and Germany. Res. Policy 40(1), 41-54 (2011)

B. Probert, I just couldn’t fit in’: Gender and unequal outcomes in academic careers. Gend.
Work. Organ. 12(1), 50-72 (2005)

S. Winslow, Gender inequality and time allocations among academic faculty. Gend. Soc.
24(6), 769-793 (2010)

P.PI. Sanchez, M.C.J. Maldonado, R&D activity of university spin-offs: Comparative analysis
through the measurement of their economic impact. Int. J. Innov. Learn. 18(1), 45-64 (2015)
S. Sedkaoui, M. Khelfaoui, Sharing Economy and Big Data Analytics (ISTE-Wiley,
London, 2020)

M.M. Fischer, P. Nijkamp, Entrepreneurship and regional development. Working Paper:
Serie Research Memoranda. VU University Amsterdam, Faculty of Economics, Business
Administration and Econometrics. Amsterdam (2009)

J. Youtie, P. Shapira, Building an innovation hub: A case study of the transformation of
university roles in regional technological and economic development. Res. Policy 37,
1188-1204 (2008)

D.J. Storey, B.S. Tether, New technology-based firms in the European Union: An introduction.
Res. Policy 26(9), 933-946 (1998)



®

Check for
updates

E-Learning: MOOC User Intention
Analysis Using TAM and TTF with Social
Motivation Factor and MOOC Features

Yohannes Kurniawan, Sevenpri Candra, and Lucky Yudhistira Tungka

Abstract The purpose of this article is to analyze user’s intention toward massive
open online course (MOOC) using technology acceptance model (TAM) and task-
technology fit (TTF) with social motivation factors and MOOC features. In this
research, IDCourserians (MOOC community in Indonesia) became its subject. The
data for this research were collected from 183 respondents who already used MOOC
and processed with SEM method using WarpPls 6.0. The results of this research
show that variables inside TAM interplay with each other significantly. Individual
technology fit does not have any effect toward perceived usefulness and perceived
ease of use. Meanwhile, TTF has a significant and positive effect toward perceived
usefulness and perceived ease of use. And the openness variable has a positive and
significant effect toward perceived ease of use but does not have any effect toward
perceived usefulness. The unique finding of this research is reputation does not have
any effect toward perceived usefulness of an MOOC. Social recognition does not
have any effect toward perceived usefulness but has a positive and significant effect
toward continuance intention to use MOOC. The social influence does not have any
effect toward perceived usefulness but has a positive and significant effect toward
user’s attitude in using MOOC.
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1 Introduction

An MOOC (massive open online course) is an online college site where participants
can access for free or by way of payment. It first appeared in 2008, when Stephen
Downes and George Siemens made the first online course using the name
“Connectivism and Connective Knowledge/2008” [1]. Then 4 years later in 2012,
MOOC grew even more using sites called edX and Coursera which are the most
popular MOOC sites in the world. Coursera is a private institution, while edX is a
nonprofit institution created by Harvard University and MIT. In November 2012,
MOOC sites such as edX, Coursera, Stanford University, and Udacity managed to
attract participants, so MOOC users at that time reached more than 1,900,241 stu-
dents in 196 countries that were affiliated and were looking for just one program on
the Coursera site [2]. The MOOC has increased its development in recent years.
However, in 2015, Bartolome and Steffens said that it was observed that MOOC has
highly increased its dropout ratio. Based on the average, MOOC students who suc-
cessfully completed their courses are less than 10% of the number of users [3]. In
addition, one of the factors in the MOOC course can be successful because of curi-
osity and hope for progress or development in work [4].

In Indonesia, the development of MOOC began in 2014, where the compilation
was run by six public and private universities launching an online lecture system.
However, this year the system is only intended for students in the six universities to
be able to take courses at other universities. Furthermore, in 2015, finally several
universities and institutions began looking for MOOC by providing an MOOC plat-
form, among them are Ciputra University issuing Ciputra UCEO, UGM Faculty of
Social and Political Sciences issuing FOCUS, and Open University issuing MOOC:s.
But despite the phenomenon that exists with various MOOCs in Indonesia, the
MOOC approval ratio is still relatively low. According to reports received, the
approval ratio only reached 10% of the number of students enrolled in the MOOC
course. In 2016, Firmansyah and Timmis [5] conducted research by making
IDCourserians from Jakarta, Indonesia, as research subjects. IDCourserians is an
Indonesian Coursera community that offers to facilitate Courserians meetings and
as a place to share experiences and knowledge between Courserians. IDCourserians
often hold face-to-face meetings with the aim that learning materials received at
Coursera can be more easily obtained. This was triggered by the MOOC platform
that talked more about while the Indonesian people were less proficient in English
compared to Indonesian.

Besides the language, the problem of motivation and understanding of the mate-
rial is also a barrier for students in Indonesia in completing the MOOC course. From
the results of the agreed study, participants agreed that they did not like to study
MOOC alone. They are happier if they have friends or classmates which show that
meeting social needs is related to the motivational drivers of students [5]. Another
problem can be seen in a survey conducted in Indonesia by DailySocial.id in 2017
with the title “MOOC in Indonesia Survey 2017.” This survey was conducted with
the aim of finding out the characteristics of MOOC users in Indonesia. From the
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survey results obtained, it is proven that MOOC users in Indonesia are familiar with
MOOC but have not been able to maximize the level of use of MOOC. This arises
in the statement that MOOC with a low level of bandwidth needs to be used because
of the problem of Internet access by users from Indonesia, while the Internet in
Indonesia is difficult both in terms of price and quality [6].

In the research that has been done, the technology acceptance model (TAM)
method is emphasized for use because TAM is easy to apply and is a cross-cultural
method. TAM measures the level of user convenience in using a technology, the
level of usefulness or function of the technology itself, as well as the behavior of the
users of that technology. The factor used in TAM to make measurements is the per-
ceived ease of use which in this case is interpreted as the level of ease of someone
in using a technology. Then the next factor is perceived usefulness in this case inter-
preted as the level of usefulness or function of the technology. Then the attitude and
behavioral intention which is the behavior of the users themselves in using MOOC
is very influential on increasing the use of MOOC by individuals for the future [7].
In addition to using the TAM model, technology-task fit (TTF) is also one of the
models used to take measurements in the above research. The TTF model is used to
measure the suitability of users with technology and tasks carried out by each indi-
vidual. If an information system can make it easier for users to do tasks more easily
and efficiently, then the user will increasingly adopt the information system. If inter-
preted in the context of MOOC, students will increasingly increase the use of
MOOC if the technology in the MOOC can facilitate the process of learning activi-
ties (tasks) carried out, where in this case the technology in MOOC meets the needs
or requirements of students as MOOC users [8].

MOOC itself as part of e-learning has certain features that are needed. The main
characteristic of MOOC is openness, namely, the level of ease of access to the
MOOC platform in terms of access to text materials, videos, and website itself. The
measurement of openness is limited not only to the material but also to the ease of
users to access the MOOC platform. It was said in previous research that free access
is one of the main things in the openness feature of MOOC. In addition to the open-
ness feature, another important feature that serves as a benchmark is reputation. It
was said in previous research that reputation is one of the measures that can influ-
ence one’s interest or one’s behavior toward the use of a particular technology. In
MOOOC, reputation is one of the factors that influence an individual’s use of the
MOOC. If the reputation of an MOOC is increasingly well known, it will increas-
ingly influence individuals to use the MOOC platform [7].

The previous studies found that in the e-learning process, the student’s behavior
could be influenced by other students. This factor is called social motivation. Social
motivation itself is divided into two main measures, namely, social recognition and
social influence. Social recognition itself is a social recognition of one’s achieve-
ments or titles. In MOOC, social recognition can be interpreted as an acknowledg-
ment of the ability or achievement of someone achieved in the MOOC, while social
influence is a social influence or the influence of society. In relation to MOOC,
students influence each other to use or not to use an MOOC platform [7]. The
MOOC in Indonesia has begun to develop, but if you look at the data above, there
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Fig. 1 The research model

are so many research models that have the potential to be done in Indonesia but have
not been done in previous studies. The previous research [6] focused on the charac-
teristics of Indonesian MOOC users including interest in the type of lessons and
level of knowledge of Indonesian MOOC users regarding the MOOC itself. Then
research conducted by Firmansyah and Timmis [5] found that problems in Indonesia
were motivations, different languages and cultures, and infrastructures that were not
ready. So this paper will try to do research using other models as a research frame-
work. This research will integrate the TAM model, TTF, MOOC features, and social
aspects by making Indonesian MOOC users as research subjects. It is hoped that
through this research, a solution or model that is suitable for MOOC for users in
Indonesian geographical coverage can be found. It is also hoped that the results of
this research can bring Indonesian technology forward to a better digital era.
Figure 1 shows the research model of this research.

2 The Methods

The method used is the method of data collection with questionnaire method with a
number of samples using Slovin’s theory. Data collection technique snowball sam-
pling is also used. The samples in this study were respondents who knew MOOC
and had used MOOC. The measurement scale in this study was the Likert scale. The
data analysis method uses SEM-PLS with WarpPls 6.0 software. In this study, the
data collection process was carried out for 5 months last year using the online ques-
tionnaire method and combining data collection techniques with the snowball
method. This questionnaire was made in the form of Google forms and then distrib-
uted online to the MOOC community which has a Facebook and WhatsApp group,
IDCourserians. In addition to the MOOC community, the questionnaire was also
distributed to people who used MOOC, and then the researchers asked for help from
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respondents to distribute questionnaires to other people or prospective respondents
who also used MOOC. This method continues to be done as the longer the respon-

dent will increase in number as the snowball (snowball) keeps rolling, the better.

3 The Results

The following are the results of the characteristics of MOOC users in Indonesia

(Table 1 shows the respondents’ profiles):

Operationalization of variables is the translation of the variables in the study to
measure these variables. In this study, there are 16 variables that will be examined
for its effect. Researchers will describe the indicators of each variable to be used as
a benchmark in preparing statements. These can be seen in Tables 2, 3, and 4.

Table 1 The profile of respondents

Questions Options Answers

Gender Male 117
Female 66

Age 20-25 102

Education level Bachelor’s degree 109

Type of work Employee 88
College student 65
Student 14

Domicile DKI Jakarta 98
Jawa Barat 23
Banten 14

Average MOOC usage in a week <3h 91

The average respondent who has completed MOOC Ever 99

(until the final stage of the final exam)

Respondents’ preferences in learning MOOC (in 4-6 weeks 83

completing the MOOC course from the beginning to the

final exam)

‘What MOOC platform do you use? Coursera 94
EdX 61
Udacity 44

What is the basis for you to choose a course in MOOC? | Interesting material 142
Quality teachers 87
The course completion 67
time is relatively short

What type of assignment is more in line with your Multiple choice 147

preferences in doing MOOC?

From the platform below, what platform do you know as | IndonesiaX 84

MOOC from Indonesia? CiputraUCEO 41
MOOC Universitas 41
Terbuka
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Table 2 Operationalization of variables (Part 1)

Y. Kurniawan et al.

Variable ‘ Dimension | Indicator Statement of questionnaire

Perceived usefulness (PU) | Subjective I believe that using MOOC can improve my
assessment learning performance
Enhance job Using MOOC can increase the effectiveness
performance of my learning

Achieving learning
goals

Using MOOC makes it easy for me to
understand a subject

Perceive ease of use

(PEOU)

Free of effort

I think MOOC is easy to use

Ease of acquiring
skills

In my opinion, MOOC makes me more
competent

Ease of For me, the interaction with MOOC is clear
understanding and easy to understand
Attitude toward using Positive feeling I believe that using MOOC is a good thing
MOOCs (ATT) Advisable 1 would advise other people to use MOOC
Satisfaction I am satisfied with using MOOC

Continuance intention (CI)

Intention to use in

I will continue to use MOOC in the future

to use the future
Increase use in the |1 will increase my use of MOOC in the future
future
MOOC Openness Flexibility I can easily and freely take any courses
features (OP) without conditions (subscribe, payment,
(MF) minimum GPA, etc.)

Free access

I can freely access and use course material for
free

Change education
practices

I can use the course material that I learned
through MOOC in my work

Remixing

I feel free to combine course material with
one another to produce something new

Source: Adapted from [7]

Table 3 Operationalization of variables (Part 2)

Variable Dimension Indicator Statement of questionnaire
MOOC Reputation Individual satisfaction For me, the reputable MOOC
features (RP) platform will be able to offer
(MF) interesting courses for me

Individual confirmation

For me the university as an
MOOC partner will be an
important factor in ensuring good
quality of study

Individual confirmation

MOOC tends to provide courses
given by professors from
universities with high reputation

Excellence of institution

MOOC courses are offered by
goo/class/favorite universities

(continued)
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Table 3 (continued)

Variable Dimension Indicator Statement of questionnaire
Social Social Realizing people’s own In my opinion, it is important if
motivation recognition abilities and skills MOOC is adopted as worker
(SM) (SR) training by employers

Relationships with others in | In my opinion, it is important if
society the quality of MOOC is
appreciated and accepted by others

Institutional support In my opinion, it is important if
MOOC credits are recognized by
the university

Social User perceives that others | Other participants’ opinions about
influence (S1) | explicitly encourage their MOOC encouraged me to use
participation in MOOC MOOC

User perceives that others | The other participants’ opinions
explicitly approve their about MOOC influenced the level
participation in MOOC of my use of MOOC

User perceives that others | The other participants’ opinions
explicitly condition their use | about MOOC conditioned me to
of MOOC use MOOC

Source: Adapted from [7]

Table 4 The operationalization of variables (Part 3)

Variable ‘ Dimension | Indicator Statement of questionnaire
Individual technology | Individual I can complete courses in MOOC according to
fit (ITF) willingness my own wishes (without coercion)
Individual I actively participate in discussions and
participation evaluations in the MOOC
Individual I tried to get an award as the best student in the
performance MOOC course
Task-technology fit Fit to requirements | The course at MOOC provides material that
(TTF) matches the study criteria I want
Fit with educational | In my opinion, the MOOC material that I
practice received is in accordance with the lessons I
learned
Tool easy to I can understand how to use the MOOC platform
understand easily

Suitable with task | In my opinion, MOOC is appropriate in helping
me complete online courses

Source: Adapted from [7]

The following are the results of the path coefficients and p-values after process-
ing the data using WarpPls 6.0 software (Table 5).

This study tries to integrate TAM, TTF, social motivational factors, and MOOC
features to test the determinants of MOOC users’ continuous intentions. The data
collected comes from anyone who knows MOOC and has used MOOC before.
After an empirical analysis, there are 12 hypotheses out of 16 hypotheses accepted
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Table 5 The results of hypothesis test

No Hypothesis p-values Path coefficients Decision Significance/not
HI PEOU--->PU <0.001 0.330 Accepted Significance
H2 PEOU--->ATU <0.001 0.480 Accepted Significance
H3 PU--->ATU 0.003 0.201 Accepted Significance
H4 PU--->CITU 0.020 0.149 Accepted Significance
H5 ATU-->CITU <0.001 0.383 Accepted Significance
H6 ITT--->PU 0.421 0.015 Rejected Not

H7 ITT--->PEOU 0.306 0.037 Rejected Not

HS8 TTF--->PU 0.002 0.209 Accepted Significance
H9 TTF--->PEOU <0.001 0.456 Accepted Significance
H10 OP--->PU 0.212 0.059 Rejected Not

Hl11 OP--->PEOU <0.001 0.304 Accepted Significance
H12 RP--->PU 0.134 —0.081 Rejected Not

H13 SR--->PU 0.071 0.106 Rejected Not

H14 SR--->CITU <0.001 0.280 Accepted Significance
HI15 SI--->PU 0.127 0.083 Rejected Not

H16 SI--->ATU 0.029 0.137 Accepted Significance

in this study. The findings in this study found that the more someone has an easy
perception (ease of use) in using MOOC, the level of usefulness (usefulness) of the
MOOC will also increase. This statement is in accordance with previous research
conducted by Abdullah and Ward [9]. If someone feels the ease of using MOOC, it
will affect the attitude or behavior in using the MOOC. These results are relevant to
previous research conducted by Yang and Su [10].

The relevant results regarding the effect of perceived usefulness and its effect on
attitude were also found in previous studies. The research conducted by Wu and
Chen [7] also proves that if someone feels the benefit of using MOOC, it will affect
the person’s behavior. In the case of MOOC, it was also found that perceived useful-
ness influences a person’s continuing intention to use MOOC, where these results
are also relevant to the findings of previous findings [11]. And to utilize TAM in
MOOC, the way that organizations can do this is to add practical exercises. Practical
exercises are added in order to produce good benefits for students [10].

In MOOC itself, one’s attitude will be a strong determining factor in influencing
continuance intention. This means that the user’s attitude toward an MOOC will
largely determine whether the user will continue to use MOOC or not. This study
demonstrates that the effect of attitude on continuance intention is positive and sig-
nificant according to the theory put forward by Davis et al. [11]. MOOC provider
organizations can benefit by improving the technology of the MOOC. In this
research, it was found that the effect of task technology fit will affect the perception
of the ease of an MOOC and the perception of the usefulness of an MOOC, so it is
recommended for organizations to develop MOOC technology by focusing on the
characteristics of the MOOC and the features of the MOOC. These results are rel-
evant to previous findings made by Khan et al. [8].
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Based on the findings in this study, the feature in MOOC that can be developed
by organizations is openness. Organizations can increase the intention of users to
continue to use MOOC by maximizing the MOOC feature of openness. Openness
features can be improved by providing free access and more course options as rec-
ommended in previous studies by Alraimi et al. [4]. Then in addition to that, the
organization can also benefit with another step that is utilizing social motivational
factors. In the findings of this study, social recognition has a significant effect on
user intentions to continue using MOOC. It is therefore recommended for MOOC
provider organizations to focus on introducing MOOC. The introduction of MOOC
is carried out jointly by providers, partner institutions, and organizations so that
social penetration can be made to increase community interest in using MOOC. Using
digital media can make MOOC more attractive by inspiring using positive opinions
and “power users.” “Power users” can provide a positive picture through their expe-
rience to increase community knowledge and the benefits of using MOOC [8].

In addition, it can be seen in Fig. 2 the preference in choosing a course; the top
three answers show the consideration of students in choosing an MOOC course.
MOOC provider organizations can take advantage by utilizing these results. The top
three answers are interesting material, quality instructors, and relatively short course
completion time. In presenting courses, MOOC providers need to present interest-
ing material, as well as courses taught by qualified instructors and relatively short
course completion time. Through these three steps, the MOOC provider organiza-
tion will be able to attract users to choose an MOOC course.

In addition to the recommendations above, also included are recommendations
that were developed personally after conducting an analysis of the existing MOOC
website. The recommendations given are features and user interface recommenda-
tions. The following are some examples of features in MOOC, and their comparison
with other MOOC can be seen in Table 6.

It can be seen in the table above on platform features Coursera, IndonesiaX, and
Udacity have web and mobile platforms. Only Open edX does not have a mobile
platform. Based on the search engine features, both Coursera and Udacity have
search engine features on web and mobile platforms. Likewise, Open edX has
search engine features on web platforms, but IndonesiaX does not have search
engine features on both platforms. Then downloading the material can be done by

Preferences to Choose MOOC

0 20 40 60 80 100 120 140 160

Interesting Materials

The Quality of Teacher

Host of MOOC

Duration of MOOC (Timeline)

Others

Fig. 2 The preferences to choose MOOC
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Table 6 The feature comparison between several MOOC providers

MOOC sites

Coursera Open edX IndonesiaX Udacity
Features Web | Mobile |Web |Mobile |Web |Mobile |Web | Mobile
Platform \/ \/ \/ X \/ \/ \/ \/
Search engine \/ \/ \/ - X X \/ \/
Download (material) \/ \/ \/ - \/ \/ \/ \/
Notification X \/ X - X \/ X \/
Free access Request X - \/ \/ X X

+/— 24 days

the four MOOC sites. For notification features, Coursera, IndonesiaX, and Udacity
can only provide notifications via a mobile application but not on the web. Free
access to the material is done by IndonesiaX and Coursera while not on the other
two sites. However, Coursera can get access to free material by submitting an appli-
cation that will be processed for approximately 24 days. By looking at the compari-
son of features above, a combination of features is performed to improve an MOOC
site. Some recommendations that need to be considered for MOOC providers to
improve the features of an MOOC website can be seen in Table 7. The following are
recommended features for MOOC providers in developing an MOOC website.

The level of ease and usefulness is vital in e-learning, in this research, and espe-
cially in MOOC. With ease and good usability, it will increase the intention of users
to continue to use an MOOC. Some of the findings in this research are believed to
be a good step in the development of the MOOC site in Indonesia. The researcher
realizes that there is an opportunity to conduct further research to include various
other aspects in the research model which currently cannot be included in the study
due to time and place limitations. An aspect that can be included in future research
is increasing the number of respondents in order to get better data. In addition, the
addition of variables into models such as theory of planned behavior (TPB) can
examine actual user behavior so that the use of a research object will actually be
measurable. The addition of other variables, namely, self-determination theory
(SDT), can also add quality to research. SDT can measure user’s motivation vari-
ables better by considering internal and external factors that affect one’s motivation.
By adding this variable to the research, it is expected that research results can be
better so that it can maximize the development of an MOOC. The researchers
believe that the addition of other aspects such as TPB and SDT as well as other
aspects such as economics in future research will produce theoretical and practical
implications that are useful for industries and communities who are interested in
e-learning, especially in this case of MOOC. Based on some user interface (UI)
references from MOOC that already exist, the authors make a combination of UI
designs to be a recommendation for MOOC providers. Figure 3 recommends UI
designs in the web.

It can be seen in Fig. 3 the UI in the recommended Home menu that displays
sliders for recommendations on various course topics such as “Business,” “Coding,”
and “Social Media” in the form of sliders that will change each time period. On the
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Fig. 3 User interface Home on the web

Home menu also displays the latest courses and course recommendations according
to user interests. The search engines are also included in the Home menu. In addi-
tion, testimonials from power users and information about the MOOC site were also
displayed.

In Fig. 4, it can be seen that the course menu displays the courses that the user
has taken, along with the name of the course and the progress that the user has
passed. Besides that, the most popular courses are also displayed based on the cat-
egories that the users are interested in. Filters for courses are also displayed to make
it easier for users to search for courses.

The Ul in Fig. 5 will be displayed if the user clicks on one of the courses being
followed by the user. Then the user will direct to the My Course page which has
three sub-menus, namely, the course menu, discussion, and progress. On this page,
there is an explanation of the courses taken, course schedule, materials, videos,
tests, and final exam schedule of the course. On the right, there are course materials
and transcripts that are presented in the list form each week. If the list is clicked, it
will direct the user to the Material UI page.

Figure 6 is a UI recommendation for course material. On this page on the left,
there are course materials and transcripts that are presented in a list every week, to
make it easy for users to move to the material in accordance with the desired week.
The previous and next buttons are also included to help users replace weekly mate-
rial. Video material is equipped with subtitles to facilitate users’ reading if they have
difficulty in hearing. Material in the form of videos and transcripts also allows for
download by users. The “Discussion” sub-menu will direct users to the Discussion
page, while the “Progress” sub-menu will direct users to the Progress page.
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In Fig. 7, it can be seen that in the Discussion page, there are thread lists for
discussion on the left-hand side, to make it easier for users to choose the thread
where the user wants to discuss. When clicked, it will appear as shown on the right,
in the form of other user comments and user comments in discussing discussions
related to the thread.
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Fig. 8 User interface Progress of Learning on the web

In Fig. 8, it can be seen that in the UI Progress recommendation, there is a learn-
ing progress from the user. User learning progress is displayed in graphical form
and divided into time periods each week. On this page, the user can see the learning
progress that has been obtained and the weight of lessons that have been learned by
the user.

4 Discussion

MOOOC in Indonesia is growing rapidly. This was marked by the presence of MOOC
providers such as IndonesiaX, Open University MOOCs, FOCUS Fisipol UGM,
and other MOOC sites. The growth of MOOC is also marked by the presence of
MOOC provider fans on various social media such as Facebook, Twitter, Instagram,
and YouTube (KampusUNJ.COM, 2016). The rapid development of MOOC in
Indonesia has become a new phenomenon that can be utilized to improve public
education. The changes in user behavior toward MOOC are caused by many factors.
Based on the results of research, it was found that some of these factors are technol-
ogy, social motivation, and features in the MOOC. This ultimately affects user
intentions to use MOOC, or not to use MOOC.

Based on the results of research conducted, it has found several conclusions as
follows:
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. There is a positive and significant effect between perceived ease of use on the

perceived usefulness of an MOOC.
There is a positive and significant effect between perceived ease of use on atti-
tude in the use of MOOC.

. There is a positive and significant effect between perceived usefulness on atti-

tude in the use of MOOC.
There is a positive and significant influence between the perceived usefulness
of continuance intention to use MOOC.

. There is a positive and significant effect between attitudes toward continuance

intention in the use of MOOC.

. There is no positive and significant influence between individual technologies

fit on the perceived usefulness of an MOOC.

There is no positive and significant influence between individual technologies
fit on the perceived ease of use of an MOOC.

There is a positive and significant effect between task technologies fit on the
perceived usefulness of an MOOC.

. There is a positive and significant effect between task technologies fit on the

perceived ease of use of an MOOC.

There is no positive and significant effect between openness on the perceived
usefulness of an MOOC.

There is a positive and significant effect between openness on the perceived
ease of use of an MOOC.

There is no positive and significant effect between reputations on the perceived
usefulness of an MOOC.

There is no significant effect between social recognitions on the perceived use-
fulness of an MOOC.

There is a positive and significant effect between social recognitions of continu-
ance intention to use MOOC.

There is no significant effect between the perceived usefulness of an MOOC.
There is a positive and significant influence between social influences on atti-
tude to use MOOC.

Based on observations from the results of the study, the user intentions to use
MOOC are influenced by the ease and usefulness of the MOOC site. Thus, for profit
or nonprofit organizations that provide MOOC sites, there is a need to optimize
MOOC by presenting features that make it easy for users to use MOOC and increase
the usefulness of the MOOC itself. The features included in the form of searching
according to keywords, free access, access without prerequisites, and downloads for
offline learning. In addition to the ease and level of usability, other factors such as
social motivation also affect user intentions to use MOOQOC; thus features that need
to be included to influence user intentions using social motivational factors are noti-
fications as reminders and awards for the best students on the MOOC site.
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Employees’ Acceptance and Adoption

of Online Communication Tools as Part

of an E-Government Strategy in the Public
Sector in Kenya

Paul Waititu and Charmaine Du Plessis

Abstract This chapter explores and describes the perceptions of employees, in one
public sector organisation, of using online communication tools (OCTs) as a strat-
egy for adopting e-Government. The findings address the paucity of research when
it comes to using technology in government-to-employee (G2E) services in the pub-
lic sector. Using methodological triangulation, a single study case design was
employed.

The results indicate that employees need to form part of a consultation process to
determine their training needs and preferences, prior to implementing any technolo-
gies. A lack of training and consultation results in negative perceptions and a low
adoption rate when it comes to technologies (such as OCTs), which minimise the
likelihood of these tools being used for G2E purposes. The study findings could be
valuable for other public organisations in Africa, by assisting them to follow the
right processes when implementing any innovation. Moreover, several theoretical
guidelines are proposed to enhance internal communication and public services
within the context of e-Government.

Keywords E-Government - Employees - Internal communication - Online
communication tools - Public sector organisation

1 Introduction

E-Government cannot be regarded as a new phenomenon, as its implementation has
been ongoing for several decades now in many countries the world over [13]. Duki¢
and Bertovi¢ [19] and Solinthone and Rumyantseva [60] define e-Government as
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“the use of technology to enhance the access to and delivery of government services
to benefit citizens, business partners and employees”. It is considered a central
aspect of public service management in enhancing the quality of service delivery in
public sector organisations. To date, most related literature has centred around four
types of e-Government services, namely, (1) government to citizen (G2C), (2) gov-
ernment to government (G2G), (3) government to business (G2B) and (4) govern-
ment to employee (G2E).

In particular, most countries consider e-Government to be an innovative strategy,
which is suitable for addressing economic programmes, as well as social and politi-
cal agendas, and promoting transparency, accountability, good governance and
democracy [10, 19, 35]. According to [7, 34], this strategy is also used with the aim
of curbing corruption, promoting efficiency and enhancing quality service delivery
in the public sector. It is characterised by systemic and drastic changes which are
aimed at transforming existing structures, cultures, values and practices, using
information and communication technologies (ICTs) though an assortment of
online communication tools (OCTs), to provide quality government services.
E-Government is credited with improving public service delivery, besides “oversee-
ing” the implementation of new innovations in ICT systems within the public sector.
Itis relied on to bring about efficient e-services, enhance interactive communication
and facilitate the sharing of information between public sector organisations, their
employees and the public [7, 13, 25, 35, 51, 56, 61].

The recent United Nations (UN) [62] survey identifies Denmark, Australia and the
Republic of Korea as the leading countries in providing e-Government services in the
world, with an E-Government Development Index (EGDI) score of 0.9 and above.
Other countries with very high EGDI score include the United Kingdom, Sweden,
Singapore, Finland, New Zealand, France and Japan. The reason for this success is that
those countries have seriously enhanced the use of digital platforms in all government
communication and engagements. However, Africa countries still lag behind when
compared with the rest of world, with only Mauritius, Seychelles, South Africa, Tunisia,
Morocco and Ghana being placed in the high-EGDI-level category. This scenario is
attributed to poor internet connectivity, prohibitive cost of access and inadequate skills
in ICT. According to [34, 56]), the stakeholders of different public sector organisations
have diverse needs. As stated by [34], the needs of employees require more attention in
terms of training and managerial support; hence, G2E services should be provided via
multiple channels through appropriate systems and tools. G2E services, according to
[32], include “online interactions that are facilitated by the use of a set of communica-
tion tools between employees and government units for the purpose of giving the
employee instant access to information in regard to topics such as compensation, learn-
ing and training opportunities”, among other services. Importantly, [9] note that most
e-Government channels and services are citizen-centric. Employees’ perceptions of the
innovations being implemented in their respective organisations do, however, differ
from those of other stakeholders. It is for this reason that if e-Government is to be effec-
tive, G2E services should receive as much emphasis as other stakeholders do.

One of the expected effects of G2E services is that they will enhance interactive
online communication among employees, resulting in better customer service.
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According to several authors [5, 32-35, 49, 56, 57, 61], this can be done by using
ICT resources and various OCTs such as the World Wide Web (WWW), websites,
social media, e-mail, local area networks and mobile phone services such as SMS.

The objective of this chapter is to elucidate employees’ acceptance and adoption
of ICTs within the context of e-Government in Kenya and in particular G2E. A
public sector organisation in Kenya is used as an example of employees’ percep-
tions of the use of OCTs in G2E services as part of an e-Government strategy which
seeks to improve public services. This is in a bid to address the following research
question:

* What perceptions do employees at a public sector organisation in Kenya hold
about their acceptance and adoption of online communication tools as part of the
e-Government strategy?

1.1 Theoretical Background and Significance of the Study

The chapter draws on the insights provided by the relevant aspects of four theories,
namely, those of the diffusion of innovation, social penetration, social exchange and
relational perception [4, 11, 15-17, 31, 58, 66]. The use of these four theories serves
to evaluate the study, by providing useful insight into public sector employees’ per-
ceptions in adopting OCTs for G2E services in Kenya.

Until recently, precisely because G2E services were considered part of G2G and
G2C services [9, 60], they were overlooked by researchers, thereby creating gaps in
the research in terms of their impact on efficient public service delivery. Filling this
gap has become necessary, since there currently is paucity of research which
explores the determinants prompting public sector employees in developing coun-
tries (especially in Africa) to adopt or ignore OCTs for e-Government services.
Indeed, more evidence on G2E would encourage the robust adoption and use of
OCTs among public sector employees as part of their routine duties, hence the need
for this study.

Here, the focus is on the relevance, acceptance and adoption of OCTs for
e-Government services on the part of public sector employees, in a bid to enhance
service delivery. This study is premised on the supposition that such employees’
lack of consultation, involvement and training on e-Government affect their accep-
tance and use of OCTs for e-Government, thereby impairing the G2E services they
are expected to deliver.

1.2 E-Government in Kenya

The implementation of e-Government in Kenya is linked to the country’s national
strategy for 2008-2030, popularly known as Vision 2030 [28, 35, 49], a long-term
development plan which identifies ICTs as important drivers undergirding the
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country’s economic, social and political pillars. Since the advent and launch of
e-Government in Kenya in 2004, an evident rise in the demand for virtual commu-
nication and services has been experienced in various public sector organisations
[35, 51, 57].

Currently, e-Government is used in almost all public sector organisations, be
they government or quasi-governmental agencies. It incorporates online systems
using OCTs to provide public services to citizens and other stakeholders alike.
Some of the e-Government services offered for G2E include human resources, pro-
curement, finance, budget and email. Moreover, the use of e-Government is recog-
nised as being able to provide business opportunities to private organisations and
individuals willing to act as ICT and e-Government service providers, to enhance
access to online government services.

Due to the complexity of e-Government, which is a recent innovation in Kenya,
its implementation and operations call for serious consideration. In 2015, Kenya
ranked 86th out of 143 countries worldwide, with a networked readiness index of
3.8 [21, 35] far ahead of many other African countries. However, in the [62] survey,
Kenya came 122nd out of 193 member states, with an EGDI of 0.4541 and an
Online Service Index (OSI) of 0.6250, in respect of the implementation and use of
e-Government. This is an indication that Kenya is still sluggish in terms of the
implementation and adoption of e-Government, and much needs to be done to
improve this scenario, to prevent the initiative from failing.

Many e-Government enterprises are reported to have failed in other countries,
due to certain adoption factors being lacking, which hampered its implementation
[2, 3,5, 13, 22, 32, 38, 40, 57]. In this chapter, adoption factors encompass any
aspects which provide, motivate or support a conducive milieu for the use of OCTs
for G2E services. Included in those factors are sound infrastructure, the planned
implementation of innovations, an accommodative culture, appropriate training,
stakeholder consultation and involvement, trust, online security, organisational sup-
port, the ease of use of an innovation and users’ acceptance of an innovation, among
others. According to certain authors [46, 51, 57, 62], the implementation of
e-Government in Kenya faces various challenges, including weak infrastructure,
poor implementation of innovations, the alienation of stakeholders during imple-
mentation, inadequate training on the use of ICTs among government employees,
entrenched graft, the digital divide, eroded trust in the technology employed by both
citizens and employees and resistance from public sector employees. It is impera-
tive that public sector organisations in Kenya address those challenges, to prevent
the e-Government initiative from collapsing.

One of the key edifices of e-Government is sound and up-to-date infrastructure
[4, 10, 29, 33]. In fact, ICT infrastructure forms the backbone of an e-Government
enterprise in any country; hence, contemporary ICT infrastructure is a prerequisite
for its successful implementation. In fact, up-to-date ICT infrastructure supports all
the systems of an e-Government enterprise by providing the required milieu in
terms of, for instance, accessibility, content development, data management and
data transfer and security. Arguably, the failure of most e-Government initiatives is
due to weak infrastructure, and in this regard, Kenya is no exception [38, 40, 46, 57,
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64]. The situation can only be remedied if modern and appropriate ICT platforms
are made available and are considered acceptable and easy to use by public sector
employees through a comprehensive e-Government strategy.

1.3 E-Government Strategy in Kenya

According to [32, 33], the uniform implementation of e-Government across all
states is in no way possible, due to diverse environments and unique status of each
country. That uniqueness should, however, be considered as the basis for planning
and implementing e-Government, well before the system is launched, to avoid
unnecessary challenges. One of the determining factors for the success of any
e-Government initiative is the formulation and implementation of a well-thought-
out strategy.

Although not a new concept, e-Government strategy is a relatively recent notion
within the ICT purview in Africa, and especially in Kenya. Riany et al. [57] deem
an e-Government strategy to entail “a plan for e-Government systems and their sup-
porting infrastructure which maximises the ability of management to achieve organ-
isational objectives”. Scholars such as [10, 49] posit that an e-Government strategy
is a critical success factor in any country wishing to transform its public sector. Such
transformation can be achieved by identifying units, structures and systems that
need to be integrated and finding ingenious ways to achieve this, to allow interac-
tions between various stakeholders (both internal and external to the organisation).
E-Government strategy has been hailed for being able to remove various barriers,
such as high organisational operating costs and bureaucracy, which are synonymous
with the traditional offline public service and hinder citizens from accessing effi-
cient, quality services.

In 2004, the Government of Kenya formulated an institutional framework by
launching its e-Government strategy [27, 49, 51, 64]. This strategy outlines how
government expects to modernise its services and orient them to achieve results, be
more efficient and become citizen-centric. The main aim is to guide the migration
of government services from manual operations to various online systems, so as to
enhance transparency, accountability and good governance. The strategy also pro-
vides a framework for how citizens and private businesses can access government
information and services through OCTs.

Initially, most e-Government services in developing countries (Kenya included)
were offered through stand-alone systems and fragmented OCTs within their
respective organisations [13, 64]. This means that organisational and inter-
organisational information was exchanged manually, due to a lack of interoperabil-
ity between those systems and tools. Moreover, the ICT service providers for
e-Government were regulated though several agencies. A strategy, which envisaged
harmonising the various e-Government ICT enterprises (which had been uncoordi-
nated and were working in isolation) into an integrated system, would thus elimi-
nate the wastage of public resources and avoid confusion among users [10, 49, 64].
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This situation was addressed through the establishment of the ICT Authority, which
merged several public ICT regulatory agencies. Other institutional structures that
came into being because of the e-Government strategy include the Ministry of
Information and Communications and the ICT board, while internet connectivity
was provided to urban areas across Kenya. Efforts at establishing connectivity are
currently being realised through the implementation of the National Optic Fibre
Backbone (NOFBI) project, which aims to provide internet connectivity to all 47
counties in Kenya, as a way of improving government service delivery at the grass-
roots level [41, 45].

In 2006, a National ICT Sector roadmap for the period 2008-2012 was launched,
with the aim of upgrading Kenya’s national competitiveness and developing
knowledge-based culture through the “Digitalised Villages” project [49]. The con-
stitution of Kenya [26] and the Kenya National ICT Master Plan 2014-2017 [29]
further provided a foundation for the establishment of an e-Government legal
framework to address political and managerial structures at both the national level
and across devolved units [26, 29, 49]. In addition, the e-Government strategy has
enabled government to roll out various online systems to provide myriad online
public services, including information pertaining to government human resource
management, an e-Registry for business registration, integrated financial manage-
ment, land administration, road safety and traffic management, e-tax, online immi-
gration services and education management.

In 2013, the Kenyan government launched several “one-stop shop” citizens’ ser-
vice hubs dubbed “Huduma centres” [29], which offer national government services
in a single location. The aim of the centres is to provide government services and
information to those citizens who cannot access e-Government services due to the
digital divide and a lack of prerequisite ICT skills or for any other reason. Currently,
at least one Huduma centre has been established in each of Kenya’s 47 counties. For
these centres to offer optimum services, however, public service employees ought to
be involved from the onset and must be adequately trained in e-Government. This is
to enable them to acquire the necessary knowledge, attitude and skills for imple-
menting G2E and to modify their perceptions of the adoption and use of the avail-
able OCTs across all e-Government services.

According to [29, 51, 57], the Kenyan government planned to enhance its
e-Government strategy through the use of OCTs as channels for G2E, besides offer-
ing other services within the various public sector organisations.

1.4 Government to Employees (G2E)

Several arguments have been put forward in the literature regarding the acceptance
of, or resistance to, new technologies which depend on employees’ perceptions of
both their benefits and ease of use. For example, [39, 42] argue that there is a need
to ease employees’ anxiety and modify their perceptions about change (in this case,
innovations) — a perspective which is supported by [4, 34, 55, 61]. Employees’
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perceptions are crucial in enhancing their trust in the use of new media technologies
in G2E services and subsequently applying them in customer services [4, 22, 39, 61,
66]. Currently, many public service employees do not seriously consider OCTs to
be important tools for enhancing G2E services. As [6] point out, most government
employees tend to use OCTs only to perform basic routine tasks.

In essence, employees’ training in the use of OCTs, as well as their consultation
and involvement prior to and during the implementation of any technological inno-
vation, is an important theoretical requirement for using OCTs in the context of
e-Government [3, 4, 22, 34, 36, 39, 44, 57]. According to [50], employees perceive
G2E services as “better” if they themselves are involved in the implementation pro-
cess. The aforementioned authors emphasise the importance of consultation to
obtain employees’ approval and develop their intention to adopt innovations.
Notably, [32, 33] point out that integrating OCTs into employees’ working routine
systems and implementing appropriate training programmes are seldom standard
practice in public service organisations. Moreover, although employees are not
always consulted in respect of the implementation of e-Government initiatives, gov-
ernments expect them to actively utilise their tools to facilitate service delivery.
Consultation, in this study, refers to consultative participation which, according to
[50], occurs when an organisation consults its stakeholders before arriving at a sig-
nificant decision. On the other hand, involvement occurs when stakeholders can
actively participate in the organisation’s decision-making process.

It is reported that a few public sector organisations have adopted a proactive
approach to the implementation of digital innovations used for e-Government, such
as using OCTs as an initiative for enhancing G2E services [38]. Thus far, the preva-
lence of this approach is not widespread in public sector organisations in Kenya, but
if adopted, it could add significant value to the use of OCTs for G2E services.
Therefore, it is prudent for public sector organisations to consult with staff and
allow those employees to interactively participate in the implementation of innova-
tions, besides training them on their use. Some of the OCTs that are applicable to
G2E are highlighted below.

1.5 Online Communication Tools Available in the Public
Sector in Kenya for Internal Communication

Chmielecki [14] describes internal communication as a controlling function that
coordinates all formal and informal communications occurring within an organisa-
tion. Additionally, [13, 68] observe that internal communications affect all functions
within an organisation and any ineffectual communication is thus a precursor to
problems within that entity.

OCTs (which include web-based and other online communication channels) are
used in providing e-Government services and represent increasingly important
methods for employees to communicate through G2E. Several OCTs that are
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commonly used for G2E services are mentioned below, and they include the inter-
net, WWW, intranet, extranet and e-mail. Besides the organisation’s system, most of
these platforms can also be accessed via smartphones.

1.5.1 Internet

Some scholars (see [24, 27]) state that the influence exerted by the internet cannot
be compared to that of any other ICT innovation. The internet has revolutionised the
technological world exponentially over the past few decades, by providing online
connectivity via numerous networks, and its impact is felt in virtually all spheres of
life [6, 25, 53]. One of the most notable features of the internet is the WWW, which
[8] consider to its mainstay: it is through the WWW that online connectivity and the
numerous networks and services associated with the internet are provided. Moreover,
the WWW has enabled the creation of online social networks or virtual societies to
address varying issues [12, 67].

1.5.2 Intranet and Extranet

Another OCT that is popular in organisations is the intranet [59]. This online con-
nection within organisations is used to facilitate internal communications among
employees. If this network is connected to serve external stakeholders or associates
such as suppliers, consultants or contractors, it is referred to as the extranet.

1.5.3 E-Mail

E-mail, which is the digital version of the ordinary mailbox, has been in existence
since the early 1960s, and its use intensified when it was adopted by the internet in
the early 1970s. It is still preferred and widely used in most organisations, as it is
deemed secure and confidential [20, 37]. E-mail is used to pass on information in
the organisation, using various document formats. Due to its asynchronous nature,
employees can access information even then they do not have a regular internet
connection.

1.5.4 Social Media

Besides e-mail, the use of social media has become prevalent in the public sector
organisation. Social media is a recent internet-based innovation (Web 2.0) that
allows users to communicate and share various types of content electronically [1,
18, 37]. It enables the establishment of assorted virtual networks and communities
in which members can create and share ideas, opinions and information, using vari-
ous social media tools. The contents include topics in a variety of formats, such as
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documents, videos and photos. Moreover, the contents are accessible through a
computer and other web-enabled mobile devices such as tablets or smartphones.
Many public sector organisations are now adopting social media tools to engage
with their stakeholders, upon which they are regarded as enterprise social media
(ESM) [23, 52]. In this context, ESMs can be described as web-based platforms
which employees use to communicate in G2E and other e-Government services,
using social media tools. Some of the most commonly used ESM tools include cor-
porate blogs, microblogging tools (e.g. Twitter), instant messaging (e.g. WhatsApp,
Telegram) and social networking tools (e.g. Facebook, Instagram and LinkedIn).

2 Method

2.1 Research Design

This study adopted a single case design, as proposed by the seminal author [65], and
worked from the assumption that employees are not adequately consulted, involved
or properly trained on OCTs before e-Government is implemented in their respec-
tive organisations.

Kumar [43] identifies a unit of analysis as an individual person or object from
whom/which data is obtained. In this case, individual employees served as units of
analysis.

2.2 Sampling

The study’s target population comprised 10,252 permanent employees of a public
sector organisation in Kenya. The sample, drawn purposively from the accessible
population of 115 employees at both middle- and top-level management in one
regional office, consisted of those employees who had admission rights to the
organisation’s OCT system and whose duties required the use of OCTs in their day-
to-day work. The employees who participated in the study were selected from the
ten strata (departments) in the organisation. Of those employees, 30 were targeted
to complete the online questionnaire; another 30 were selected to participate in the
focus group discussions (FGDs), while ten top managers were included in the in-
depth interviews. The fairly small sample did not compromise the validity of the
findings, as the issue of generalisation was not envisaged. A pilot study was also
done to assist the researchers in evaluating how the measuring instruments were
understood. Moreover, the researchers conducted a case study and applied triangu-
lation (mixed methods approach) in the methodology, to analyse and interpret
the data.
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of one Kenyan public sector organisation
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Fig. 1 The sampling process followed for this study. (Source: Authors’ exposition)

The study used a non-probability sample similar to that of a study by [2]. A
probability-type sample was not deemed appropriate here, since not all employees
use OCTs. The sampling process followed is summarised in Fig. 1.

2.3 Data Collection Instruments

Evidence was collected from multiple sources, to better understand the case under
study. Data collected through multiple sources assists the researcher in examining
the research problem from different perspectives, besides allowing him/her to view
the phenomenon in a holistic manner that leads to similar conclusions [63].

In an attempt to answer the research question, a range of quantitative and qualita-
tive methods and techniques (online self-administered questionnaire for the survey,
interview schedule for the in-depth interviews and moderator’s guide for the FGDs)
was used to collect primary data from the public sector organisation. Various items
corresponding to the literature were incorporated into the three measurement instru-
ments, to test employees’ perceptions. In addition, methodological triangulation
was used to increase the validity of the findings, while a pretest was done on all the
questions in the measurement instruments prior to the study (see [30, 54]).

The final step was to analyse the findings from the three data sources and com-
pare them in order to establish how employees perceived OCTs within the con-
text of G2E.
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3 Results

The data analysis and findings were guided by the research question and connected
to the theoretical supposition of OCTs and their use for G2E services, as eluci-
dated below.

3.1 Quantitative Data

A 90 per cent response rate was achieved, with 27 online self-administered ques-
tionnaires being electronically completed and returned. The collected quantitative
data were verified and analysed using the computer software SPSS (version 25.0),
to create descriptive statistics.

The researchers applied various scales to assess employees’ perceptions of the
use of OCTs for G2E services, in line with the research question. The scales were
constructed on five different hierarchical response levels. The online self-
administered questionnaire requested the respondents to simply indicate, on the
scale, their perceptions of various aspects related to the use of OCTs in G2E. However,
this study highlights only the three most salient issues that became evident in the
findings.

As regards the survey findings on employees’ perceptions of them being con-
sulted by management prior to the implementation of OCTs, the results show that
approximately 66 per cent (n = 18) felt there had been no such consultation. Given
such limited consultation between employees and management when implementing
an online communication system, it is fair to deduce that this affected employees’
perceptions of the meaningful use of OCTs for G2E services. The concept of con-
sultation is aligned to the adoption factors of trust and commitment [3, 42, 66].
Organisations can increase the level of trust and commitment by consulting employ-
ees when setting up new communication innovations such as OCTs. As [50] indi-
cate, consultation reduces users’ apathy and enhances their intention to adopt
innovations in the organisation. Figure 2 portrays employees’ perceptions of their
consultation on the implementation of innovations.

As regards whether employees were adequately trained in the use OCTs for G2E
services, more than half of the respondents (63%) (n = 17) had negative perceptions.
This indicates that they deemed themselves to be insufficiently skilled at using
OCTs for G2E services, which might be a factor in the slow adoption thereof. This
finding is linked to the adoption factors of trust, commitment and management sup-
port [3, 4,22, 32,33, 36, 66]. By contrast, trained employees are likely to trust OCT
tools and commit to using them for G2E services. According to [32, 33], there is an
urgent need for employees to be trained in the use of new technologies and to receive
periodic updates or undergo upskilling on OCTs and platforms, in order to keep
abreast of rapidly changing technological developments. Figure 3 depicts employ-
ees’ perceptions of their training in the use of OCTs for G2E services.
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Fig.4 Employees’ perceptions on the role of e-Government in the implementation of OCTs for G2E

Another salientissue was whether employees understood the role of e-Government
in enhancing their use of OCTs for G2E services. According to the findings, most
employees (63%; n = 17) felt that the existence of e-Government did not influence
their involvement in the implementation of OCTs, yet it is important as they are the
system’s end users. This finding is linked to the adoption factors of trust, commit-
ment and involvement, which are essential in forming employees’ perceptions on
the use of OCTs for G2E services [36, 66]. Equally, [38] argue that employees’
perceptions of whether to adopt or reject an innovation depend on their involvement
in its implementation. Figure 4 depicts employee perceptions of the role of
e-Government in promoting the use of OCTs for G2E services.

3.2 Qualitative Data

The approach for analysing qualitative data, advocated by [47] and reinforced by
[48], was used on the qualitative data obtained from the interviews and focus groups.
Data were manually coded and organised into several categories, and common
themes to draw meaning from them were identified in a bid to answer the research
question.

3.2.1 Focus Groups

Three FGDs were conducted, each consisting of ten middle-level employees with a
100 per cent attendance rate. Several themes emerged from the coding, the most
noticeable of which included employee training, involvement and management sup-
port in OCTs.
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One theme which emerged from the FGDs was a lack of employee training and
proficiency or improvement in using OCTs, especially for G2E services. One par-
ticipant remarked: “We (employees) need to know [...] and [to be] trained [i]n the
use of online tools, as some of us are still green”. Another commented: “To me,
OCTs can be used [for] communication, but there is [a] need for training [in] how
to use [them]. I would emphasise [...] training...”. A third participant observed: “As
we support the use of OCTs to provide services [...] our skills need to be enhanced”.
As indicated by [22, 32, 33], these findings are related to the adoption factors of
training. Faulkner et al. [22] further indicate there has been no serious impact on the
use of OCTs for G2E in some public sector organisations, since the implementation
of e-Government programmes in many developing nations does not afford employee
training the seriousness which it deserves.

Another theme expressed the issue of organisational management support in the
implementation of OCTs for G2E services. As these participants’ comments indi-
cated: “Regarding e-Government for employees, its support is not adequate [...]”
and “Employees are not supported enough and are not involved on the use of online
system[s] in the organisation”. According to [38], inadequate management support
acts as an obstacle to the adoption of OCTs. As the study’s findings show, most
participants concurred that despite having access to ICT on different digital plat-
forms, the management was not implementing technologies in the appropriate man-
ner. They hold the view that management support was inadequate as regards the
implementation and that this affected their adoption of OCTs for the purposes of
providing G2E services. As [4, 32, 38, 39] posit, that deficiency in management
support (in respect of the implementation of OCT platforms) impedes the adoption
factors of training, involvement, trust and commitment. Consequently, this nega-
tively affects employees’ perceptions and curtails their willingness to adopt such
tools — a situation that is detrimental to G2E services as well as internal
communication.

3.2.2 In-Depth Interviews

Similar sentiments emerged from the in-depth interviews with the ten top managers,
whose insights provided crucial additional information, as they play a considerable
role in the implementation of OCTs. Nine of the envisaged ten managers were inter-
viewed (i.e. 90% coverage). Some of the dominant themes identified included con-
sultation, participation and training.

There was a common feeling among the top managers that consultation was
being hampered by existing top-down processes in the organisation’s internal com-
munication. One manager commented: “Bureaucracy in the organisation can be
resolved by promoting open online communication”.

Despite the issue of employees’ non-involvement in the implementation of
e-Government being prominent, all was not lost. As one manager commented: “The
use of OCTs is providing a new horizon where the management and employees
account to each other through online interactions”. Moreover, other top managers
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also attributed employees’ negative attitudes towards the implementation of OCTs
for G2E to inadequate training. In this regard, a manager commented: “Training,
skills and motivation in the use of OCTs need to be improved [...] for internal ser-
vices, we will definitely have a very sound organisation”.

These findings are associated with the adoption factors of trust, commitment and
involvement, which are crucial if employees’ perceptions are to be modified to the
extent that they readily adopt OCTs for G2E [36, 66]. As [32, 33] indicate, most
employees in the public sector do not possess the necessary knowledge, skills and
motivation to effectively do so. What is needed is prior training for employees,
before they can be expected to embrace OCT platforms in their internal communi-
cations [3, 32, 33, 44].

4 Discussion

With regard to the research question, the findings indicate that employees in the
public sector are not always consulted prior to new technologies such as
e-Government (on which OCTs are anchored) being “imposed” on them. This situ-
ation might cause apathy among employees, thus impeding the adoption of OCTs
for G2E services. The findings echo those of a similar study carried out by [39],
which reported that a lack of consultation contributed to employees’ poor percep-
tions of the use of innovations intended for internal communication. To this end, [9]
advise public sector organisations not only to concentrate on their citizens but also
to extend their influence over their employees by motivating them through continu-
ous dialogue and consultation.

Employees’ involvement in the implementation of innovations is another major
issue. It is apparent that, in this case, the respondents were not optimally involved in
the implementation of new technologies such as e-Government. This finding is sup-
ported by other studies [36, 39], which point out that the implementation of innova-
tions and their subsequent adoption are hindered by an organisation’s failure to
make employees an active part of these processes.

The other pertinent issue deals with training and the acquisition of essential skills
by managers and employees alike, in the use of OCTs for G2E services. It is appar-
ent that the study respondents did not possess the requisite knowledge, skills or
attitudes necessary to optimally use OCTs when delivering G2E services. This con-
firms the findings of [36, 39], who assert that it is important for organisations to
regularly engage with, and built the capacity of, their managers and employees, to
ensure that they all keep abreast of rapidly changing technologies (especially new
developments in the field of OCTs).

The overall findings of this study revealed that employees in the selected public
sector organisation were not consulted or involved in the implementation of OCT
platforms earmarked for the provision of G2E services — neither during the planning
nor the implementation stages. Moreover, most employees did not possess the nec-
essary skills for applying OCTs and providing the subsequent online G2E services.



134 P. Waititu and C. Du Plessis

Despite the popularity of e-Government, it is evident that its implementation has not
enhanced the adoption of OCTs for G2E services, contrary to expectations. This
situation is likely to contribute a scenario which sees employees making minimal
use of such tools in their internal interactions.

4.1 Conclusion

The findings of this study elucidate that despite the implementation of e-Government
and subsequent OCTs in public sector organisations in Kenya, employees’ percep-
tions of their adoption within the context of G2E seem to be negative and their
actual use minimal. This might be attributed to a lack of consultation, on the part of
management, prior to implementing innovations, employees’ inadequate training in
the use of such tools and their exclusion from decisions around the implementation
of novel technologies. The fact that e-Government in Kenya is still in its infancy
may also have contributed to employees’ apathy towards the adoption of OCTs co-
opted for the purposes of delivering G2E services.

Specifically, employees had become apathetic about using OCTs for G2E ser-
vices, thus adversely affecting the potential of such platforms to provide and
improve inclusive e-Government services in the organisation. The situation should
be cause for concern to bureaucrats, if their intention is to employ OCTs for pur-
poses of streamlining the provision of e-Government services. Hence, there is a
need for public sector organisations to adequately train all their employees, in addi-
tion to consulting and involving them when implementing new innovations. To rem-
edy this situation, two recommendations can be made, as outlined below:

* To promote G2E, an organisation’s management should consult, build capac-
ity and involve all employees in implementing the use of the various OCTs to
enhance G2E services.

* Proper mechanisms must be put in place for implementing e-Government, to
promote the use of OCTs for delivering services from government to
employees.

4.2 Further Research

Due to constant technological innovation especially in public sector organisations,
there is a need to conduct future research on the topic broached in this study. Further
research is recommended, specifically to assess the relationship between demo-
graphic variables such as age, gender and level of academic attainment. Studying
the adoption of OCTs for G2E services from employees’ diverse perspectives in
public sector organisations will help the latter to determine the most appropriate
OCTs for wide-ranging purposes.
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4.3 Limitations of this Study

The study’s limitations are acknowledged as being the following:

e It is impossible to generalise the study findings to other public sector organ-
isations, as the research was carried out in a single public sector organisation,
with a small realised sample.

e A small, non-probability type of sample from a single regional office was
used to represent the entire organisation; therefore it may be necessary to
include a wider and larger sample, before drawing a final conclusion.

4.4 Theoretical and Practical Implications of the Study

The main contribution of this study was to propose theoretical guidelines to assist
public sector organisations in Africa to adopt and implement OCTs for e-Government
services and to stimulate further debate on the topic. In terms of practical implica-
tions, the study findings provide various suggestions to not only strengthen but also
promote the use of online tools among public sector employees. Since OCTs are
pivotal for G2E service delivery and other areas of e-Government in public sector
organisations, it is prudent to focus more attention on this area.
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Human-Computer Interaction System
for Improving Digital Literacy Among
Speech- and Hearing-Impaired

in Developing Countries

Suriya Sundaramoorthy and Balaji Muthazhagan

Abstract This chapter discusses the implementation of a human-computer interac-
tion system for deaf and mute people in developing countries. The system does not
have a dependency on active Internet connection, consumes low-resolution input,
and at the same time comprehends the sign language used by deaf and mute people
and translates it accordingly for normal people to understand. Such a system shows
scope for improving digital literacy among deaf and mute people because of
increased understanding and communication. The system is implemented as a three-
layer system using image processing and convolutional neural networks: first layer
to identify the hand in an image frame, second layer to remove superfluous informa-
tion, and third layer to classify the gestures.

Keywords Signlanguage - Hand gesture recognition - Human-computer interaction
(HCI) - Convolutional neural networks (CNN) - Feature extraction

1 Introduction

About 5% of the entire world’s population, which accounts to about 470 million
people, is said to have some form of hearing impairment [1]. There are three types
in which we define the degree of hearing impairments: mild, moderate, and pro-
found. People who have mild hearing impairments are not affected drastically and
can use speech to communicate, whereas people having medium and profound hear-
ing impairments find it extremely hard to do their daily activities. They rely on
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channels such as helper pages, lip reading, by using gestures, or through sign lan-
guage [2]. Mute people also use to rely largely on sign language as a form of com-
munication. Even though there exists a multitude of such channels, there are some
difficulties which are encountered by deaf and mute people when conversing with a
normal person. There is a lack of awareness among people about deaf and mute
culture [3]. Not everyone is specialized in sign languages, and even if they are spe-
cialized in one, there are more than 300 sign languages to pick from [4]. This makes
it difficult for the conversation to take place. In developing countries, this problem
is more prevalent because there are fewer number of specialized sign translators.

Digital literacy is defined as a person’s ability to compose content using digital
platforms. The evaluation metric used to evaluate this composition is the correctness
of grammar, the structure of the composition, the use of good typing skills, and the
creative ability to produce content [5]. With the advent of the Internet on almost
every handheld device, there has been a shift of digital literacy from stand-alone
computers to mobile devices. For deaf and mute people, the ability to create and
consume quality video and audio content is obstructed because of their impair-
ments. Firstly, they must learn how to interact with these devices, and secondly, they
must efficiently capture their thought process into texts, audio, or video for others to
consume. Using a translator as a mediatory to transform sign languages into under-
standable context and vice versa can solve this problem. For example, although a
video can be uploaded to YouTube by a deaf-mute person, there needs to be a trans-
lator in between to translate that video into a common language over sign language
to garner more views and for efficacious communication.

In developing countries, the deaf and mute people have lower access to novel
technologies and network architectures [6]. Also, the Internet speeds as tabulated in
Table 1 are much lower than developed countries [7]. Most of the images and video
will be captured on mobile devices which have a lower resolution. To bridge these
gaps, in this chapter, we propose a system which does not have a dependency on
active Internet connection, consumes low-resolution input, and at the same time
comprehends the sign language used by deaf and mute people and translates it
accordingly for normal people to understand.

2 Related Works

The research and development of sign language recognition systems have been
around since the late 1980s. Tamura et al. [8] and T. Simon et al. [35] proposed a
system in 1988 in which they used the three-dimensional extraction of features such
as shape, location, and movement and had them converted into two-dimensional
features which were used in classifying the sign language frame. In 1995, Starner
et al. [9] proposed a system based on Hidden Markov Model (HMM) in which they
captured hand shapes and orientation using a colored glove and classified about 40
words. A principal component analysis (PCA)-based algorithm was proposed by
Sawant et al. [10] which converted gestures into text and subsequently voice.



Human-Computer Interaction System for Improving Digital Literacy Among... 141

Table 1 Average Internet Average Internet speed (Mbps)
speeds.lower than 15 Country April 2020
megabits/second [7] Haiti 1217

Philippines | 12.09

Botswana 11.77

Zimbabwe | 11.3

El Salvador | 11.23

Ghana 11.02
Uganda 10.59
Tajikistan 10.38
Zambia 10.32

Tanzania 10.13
Bangladesh | 9.96

Iraq 9.9

India 9.81
Uzbekistan 9.68
Libya 8.44
Algeria 8.25
Rwanda 8.22
Sudan 7.09

Venezuela 6.07
Afghanistan | 6.02

Eigenvalues and eigenvectors were used as the features. The system they developed
correctly classified 26 words from the Indian Sign Language (ISL).

A multitude of machine learning algorithms have been proposed to gesture and
image recognition. Murthy et al. [11] used a supervised feed-forward network for
classifying ten gestures. The system they had come up with had an accuracy of 89%.
A similar work was proposed by Bhowmick et al. [12], in which they proposed a
multilayer perceptron artificial neural network-based hand gesture recognition
which was able to correctly classify eight alphabets and achieved an accuracy of
89.05%. A multisensor system was proposed by Molchanov et al. [13] in which they
were able to identify various gestures of the driver’s hand. They used the raw infor-
mation obtained from radar and different sensors and calibrated it. This was passed
down to a CNN which identified and classified as one of the proposed ten gestures
with an accuracy of 94.1%.

Lin et al. [14] proposed a CNN model which used a skin mask filter using
Gaussian mixture in which the non-skin color components were removed and then
passed on to the CNN. The system achieved an accuracy of 95.94% and was able to
successfully classify seven hand gestures. Static hand gesture recognition was pro-
posed by Flores et al. [15] in which deep preprocessing was done. This preprocess-
ing helped in removing the features which were invariant such as lighting conditions,
noise, unwanted rotation, etc. The system they proposed was experimented on two
different architectures, where the first architecture achieved an accuracy of 95.37%
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and the second architecture was able to achieve an accuracy of 96%. It successfully
classified 24 gestures. A max-pooling-based CNN was proposed by Nagi et al. [16]
for gesture recognition which extracted the hand contour using color segmentation.
The system developed was able to achieve an accuracy of 95% based on the experi-
ment carried out on over 6000 sign language images. Yang and Zhu [17] applied
CNN for classifying 40 daily vocabularies as part of Chinese Sign Languages. The
system used AdaGrad and AdaDelta as the optimizer functions for learning the neu-
ral network.

Rioux-Maldague and Giguere [18] proposed a system in which Kinect-captured
images are subjected to feature extraction and the identification of hand gesture was
carried out. In the system, they proposed a threshold-based preprocessing, which is
used to appropriately size the image and center it. The system was able to achieve a
99% precision on known users and 79% precision on unknown users. Huang et al.
[19] also used Kinect to address sign language recognition using 3D CNN. The
network extracts spatial temporal features which are later transformed to authentic
features. The system they developed achieved an accuracy of 94.2% by successfully
classifying 25 signs. A real-sense sign language recognition was proposed by Huang
et al. [20] in which they captured 26 alphabet signs in 65,000 frames, split as 52,000
and 13,000 for training and testing, respectively. They were able to achieve an accu-
racy of 99% on real sense. Italian sign language gestures were recognized in a sys-
tem proposed by Pigou et al. [21] which also used Kinect to record inputs and
classify. They had a series of preprocessing steps which included the likes of back-
ground subtraction and used the NAG (Nesterov’s Accelerated Gradient) descent
optimizer. Their system achieved an accuracy of 91.7%. A sign language recogni-
tion system was proposed by Tang et al. [22] again through the input of Kinect sen-
sor. The system encompassed transfer learning from LeNet. The testing they carried
out was implemented using deep belief networks and convolutional neural net-
works. Their testing showed that deep belief networks were better than convolu-
tional neural networks.

American Sign Language (ASL) recognition was done by Tushar et al. [23] in
which they used batch normalization to achieve quicker training convergences and
data overfitting was reduced using dropout. The model they proposed achieved an
accuracy of 98.50%. Oyedotun and Khashman [24] used the dataset prepared by
Thomas Moeslund to classify 24 ASL alphabets. Their system was implemented
using stack denoising auto encoders which had an accuracy of 92.83%. Another
implementation, proposed by Bheda and Radpour [25], used a CNN architecture
consisting of three convolutional layers followed by max pooling layer, followed by
a dropout and two groups of fully connected layers with the optimizer being sto-
chastic gradient descent. This system was able to identify letters and digits in ASL
with accuracy of 82.5% and 97%, respectively. An ASL dataset with a black back-
ground was used by Islam et al. [26] for a real-time recognition system. They used
the convex hull algorithm for fingertip detection and then passed on to an artificial
neural network which classified 37 signs with an accuracy of 94.32%. Hidden
Markov Model (HMM) was used for the detection and identification of continuous
signs by Koller et al. [27] in their implementation. They used dynamic program-
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ming-based approach to preprocess their data. A dual-stream CNN model was pro-
posed by Kumar et al. [28] which uses joint distance topographic descriptor (JDTD)
and joint angle topographic descriptor (JATD) as the input to the system. They
crafted a dataset of over 50,000 Indian Sign Language videos using motion capture
cameras. The system they proposed had an accuracy of 92.24%.

3 Proposed System

e The human-computer interaction system must ensure the following characteris-
tics: the input being fed can be of lower resolutions, which means that the system
must be able to process images of lower or blurry quality, since higher-resolution
cameras are costlier.

* The system must not have a reliance on active Internet connection since develop-
ing countries as shown in Table 1 do not have accelerated Internet speeds.

* The system must be able to correctly translate the sign language used by deaf and
mute people with a high accuracy.

Taking these characteristics into consideration, the system is broken down into
three components (Fig. 1):

e Component 1 — Identification of the hand in the given frame

Input image

Output of components

Component 1: Identification of hand in

= o ﬂ:lﬁ" -
Component 2: Pre-process the hand \'..'s M
image A t_\
nﬁ\ J
Gesture “Hi"

Component 3: Classify suitable gesture

Fig. 1 Components of the proposed system
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e Component 2 — Preprocessing the hand image to remove noises, color compo-
nents, and backgrounds
e Component 3 — Classifying the hand image as a suitable gesture

3.1 Component I: Identification of the Hand in the Given
Frame

Detecting hands in each image frame is an example of object identification where
the object to be identified is hands. When it comes to object identification, we rely
largely on three different possible algorithms to achieve this. The first is recurrent
convolutional neural network (R-CNN). The architecture of R-CNN proposed by
Girshick et al. [29] solves the object detection task in two levels. The first level is
used to identify the bounding boxes, and the second level is used to pass the identi-
fied regions for classification. There are 2000 region proposals made in the first step
which are used to classify the image. However, since this algorithm is broken up
into two parts, it takes a lot of time to execute. This was improved by Girshick et al.
[30] in another algorithm called the Fast R-CNN in which he introduced the concept
of feature maps over region proposals. Although this decreased the time of execu-
tion, it still was not deemed completely end to end. This shortcoming was removed
in Faster R-CNN [31] where a region proposal network was used instead of a selec-
tive search algorithm (Fig. 2).

To decrease the latency of the abovementioned algorithms, it is necessary to
transform the two-step classification into a single-step classification. Algorithms

Box offset || SVM object Box offset || softmax Box offset softmax
regressor classifier regressor classifier regressor classifier

| Region CNN

features

Region CNN

Region CNN

features features

Deep i Deep
CNN CNN |  DeepcnN |

—

R-CNN Fast R-CNN Faster R-CNN

Fig. 2 R-CNN architectures
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Fig. 3 SSD architecture with VGG-16 backbone network

which run by this intuition, having the trade-off of a slightly lower accuracy, are
SSD (single-shot detection) [32] and YOLO (you only look once) [33]. In single-
shot detection, the network architecture comprises of two parts: a head and a back-
bone network. They are aligned in a pyramidal fashion so that all the convolutional
layers have connections to the output layer. This is done because the objects to be
detected have varying sizes of dimensions to cater to and a single dimension cannot
be considered as the grid size. The concept of anchor boxes exists which corre-
sponds to having a precise size and position with respect to the current cell under
consideration. This is responsible for the feature maps being tiled in a convolutional
manner. The anchor boxes are dynamically rescaled to coordinate with the size of
the receptive field of the dimension being considered (Fig. 3).

Another popular architecture which is considered for object detection is YOLO
[33]. In YOLO, the network which forms the backbone network is derived from
GoogleNet in which the convolution layers alter the inception module. The entire
foundation architecture is called darknet. There are 24 convolutional layers which
carry out the task of extracting features and 2 dense layers which are responsible for
predicting the classes (Fig. 4).

An object is said to be detected in a cell if the center of the object is inside the
cell. In that case, the cell is thereby held responsible for detecting the object. The
tensor components which are predicted as a part of the YOLO algorithm are as
follows:

* Bounding box coordinates: There are four values which define the bounding box
coordinates — x of the center, y of the center, and height and width of the bound-
ing box. These values fall in the range of 0—1 because of normalization.

» Confidence score: The measure which tells us how likely an object is present in
the current cell is confidence score. It is defined as the combined product of the
probability of finding an object and the Intersection over Union (IOU) which is
a measure of how much the selected region aligns with the ground truth upon the
total area covered by them.

* Probability of associated class: After identifying that an object is present, we need
to proceed to calculate the measure as to which class the object belongs to. If there
are k classes to choose from, there are k probabilities which are given as the out-
put, and the maximum probability refers to the class most suitable for the object.
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Fig. 5 Output of the YOLO architecture

If we consider that an image is split into C % C cells and B bounding boxes are
formed with k classes to classify into, then the following scores are reported:

e 4 values which are of the bounding box
* 1 confidence level score pertaining to the bounding box
* k probabilities for each class

Thus, there are a total of C * C x (4B + 1B + K) values which are the output ten-
sor (Fig. 5).

YOLOV3 [34] is based on the darknet architecture with an additional 53 layers.
In this chapter, we trained the YOLOv3 model against the CMU Hands DB,
EgoHands, and Oxford Hands Dataset for recognizing hand images with 80:10:10
for training/validation/testing ratio (Table 2).

The training time was around 11.5 h on a single GTX-1080 Ti graphics card. The
RMSE values for training, validation, and test were 0.0713, 0.0991, and 0.0987,
respectively. The component was able to successfully identify hand images in image
frames (Figs. 6 and 7).
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Table 2 Countries having Dataset name No of frames | Size
average Internet speeds lower CMU Hands DB 2758 588 MB
than 15 bits/ d -
an 1 megabits/secon EgoHands 4800 1.3 GB
Oxford Hands Dataset | 4170 240 MB

hand (0.87)

Fig. 6 Output of component 1

3.2 Component 2: Preprocessing the Hand Image

The obtained hand image from component 1 has background noise, irrelevant fea-
tures, and a wrong color space which will not yield proper results when passing
down to the convolutional neural network. Thus, there is a need to preprocess the
image such that only relevant features are passed down.

The first step in this process would be to convert the color image into gray scale
since color spaces can be ignored and does not add additional information with
respect to feature extraction (Fig. 8).

Post gray scale conversion, we need to reduce the image to a binary image: con-
taining pixels having only two values, completely black or completely white. This
process is referred to as thresholding and is one of the easiest known methods for
segmentation. In this chapter, we consider a thresholding method called the Otsu
thresholding [36]. The method first calculates a list of threshold values. Thereafter
it iterates through all the values by evaluating the measure of spread for the corre-
sponding pixels on either side of the value. The intensities which are lighter than the
threshold are called the foreground, and the intensities which are darker than the
threshold are called the background. The algorithm computes a threshold value
which makes sure that the combined sum of background and foreground spread is
minimum. Let us consider the help of a 6x6 image in Fig. 9 to explain this function-
ing. In this image, we consider that there are six levels of intensity. The histogram
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Fig. 8 Gray scale conversion of hand images
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Fig. 9 6x6 image and its
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Fig. 10 Distinction into background and foreground

is plotted showing the intensity of pixels and the number of pixels having that inten-
sity. Post the plotting of the histogram, we iterate keeping each intensity value as the
threshold and compute the background and the foreground. If we consider the
threshold as 3, then the background and foreground along with their weight, mean,
and variance calculations are shown in Fig. 10.

Post-differentiating it as background and threshold, we calculate a within-class
variance which is the sum of the weights multiplied by their variances. For example,
this will be 0.4722 * 0.4637 + 0.5278 * 0.5152 which is equal to 0.4909. We con-
tinue this process for all the possible intensities as shown in Fig. 11 and choose the
threshold with the minimum within-class variance. In this example, we find that
threshold 3 gives the minimum within-class variance. Pixels having greater intensi-
ties than that of 3 are made as the background, and pixels having intensity lower
than or equal to 3 are made as the foreground (Fig. 12).

This same calculation is exposed via the OpenCV method cv.threshold with cv.
THRESH_BINARY and cv.THRESH_OTSU as input parameters [37].The output
of this component is an image which is binary and has the relevant features which
can be used for classification (Fig. 13).
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Fig. 13 Application of Otsu’s threshold on hand images
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3.3 Component 3: Classification of Identified Gesture

This component will take an input image containing the gesture/sign and will aim
to classify the gesture. The literature survey showed that CNN models have a par-
ticularly good accuracy when it comes to classification based on images over image
processing methods where handcrafted features are used. For us to adopt a CNN
model, it is necessary that we get the right dataset and train on them. In this chapter,
we adopt MNIST Sign Language dataset [38] and get the relevant training images
by passing it down to component 2 to remove the superfluous features (Fig. 14).

The dataset contained all the letters excluding the character “z,” and each letter
was assigned a class from 0 to 24 alphabetically. There are 27455 in the training
data folder and 7172 images in the test data folder.

The architecture of the framed convolutional neural network that was considered
in this implementation is depicted in Fig. 15. There were three convolutional layers
with max pooling layers alternated followed by a flatten layer, a dense layer, and a
dropout layer. This was implemented using Keras with an epoch size of 20 and a
batch size of 128 on the training data images. The model achieved an accuracy of
99.583% on the testing dataset as depicted in Fig. 16.

From the confusion matrix in Fig. 17, we can identify that majority of the
wrongly classified gestures belonged to class 6 (character G). The system uses the
trained weight file in an offline manner and does not need an active Internet connec-
tion to make predictions. The total size of the entire system was 112.13 MB.

4 Conclusion and Future Work

The chapter focused on the implementation of a human-computer interaction sys-
tem which translates sign language gestures into a form understandable by people
who are not well versed in sign languages. This system is largely targeted for deaf
and mute people and can improve digital literacy among them by enabling them to
communicate efficaciously. It was implemented as three components using image
processing and convolutional neural networks. The first component identified the
hand in an image frame. The second component was responsible for preprocessing
and removed unnecessary features. The third component classified the image frame
with gestures into text. The developed application consumed low memory, runs
without the need of an active Internet connection, and works on low-resolution
input which is highly effective in developing countries given the resource defi-
ciency. The system achieved an accuracy of 99.583% on the MNIST sign language
dataset. Future study should include a leaner system by using the same architecture
for detecting hands and identifying the gesture. Also, custom datasets should be
developed and trained specifically to the region since sign languages vary from one
place to another.
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Model: "sequential 1"

Layer (type) Output Shape Param #

com2d1 (Com20)  (None, 28, 28, 75) 750
max_pooling2d_1 (MaxPooling? (None, 14, 14, 75) 0o
com2d_2 (Conv2D)  (None, 14, 14, 50) 33800
max_pooling2d 2 (WaxPooling? (None, 7, 7, 50) 6o
com2d_3 (Conv2D)  (None, 7, 7, 25) 11275
max_pooling2d 3 (WaxPooling? (None, 4, 4, 25) e
flatten_1 (Flatten) ~  (None, 488) o
dense_1 (Dense)  (None, 512) 205312
dropout_1 (Dropout)  (Nene, 512) e
dense_2 (Dense)  (Nene, 24) 1312

Total params: 263,449
Trainable params: 263,449
Non-trainable params: @

Fig. 15 CNN architecture used in component 3
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Fig. 17 Confusion matrix of predicted letters
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Integrating Web-Based Learning
in Uganda: Possibilities and Challenges

Baguma Asuman, Md Shahadat Hossain Khan,
and Hamisi Ramadhan Mubarak

Abstract This chapter presents the possibilities of integrating web-based learning
(WBL) in higher educational institutions (HEIs) of Uganda. In response to an
increasing demand in using web to facilitate teaching and learning in both blended
and online environment, HEIs are encouraging their faculty members to integrate
and use these technologies in their teaching practices. However, previous studies
have reported that this integration is still at its initial stages in the HEIs of Uganda.
Studies have also highlighted that these initial stages, integration of WBL, are
encountering a number of constraints that slow down their operation. The aim of
this chapter is to identify/explore the major challenges faced by the HEI teachers in
using WBL from a broader perspective and to find out the possible remedial mea-
sures for integrating WBL in the HEIs of Uganda and other developing countries.

Keywords Web-based learning - ICT - Barriers - Online learning - Integration

1 Introduction

With the global uptake and the advancement of Information and Communication
Technology (ICT), development of internet and a growing acknowledgement of the
significance of ICT on teaching and learning, many educational institutions are
migrating towards the use of internet and its technologies in order to foster knowl-
edge dissemination in many developing countries [1-5]. A significant amount of
studies have shown evidence about the positive impact of using ICT in teaching and
learning conditions [3, 6-8]. This, therefore, has led to an increasing demand on the
educational institutions to use ICT in teaching skills and knowledge relevant for
their respective workplaces. Appreciating the outcomes of ICT on the workplace
and everyday life, many educational institutions are trying to streamline their edu-
cational curricula, ICT facilities, classroom instructions, in order to bridge the
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existing ICT (technology) gap in teaching and learning [9, 10]. Web-based learning
(WBL) is generally considered as a platform of e-learning or online learning since
it supports live instructions, videoconferencing, online discussion forums, and more
advanced features available in the web [11-14].

A significant amount of studies have reported positive results of using WBL in pro-
viding and facilitating education opportunities in developed and less developed coun-
tries [10, 11, 15, 16]. More particularly, its usage as an educational platform has given
learners and educators an extensive array of new and fascinating learning experiences
and teaching environment that is not possible in traditional face-to-face atmosphere [6,
8, 17-19]. It provides students and teachers, in many cases, with a new and diverse
range of teaching and learning opportunities such as accessing information at any time
and at any place, sharing information and lecture presentations via internet, online
group discussions, interactive learning activities, and long distance educational oppor-
tunities which is less possible in face-to-face classroom teaching contexts [16, 20, 21].

Due to a high demand of online learning and the potential benefits of WBL,
many educational institutions in the world have already integrated it into their edu-
cational systems such as United States, Canada, Singapore, Australia, Taiwan,
India, China, and so on [1, 3, 8, 22-25]. However, regardless of the huge growing
demands of WBL and its benefits, investments on ICT infrastructure, and advance-
ment in specialized teaching and learning opportunities, the adoption of WBL in
many developing countries, including Uganda, has been limited due to many con-
fronting constraints [1, 4, 5, 22].

This chapter is organized into 11 sections including Introduction. The rest of the
chapter is grounded as follows: the next section presents the background of this chap-
ter focusing on the government of Uganda and higher education institutions” emphasis
on the use of WBL in the education system. The third section discusses the Ugandan
context and rationale for incorporating WBL in HEIs. The fourth section explains what
WBL is and how it is interpreted by different scholars. The next section presents the
literature review on usefulness of web-based learning in Uganda. The sixth section
discusses the literature review on problems related to Integrating WBL. The seventh
section has a brief explanation of methodologies used in data collection and analysis.
The eighth section discusses the findings on barriers of integrating WBL in Uganda.
The next section discusses suggestions for improving the barriers to the integration of
WBL which includes providing solutions and recommendations for eliminating barri-
ers that are encountered in integrating WBL in Uganda and other developing countries.
The tenth section gives the implications towards improving current practices and also
a summary of how we can improve the problems being faced. Finally, the last section
provides a brief conclusion that summarizes the overall ideas of this chapter.

2 Background of the Chapter

Uganda, like any other least developing countries, has always used education as a
key factor to foster social-economic development and eradicating poverty. Different
policies aimed at improving on school enrolment have long been formulated
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including Universal Primary Education (UPE) in late 1990s that has led to a dra-
matic increase in the enrolment in primary education countrywide [26]. With higher
numbers of primary school graduates, the need for Universal Secondary Education
(USE) to ensure free and equal access to secondary school was realized and consti-
tuted in 2007 [27]. Though these policies were formulated with good intention, they
posed a big challenge to higher education institutions in accommodating the ever-
growing number of applicants as a result of UPE and USE.

Many higher educational institutions adopted to the use of ICT, also known as
web-based learning into their academic environment to facilitate learning and teach-
ing and to accommodate the growing demands of higher education in the country
[28]. Besides supporting sustainability of institutions’ enrolments, web-based learn-
ing has the potential to enhance educational quality through increased motivation in
learning, promoting inquiry-based learning, transforming traditional teaching and
learning to beyond classroom environment, and most importantly to prepare indi-
viduals for the technology-driven world. Much as the implementation of web-based
learning presented a massive potential to higher institutions, many higher institu-
tions are still struggling to adjust with the new educational-technology environ-
ment. A number of HEIs have no enough funds to afford ICT technologies necessary
for WBL. This is highly attributed to its economic nature and lack of financial sup-
port from the government and donor agencies. Other challenges are extensively
addressed in the chapter with evidence from literature review, documentation, and
the research findings.

In spite of the constraints and challenges that Uganda is facing, there is growing
interest in integrating web-based education in teaching and learning process. Web
based education or learning continues to be appreciated as an important novelty
within higher education. This book chapter provides information about technolo-
gies, methods and tools of WBL process. We need an approach to ICT and WBL
professional development with different ways to handle the many various situations
teachers face at varied levels of teaching while integrating WBL. Thus, the main
aim of this chapter is to identify the main challenges faced by teachers towards
using WBL and to find out the possible remedial measures for the integration of
WBL in educational institutions (HEIs) of Uganda and other less developed
countries.

3 Ugandan Context and Rationale for Web-Based Learning

Uganda, a landlocked nation in East Africa, is bordered by Tanzania, Rwanda, DRC
Congo, Kenya, and South Sudan. Uganda has approximately 34.6 million people
distributed across a land area of 241,550.7 km? [29]. The country’s population is
expected to grow exponentially given its high population growth rate, attributed to
its high fertility, mortality, and net migration rates, thus being more youthful. Youth,
therefore, need to be equipped with necessary knowledge, skills, and attitude
through proper and modern education for sustainable development.



160 B. Asuman et al.

Over the past few decades, donors have invested over $500 million into African
institutions of higher education and over $3 billion to develop centers of excellence
in science and technology [30]. The Government of Uganda (GoU), in its vision
2040, considers access to basic education a fundamental human right and a key
strategic component for human resource development necessary to transform the
country’s economy towards a modern and prosperous society. To maximize these
economic returns, Science, Technology, Engineering and Innovation (STEI) are
considered the key fundamental strategies laid down towards achieving Vision
2040. Therefore, most African countries needs to embrace technology in their edu-
cational system in order to improve economic growth [22, 31].

Institutions that have adopted online learning in Sub-Saharan Africa have
increased in the recent years. These online learning system, web-based learning,
have helped in reducing the application fee and reduced travel cost to institution by
allowing them to interact with the institutions remotely. Musiimenta [32] recom-
mended web-based learning that provides flexible and unlimited access to educa-
tional resource, improve understanding of learning concepts and enhance engagement
which in the long run could improve performance in STEI. Therefore, the GoU, and
other stakeholders (donors, investors, and policymakers) need to realize the benefits
of web-based learning and how it could significantly contribute towards attainment
of nationals’ vision and prosperity towards achieving economic growth.

4 What Is Web-Based Learning?

Conventional learning has faced a number of challenges that are especially attrib-
uted to its statically learning environment and limited learning resources [6]. To
address these challenges, a number of institutions have started to transform towards
digitalization of teaching and learning process. Web-based learning (WBL), which
is commonly defined as learning via the web [5, 6], has played a significant role in
reducing and addressing these challenges. Learning via web (WBL), enables the
learner to learn at any time any place while utilizing different online learning mate-
rials to support and facilitate learning.

Web-based learning, in literature, is often interchangeably used to mean online
learning or e-learning. Some authors define WBL as a self-paced learning podium or
an educational opportunity which is grounded on the constructivism in which students
can actively engage in their learning in a self-leading way and to construct their own
knowledge in ways that are beneficial to them [1]. On the other hand, WBL is consid-
ered a process of providing online instructions as an instructional program using
resources and attributes via the internet (World Wide Web) to create a purposeful and
interactive learning experience [33, 34]. In this study we define: WBL with great learn-
ing potential that involves the use of web applications design with suitable software
tools meant to run on web browsers by the users. It is an important learning platform,
which deals with instructions through the internet. Here, students and teachers engaged
through online. Students access learning resources and do learning activities via inter-
net. Besides, in this study, when teachers use online platform in a blended context
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(face-to-face and online teaching), then the blended mode also belongs to WBL. The
growth of WBL through internet has offered more opportunities than ever before.
These include provision for users to communicate, learn, interact and access informa-
tion, attending conventional seminars remotely and opening up possibilities that has
influenced all public sector, economy and particularly the learning process [1, 8, 23].
The introduction and integration of WBL in teaching and learning of HEIs has
been debated by researchers for over half a decade [1, 5, 23, 34]. WBL provides
much benefits in teaching and learning, more particularly the use of the internet as
an educational tool has provided instructors and learners with a range of interesting
and novel learning experiences and teaching approaches, which is not possible in
face-to-face classroom instructions [2, 22, 34, 35]. For example: offers independent
and student centered learning to students, where they can learn and work at their
own pace [3], when they want, influences their own learning by adapting different
styles depending on their own needs [36], enables them to study more deeply,
thereby motivated by their areas of interest [4, 37], encourages students to access
their learning resources and necessary activities on their own while skipping over
materials already mastered [35], enables students to join discussions at any time
while encouraging those who may face difficulties to ask questions speak face-to-
face classroom context to learn [8, 18, 38], accelerates learning through a variety of
activities [1, 4, 17], remote access to courses materials enables students to reduce
costs and travel time, and encourages interaction between instructors and students
[4, 18, 39], students have opportunity to share their ideas with other students, which
may support them understanding learning materials in a better way. WBL provides
learning materials and learning resources in many different formats [33]. (Table 1)

Table 1 Comparison between web-based learning and face-to-face learning

No

1 | Learning is situated via web (internet) (both
teachers and students are connected via
internet)

2 | This learning can occur anywhere, anytime
as long as the learners have access to
internet.

Web-based learning Face-to-face learning

Learning is situated in person (both teachers
and students are present in person)

This learning occurs when the learners are
physically present in a classroom (physical
space) at a specific time and date.

3 | The self-paced learning and/or self- In this context, both teacher-centered and

regulated learning is the main teaching and
learning strategy where the instructor mainly
applies student-centered teaching approach

student-centered teaching approaches could
be applied, with the learners interacting with
the teachers in person

4 | Technology is a condition for this learning. | In this context, a physical learning space
For example, internet, computer, mobile (classroom) is required where students need
devices are required tools for learning to to present in person. Technology is not a
take place. condition for this learning.

5 | Both synchronous and asynchronous Face-to-face communication should be used

communications could be generally used.
For instance, students to instructors, and
students to students involve mostly
nonverbal communications through emails,
instant messaging, audios, and videos.
However, in few cases, live class could be
organized via videoconferencing.

where generally students and teachers
involve in dialogue, group discussion, and
other conversations, which may be done
during the formal class.
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5 Literature Review on Usefulness of Web-Based Learning
in Uganda

WBL is centrally aimed at helping student achieve better learning outcomes as com-
pared to traditional system [40], other stakeholders also benefit in the long run
(Fig. 1). In this section, opportunities that WBL brings to different stakeholders are
discussed in details.

5.1 Policy Makers

Scalability With the number of higher secondary graduates growing exponentially
over the years, institutions of higher education are facing challenges to accommo-
date all of them [41]. Matovu [41] highlighted that majority of institutions in Uganda
are overwhelmed with an increasing number of higher secondary leavers. WBL thus
provides policy makers with new possibilities to promote education by allowing
qualified students attend classes remotely.

Inclusiveness Policy makers face a great challenge of addressing discrimination of
disabled students in a traditional learning environment. WBL systems provides

Policy Maker

e Scalability
e Inclusiveness

N

Students Teachers
e Flexible way of Web-based e Flexibility
learning learning e Easy to track
e Better retention progress
o Life-long learning

e Active learning A\

Effectiveness

o Cost effective
e Scalability
e Low cost factors involved

Fig. 1 Opportunities of web-based learning to students, teachers, administrators, and pol-
icy makers
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learning opportunities for misfortunate or disabled students who might fear to
appear in public due to negative social attitudes or stigmatization [40].

5.2 Effectiveness

Cost-Effectiveness As Uganda is among the least developed countries, WBL seems
to be more cost-effective as compared to the traditional educational system (face-to-
face) [41]. Many institutions lack enough facilities to accommodate students in a
traditional education system unlike web-based learning system that grants students
a provision to access learning remotely thereby cutting administration cost [42].

Scalability Web-based learning has extended universities’ students’ level of enrol-
ment to over 15% by allowing them attend classes remotely. With limited resources,
institutions have gained confidence to handle an ever-increasing numbers of stu-
dents who qualify for admission annually.

5.3 Learners

Active Learning WBL encourages students to take charge of their learning by
actively engaging themselves in building their own knowledge and thus achieving
more learning outcomes [43].

Better Retention As web-based learning offers different resources for students to
interact with, for example, video, audio, and games, students tend to find learning
more fun [42]. Students can interact with the learning material at any time, thus
repetition makes information retention much easier.

Flexibility in Learning Given its online nature, learning becomes more flexible to
students to learn and complete their studies at their own convenience. Students natu-
rally have different learning capabilities; some are slow learners others are fast
learners. Thus, web-based learning approaches these dynamics by providing con-
tent with flexibility to suit the learners’ needs [44].

Life-Long Learning As learning can be accessed at any point in time, students
have the opportunity to relearn and advance their learning thereby creating life-long
learning or continuous learning [22].

5.4 Teachers

Easy-to-Track Learning Progress As the platform is web-based, teachers can track
students’ learning progress whenever or wherever they want [42]. Teachers can easily
isolate weak students and provide interventions to support and improve their learning.
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Flexibility Web-based learning system also provides instructors with increased
flexibility in identifying their preferred learning tools that will best suit their learn-
ing needs and objectives [45].

6 Literature Review on Problems Related
to Integrating WBL

A number of educationists have shed lights on the implementations of technology
innovations in higher education. Few studies have highlighted on the barriers teach-
ers encounter while integrating and implementing WBL in teaching and learning
process. A number of literature studies have focused on the implementation of WBL
innovations [1, 22, 23]. Meaningful technology incorporation depends on more than
the device uses. It is important that educationists ensure that the integrated technol-
ogy is in line with how teachers teach and what contents they are teaching [39].

Although, seen as easy and attractive learning means, there are some unresolved
challenges which act as barriers in successfully adopting and implementing web-
based learning in learning environments. These barriers to WBL can be defined as
situations that hinder the integration of WBL in teaching practices. Studies high-
lighting the barriers encountered by teachers in diffusing WBL in education system
have reported a slow pace of its acceptability and usage from different countries
[2, 8, 35].

Furthermore, in Turkey, the barriers reported include lack of socialization of
learners, poor teacher—learner communication, disregarding the individual differ-
ences, additional cost involved to ensure all learners acquire a computer and internet
access, insufficient technical knowledge, and skills within learners in operating the
system effectively [46]. Lack of technical ICT skills is among the barriers met by
instructors while engaging with and implementation of online learning [47].

More challenges were reported in the United States; these included lack of feed-
back, inaccessible technical support (classroom, informally), unavailability of
enough infrastructure (computer labs, software), lack of adequate administrative
support, scarcity of resources, heavy workloads, negative attitudes and beliefs, strict
policies on technological implementation (whether to administer online home-
work), and time for incorporating new technologies have been of a great challenge
to teachers [48]. Studies have also shown that teachers with negative attitudes
towards use of digital technologies are likely to fail to positively transform classes,
support learning goals, and incorporate technology into curricular content [5, 19].
Technological stigma possessed among educationists has been observed as a poten-
tial barrier to the development and implementation of web-based learning. Educators
have expressed the feeling of being overwhelmed with the entire process of adjust-
ing and interacting with the new tools while showing little patience during navigat-
ing through minor technical issues [49].
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Barriers like high connectivity costs, maintenance costs, ICT technical problems,
language barriers, wars and political conflicts, poor education, financial hitches, and
lack of qualified ICT instructors were reported in Arab speaking countries to be
hindering the integration of WBL especially in pharmacy [5]. Alkoudmani &
Elkalmi [5] further reported that countries such as Qatar, Jordan, Egypt, UAE, Saudi
Arabia, and Kuwait have adopted the new attempts and approaches of instruction
that provide interactive and computer-assisted learning, self-directed and case-
based learning, and problem-based learning (PBL).

Challenges related to technology and pedagogy like financial limitations, fund-
ing restrictions, limited personal contact, weak internet connections, bandwidth
limitations due to many users, software specific limitations were reported in Canada
among the nurses doing the PhD [3]. Kurucz et al. [3] said that WBL is meant to
bridge the gap between learners and instructors and meet the needs of Canadian
nurses in doctoral education since most institutions have only traditional face-to-
face programs at campus, affecting those residing in remote areas geographically
distant from institutions or who might require more flexibility in their education.

Lack of social interaction, lack of training or knowledge, lack of time, lack of
technical support, lack of appropriate content related to specific needs, lack of
expertise made up the technical problems, lack of an adequate time-frame to imple-
ment online courses, resistant to change and lack of technological assistance were
the most challenges reported in different countries affecting the integration of WBL
[49]. The most critical barriers were individual’s resistance to change, lack of sup-
port for the changing roles of students and teachers and difficulties in assessment of
students, technological infrastructure of a college were identified as barriers related
to the incorporating of WBL in the teaching and learning process in India [49].
Deshmukh & Deshmukh [49] further reported that faculty members who have not
taught any web-based courses online listed time as a major barrier to its implemen-
tation as compared to faculties who have taught a web-based course.

More barriers to integration of WBL in education have been reported by many
other previous studies, for example lack of time to use ICT technology in WBL and
little time allocated to incorporate new technologies [22, 48], slow internet connec-
tivity that could affect implementation and accessibility of WBL services [34, 50],
lack of funds, getting or gaining access to the necessary equipment required to use
during WBL costs good money, not only in terms of the capital cost or purchasing
the equipment, but also in maintenance and servicing them, high costs of internet,
the cost of hardware and software are high which may result in many institutions
failing to accommodate, heavy teaching loads [51, 52], availability of infrastructure
support, appropriate access to technical support (classroom, informally), and lack of
technical support to incorporate new technologies are the major challenges for
teachers and students [3, 5, 11, 50]. Teachers’ negative attitudes towards the use of
computers poses a potential barrier towards WBL implementation. A wide range of
inquiries has established that if teachers don’t have trust in using digital technolo-
gies (specially ICT and web), they will fail to transform classes, align with learning
goals and incorporate technology into course content [15, 52]. Lack of web-based
tools, updated hardware and software [25] and significant technology incorporation
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depends on more than device use. There are important steps like updating software
and upgrading hardware to make sure integrating technology aligns with how you
teach and what you are teaching [39]. In line with administration, a number of con-
straints faced were discussed by educationists, such as lack of administrative aware-
ness and acceptability of need to integrate WBL in teaching and learning situation
among administrators, academic policy makers, and other administrative offices
[24, 35]. Teachers need ICT technologies for classroom implementation and to keep
updated with continuous technical advancements.

A number of factors that affect the successful use of technology in teaching and
learning, such as pedagogical skills of integrating technology into curriculum, a
conducive environment of using technology which is both rewarding and encourag-
ing, the availability of quality staff development opportunities, support from the
community, supportive administration, collaboration among community, staff and
students, and the availability of software and hardware [35, 46, 47]. Absence of
either of these factors, however, will affect the smooth use of technology for teach-
ing and learning. Users need to know about the system, its function, usability, poli-
cies, and regulation before embarking on the learning process. Hence, learning is
required no matter how they have been previously been taught [48].

7 Methodology

Fifty teachers from five different universities in Uganda were purposively selected
due to having prior experiences on using WBL in their teaching who were volun-
tarily participated. A mixed research method, that is both quantitative and qualita-
tive, was used in this study. Specifically, a self-designed questionnaire was
constructed, which contained both closed- and open-ended questions. Closed-ended
questions were constructed from the validated questionnaire which was guided and
created by getting comprehension from other previous studies [51, 53-55] focusing
on barriers of using ICT and WBL in HEIs, whereas open-ended questions were
designed for gaining much deeper understanding about the problems and to gain
responses on possible solutions to overcome the barriers.

In order to analyze quantitative data from closed-ended questions, they were
tabulated in the form of frequencies and percentages; the five-point scale items were
analyzed using weighted average and chi square test through SPSS software. The
qualitative data was analyzed using grounded theory. The main technique was read-
ing the qualitative data several times for gaining central key ideas that draw the final
outcomes. In this methodology section, we need to acknowledge that an article from
the empirical data of this research was published in 2018 which is “Integration of
Web-Based Learning into Higher Education Institutions in Uganda: Teachers’
Perspectives.” This book chapter is an extension of the published article.
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8 Barriers of Integrating WBL in Uganda

WBL is faced with some challenges which slow the pace of its acceptability and
usage. The barriers in the incorporation of WBL in the teaching and learning system
in higher education in Uganda included but is not limited to slow internet speeds,
insufficient web-based equipment and access to them, outdated computers, lack of
enough monetary means to support WBL, limited technical support, lack of enough
time, lack of government support and other organization, lack of support from
administration, content relevance with web-based environment, lack of ICT techni-
cal skills to be used in WBL by teachers, and insufficient power supply. It is impor-
tant to note that these factors are in line with other research findings [11, 38].

8.1 Internet Speed

The slow internet speed is one of the major factors affecting the implementation of
WBL according to research findings [56]. Most of the lectures in WBL take place
through the internet connection and it therefore requires high-speed internet to have
live streaming, video conferencing, and upload-download teaching and learning
materials during the WBL teaching and learning process. In this research teachers
reported that unreliable and slow internet speed hampered regular WBL activities.
In many cases teachers were unable to conduct online classes due to on and off
internet connection. This same challenge was reported by Wasim et al. [33], Avouris
et al. [57], Gronlund [58], Kasse & Balunywa, [59], Liu [24] and Sife, Lwoga &
Sanga [60]. Therefore the unreliability of the Internet and its slow speed connectiv-
ity is affecting WBL process.

8.2 Insufficient Web-Based Equipment

Providing WBL in an institute in both developed and less developed countries
requires ICT devices, such as: desktop computer for accessing online resources,
projector with interactive whiteboard or television screen connectivity, a digital
camera for showcasing work in film or photographs, USB or WIFI access for docu-
ment sharing and device connectivity, laptops, cell phones, tablet devices for teacher
and student, recording hardware/software for podcasting, e.g., headphone, micro-
phone, and speakers. Most institutions have failed to provide most of these ICT
devices to teachers to prepare teaching content and this is because they have no
enough devices to support ICT usage in teaching and learning process. This barrier
of not having enough equipment was found in the literature by other authors [2, 51,
54, 61-63]. Prior literature agreed with us that lack of ICT devices is the first-level
barrier to the integration of ICT for web-based learning. Insufficient web-based
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equipment and access to them is another major blockade according to the findings
and this was also reported in the literature by Chen et al. [64], Park & Ertmer [65].
Most of the HEIs in Uganda have limited web-based equipment that are mostly
occupied by the students studying computers science, information technology (IT)
programs. On the other hand, students pursuing other programs do not have the
required level of opportunities to access WBL equipment. Thus, a teacher has lim-
ited access to WBL equipment when available equipment is mostly occupied and
shared among students. This constraint is in line with other prior studies [2, 54, 63].

8.3 Outdated Computers

Most devices being used in Uganda’s higher institutions are old machines and out-
dated which in many cases cannot support WBL. Teaching and learning using web-
based requires ICT devices (computers, cameras, servers etc.) with high processing
speed, memory, updated software, that can support the web-based platforms like
blackboard, school keep, Moodle, articulate storyline which are required to facilitate
classes regularly. Park & Ertmer [65] reported that using up-to-date hardware, soft-
ware and other related resources is a key feature to uptake WBL at HEIs. It is impor-
tant to keep devices and software of educational objects updated and integrated [8].
Thus, teachers from HEI’s of Uganda perceived that due to having this constraint,
many teachers face problems of using WBL in both blended and online mode.

8.4 Lack of Funds to Support WBL

Integration of WBL at any institutes and to provide service, require a substantial
amount of funds [66]. Thus, to buy WBL devices and to use ICT equipment, to
access the internet through an internet service provider (ISP) demand costs [5].
Additionally, training learners and teachers to acquire skills and also to get used to
the web-based environment may be another expense to both the teachers, institu-
tions and students. Unfortunately, Uganda as a developing country, is unable to
locate required fund to support HEIs [67] and therefore, most institutions do strug-
gle in managing funds for implementing WBL.

8.5 Lack of Time

Some teachers in Uganda have skills in using computers in the classroom, but they
give little time to use WBL technologies because they are fixed up with other school
activities and face-to-face lectures. As a result of their busy school schedule, teach-
ers don’t get enough time to prepare and update online content for their WBL and
e-learning system. Teachers need to involve much of their time in adopting the skills
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of using the ICT devices in order to gain more experiences to present curricula con-
tent. Significant number of teachers identify time limitations as one of the difficul-
ties in scheduling classes for WBL in their process of teaching and learning. In this
research most of the teachers reported that time limitation is one of the difficulties in
scheduling classes for WBL in their process of teaching and learning [11]. Most of
the teachers in HEIs of Uganda do have many responsibilities, and therefore, they
feel requiring additional time is an issue to integrate WBL in their teaching. Similar
findings were also reported in the previous literature [47, 49, 60, 68]. This chapter,
thus concludes that lack of time is another barrier in implementing WBL.

8.6 Lack of Technical Support

This chapter indicates that lack of technical support during instructions is another
challenge faced by teachers in incorporating WBL in HEIs in Uganda. A large num-
ber of teachers may not have adequate knowledge and skills in solving the technical
problem dealing with WBL. As teachers are not given technical assistance with
web-based learning technology, they tend to be reluctant and less motivated towards
its usage in classroom environment. Teachers who do not implement WBL in the
teaching and learning process, claim that lack of technical support is a constraining
factor that prevents them from using WBL ICT devices. This was found in other
countries struggling to integrate ICT in their education due to lack of technical sup-
port such as China [54], Oman [51], Nigeria [31], and Tanzania [22].

8.7 Lack of Funding by Government and Other Organizations

Government and other organizations provide little support to institutions in imple-
menting WBL in teaching and learning. These institutions find it very challenging
to implement these activities because they mostly depend on institutes’ fund, which
heavily rely on students’ tuition fee, to manage WBL initiatives. Government’s sup-
port would reduce the cost to the institutions thereby granting institutions ease in
managing and initiating WBL systems [69]. For examples if government could give
web-based equipment, like for example computers to each HEISs then this can act as
the starting point for them to implement WBL.

8.8 Content Relevance with Web-Based Environment

Content relevance with web-based environment is also identified as a factor affect-
ing incorporating WBL in the education system. For example, programs like medi-
cal, engineering, and other (applied disciplines) require hands on learning
experiences. The content of these programs may not be handled through WBL
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environments because it requires face-to-face interactions and practical demonstra-
tion [35]. Therefore, teachers in Uganda face difficulties in teaching these contents
through such platform [11]. While ICT literacy is generally on the rise, skills for the
application of ICT to subject areas in engineering, medicine, and other applied dis-
ciplines have not been fully developed. However, few contents of the stated disci-
plines, and contents of other disciplines which may not have challenges to deliver
via web could be suitable means to deliver via WBL. Moreover, WBL may offer
many learning experiences that could have been difficult to organize in face-to-face
contexts, especially with an interest of ensuring student-centered teaching [70].

8.9 Lack of Administrative Support

In order to get successful implementation of WBL in HEIs of Uganda, the interest
and positive initiatives of the top management and leaders at every level are consid-
ered to be a crucial factor. This is because without administrative support there will
be no budget and therefore, only teachers’ willingness would not be enough in
incorporating WBL. The policy regarding incorporating WBL in HEIs of Uganda
mostly depends on administrators (decision makers in Government, head of institu-
tion, and politicians, and the like). Some administrators in HEIs do not support such
kind of learning environments due to having financial involvement in it. They claim
that it would be a burden for institutions to handle in terms of purchase, mainte-
nance, paying bills. In few cases, they have negative attitudes towards integrating
ICT in educational system [2]. In contrast, a substantial amount of studies reported
that the integration of ICT facilitates reducing the complexity and to accelerate
performing administrative tasks of higher education [71]. This was also identified as
constraint in other countries like Nigeria and South Korea [25, 31, 63].

8.10 Power Supply

Most of the ICT and web-based equipment depends on the supply of electric power
to operate. In Uganda large areas are still without reliable supply of electricity and
the nearest power transmission lines are miles away. Electricity is available only in
towns and in very few rural areas. Despite having electricity available in few areas,
there is also frequent load shedding due to demand for electricity which is increas-
ing day by day. Thus, the demand of power supply is more than the actual supply
from the national grid. This was also indicated in Bangladesh where power affects
implementing ICT in education [52]. Nonreliability of electricity supply negatively
affects web-based learning because most students who want to enroll for web-based
learning are the ones far from the good and high ranked institutions which are
mostly in the urban areas and another category who is busy with their work.
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8.11 Lack of ICT Skills

Online users require IT basic prerequisite skills. Absence of these skills may lead to
difficulties in navigating through online system and thereby finding it not appealing
nor user friendly. In Uganda teachers and most beginning students at High institu-
tions lack of ICT skills which hinders the incorporation of WBL. There are two
aspects: first, teachers should know how to conduct WB teaching (both blended and
online) via ICT-supported infrastructure, such as upload learning materials, con-
ducting online lectures, organizing group discussion, peer review, and many other
learning experiences. Second, students should also require a certain level of digital
skills for attending WBL. Therefore, both teachers and learners find it hard to navi-
gate and interact with the WBL platforms hence affecting the teaching and learning.

Besides, WBL uses specific hardware and software, which in some cases are
complicated to be used by some of the teachers/lecturers who have limited ICT
skills. Lack of technical knowledge, skills, and competence in in creating interactive
exercises on the Web was also reported by other studies [38, 54, 69]. There is a need
to develop a strategic approach to initiate ICT professional development (PD) so as

to prepare users to WBL acceptability (Table 2).

Table 2 Brief summary of identified constraints

No | Name of constraints Brief descriptions

1 | Internet speed Unreliable and intermittent connectivity.

2 | Insufficient web-based WBL equipment such as desktops, laptops, cameras,
equipment microphones, tablets, recording devices, and many others.

3 | Outdated computers 0Old and outdated hardware, software which have failed to
support WBL activities.

4 | Lack of funds to support HEIs of Uganda have lack of funds to manage and to

WBL operate WBL activities.

5 | Lack of time Teachers having little time to use WBL technologies
because of their other priority tasks and heavy teaching
responsibilities.

6 | Lack of technical support Lacks of technical support during WBL activities, many
teachers feel uncomfortable of using WBL activities.

7 | Lack of funding by Lack of support from government and other organization of
government and other Uganda to support HEIs on the costs incurred in
organizations implementing WBL.

8 | Content relevance with All contents from all disciplines are difficult to conduct
web-based environment teaching via WBL.

9 | Lack of administrative Lack of commitment and interest of the top management
support affects the integration of WBL.

10 | Power supply WBL requires continuous power supply, which in many

cases may not be possible in HEIs of Uganda.

11 | Lack of ICT skills Lack of ICT skills for both teachers and students is another
factor that hinders WBL initiatives.
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9 Suggestions for Improving the Barriers
to the Integration of WBL

In order to improve the contexts (problems facing integration of WBL) of HEIs of
Uganda, first we should step forward to remove barriers by solving and reducing the
reasons for the occurrence of these difficulties. Government, educators, teachers,
rectors, university vice-chancellors and other stakeholders should work together for
overcoming the above-mentioned barriers so that a meaningful integration of WBL
into teaching-learning process could be done. The following strategies could be
maintained in different stages, which were identified mostly open-ended questions
asked for the participants (see the methodology section):

First, HEIs need to provide fast Internet to support WBL platform by increasing
the bandwidth, upgrading devices, getting services from companies which provides
fast speeds. Institutions need to increase the bandwidth so that both teachers and
students can have easy access to academic instructional materials. Furthermore, in
most cases, unused internet-connected devices need to be switched off because they
keep interrupting marginal amounts of the bandwidth which may slow down the
speed. Also students should be allowed to have few devices to avoid too much band-
width usage which may result in slow internet speeds.

Second, HEIs and government needs to purchase ICT supported tools, including
a teacher’s laptop, desktops, projectors and storage devices to support the integra-
tion of WBL in teaching and learning process. Resource sharing techniques could
be an alternative solution until HEIs of Uganda have enough fund for purchasing
WBL equipment. For example, a well-equipped institute may allow another low-
equipped institute for accessing their WBL equipment.

Third, outdated computers should be disposed of and thereafter, purchase new
computers with high processing speed and memory, which can support WBL. New
software needs to be installed and updated regularly on computers for smooth oper-
ation. HEIs and government can pattern with ICT companies to have computers
serviced regularly and software provided and updated at a lower cost.

Fourth, in light of financial struggles that HEIs are experiencing, they therefore
need to mobilize additional resources for investment in research and ICT from gov-
ernment, donors, public private partnerships (PPP) to improve innovation and scale
up its use. Support for WBL at both the national and individual level is important,
for example local government, parents, and other stakeholders should play a mean-
ingful role in fundraising through different activities such as organizing fairs, events,
football match, or the like for generating funds.

Fifth, in terms of lack of time for teachers, it is important for administrators to
cooperate with them by providing sufficient time to implement new technologies in
the WBL environment. For example, an institution can reduce the teacher’s extra
load for motivating them to engage in WBL. This will give them more time to con-
centrate on WBL activities.

Sixth, institutions should provide technical support to teachers for implementing
WBL in HEIs of Uganda. The HEIs may introduce two policies to solve this issue:
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first, each institute, which may not have ICT technicians, should recruit an ICT
technician who will provide support to the students and teachers whenever technical
problems arise. Second, HEIs may provide short training on improving basic ICT
skills so that teachers and students have minimum skills for handling technical
problems. Thus, the university stakeholders like teachers and administrators should
be given support so that they can be able to teach and deliver without being inter-
rupted with technical issues.

Seventh, the Government of Uganda should support HEIs towards implementing
WBL by allocating the required funds, providing training to teachers, giving ICT
equipment to support WBL, and encouraging the citizens to have further studies
through web-based environment. In additional to the above, lack of funding by gov-
ernment and other organizations can be resolved by increasing the funds for
Education sector, mobilizing resources for ICT and innovation to widen its use.
Governments can allocate budget for research and development on innovative uses
of ICT in HEIs, for using software and hardware more affordable and relevant for
teachers and students. Government and other organization can also pattern with
companies to provide services like maintenance of ICT equipment, supply of hard-
ware on a cheaper price. Government should initiate a holistic approach towards the
development of plans and policies in relation to WBL by involving different stake-
holders on how to incorporate ICT skills in the curriculum of HEIs of Uganda.

Eighth, on content relevance, WBL development needs continuous update,
change, and refinement of course content to match the contexts. Thus, the content
has to be constantly evaluated against the course’s learning objectives. For students
with practical sessions which require their presence, face-to-face lectures could be
organized and thereafter, the videos of these contents should be uploaded.

Ninth, in administrative support, administrators have a crucial role to adopt and
invest in ICT in HEIs of Uganda. They should take initiatives to reduce the digital
gap among teachers and administrators. They should allocate adequate money in
developing the infrastructure of ICT and the educational system, such as initiatives
of building and implementing WBL platforms. Additionally, they should formulate
policies aimed at eradicating other problems which needs administrative supports,
such as arranging technicians to support teachers for technical support, finding
more cost-efficient options for implementing WBL.

Tenth, in order to ensure continuous power supply, government should take ini-
tiatives in building big power plants to supply and extend electricity in all rural
areas. The construction of large hydropower plants through public and private
investments can be one of the key strategic interventions to resolve the problem of
power supply and load shedding in Uganda. Priority for continuous electric supply
should be given to those areas where HEIs are located.

Eleventh, in terms of lack of skills, teachers should develop their profession by
integrating the use of WBL and ICT into their teaching process and also have
enough experience in such fields. In order to improve teachers’ technical skills
towards integrating WBL, two specific strategies could be implemented: first, pre-
service professional development training (before starting university teaching)
focusing on ICT skills should be offered for those graduates who will be entering
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university teaching. Therefore, teachers should be equipped with basic ICT knowl-
edge and skills before joining the teaching profession. Second, service training
could be offered for those teachers who are offering WBL or who are interested to
offer WBL by HEIs focusing on offering basic ICT skills. Uganda needs to adapt
best practices and lessons learnt among other countries. In order to improve perfor-
mance expectancy, proper training to students and lecturers on the benefits of using
the WBL learning should be introduced. This knowledge, thereafter, can be used to
inform the development of plans and policies to better support WBL in HEIs
of Uganda.

10 Implications

This chapter has implications towards improving current practices. For instance, it
will act as an input for teachers to realize the constraints of implementing WBL, to
provide knowledge on how to overcome them. This will also act as an inspiration to
use WBL in higher education of Uganda particularly and other developing countries
in general. The results of this chapter will act as a means to understand various
issues and increase public awareness in motivating institutions which have not inte-
grated and implemented WBL in their teaching and learning process yet, hence
reaping from the earlier mentioned benefits in widening educational opportunities
for both the educators, teachers and students (Table 3).

Table 3 Brief discussion on ways of improving this factor

No | Name of constraints | Way of improving this factor

1 | Internet speed HEIs and government need to provide fast internet to support WBL
platform through increasing the bandwidth, upgrading devices,
getting services from companies which provides fast internet speed.
2 | Insufficient web- HEIs should purchase WBL equipment sets, including a teacher
based equipment laptop, desk tops, projectors and storage devices to support the
integration of WBL in teaching and learning contexts.

3 | Outdated computers | HEIs should formulate policies to manage old computers and
thereafter replace them with new and updated one with latest
software installed.

4 | Lack of funds Sufficient funds should be allocated for integration of WBL in
Uganda.
5 | Lack of time Teachers teaching loads in face-to-face might be reduced and
replaced with WBL activities.
6 | Lack of technical Technical support during WBL instructions should be ensured by
support each HEI for smooth operation of WBL.

7 | Lack of funding by Government and other organizations should ensure continuous
government and other | support to HEIs by mobilizing funds, increasing sector money,
organizations providing training to teachers in WBL. Government needs to take a
holistic approach towards the development of ICT in education
plans and policies.

(continued)
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Table 3 (continued)

No | Name of constraints | Way of improving this factor

8 | Content WBL development needs continuous update, change, and
refinement of course content to match the courses objectives.
9 | Lack of Policies should be developed for minimizing gap between
administrative administrations and HEIs of Uganda.
support
10 | Power supply Government should have big power plants producing required

electricity and distribute in all rural areas. In short term, priority
should be given those areas where HEIs are located.

11 | Lack of ICT skills In order to provide them basic ICT skills, PD program should be
organized by each HEI in every year.

This chapter will act as a tool for building knowledge and for facilitating learning
because it contributes to the existing literature to fill the gap, since there was no
much research that had been done concerning WBL in HEIs in Uganda and other
developing countries so that they can support the implementation WBL in HEIs.
This chapter provides useful information that will act as a guideline for those who
are working on the implementing and designing WBL in Uganda and other develop-
ing countries. It will also provide guidelines to the policymakers working on new
web-based policies in relation to implementing WBL in Uganda.

Furthermore, it will act as a way to identify lies and to support truths. Curriculum
developers and course designers will use this chapter as source of content in under-
standing barriers and solutions to integrating web-based learning in teaching and
learning in HEIs, which will be of much benefit and novelty in developing the syl-
labus for various programs that can be taught through web-based environments.

11 Conclusion

In this digital age, ICT is changing rapidly, therefore flexibility and compatibility to
adapt different ICT tools and platforms are important issues in teaching at HEIs.
Therefore, WBL has a new dimension, advancing classroom learning to a new level
through the creation of internet-enabled virtual interactive communities of learners
and teachers. Providing flexibility to both students and faculties, WBL will attract
students outside a campus location to join institutions. This provides the institution
an upper hand in a competitive environment since educational system is changing
with IT advancement where interactive classroom, effective instructional materials,
and technical skills improve the learning adaption of the learner.

Since slow internet speeds, lack of professional skills, competence, and accessi-
bility to equipment have been found to be critical components for WBL technology
integration in HEIs, WBL resources such as software and hardware, professional
development programs for enhancing teachers’ technical skills, arranging required
time for teachers, technicians for technical support, all these should be provided to
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teachers for ensuring WBL in the HEIs of Uganda. Besides, continual support from
Government of Uganda to institutions is necessary in order to have WBL run effec-
tively and efficiently. In-depth research should be done in order to clarify each iden-
tified constraint of integrating WBL in Uganda. The future research will provide
much concrete knowledge about understanding each barrier that is discussed in this
book chapter.
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Abstract The study proposed to find out how literacies were practiced at grass-
roots, in order to enhance post-literacy (PL) training. The study applied the New
Literacy Studies (NLS) conceptual framework through ethnographic case study in
selected communities to find out who participated in literacy activities, when they
participated and the types of materials they used. The methods of data collection
used included direct and participant observation, documentaries, face-to-face inter-
views, dialogue and group discussions. The data collected generated themes, one of
which was information communication and technology (ICT). The data was anal-
ysed following LeCompt’s (2000) approach. The findings were presented in three
case studies of ‘Tum’s story in stonemasonry, piggery, and community councils’
literacy practices. The cell phone use is common in literacy practices, which need
enhancing. Thus, PL training should be an extension of existing literacy practices.

Keywords Literacy - Post-literacy - Information communication and technology -
Literacy practices - Literacy events - Social practices - Home domain - Community
domain - Life-long learning

Glossary

Literacy is understood as social practices and not the 3 Rs, represent-
ing reading, writing and numeracy. Literacy refers to daily
activities that need enhancing through improving IEMS’
approach to literacy, as opposed to the autonomous model
of literacy, that emphasises specific skills. It refers to the
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Post-literacy

Information
Communication
and Technology

Literacy practices

Literacy events

Social practices

M. Mofana-Semoko and J. Preece

social uses of reading and writing. These are multi-literacies
meant for different purposes and valued in different ways.
involves the use of ICT in materials development for use in
community development activities, supported by facilitators
within the domains of literacy. It involves a notion of life-
long learning that uses the principle of adult education,
namely, that adults learn from their daily activities, in which
their acquired skills are applied immediately. Post-literacy
is an extension of existing activities, rather than something
that is imposed from above.

refers to the gadgets in the form of cell phones used to
communicate in the three case studies, by members of the
selected community groups. Cell phones are the most
common channels of communication, among the young
and old people. ICT is used in the stonemasonry, piggery
and community councils’ activities.

are the everyday uses and meanings or rationales that peo-
ple give for the way they undertake actions or events.
Maddox (2005:124) describes it as “how people value lit-
eracy and use it”. Literacy practices differ according to dif-
ferent domains of literacy or different specific places, and
according to different literacy events taking place. The lit-
eracy practice is the process of using literacy skills in daily
activities.

take place within different domains and are actual activities
or occasions in which literacy has a role. Heath (1983, 93)
explains literacy event as written text involved in a social
interaction. In an editorial in a special issue of Language
and Education, Tusting 2012: 99) analysed that studies are
yard sticks. Tusting argues that learning arises from every-
day activities and that it is most effective when it addresses
immediate needs.

are the existing practices or activities people engage in at
community level that need enhancing through PL training.
They are based on the social practices approach to literacy,
which emerged through evolution of the NLS movement.
The approach is based on ‘the social practice theory of lit-
eracy’. The theory regards literacy as social practice. Hence,
literacy practices are embedded in social practices, based on
everyday activities in different contexts. The social practice
theory of literacy points to the multi-literacies that need to
be enhanced through PL training. The theory emphasises
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Home domain

Community domain

Life-Long Learning

starting where learners are in order to develop relevant cur-
riculum for PL programmes. Recent studies indicate how
literacy should be regarded. Parr and Campbell (2012: 562)
assert that, according to the NLS movement, literacy is con-
cerned with social practices and relationships, knowledge,
language and culture and that they differ according to
places. The use of the social practices approach to literacy is
recommended for literacy researchers, so that they can find
out about the many literacies that exist in different contexts.
constitutes any activity taking place in the family com-
pound. Home domain may be subdivided into private or
individual, and family work activities, which are for the pur-
pose of personal and family benefit. An example of an activ-
ity in a family domain is provided by Mpoyiya and Prinsloo
(1996: 184—186). They describe a South African township
family member named Nowowo, who works in Khayelitsha.
Nowowo uses sewing patterns, takes clients’ measurements
and records details, in addition to household literacy prac-
tices, such as shopping and financial transactions. Her chil-
dren look after family cattle and goats, counting them to
identify whether animals are missing.

constitutes any activity taking place in a social setting, in
public, church or in the shops. These activities affect the
lives of community members social, economic, political or
developmental, for the purpose of communal benefit. For
example, Malan (1996b: 145-149) says, “at the funeral ser-
vice in the home, friends and neighbours said their condo-
lences using oral or verbal communication; at the church the
minister used oral or verbal communication and reading the
Bible and narrating religious stories and at the graveside,
the choir took over through singing, flower offerings and
reading scriptures”.

refers to a continuum of learning, which begins at birth and
lasts until death. It continues throughout life within people’s
activities, in their different settings or contexts. In other
words, it takes place at home, in family life, in working life
and in social and civic life. Torres (2003: 36-37) regards
lifelong learning to be organised for the 21%century. Torres
explains that emphasis is on learning than on education. In
other words 'learning' and 'lifelong learning' replace 'educa-
tion' and 'lifelong education’, respectfully.
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1 Introduction

There are 774 million adults worldwide who have not mastered basic skills in read-
ing, writing and numeracy (UNESCO 2014: 4, 11). The majority are in developing
countries.

Lesotho regards literacy as reading and writing skills. The Lesotho appreciates
the application of literacy skills in all the activities of life. The use of literacy skills
in development activities is important if someone is to function effectively, as mod-
ern living requires reading and writing in almost every aspect of life.

For Lesotho literacy training has always been a component of non-formal educa-
tion, and as a result, the government has always regarded non-formal education as
literacy teaching; the concentration of literacy training has always been on adult
literacy and functional literacy.

In African countries, the concept of PL came a long way. It has been developed
over years through researches that took it beyond basic literacy. The term ‘post-
literacy’ connoted step two in the process of literacy training, referred to as func-
tional literacy, for the specified target audience. In the nineteenth century, it involved
people’s application of basic literacy skills, to prevent relapse into illiteracy as
stated by, among others, Dave et al. (1989: 390-391), Srivastava (1989: 372) and
NECC (1992: 23), so that they would not relapse into illiteracy, if literacy skill is not
put into practice. The new development in researches over three decades now sees
what used to be called PL, recognised as social practices (UNESCO 2014: 3).

In the olden days, the most commonly used media in developing PL activities
included those that were suggested by Srivastava (1989: 374) and NECC (1992: 23).
They include newspapers and magazines, pamphlets, posters, display charts, exten-
sion literature, radio, libraries and study groups. With the introduction of technol-
ogy, the most common media used for learning were television and cellular phones
in the two families studied by Lemphane and Prinsloo [7, p. 741]. Lemphane and
Prinsloo mention other technological communication media used such as comput-
ers, Internet and e-mail which are used to communicate with people from long
distances.

The globalised world has become a village, in which people communicate
through technology, which is quicker than the post office. This era of computers
created a need for education and training to incorporate ICT into curricula, so that
everybody will be able to communicate via the Internet. ICT is a form of PL for all
people, because of its relatively recent introduction as a communication medium.
To enhance the use of ICT, the government developed an ICT policy for Lesotho in
2005 (GoL MoCST 2005: 29), which addresses the matter of training to produce
ICT expertise among educators in the country, who, in turn, will promote the use of
ICT in schools and in higher education institutions, as well as in lifelong learning.

Lesotho’s definition of PL differs from those of Rogers (2005: 60) and Ghose [4,
p- 125] which cover a broad spectrum or multiliteracies, because Lesotho is con-
cerned with a few functional literacy skills that are related to income generation and
specific community development areas. In Lesotho, PL is less well researched or
defined than literacy, and its education initiatives are not well documented.
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The specific problem that the study addressed is based on the argument that PL
training needs to be premised on a better understanding of how to engage with com-
munities in order to facilitate more relevant learning materials. In other words,
knowledge on the existing social practices will lead to the development of relevant
materials for PL training, for the purpose of development of literacy skills.

2 Literature Review

The literature review revealed the common use of technology in daily life and in
teaching and learning. On the one hand, the findings of Snyder [15, p. 142] identify
trends towards, as well as resistance to, developing digital literacies. On the other
hand, some studies indicate a positive move towards the common use of technology
worldwide. For instance, Barton [1, p. 50] indicates that the world engages in web-
based literacy events, while Warschauer [21, p. 131] confirms an acceptance of the
use of technology in social networks and in learning. In his research, Morgan [11,
p- 32] also found that literacy practices embrace the use of technology and that
where technology is the main channel of communication, other types of media, like
print, diminish, losing its power to the variety of channels of communication.
Research was carried out by Hull and Nelson [6, p. 201-214] over 5 years to explore
new literacies, including media and morality derived from a young girl, Layla, from
‘Kaap’, a village between the Cape Winelands and the Klein Karoo, in South Africa.
According to Hull and Nelson, in 2008, Layla composed an electronic story to intro-
duce herself to her age group social network. Six years later, different types of
technologies, including cellular phones, were used for different purposes by differ-
ent people in different settings, for example, Lemphane and Prinsloo [7, p. 741]
report that the Mahlale family, in their study at site C, Khayelitsha, a squatter settle-
ment or slum outside Cape Town, had two cellular phones belonging to parents,
who used both the phones. These parents used the phones exclusively for making
and taking voice calls and for not texting or for any other purpose. One of the
phones had features for receiving FM radio and two pre-installed animated games,
which were played by the children when they got access to the phone. The parents
used cellular phones to communicate with their family and friends.

Computer literacy is practiced or learnt in families, the home domain, that have
access to technology. The second household in Lemphane and Prinsloo’s study con-
firms this situation. Lemphane and Prinsloo present the Bolton family, who lived in
Cape Town, as professionals, whose children manipulated computers at any time for
school work and computer games and had PlayStation connected to the TV. They
lived in a comfortable house with Internet connectivity, electricity and running
water, and the children had ample space to study and play. They were free to use
desktop computers at any time for school work purposes but were only allowed to
play games on the computers on weekends. They watched TV and had their
PlayStation connected to the TV. The situation is that extensive use of ICT is pos-
sible in families that have technologies available, as they are able to learn and prac-
tice without any hindrances.
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Another perspective regarding the use of ICT is provided by education research,
in which McDowall [10, p. 1] studied a group of teachers who used ICT for teaching
English and the arts to promote the emergence of knowledge-building communities.
These studies show the wide variety of domains, practices and meanings given to
using ICT literacies. Rogers and Street (2012 : 141) provide a long list of research-
ers interested in this aspect, dating from 1999 (Rassool) to 2011 (Juffermans).

The most common channel of communication is short message service (SMS) on
cellular phones. Verheijen [20, p. 583] says SMS became common among the young
generation, who owned cellular phones and computers. Verheijen states that these
devices function as shortcuts, reducing writing time and enabling a quick response.
In short, they can save time, space and money. Verheijen [20, p. 584] explains that
SMS texts did not necessarily mind grammar and all language rules, which were
broken. What was important was getting the message through quickly.

All the issues discussed above are relevant to PL educational interventions. PL in
the context of lifelong learning is part of the continuum of literacy learning, and PL
activities will inevitably be multiple and context specific. It is important, therefore,
to consider literacy as a social practice and in a cross-cultural perspective. Street
[16, p. 2; 2003:91], Barton and Hamilton [2, p. 10] and Brandt and Clinton [3,
p. 342] offer one framework that can be applied to map literacy practices in different
settings and different situations. It is these different situations that need close scru-
tiny if PL interventions are to become more meaningful. By understanding what
counts as literacy, and what forms of communication are already being used, the
educator will be able to recognise the current and potential learning points suitable
for PL interventions. Thus, PL will be an extension of existing literacy practices or
activities described below, rather than something that is imposed from above.

3 Theoretical Framework

The investigation followed the ethnographic approach to research, encouraged by
the New Literacy Studies’ (NLS) researchers like Barton and Tusting (2005: 10-11)
in the United Kingdom, Ghose [4, p. 10] in India, Shiohata (2009: 66) in urban
Senegal, Openjuru (2011: 2) in Uganda and Ade-Ojo (2015: 3 PPT) in Europe. The
study engaged an ethnographic approach to literacy to determine who participated
in the already existing literacy practices, when and how the types of materials were
used for such purposes. The research involved the participants in the data collection
activity within the two selected areas of study, among the nine constituencies of
Berea District Council.

Data was analysed on the bases of the NLS idea, and it revealed the domains,
events and literacy practices. The recommendations were based on the direct and
participant observations. The findings resulted in recommendations on how to
develop post-literacy materials.
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4 Methods Used in the Study

The data was collected with the use of multi-methods appropriate for ethnographic
study, as follows: direct and participant observations, documentaries, face-to-face
interviews, conversation and focus group discussions. The research used a variety of
methods to achieve triangulation and to represent the participants’ perceptions. It
engaged people in conversations about their literacy practices, investigating how
and why they did thing, as well as how literacy practices could be enhanced.

The direct observations were of the two community councils of Kana (KCC) and
Seneke (SCC) constituencies of Berea district, which comprised 18 participants in
SCC and 16 in KCC. Other activities that were observed were the engraving of
sandstone by Tums, the owner of a private stonemasonry business and the construc-
tion of a keyhole plot by Mrs. Mots (pseudonym) and her training team, as existing
literacy practices. My participant observations were conducted in the monthly meet-
ings of the two councils, where I observed the literacy practices while I participated
in the meetings. The documents collected and analysed included agendas, minutes,
posters and letters. Activities taking place within the four case studies were photo-
graphed and integrated with data obtained using other tools. The in-depth inter-
views and conversations were carried out with the chairperson of the Marabi Piggery
Association of Women Entrepreneurs (MPAWE), with the owner of the private
stonemasonry industry, Tums and Mrs. Mots during my visits to her home.
Interviews were also carried out with one PL provider at SCC and one staff member
of KCC. The focus group discussions and some conversations were conducted with
the four workers of the private stonemasonry business and the six members of
MPAWE. The approach used multiple methods for triangulation purposes, an
approach that aims to support the respondents’ perceptions and gives a broad
approach to the issue of literacy Barton and Hamilton [2, p. 57]. Ghose [4, p. 14]
emphasises that this approach also includes engaging in conversation with relevant
people about their literacy practices.

The study used the ‘curriculum wheel’ (Fig. 1) as a conceptual framework for
analysing the relationships between domains of literacy practices (e.g. work, family,
community and private life), the practices (the meanings and uses people give to
using literacy) and literacy events (the actual literacy activity or activities). The
wheel was adapted from the Scottish Executive’s literacy policy framework (2001:
1). It was informed by NLS theory that addresses literacy in relation to issues of
power, context and wider global influences.

In Scotland the curriculum wheel was used to develop a curriculum that covered
all the domains of literacy practices for its government literacy programme. The
curriculum was designed to cater for adult learning goals that develop a variety of
capabilities that are relevant to the lifelong learning needs of modern life. In this
study, the adapted and simplified curriculum wheel, presented as Fig. 1, is used as a
framework for analysing empirical data about literacy uses in selected Lesotho set-
tings that were relevant to lifelong learning needs of modern life and ongoing PL
development. The framework is used to help learners work out their own individual
learning plan and goals.
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LEARNERS
Participants and
stakeholders in the
case studies

DOMAINS:
Working, private,
community & family
life

PRACTICES:
Uses and meanings given to
events

EVENTS:
Actual literacy activities

CURRICULUM:
Literacy & numeracy skills
used, including the themes

that emerged

LITERACY AIMS:
Promoting lifelong learning,
developing critical awareness and
promoting self-determination

Fig.1 The curriculum wheel adapted from the adult literacy and numeracy curriculum framework
for Scotland (2001: 1)

The NLS movement was adopted at a political level in Scotland (Scottish
Executive 2001: 1). Scotland has adopted a literacy education approach that recog-
nises literacy as involving local social practices that are specific to various domains
of literacies. It is unusual for this approach to be adopted at a political level, but this
precedent creates potential for wider consideration in other political contexts.

The results of the ethnographic study have implications for the way PL should be
taught. The Institute of Extra-Mural Studies contributed to helping these communi-
ties within the ethnographic case study to develop relevant PL materials to enhance
their literacy practices.

The data analysis was based on the approach developed by Le Compte (2000:
148-149), which goes through five stages, step by step, as follows: to tidy up data,
as guided by Mouton (2001: 198); categorised and put together items that were
similar; put together the items that belonged to a certain theme, so that I had catego-
ries of themes; put thematic patterns together according to relationships, such that
when one thing happens, the other automatically follows; and, finally, linked the
themes and patterns in serial order that helped to explain how and why things hap-
pened the way they did.
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5 The Findings of the Study

The findings are presented in a table format and in a write-up. Table 1 below bears
the results of the study on the use of ICT in the three case studies.

The study found out that using ICT could be very efficient for communication
purposes. For example, cellular phone use has become common in the two sites
selected for the study. The findings of the study included the use of technology in
the form of cellular phones in stonemasonry; in piggery association, MPAWE; and
in community councils’ literacy practices. The stories of the three case studies in
which ICT is used are given below:

5.1 The Use of Cell Phones in Stonemasonry
Literacy Practices

The use of ICT or cellular phones in the stonemasonry case study was explained by
Tums as a stonemason producing tombstones in his private domain or site. In this
case study, customers made use of smart cellular phones to take photos of tomb-
stones, which they showed to their relatives, so that they could choose the design
they wanted from the ready-made tombstones.

Tums himself did not communicate with his customers by cellular phone, nor did
he use it to get information that would help him to expand his business. Cellular
phones were not used extensively in Tums’ business, even though his customers had
cellular phones. This has an implication for training on the use of ICT even in busi-
nesses, like researchers such as Barton [1, p. 50] indicate that cellular phone use is
becoming common worldwide and that people all over the world are engaged in
web-based literacy events.

5.2 The Use of Cellular Phones in MPAWE Literacy Practices

Besides verbal communication among the MPAWE members, another means of
communication was technology. The secretary of MPAWE used a cellular phone to
communicate with the members of the association. The members had no problem
communicating by cellular phone, as they all had cellular phones, and it was conve-
nient. [t is situations like this that compare with what Warschauer [21, p. 131] found
convenient for use in daily life social practices and in language learning, in four
higher education contexts in Hawaii.

The secretary of the MPAWE association was responsible for convening meet-
ings, as requested by the chairperson. The secretary used two modes of communica-
tion to invite members to meetings. During our conversations, she informed me that
she invited the members by letter, and she also communicated by cellular phone to
call meetings. She explained:
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Hape ke sebelisa ‘cellular phone’ ho ba memela liphuthehong (1 also use a cellular phone
to invite members to attend meetings).

‘Na (I): Litho li na le li ‘cellular phone’ kaofela?’ (Do all members have cellular phones?)

Secretary: E, litho li na le li ‘cellular phone’ kaofela (Yes, all members have cellular
phones).

The members’ cellular phone numbers were written against their names (pseud-
onyms) on the attendance register in Fig. 2 below.

The use of technology, particularly cellular phones, had become the order of the
day within the association. That meant that all the members of the association had
cellular phones, and they used them to write and read messages. The use of cellular
phones was becoming common — even very old people could be seen with strings
around their necks with cellular phones hanging against their chests, either outside
or inside their clothes, and when they answered the call, they just pulled up the
hanging cellular phone to hold it against the ear. This meant the members of the
association communicated through the cellular phones among themselves.
Communication was also easy if they needed to consult Mrs. Hlasi, their volunteer-
ing trainer, during emergencies regarding the health of pigs.

Fig. 2 Photo of members’ cellular phone numbers
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5.3 The Use of Cellular Phones in Community Councils’
Literacy Practices

The councillors were invited to attend meetings either by letter or SMS. Council
members were also informed about emergency meetings by SMS. Reading and
writing was used to send and receive cellular phone messages. Cellular phone mes-
saging made it easy for secretaries to communicate with councillors. Invitations and
agendas could be distributed quickly and easily.

Figure 3 below shows an example of an SMS communicating information relat-
ing to a council meeting. The SMS message in the photo is not complete.

The complete SMS reads as follows:

Masek.

TULO EA LEKHOTLA E KA LABORARO LA LA 30.01.13, HA- SENEKE, KA HORA EA
LESHOME HOSENG (The sitting of the council will take place on Wednesday, 30 January
2013, at Ha Seneke, at 10 o’clock in the morning). 26/01/2013, 19: 56.

The SCC secretary used all capital letters with correct Sesotho language. She wrote a
full sentence, while the SMS sent by KCC secretary to invite me to the council meet-
ing was written in a mixture of upper and lower case and used a mix of languages. The
English phrase or expression, ‘evaluation team’, was used together with Sesotho, and
it was understandable. The message from Maleso, KCC secretary, reads as follows:

‘M’e oa ka! Le ha ke thotse ke ntse ke u rata hle. Tulo e labobeli lehoja ke tla be ke le siko
hle. Ke karolo ea evaluation team ea setereke (Madam! Even though I am quiet, I still love
you. The sitting is on Tuesday, though I will not be there. I am part of the evaluation team
for the district councils). 10/06/2013, 05:27:00.

The two text messages are represented word for word as they appeared on the screen
for the purpose of this paper. The Sesotho language was grammatically correct. The
KCC secretary is a university graduate and her writing had developed. She did not
use shorthand when communicating by SMS but wrote the message out in full. The
second SMS was specifically directed to me, as an invitation to that sitting.

During its sitting of 11 June 2013, the council of Kana supported a complaint by
one of the councillors, the Lady Chief, representing chiefs in the council, that the
office had a messenger who could deliver letters of invitation to meetings, instead of
councillors being invited by SMS.

Fig.3 SMS inviting
councillors to a meeting




194 M. Mofana-Semoko and J. Preece

The Lady Chief: Office ena e na le Messengera, ea ntsa lefuoa a sa sebelisoe ho delivera
mangolo. Re mengoa ka li sms, empa ha ho le ka mohla ho keng ho be le ts"alo morao ea
hore na re fumane li sms kapa che. Re tla li phuthehong tsa ‘council’ mona ho se bopaki li
officing tsa rona ba hore na re ile kae. Re kopa hore kamoso ho mpe ho be le ts"alo morao,
ha re hopotsoa ka phutheho (The council office has a messenger who is underutilised, yet
he is being paid. We were invited to meetings through SMS, and there had never been a
follow-up whether we received the SMS or not. We come to meetings without leaving any
evidence, as chiefs, of our whereabouts for our offices. We are pleading that, next time,
there should be a follow-up on the invitation.

The councillors wanted the council to use tangible letters to supplement the SMS
invitations and cellular phone calls used to invite councillors to meetings. On the
one hand, the three channels of communication, used together, formalised the invi-
tations. In other words, invitations should not be extended casually but be written
down and formal. On the other hand, the complaint was based on the fact that air-
time for the chairperson and secretary was covered by the council budget, while the
councillors ever received calls to follow up on the SMS to confirm whether the
members had received the messages or not. The Lady Chief was supported by one
of the councillors, who raised her hand and was given permission to speak:

Kea leboha Molula-Setulo, le ‘na taba ena e nkhathalitse ka ho ts"oana haholo hobane ‘na
sms ha ke ea e fumana. Ka boikokobetso re kopa hore re ‘ne re mengoe ka mokhoa o formal
oa lengolo (Thank you, Chairperson, I was also bothered by the same issue, especially
because I did not get the SMS. With due respect, we requested that we be invited in a formal
way, through letters as well).

Another councillor: Molula-Setulo ha u ntumella, ke tlatsa taba eo (Chairperson, if you
permit me, I second the move).

The kind of literacy the councillors valued was a formal letter, even though the kind
of literacy commonly used was SMS. The councillors wanted different communica-
tion channels to be used for different purposes. They regarded a formal letter as an
important document. They wanted to receive letters, as it had always been a way
that the Basotho communicated — they were accustomed to receiving letters from
the post office from, for example, relatives in Gauteng, South Africa. I observed that
councillors had no access to minutes, an important document. Letters were the only
documents they received from the council that they could keep in their possession.
Councillors wanted SMS to be used for casual communication and not for official
purposes. The reaction of the councillors to the use of ICT in their activities implies
the training gap that needs to be closed to enhance their computer literacy skills.

Much as some councillors had their own preference with regard to official com-
munication, in the community development councils’ activities, the use of technol-
ogy is used to communicate, in their language, the issues are related to the
development of themselves as individuals and the community at large. The same
way as indicated by Warschauer [21, p. 131] that the use of technology in language
learning strengthens learners’ appreciation of the values of their community and
culture.
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6 Conclusions

This ethnographic study shows that the use of technology is becoming a common
feature of literacy practice. The use of technology, particularly cellular phones, had
become the order of the day within the stonemasonry, the MPAWE activities and
community councils’ literacy practices in Lesotho, but it is also used in entrepre-
neurship worldwide.

Technology is already regarded as important in teaching and learning. However,
the opportunity to learn new literacies that are associated with rapid technological
change has to be built into policy for literacy programmes. Thus, new literacies
should be researched in order to ensure that appropriate new literacies’ learning is
done in a way that is relevant to context.

The use of technology in the form of cellular phones is mentioned in the three
case studies. Tums customers used their cellular phones to take photos of the tomb-
stones to show their relatives, so that they could choose the one they liked. It might
be assumed that they did the same with all the products offered besides stonema-
sonry businesses, for the purpose of comparing products from different sites of the
stonemasonry in the constituency. Tums had a cellular phone but did not necessarily
benefit from it. He did not use it to enhance his business or even to benchmark his
designs with those from other stonemasons within the SADC region or
internationally.

Cellular phones were used to invite members of MPAWE to meetings. The sec-
retary used SMS to communicate with members about business matters. She used
two modes of communication to invite members to meetings for the purpose of
oneself and community development. ICT enabled her to write short messages.

The cellular phone numbers of the association’s members were readily available
to the secretary. That meant all the members of the association had cellular phones
and could be contacted through them and they used them to write and read mes-
sages. This proved that possession of different types of technology, including cel-
lular phones, is common to all classes of people. Association members communicated
among themselves through cellular phones, and communication was easy in
this case.

Technology, for example, cellular phones, was also used for communication
among councillors and between secretaries and councillors. It was the quickest
channel or means of communication for the two councils, in the two constituencies.
The use of cellular phones by the KCC secretary meant she could communicate
with the councillors quickly and easily, even though KCC members indicated that
they preferred to be invited to attend council meetings formally by letter.

Councillors were invited to attend meetings either through letters or through
SMS. These text messages were also sent to members of the councils if there was
going to be an emergency meeting. Reading and writing was used to send and
receive messages on cellular phones. Such invitations and the usual agenda could be
sent quickly, even though there was some resistance towards the use of SMS for
communication purposes in one of the councils. The councillors wanted SMS to be
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used for less formal communication and not for official purposes. In this case, the
necessity to enhance the use of cellular phones was critical for smooth operations of
the councils. This means there is a need for PL training among the councillors.

The need for post-literacy (PL) education cannot be overemphasised, especially
on the use of cellular phones within the existing literacy practices, in the three
domains of literacy. It is critical for developing a nation. It helps people to develop
further the skills they are already using in their different contexts. It includes every-
body because literacy starts with individuals in the family and is used in the com-
munity and then the workplace. It is necessary for improving people’s daily
activities. It also has an influence on the economy of the country, as ongoing literacy
updating is related to lifelong learning. Individuals who have access to computers
and use them, need to keep learning due to technological changes, as new software
and computer programmes are introduced from time to time. So there is a need to
develop a more literate environment, in which people will be able to participate
fully and be able to use different literacies in different contexts. The notion of PL
has broadened in the 1980s and 1990s, to include the challenges of the influence of
new technologies, electronic media (Internet) and other ways of knowing (UNESCO
2005: 15).

It is the role of the tertiary institutions to address literacy as lifelong learning
through the training of facilitators in literacy. The aim of post-literacy training is to
ensure that training addresses the principle of adult learning that requires that adult
learners’ education is immediately applicable in their everyday activities.

7 Recommendations

In three of the selected case studies in the three domains of literacy, the use of tech-
nology, in the form of cellular phones, is limited to communication, such as making
calls and sending SMS, as described in the above paragraphs. Cellular phone has
become a common gadget within the communities studied for this study. Cellular
phones have become the easiest and the fastest way of communication in rural areas.
There is a potential PL opportunity for training on using cellular phones and how to
access information on the Internet for the purposes of improving oneself and the
community as a whole. The recommendations listed are for future training interven-
tions by the Institute of Extra-Mural Studies and for further research:

e Tums could enhance his use of ICT by sourcing new designs from the Internet
and even marketing his products online. If he used ICT in a greater variety of
ways, he would motivate his customers to do the same in order to access his
products. This would result in an organic process of increasing his own and the
community’s ICT skills.

* The secretary of the MPAWE should be encouraged to enhance the use of ICT by
using it to obtain information on piggery activities, as well as to establish a new
poultry activity as a new initiative by the association. Using ICT for these pur-
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poses would motivate members to use their ICT skills to improve their produc-
tion of pork and poultry products, thereby improving members’ and the
community’s ICT skills.

The secretaries of the community councils should be encouraged to use ICT to
communicate with the councillors on daily basis; doing so will give the council-
lors the opportunity to enhance their ICT skills and encourage them to use these
skills to obtain information. Such information would become PL materials,
which can motivate other staff and councillors to use ICT extensively.

Further research is recommended, in particular further ethnographic studies of

different contexts. These studies could investigate further how people or community
facilitators use ICT in literacy practices.
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Logged In or Locked Out of the
Twenty-First Century? Implications
for Adult Learners with Special Needs

Selloane Pitikoe and Peles Biswalo

Abstract The global rapid growth of technology comes with tools that address
learner diversity and inclusivity. However, research on special needs education is at
an infancy stage. Set against the backdrop of Eswatini, this chapter explores alterna-
tives for reshaping traditional education in order to accommodate the learners with
special needs. The authors’ concern is on the adult learners with special needs who
join the learning environment with multiple and diverse learning needs. However,
the traditional education is ill-prepared to fully cater for learners with special educa-
tion needs. The authors applaud the intense aggression of technology in re-imaging
the traditional education provision. Assistive technologies such as Envision Artificial
Intelligence (Envision AI) compliments traditional teaching for visually impaired
learners. Paucity of literature on Envision Al misinforms education policy and
decision-making. The findings harvested from this chapter could benefit education
policy makers in addressing the diversity and inclusion of special needs education.

Keywords ICT - Assistive technology - Learners with special needs - Inclusive
education - Adult learners

1 Introduction

This chapter argues from the context of the Kingdom of Eswatini (formerly
Swaziland), the only remaining absolute monarchy in Southern Africa other than
Morocco and Lesotho. Literature estimates a total area of 17,000 km? and a popula-
tion of one million people [1]. The landlocked nature where 75% of the Kingdom
lies within South Africa while the remaining 25% is surrounded by Mozambique
limits the country’s access to the sea. Henceforth, the economy is heavily reliant on
the shocks and stresses that affect South Africa [2].
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Relative to most African countries, most of “her” population resides in the
impoverished and inaccessible rural areas. Studies on disability indicate that 80% of
people with disability are found in developing countries and live in extreme poverty
where the elderly, the disabled and child-headed households are the mostly affected
[3, 4]. The Kingdom of Eswatini is not immune to these conditions as evidenced by
an estimated 3% of the total Emaswati — (natives of Eswatini) who are disabled.
People with disability constitute 86% of the rural dwellers with limited access to
basic amenities such as primary health care and education. Seemingly, rural dwell-
ing also presents an infrastructural challenge such as inaccessible roads, no electric-
ity, limited access to technology and sporadic network connections [5]. This is
indicative that despite the Kingdom of Eswatini’s high per capita income, the major-
ity of the population lives below the poverty line [11].

1.1 Education and Disability Discourses

[6] defines disability as “a physical or mental condition” that means an anomaly in
the bodily functioning. Sharing similar sentiment, [3] laments that disability comes
with impairments which could be physiological and psychological incapacitation
that could also be temporary or permanent [3], limiting one’s full capability or func-
tionality in carrying out activities as it were in a “normal” being. The Disabilities
Education Act Amendment of 1997 article c (1) views disability as a human experi-
ence that changes the normal bodily functioning. The Act further cautions that any
form of disability should be viewed as an impediment to education access. This
implies a need for the mainstream education to be flexible and accessible for such
learners while also engaging the people with disability to voice out their diverse
education needs [3].

We argue that despite being a smaller fraction of the entire population, the need
for such learners to be equally represented in decision-making forums is underlined.
Henceforth, the popularity of Special Education Needs Disability (SEND) which
refers to an approach tailored specifically to address the uniqueness of the disabled
learner [7]. In other words, SEND is designed with the disabled learner in mind and
aims to maximize education access to be as close as possible to that which is
accessed by “normal” learners for effective social and economic functionality [8].

Scholars argue that in Africa education is compulsory and yet there is a mis-
match between the conventional provision and the diverse needs of the learners with
disability. Henceforth, higher numbers of children with disabilities who are out of
school yet are of a schoolgoing age are alarming [9]. [10] estimates that out of a
total school enrolment in Africa, learners with disability constitute 10% of the for-
mal education provision. On the contrary, South Africa has reported a remarkable
70% of South African learners with special needs aged 6 years and above who are
out for school [7]. These arguments indicate the unevenness of the conventional
system and how it perpetually relegates learners with disability to the periph-
ery [7, 8].
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The notion was well captured by [11] through a study that was conducted in 2011
on the living conditions of people with disability in the Kingdom of Eswatini. The
findings affirmed the challenges of access to basic services, poor infrastructure and
sporadic network connectivity. Evidently, some information gaps on the “indicators
on the level of living” (p. 6) for people with disability were also identified. It can be
argued that these gaps misinform policy and decision-making on how to support
people with disability in the Kingdom of Eswatini.

In light of these arguments, we focus on the University of Eswatini (UNESWA)
as the only national university acclaimed an equal opportunity institution that offers
both full-time and part-time courses in different disciplines using the dual-mode
approach. The study will focus on the Adult Education department of UNESWA
with the hypothesis that UNESWA does not fully cater for the learning of the learn-
ers with disabilities.

For the purposes of this chapter, the focus is on the part-time programmes that
are offered by the Department of Adult Education in the four main academic
domains of Certificate, Diploma, Bachelors and Masters. Previously, enrolments
into the Department of Adult Education attracted “normal” learners — those who did
not need any special accommodation. [10] estimates that out of the total school
enrolment in Africa, learners with disability constitute only 10% of the formal edu-
cation provision. On the contrary, South Africa has reported a remarkable 70% of
South African children with special needs aged 6 years and above who are out for
school [7]. While UNESWA'’s context is in congruent with [10] on the fewer enrol-
ment of learners with disability, such learners though are mainly concentrated
within the part-time/non-formal education provision. For instance, the period
2015-2020 saw a drizzle of the visually impaired learners who enrolled into the
Department of Adult Education to the dismay of both the institution and the
Department.

The infrastructure remains unfriendly; teaching and learning is largely tradi-
tional and non-accommodative; the lecturers have not been trained on how to handle
these learners. In other words these learners are logged in UNESWA’s education
system and yet locked out of content delivery — hence the title of the chapter. Paucity
of literature on national disability discourses and how the gaps continue to margin-
alize disabled men and women is noted [3, 4, 11]. A question may be correctly
asked: How inclusive is the current UNESWA’s Adult Education provision in
addressing the needs of the visually impaired learners?

1.2 Education Provision in Eswatini

Education provision in Eswatini is under the auspices of the Ministry of Education
and Training (MoET). MoET among others strives for equitable education that is
accessible to all members of society. [13] found out that the use of Internet in
Swaziland (before the name change to Eswatini) was on the rise although not at the
same level with the rest of the international communities. This discovery is in spite
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of the commitment made under Vision 2022 of taking Eswatini into the first world
countries category in 2022. In spite of the numerous efforts taken by the Kingdom
to develop the national ICT policy, [13] reports that the ICT policy remains in a
draft form since 2006. [36] identifies some of the challenges in the implementation
process to include (a) non ratification of the ICT policy to support the implementa-
tion process, (b) lack of political will and financial resources and (c) limited capac-
ity to drive the process forward. UNESWA is the only national university which has
been having its fair share of the challenges concerning ICT access in the country.

Empirical evidence from Eswatini that examined the views of the learners with
disability revealed the struggles that UNESWA'’s adult learners with visual impair-
ment faced [14]. Firstly, upon enrolment/registration, there were no efforts made to
find out the medical condition that the learners with disabilities presented with.
Secondly, in as much as the lecturers were made aware of how to deal with the
learners with disability, the learners felt a need to be accommodated during assess-
ment through extra time, user-friendly buildings and computer software that
addresses their incapability [14]. One of the key challenges was the incompatibility
of the software with the multiple needs of such learners. One of the learners lamented
as follows:

As a student in the institution you are expected to do research on your own but for me it is
difficult because I cannot go beyond the lecturers’ notes since the library does not have
books with braille. Again, it is difficult to surf the internet because there are no computers
with JAWS software, which enables the computers to talk so that I can also be able to use
the information for my research. [22, p. 5]

The implication from this study is that more effort is needed from UNESWA to
employ a fully blown inclusive education and appropriate infrastructure that caters
for the diverse needs of the learners. Looking at this excerpt, the current technology
and resources still lag behind to accommodate the visually impaired learners to
fully attain equitable and quality education provision. The grey literature indicates
that there is a room assigned for learners with visual impairment that has been
equipped with some braille machines. However, access to this important resource is
a challenge because the room is located on the first floor where learners require
additional support to climb the stairs. The question then is: How inclusive and
accessible is UNESWA education provision?

2 Human-Computer Interaction (HCI)

Simply put, human-computer interaction refers to communication process
between man and the computer [15]. [16, p. 5] defines human-computer interaction
(HCI) as:

...a discipline concerned with the design, evaluation and implementation of interactive
computing systems for human use and with the study of major phenomena surround-
ing them.
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In other words, computers are designed such that they simulate the functionality of
man. The transition from the third industrial revolution into the fourth one is char-
acterized by use of smart machines that emulate “human-like abilities” to perform
simpler to more complex human tasks [17]. For such machines to be effective, col-
laboration and interaction between man and the computer are significant [12]. An
introduction of HCI sought to transform the computer workstations into “computa-
tional machines” [16, p. 6] where jobs become more task oriented. [10, p. 174]
asserts that effective integration of the “human-computer interaction requires a
deeper understanding of the dynamism that humans face to let go the traditional
approaches while migrating into the global network of computer-mediated interac-
tions” (ibid).

Echoing similar sentiments, [12] sums up HCI through two approaches, namely,
(a) the emulation approach and (b) the complementary approach where the former
highlights the need to program the machine with simulated human activities that can
be easily retrieved when such machines are presented with a similar task. On the
other hand, computers and humans are not the same, which implies a need to create
a synergy that will allow “collaboration and interaction” [p. 66] between the com-
puter and humans. [17] identifies three ways through which the HCI can be used.
Firstly, they can make predictions of human tasks; secondly, the devices can play an
assistive role in task performance; and thirdly, these models can substitute the user
and perform the task independent of the user but dependent on computer network-
ing. The arguments presented above are mainly concerned with the cognitive pro-
cesses negating physical and the physiological context that may surround the user.
In this study, the authors explore the effectiveness of assistive technologies in teach-
ing and learning of learners with disability especially the visually impaired learners.

2.1 Assistive Technologies in Education

Scholars define assistive technology (AT) differently. For instance, [18] define AT
as “a wide range of devices, services, strategies, and practices that are developed
and used to assist individuals with disabilities to deal with their problems” (p. 18).
[19] defines AT from the cognitive point of view as “intelligent machines” [20,
p.106] that mimic the cognitive functions of humans. A comprehensive definition is
provided by [8] who refers to AT as:

...any item, piece of equipment, or product system, whether acquired commercially off the
shelf, modified, or customized... to increase, maintain, or improve functional capabilities
of a child with a disability.... that directly assists a child with a disability in the selection,
acquisition, or use of an assistive technology device

The definition reiterates the assistive role of Al being to complement the inadequa-
cies that people with disabilities may encounter in their daily life routine. One such
AT is the artificial intelligence (Al), a “machine-learning” which is trending in insti-
tutions of higher education and its transformative role in teaching and learning
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activities [21]. For this duo, Al refers to “‘computing systems, which engage human-
like processes such as learning, adapting, synthesizing, self-correction and the use
of data for complex processing tasks” (p. 107). What remains unknown from this
literature is how the visually impaired learners of UNESWA can benefit from these
devices.

The effectiveness of the computing systems relies heavily on machine learning,
a software that helps the machine to predict and “identify patterns, and apply” [21,
p. 107] them to reality. It can be argued that such computing systems may help assist
the visually impaired to make sense of their environment through the prediction and
pattern identification function. The history of Al dates back to 1950 through the
works of Alan Turing, who argued for one to affirm that a computer is artificially
intelligent; such computer must be fully capable to imitate human behaviour with-
out leaving any room for doubt [21]. The need for such technologies to transform
learning and teaching into a flexible offering that caters for the learners’ conve-
nience is underscored. [22] view this modified computers as telerobotics that pro-
vide learners with an opportunity to learn even in times of emergencies and/or
hospitalization. Notably information and communication technologies (ICT) do not
only modify learning into a flexible and affordable activity, but come with assistive
applications — a ray of hope for people with visual impairment [21].

2.2 Envision Artificial Intelligence (Envision AI)

While AI has become a global topical research phenomenon, in Africa the phenom-
enon is under-researched. The current conventional education lacks the African con-
text, a gap which the chapter intends to fill. One such assistive technology that
compensates the learners with visual impairment is Envision Artificial Intelligence
(Envision AI).

Envision Artificial Intelligence as the name indicates comes with technological/
machinery intelligence that “pushed technical boundaries™ [23, p. 81] for people
with visual impairment. For instance, if the application is successfully installed to
the mobile phone’s camera and speaker, then the application can familiarize the
visually impaired person about the immediate surroundings [24]. According to [25],
Envision Al was developed to serve three objectives, namely, (a) to replace the spe-
cific hardware with a user-friendly smartphone application, (b) to improve the
usability of smartphones by all people and (c) to develop “a robust, high perfor-
mance obstacle detection method” (p. 129).

Some of the functions of application include voice recognition, navigating direc-
tions, detection of obstacles and merging phase. Although other devices can also scan
the environment, the advancement of Envision Al is the new innovative video appli-
cation that detects obstructions in real time [26]. By so saying, the application plays
an assistive role to the visually impaired person. While these modified applications
portray a potential resource for learners with visual impairment [27], the gap on the
technological need of people of the visually impaired people remains unknown.
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The discussions on Envision Al have to first take into cognizance the diverse nature
of the clientele — in this case being the visually impaired people. For instance, they are
diverse in terms of age, gender and their various levels of visual impairment [27].
WHO [12] laments that globally the statistics of visually impaired people is estimated
at 36 million out of which 220 million are either moderately or severely affected. Such
differences imply a need for different approaches and specifications to resonate “a
sighted companion” (p. 7) that guides the mobility and safety of the visually impaired
people. [29] echoes with emphasis that the visually impaired populace is invisible in
decision-making forums, which misinforms strategies that affect their lives.

Based on these gaps, we argue that with proper research, applications such as the
Envision Al could be explored further to find out the value that they could bring to
the UNESWA'’s visually impaired learners. The findings from this paper could ben-
efit the Ministry of Education and Training in Eswatini to further develop policies
that facilitate an effective inclusion of the diverse needs of the learners with special
needs in Eswatini.

There were three objectives that the chapter sought to address. First is to identify
the accessibility of mobile devices to learners with visual impairment in
UNESWA. Second is to determine how the learners with visual impairment use
their mobile devices in teaching and learning. Third is to explore ways of adapting
Envision Al as a learning resource for UNESWA’s visually impaired learners. In
order to achieve these objectives, the chapter is outlined as follows: the methods,
results and discussion followed by the conclusions.

3 Methods

The discussions in this chapter were informed by an interpretivist study that was
conducted at UNESWA on learners with visual impairment. Interpretivists assume
that knowledge is subjectively constructed based on the individual perception of the
world. This approach was used in order to give the participants an opportunity to
give their subjective views and opinions based on their learning experiences and the
challenges that such learning presents to learners with disability. This study was
conducted on two learners: one who has graduated and anticipating to enroll in
future programmes in Diploma in Adult Education and the other who is currently
enrolled in the university. Data were collected using semi-structured interview
guides and analysed thematically.

4 Findings and Discussions

The study revealed that the institution had made some strides in accommodating the
learners with disabilities which took place in the first half of 2019. For instance, the
learners were now accommodated during assessment whereby they received
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preferential treatment such as extra time as well as being allocated a different build-
ing from the rest of the learners. This approach according to the learners enabled
them to work at their own without feeling under pressure to compete with the rest.
However, it appears teaching and learning remains unfriendly to such learners. The
findings were categorized under the following three themes.

4.1 Access to Mobile Devices

When asked if any of them owned a mobile device, the participants acknowledged
that they had cellular phones which help them to communicate with their friends
and families. For instance, Dalida (not a real name) had this to say:

I have a phone you see (waving the phone in the air); but is a skorokoro (meaning an old
model). I use this phone mainly to receive and make calls to my work colleagues as well as
family. I can also log onto WhatsApp with my phone.

Similar sentiments were echoed by Dudu (not a real name) who stated that:

My phone is still new but it is a cheap model so much that sometimes the screen locks itself;
in the process, I cannot make or receive any calls. Sometimes the screen can be locked for
some days while I am still looking for some help to fix the phone. In the meantime people
are getting worried whether I am ok or not.

Dalida added then that whenever he needed to engage in intensive research, he
relies on his workplace:

If there is some work that needs an intensive research then I go to my office and work from
there. The problem is even though there are computer labs and the library around they are
not accessible for visually impaired people because they do not have the JAWS (Job Access
With Speech) software.

The participants stated the challenges they experienced with their mobile devices
and how the challenges impede the communication process. Equally important was
the fact that even the institutional resources were also not conducive for learners
with visual impairment as they lacked the much desired JAWS software which reads
the on-screen writing for the visually impaired learners. These stories affirm the
literature which identified one of the roles of AT as being assistive to the visually
impaired learner.

When asked how come they are stuck with old devices that are already proving
to be problematic, Dudu had this to say:

I am unemployed and live on handouts from the family. I usually safe the little that they

offer to cater for my education needs. Although I graduated from this university, I still

intend to pursue my studies with UNESWA may be up to a Masters level. So a new mobile
device is the least of my priorities.

On the other hand, Dalida responded that:

I am currently intending to enroll for a diploma level which I am not sure of its feasibility
now that we have COVID-19 in the way; I am scared because I feel more vulnerable with
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my visual impairment. However, back to the phone issue, I have been a self-sponsored for
the past two years which will still be the case if I further my studies. That makes buying a
new mobile device impossible; unless a miracle happens.

Itis clear from these responses that the economic challenges are rife. Nonetheless,
their stories also indicate their determination to pursue their education against all
odds. Given the nature of their medical condition, the institution could take these
two cases as part of the social responsibility to support their further education
intentions.

4.2 Application of Mobile Devices in Education

When asked how they used mobile devices for learning activities, not much was
done really based on the inadequacies of their gadgets. For instance, Dalida had
this to say:

I can read PDF files only using my laptop. So one of the lecturers usually converts the word
documents such as the lecture notes, the course outline as well as the power point presenta-
tion into PDFs and sends them to me via e-mail. That way I am able to access and read the
material using the JAW software.

As a follow-up question, the researcher asked his experience with other lecturers
in terms of teaching and learning, and Dalida responded thus:

It is not easy because in some classes we are taught using a one-size-fits-all approach with
no consideration for our diversity. For instance, as a class we will be asked to read a pas-
sage. Thereafter, we identify the key messages in that passage. My disability is assisted by
braille; meaning I read with both hands. Thereafter, I must go back to do the second part of
the assignment. Obviously I will not complete the assignment at the same pace as those who
can see; hence poor performance.

On the contrary, Dudu indicated that there has been some improvement though
in the way the assessments are conducted. For instance:

At first we used to sit together with the rest of the class for assessment activities. Of late I
am told that during examination time, the visually impaired learners are allocated a separate
room, with an invigilator/s and flexible time to work without competing with the rest.

Echoed by Dalida:

When I sit for a test I go to my departmental office for learners with disabilities where I can
access Braille. I am also allowed an extra hour to complete the test.

Based on these stories, mobile devices are minimally used in teaching and learn-
ing. However, laptops have become an AT that helps the learners to access learning
resources. The two stories further indicate that other lecturers were more accom-
modative than others in teaching and learning. However, the participants did indi-
cate that there has been some flexibility where special arrangements were made
during assessment to visual impairment.
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4.3 Envision Al as a Learning Resource

When asked how they would like UNESWA to assist them in terms of equitable
access to quality education, the participants alluded to the important role that tech-
nology can play in education by making education flexible and accessible by all
learners regardless of their medical conditions. Dalida stated:

I wish we could be given a special preference. For instance now following the current
COVID-19 pandemic UNESWA has embarked on education transformation where all
teaching and learning will be conducted online. This calls for a need to have smartphones
which we do not have in order to access the e-learning platforms easier. The question is;
was there any thought on how to help us as a minority group?

What do you wish UNESWA could do in order to accommodate your educa-
tional needs?

We know times are tough and the pandemic caught the world off guard. But we also want

to learn online like the rest of the learners through UNESWA'’s support. The current com-

puters need to be installed with a user friendly software to help us learn independently. At

the moment there is just talk about a wholesale transition into online learning but not much
has been said on how we will be accommodated in the whole process (Dalida).

Echoing similar sentiments Dudu stated that:

I also think that effective online learning must include the needs of the learners with dis-
abilities by equipping facilities such as the library and the computer labs with disability
friendly corners well equipped with technology and human capital to accommodate visual
impairment learning needs. We want to acquire education that is at par with the need of the
21st century. Other institutions provide preloaded tablets to their visually impaired students
which make learning alone enjoyable. Sadly, our institution still lags behind (Dudu).

The consistent concern that has been raised by the student is the inaccessibility
of the institutional resources to the visually impaired learners. Emphasis was on the
need to provide the software that would aid the visual impairment towards indepen-
dent learning.

5 Conclusions

The study sought to explore how learners with disabilities accessed and utilized
technology in the teaching and learning environment. While these learners do own
the technology, it does not meet the requirements of online learning. The eminent
transition from traditional teaching to online requires a paradigm shift that encapsu-
lates transformation of software. We therefore recommend that UNESWA explores
AT such as Envision Al for learners with visual impairment. Given the smaller per-
centage of such learners, a pilot could be implemented using the portable devices of
the current learners to test the adaptability of the software to the poor infrastructural
conditions of Eswatini and amend as necessary.
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Mismatch Between Persuasive System
Design and Learner’s Perspective:
An Interdisciplinary Approach

Nhlanhla Andrew Sibanyoni

Abstract There are many learners who are still unable to develop a learning habit,
particularly on a mobile device, despite of the introduction of persuasive technology
such as the LevelUp app. Due to the lack of support and formation of other compet-
ing habits that satisfy their personal interests and their social and information needs
but not necessarily to study. Therefore, this study applies persuasive system design
to systemically analyse the LevelUp app as a persuasive mobile app and the activity
theory as a lens. This exploratory case study gathered data from the focus group as
well as from observations. The results show that there are contradictions between
theory and practice. The study draws both from information systems and social sci-
ence to contribute to interdisciplinary knowledge. More case studies with different
combination of theories should be conducted by other researchers using a multidis-
ciplinary approach, particularly mobile learning after school time.

Keywords Persuasive technology - Persuasive system design - Interdisciplinary -
Activity theory

1 Introduction

We live in a mobile society, where many learners spend a significant part of their
time on the move, tech-savvy and acquainted with the latest mobile technologies,
and are continuously exposed and stimulated by numerous forms of entertainment
such as social media apps like Facebook, Instagram, WhatsApp and Twitter. Social
habits are formed where learners expect similar stimulation in mobile learning,
which result in competing habits to mobile learning, as formal education cannot
provide learners with all the knowledge and skills they require throughout a lifetime
[24]. The interest in youth’s interaction with mobile games using ubiquitous devices
has expanded the traditional classroom learning to encompass mobile learning

N. A. Sibanyoni (P<])
University of Johannesburg, Johannesburg, South Africa
e-mail: nhlanhlasi@gmail.com

© Springer Nature Switzerland AG 2021 211
E. Eilu et al. (eds.), Digital Literacy and Socio-Cultural Acceptance of ICT
in Developing Countries, https://doi.org/10.1007/978-3-030-61089-0_13


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-61089-0_13&domain=pdf
https://doi.org/10.1007/978-3-030-61089-0_13#DOI
mailto:nhlanhlasi@gmail.com

212 N. A. Sibanyoni

(m-learning) leading educators and researchers to conduct investigation into the
influence of m-learning in education. Research suggests that m-leaning can create
more active learning experiences and to help learners to increase their motivation to
engage in learning activities. Technology can be used to provide information to
satisfy learner’s curiosity and encouragement and thereby amplify motivation to
solve problems. Also, the difficulties in supporting, guiding and motivating learners
in m-learning environments that combine real-world and digital-world learning
have been reported. Hence, models to help understand the motivation features of
using mobile devices and to enhance learner’s motivation have been proposed.
Other researchers experimented with a game-based learning activity designed for
secondary school learners in order to test their engagement, motivation and learning
[23, 30]. Gamification is a concept of applying game design elements to engage and
motivate learners in a learning environment. It has been exploited since its discov-
ery in the 1990s to take advantage of today’s adolescents between ages 12 and 17
who are (nearly all of them) social gamers in house or online environments [13].
Gamification has shown to engage and enhance, in real or virtual worlds, the learn-
er’s motivation and academic performance in complex and critical thinking for
learners to complete tasks. For example, gamification makes education experience
both challenging and fun where learners’ engagement is increased when a teacher
gamifies an activity or teaching a concept by including mechanics such as achieve-
ment badges, levels and XPs for mastering a given level [10]. Gamification is mostly
used to change behaviour, to educate and to motivate using game elements such as
points, badges and leader boards [22]. Changing the learners’ behaviour to study
maths, particularly after school, where there is no adult supervision can be a daunt-
ing task. The challenge is how to design mobile learning environments that can be
accepted and positively change the learner’s behaviour to study after school using a
mobile device. It has always been the researchers’ aim to change the human mind to
behave positively. Persuasive technology refers to the design that works towards
changing attitude and influencing human minds, which falls under the human-
computer interaction (HCI) discipline. HCI deals with techniques that leverage both
the insights and capabilities of importance of environment and human psychology
in driving human behaviour and the ubiquity of technology [6]. Learning also takes
place at times when there is a break in the formal education routine, with its pre-
specified times and place. The focus should therefore be placed on learner’s mobil-
ity and learning on a mobile device. The LevelUp app is an educational mobile app
that uses real rewards such as airtime and data bundles to persuade and motivate
learners to study maths after school time [25]. Developers of educational apps, such
as LevelUp, continuously grabble with reinventing themselves in being innovative,
particularly in developing educational app, in an attempt to keep learners motivated
and engaged in the learning process, in particular when they are mobile after school
and using their mobile advices [26]. Despite the use of real rewards such as airtime
and data bundles to persuade and motivate learners to study maths after school time,
many learners are still unable to form and maintain good study habits which usually
lead to improved academic achievement. The current study aims to answer this



Mismatch Between Persuasive System Design and Learner’s Perspective... 213

question: Why are the learners not sufficiently motivated to use the LevelUp app
after school to study mathematics?

An interdisciplinary approach (Fig. 1) is required when attempting to understand
why learners are less interested in maths, particularly when using a mobile device
outside school time, as this activity is a complex phenomenon [32]. The interdisci-
plinary approach (see Fig. 1), provides a more complete understanding of the phe-
nomenon being studied by integrating and synthesising methods and knowledge
from different disciplines into a coordinated and coherent whole [29, 31]. The study
of persuasive technology is described as being a subdiscipline within human-
computer interaction [15], and critics of [3] claim that it is not a new discipline but
has rather brought aspects of other existing disciplines together [6] as cited by [15].
This supports the argument that this field should be considered as interdisciplinary.
The current study contributes knowledge information system research in interdisci-
plinary approach (see the highlighted box of Fig. 1) by using the combination of two
theories that intersect at the human behaviour, that is, persuasive technology refers
to the design that works towards changing attitude and influencing human minds at
the system level, while activity theory deals with human activity and the environment.

HCI can be both social and collective [27]. In social cognitive theory, involve-
ment in a collective activity is important in assisting the participants to develop their
understanding of concepts by making these explicit and sharing meaning, particu-
larly in the context of education [1]. The use of computers, such as persuasive tech-
nology, in education might develop the ability to learn using tools, such as a mobile
device, that might afford or constrain their actions while also allowing computer-
supported collaboration. Activity theory (AT) assists researchers to understand the
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ways in which people interact with each other, using tools over time, and has also
been used to extensively study human-computer interactions [5, 8, 9, 16, 21]. AT
draws on methodologies from the humanities, psychology and social studies to
make sense of the complex activity of human learning [27].

This study therefore explores the learners’ perceptions and experiences about the
effectiveness of the LevelUp app as a persuasive mobile app to foster motivation
and engagement for learners to study maths after school time. The study was guided
by activity theory which is used as a lens in order to better understand studying
maths on a mobile device as it is a complex social activity. Persuasive system design
is then used to analyse the persuasion design aspects of the LevelUp app. To capture
the learner’s perceptions and experiences, the triangulation methodology was
employed through observations, focus groups and semi-structured questionnaire.
The results show that there is a possible mismatch between learner perception and
the LevelUp design to foster the learners to study maths on their devices after school
time. This chapter is organised as follows: it explores the related work in activity
theory and persuasive technology design followed by the methodology, discussion
and conclusion.

2 Related Work

2.1 Activity Theory

Activity system is applied in activity theory to understand a mobile individual activ-
ity which gives an activity a meaningful context (see Fig. 2); a conceptualisation by
[2] is a systemic model of an activity system which contains relationships between
the nodes, that is, tools, object, community, rules and the division of labour. All the

Tool

Transformation

Subject Object Okitcciiig
process

Rules Community Division of labour

Fig. 2 [2] Basic activity system
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elements in the activity system are linked together which makes an activity a system
whole. The object often changes during the activity which might eventually present
itself in a different way. Hence, in activity theory, the activity system is the basic
unit of analysis where a common object is shared by a community or a group of
people, who can transform that object into an outcome through the use of tools, such
as computers and mobile devices [5].

An object can be a shared material, tangible (e.g. a plan) or completely intangible
(like a common idea) for manipulation and transformation by the participants of the
activity.

The relationships between the subject and the object within the activity are medi-
ated by tools [11]. The rules in the system control the relationships (primarily the
relationships between the subject and the community) which might support or con-
strain the behaviour. The relationship between the community and the object is
facilitated through the division of labour. During the division of labour, some con-
tradictions may occur, manifesting themselves as problems, ruptures, breakdowns,
new ideas and so on. In other words, different people or groups, who are assigned
different parts of the work (be these operations or actions), may not understand their
role in the same way that others do, may not carry out their tasks as expected by
others, etc. But this is not the only source of contradictions as will be seen in the
discussion of this case study. Activities work through contradictions resulting in a
change leading to improvements [33]. Figure 2 explains [2] basic activity system.

2.2 Persuasive System Design

Persuasive system design is a framework developed to designing and evaluating
systems that influence behaviour of users [12]. PSD principles provide a systemic
way to investigate the effectiveness of a persuasive technology design [34]. The
model describes 7 propositions which are mapped to users of persuasive systems,
persuasion strategies and system features and 28 design guidelines that must be
addressed when designing or evaluating persuasive systems. There are four system
feature categories: primary task support, dialogue support, system credibility sup-
port and social support [20].

2.2.1 Primary Task

It describes seven ways in which computers might persuade as interactive tools:
reduction, channelling or tunnelling, tailoring, suggestion, self-monitoring, surveil-
lance and conditioning [15].

Reduction technology reduces a complex activity by giving a few instructions or
simple steps, making the target behaviour easy. This may increase a person’s moti-
vation to participate as the perceived benefit/cost ratio of performing the activity is
favourable.
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Tunnelling technology is predetermined sequences of actions or events that lead
users through a series of steps. For example, a website that guides the user through
the registration process may motivate the user to continue with the registration as it
is easy and quick to complete.

Tailoring technology persuades the user through customising. It provides rele-
vant information tailored to the user’s needs in an attempt to change behaviour or
provide empowering information.

Suggestion technology offers suggestions at opportune moments. For example, a
pop-up message reminds the user to save their work before exiting.

Self-monitoring encourages individual users to achieve their predetermined goal
or outcome by enabling them to monitor themselves through a computer technology
in order to adjust or correct their behaviour, for example, a wristwatch that monitors
heart rate and alerts the users when the heartbeat is out of the normal range [4].

Surveillance technology enables individuals to monitor the behaviour of other
individual users using the same technology and performing the same target behav-
iour. This is to encourage individual users to learn from each other and improve
theirs in turn.

Conditioning technology uses positive reinforcement, such as reward, to increase
the likelihood that an individual will perform or change a particular attitude or
behaviour.

2.2.2 Dialogue Support

Praise: Based on user behaviour, the application should provide the user with rele-
vant praise through feedback.

Rewards: The application should encourage users to perform a target behaviour
through virtual rewards.

Reminders: The application should encourage users through reminders to perform
their target behaviour.

Suggestion: The application should encourage users to carry out target behaviour
while using the application.

Liking: The application should have a look and feel design that appeals to the users.

Social role: The application should assume a social role

2.2.3 System Credibility Support

Trustworthiness: The application should ensure that the information provided to the
user is truthful, fair and unbiased.

Expertise: The application should show that information provided is obtained from
knowledgeable, experienced and competent experts.

Surface credibility: The system should provide content that reflects competence and
have a look and feel that make the user feel it is credible (e.g. a professional
appearance).
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Real-world feel: The application should provide background information of the
organisation, content and services and the experience of the actual people
behind it.

Authority: The application should refer to people in their role of authority.

Third-party endorsement verifiability: The application should provide outside
sources that can verify accuracy of website content.

2.2.4 Social Support

Techniques that are effective in facilitating social interactions are provided and are
described. These are normative influence, social comparison, competition and social
recognition that enable individuals to enhance their physical activity behaviour
[36]. These are explained below:

Social learning: A person is able to use a mobile device application to observe other
people or peers performing a behaviour. This will possibly be motivating to
learners to persuade them to perform that same target behaviour.

Social comparison: A person is able to use a mobile device application to compare
his/her performance with the performance of other; the chances become greater
that they will perform the target behaviour.

Normative influence: A mobile device application can increase the possibility of a
person to perform a target behaviour by leveraging a normative influence, for
example, trying again if you fail or practicing every day.

Social facilitation: A mobile device application can make users aware that there are
others performing the same behaviour along with them; these users are more
likely to be motivated to perform the target behaviour.

Cooperation: A mobile device application can leverage human beings’ natural drive
to co-operate, to motivate users to adopt a target behaviour.

Competition: A mobile device application can leverage human beings’ drive to com-
pete, to motivate users to adopt a target behaviour.

Recognition: A mobile device application can increase the likelihood of a person or
group to adopt a target behaviour by offering public recognition for an individual
or group.

3 Methodology

Information systems (IS) is a social phenomenon which has triggered an interest in
the application of interpretive research paradigm [18]. The goal of the current study
is, therefore, to use interpretive research in a form of a case study, in order to anal-
yse and understand the social and cultural contexts of learners’ lives in their natural
setting when using the LevelUp app. The use of a persuasive technology, namely,
LevelUp app, by secondary school learners from a single school is examined within
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the context of their socio-economic environment. The current study is interested in
understanding why the learners are not sufficiently motivated to use the LevelUp
application to study mathematics. This study adopted focus groups as a technique to
interview the participants. Learners of a Grade 11 class were interviewed in small
groups of three to five for 1 h each.

3.1 Data Gathering

Case Study The research reported on in this study used a case study to examine
LevelUp as a persuasive technology that attempted to persuade and motivate study
behaviour after school for learners at one school. Case study research is widely used
in the social sciences and can use any of a variety of research methods such as
experiments, surveys, histories and modelling [35]. Research case studies can be
used in exploratory research to discover new knowledge and in explanatory research
to test, to explain or to compare theories [13].

Ethical Consideration According to [17], technology might influence human lives
either incidentally or accidentally through affecting attitudes and behaviours.
Therefore, this section looks at research processes and how they might impact on
the participants. [13] says that when conducting research that involves real people,
the researcher should consider ethical practices. It is a requirement for all research-
ers at a university to obtain ethical clearance to show the authorising body that the
research will not harm the participants and measures will be taken to protect them
from undesirable consequences. Parents were requested to provide consent for their
children to be interviewed. In order not to be biased, to minimise errors when con-
ducting the interviews and to validate the discussion with the interviewee’s permis-
sion, the researcher used a recording device, a mobile phone, and also took notes
[19]. Approval to conduct the study was obtained from the school and participants
voluntarily participated in the study.

Focus Group Group discussions may uncover unexpected information as group
members encourage one another, share information, jointly follow lines of thought,
become more open and may in fact start analysing data contributed by individuals.
So they might uncover a “big picture” that they were unaware of. Groups may stim-
ulate the discussion and generate consensus views [19].

Questions for the Learners

*  What makes you keep on using a tablet or cell phone?

* Do you think you could be encouraged by an App designed like that to study?

* What playing ideas for games, learning, chatting, innovation, pastime, etc. do
you have for using tablets or cell phones?

* How do you feel about studying after school using LevelUp?

*  What other Apps do you use to study after school?
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*  What would motivate you to study using LevelUp after school?
* Do you think a person or people are better than technology in motivating you to
study? If so, why?

Observation Observation is a data generation method that involves closely watch-
ing and paying attention to the actions and interactions of participants. In this way,
the researcher can obtain first-hand information about participants, that is, informa-
tion revealing what they do rather than reports of those actions relying on memory
which might be selective. The overt research was applied to inform the participants
that they are being observed. This kind of research is considered to be more ethical
because the researcher would have obtained consent from the people being
observed [19].

3.2 Persuasive System Design

The LevelUp app is systematically analysed using PSD in order to understand the
effectiveness of its persuasive features to persuade the learners to study maths
after school.

3.3 Activity Theory

Activity theory attempts to understand human activity particularly what people do
and how they use artefacts. It is always important to look at the factors that influence
the activity such as the environment and other factors that shape the activity. Activity
theory is applied in this study as it has proven to assist researchers to meaningfully
examine the individual’s interactions with the technology in a social context that
represents the historical and cultural perspective [28].

4 Discussion

4.1 Focus Group Result Analysis

Tables 1, 2, 3, 4, 5 and 6 discuss and analyse the learners’ perspective collected from
the focus group discussion and follow the outline in Sect. 3.1.

Tables 1 and 2 describe additional factors that encourage or motivate learners to
study after school. Firstly, daily homework from school is priority. Secondly, there
is an expectation from parents that their children should study; hence they play an
important part in motivating their children to study. This might be because parents
pay school fees and exert pressure and fear. This is unclear and does not form part
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Table 2 Do you think a person or people are better than technology in motivating you to study? If

so, why?

Learners’ comments

Researcher’s analysis

... My opinion is that when you study with a
partner, you’ll achieve more mentally with the
support of that person compared to technology
or doing it alone

... I think people are better than computers
because people can understand and have
feelings; in fact, they know what we go
through; they understand the stress

... L agree with her opinion, and I also think
that people are better than computers. You’ll
have a better experience with a person than
with a tablet or a phone; they can’t tell you
what you are doing is wrong and whether you
understand it or not. The tablet or computer
does not care, so a person is better

... I think a person can do much better,
because if you do not understand something, a
person can try and explain it in a different way,
whereas a tablet won’t be able to. With that
you will have a better understanding with a
person explaining, because they can think of a
way you can relate to and understand the topic
that’s being tested

... I think a person is better because if you like
that person, then you start to have fun with
maths because not only are you spending time
with that person, but you
are learning in a fun way

... I think T agree with everyone that
interaction with people is better; you
immediately get either a positive or negative
feel, for example, emojis can’t really tell a
person’s feelings, so I think people are better. I
don’t know about the app. If the app can give
feedback as though we’ve done something, I
think it can be better

... I feel like when it comes to comparing
people to computers, people are honestly
better. I also feel like an app is kind of
programmed and rigid to tell you; it isn’t on a
one-on-one discussion where you can share
your frustrations; an app is more programmed;
it doesn’t seem realistic to me

Learners expect LevelUp application to assist
them to study mathematics in a human manner;
in other words, the app should leverage the
power of social influence to motivate and
persuade

Sympathy and empathy are an important factor
The developers of LevelUp should take
advantage of the social support principles,
namely, social learning, social comparison,
normative influence, social facilitation,
cooperation, competition and recognition, to
better mimic a person




222

N. A. Sibanyoni

Table 3 What makes you keep on using a tablet or cell phone??

Learners’ comments

Researcher’s analysis

... It’s convenient

... For convenience, for the fact of having
everything at the tip of your hand and being
able to do what’s needed

... The convenience it serves; you run
multitask

... It is a convenient way to connect with
family and friends. It is also convenient
when it comes to social media and getting
work done

... It’s fast and convenient, and I can use it
anywhere

... Versatility

... It is efficient and convenient

... It is easy to use, fast, efficient and
versatile

... It allows us to do different things at once

The learners use a mobile device for convenience,
to multitask and to connect with family and friends
and because it is fast and can be used anywhere
and anytime

Table 4 What ideas do you have for playing games, learning, chatting, innovation, pastime, etc.

for using tablets or cell phones?

Learners’ comments Researcher’s analysis

... The apps should be designed in | The learners seem to be concern about being distracted

such a way that it prevents when studying with a mobile device. Some suggestions
distractions ... The apps should be | were made by the learners, for example, an app that prevents
interrelated distractions from others such as WhatsApp and Facebook

... Create an app that stops you and mobile devices with bigger screens

from using other apps while
studying

... Have classes through videos to
help me study for maths. Have an
app that locks my other apps
when I want to study

... The bigger the screen, the
better

... Social networking

... T use my phone for social
networks and developing a good
profile for myself

... Create an app to stop
distraction

of Table 1. The learners’ comments in Table 2 show that people are honestly better
than computers; it illustrates the importance of human interaction and social influ-
ence. Peer pressure, social comparison and group polarisation are the types of influ-
ence that arise from a social environment. When designed to act as social actors,
mobile applications can advantage to leverage the social influence principle, moti-
vate and persuade [3]. In the current study, the LevelUp application is viewed as a
tool to support and facilitate learner’s studying activities after school.
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Table 5 How do you feel about studying after school using LevelUp?

Learners’ comments

Researcher’s analysis

... I think it is a good app, but the level of difficulty

is not high, and it’s fun to use

... It’s a good app for primary school learners
because it has their level of standard

... If the app provided more of an option in terms
of the testing standard, like giving a Grade 11
section for the proper testing standard that will
motivate you to study

... It is very beneficial looking at the fact that I
spend so much time on my phone

... If feel comfortable

... Istill feel the same about studying. I’'m not
motivated to use the app

... It helps, but I wish it had sections where I can
just go search for trigonometry

... Optimistic, I feel this app could really help
..N/A. Not available on IOS devices

... It’s a good app, but not for Grade 11 standard
... I prefer to study with books and paper so it
would not be as beneficial

Learners are looking for an application that
provides options to personalise and have
choice

LevelUp does not seem to provide the
Grade 11 CAPS aligned content; this may
be due to not involving the school or
teachers

Contradicting statements

Some learners still see studying on
LevelUp as traditional studying and
therefore still not motivated to do so

CAPS aligned content need here

This learner makes it clear that studying on
a mobile device is not his/her preference

Table 6 What other Apps do you use to study after school?

Learners’ comments

Researcher’s analysis

... Mi.Ebooks, YouTube for educational
videos, internet, WhatsApp, and Gmail

Learners already have tools that they use to study.
LevelUp is competing with other applications

Table 7 What would motivate you to study using LevelUp after school?

Learners’ comments

Researcher’s analysis

... The rewards and the pressure of
exam coming up

... Grade 11 standard exercises and
questions

...More challenging questions from
the App; it can be very effective if it
helped you see your problem areas
... The rewards LevelUp offer

... If the rewards were reasonable

... Rewards for finishing sections

... Positive results from other surveys
and tangible rewards

The learners are looking for more challenging, relevant
exercises and questions to prepare for exams from
LevelUp. They also suggest that rewards would
motivate them

From the learners’ comments from Table 3 through to Table 7, it is evident that
the learners are looking for personalisation options, CAPS-aligned content, and are
easily distracted when studying on a mobile device. It is also evident that the learn-
ers use a mobile device for convenience and social networking; these are clearly
competing activities which LevelUp developers might not have anticipated.
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4.2 Observations

In the afternoon, after school time, learners are observed walking or waiting and
socialising in groups (see Fig. 3). Observation method is used in this case to closely
watch and pay attention to the actions and interactions of the learners with the
LevelUp in their natural setting or environment after school.

Social pressure seems to lead learners to perform activities like group formation
with peers and use personal mobile devices to access applications that are restricted
by the school such as YouTube, listening to music and so on (see Fig. 4).

Learners are socialising while waiting for their transport in groups at their usual
spot next to the lapa and others on the benches (see Figures 3 and 4 (right corner of
the pictures)). The learners use different tools such as paper, textbook, tablets, cell
phones and earphones to mediate their activities.

Fig. 4 Learners studying in groups and individually using papers
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4.3 Analysis Through Persuasive System Design

In Table 8, the LevelUp app is systematically analysed using PSD in order to under-
stand the effectiveness of its persuasive features to persuade the learners to study
maths after school.

Table 8 Analysis of the LevelUp application using persuasive system design

Category

Persuasive
feature

Mapping persuasive feature to learner’s responses

Primary task
support

Personalisation

Learners suggested some personalisation:

... The apps should be designed in such a way that it prevents
distractions ... The apps should be interrelated

... Create an app that stops you from using other apps while
studying

... Have classes through videos to help me study for maths.
Have an app that locks my other apps when I want to study
... The bigger the screen the better

Self-monitoring

LevelUp does not provide options to choose the level of
difficulty for Grade 11 learners (Table 4.1.5)
Self-monitoring allows learners to compare their progress to
other learners

*“...Positive results from other surveys and tangible rewards”

Dialogue
support

Rewards

The tangible rewards are not enough to motivate, but the
exams: ““...The rewards and the pressure of exam coming up”

Social role

LevelUp can take advantage of using a social role feature to
attempt and motivate the learners to study: “...my opinion is
that when you have a study partner you can achieve more
mentally with that person compared to doing it alone or with
a computer compared to technology”

System
credibility
support

Expertise

Expertise: the application should show that information
provided is obtained from knowledgeable, experienced and
competent experts, for example, CAPS content: “...If the app
provided more of an option in terms of the testing standard,
like giving a Grade 11 section for the proper testing standard
that will motivate you to study”

Social
support

LevelUp should take advantage of the social support
principles such as social learning, social comparison,
normative influence, social facilitation, cooperation,
competition and recognition to mimic a person

... I think people are better than computers because people
are flexible and they have feelings, and also understand what
you are going through as they have been there or done it
before; in other words, they understand your feelings. ... I
also agree with other opinions, and I think that people are
better than computers, because you’ll have a better experience
with a person than with a tablet or a phone. The table or a
phone cannot understand your emotions of what you are
going through and whether you understand it or not; the tablet
doesn’t really care, so a person is better”
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4.4 Analysis Using Activity Theory

This section examines what learners do, the support available, rules and the division
of labour when using artefacts and other factors that influence the outcome of using
LevelUp activity to study maths after school.

Table 9 is an analysis of Figure 5. Table 9 analyses the learners’ activity system:
studying mathematics using LevelUp. This is done to meaningfully examine the
individual learner’s interactions with the LevelUp in a social context that represents
the historical and cultural perspective.

Table 9 Analysis of activity system and its elements

Activity system
and its elements

Analysis

Activity system

Taking studying mathematics as an activity system, as depicted in Fig. 5, the
learner (the subject) interacts with the LevelUp application daily challenges
on a mobile device. The application can be accessed with the following
supporting tools: to either sign up and log in using Facebook or Google login
details or directly on the internet called a mobi site. All these tools require
data to function (as mediating tools), in order to act on them and to solve
mathematics problems (the object) and in doing so to achieve a motivated
study behaviour and indirectly develop a learning habit (the outcome). The
learner is governed by the rules of the LevelUp application. The division of
labour ensures that different roles are identified while sharing an object. In
this case, the learners are expected to engage with the LevelUp application
without other people being involved

Subject

The learners have been identified as individual subjects who are motived
through a reward system, which uses real rewards, such as airtime, in order
to use a mobile device to act on LevelUp daily challenges, out of their free
will after school

Rules

The learner should register and can only redeem coupons when they have
enough points. For the learners to obtain the rewards, they first need to
register and log in to complete a few math exercises. A certain number of
points are required before they can be converted to rewards, for example,
15MB Vodacom data requires 2500 points. The learners do not determine
their own question category or level of difficulty; instead, the system
automatically moves to the next level based on the learners’ weekly
challenge progress

Object

In an activity system, an object is transformed into an outcome when the
subject acts on it, which is a reason for the existence of an activity. In the
current study, the object is for the learners to perform daily challenges by
solving mathematics problems and in return obtain real rewards once
completed successfully. At the same time, motivation is what makes us do or
act on something. It is usually difficult to understand what motivates learners
to act or not to act on daily challenges. Additionally, learners stated that their
purpose for using a mobile device overall is for convenience as it enables
them to communicate and socialise with friends and for information, news
and so on

(continued)
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Table 9 (continued)

Activity system
and its elements

Analysis

Division of
labour

The learners who use LevelUp are implicitly expected to tell their peers
about their experiences of using the tool and hence to increase the use of the
app by word-of-mouth recommendation. Additionally, the learners are
advised to send their queries via the Report a Problem tool within LevelUp to
a dedicated support team (self-service help)

Community

According to the developers, the daily challenge is something which the
learners can do or perform on their own without the assistance of the
community (school administration, teachers, parents or peers). A community
is a group of people who are involved and share the same interest with the
subject towards the object of the same activity system. The community and
developers share interests with the learners, that is, to improve math results
by practising maths using LevelUp; however, the community is not involved
in this activity. The developers are therefore seen as the only community
supporting or assisting with the studying mathematics activity system using
LevelUp after school (Fig. 5)

Contradiction

(a) Between the designer activity object and the learner activity object and
(b) between learner activity system and the more general using-a-mobile-
device activity (not shown). These seem to be design mismatches. There is a
“use value” contradiction, for example. Figure 5 is relevant for studying
mathematics using LevelUp; hence, the objective of mobile phone activity,
where it is used by the learners for communicating, calling, internet surfing
and so on, is not reflected well in the learners’ LevelUp activity; hence, this
points to a contradiction between the activity that the App supports (Fig. 5)
and the object of the more general activity of using a mobile device

Subject:
Learner

Rules:

(Sole responsibility)

- Need to register

- Must earn enough points
to redeem coupons
for real rewards

Tools: Mobile device; LevelUp daily challenges;
: Facebook; Internet; Data; Report a Problem tool;
“. tangible rewards

2 Transformation process
», Object:
- Engage with LevelUp daily challenges
- Solve mathematics problems
- Earn points
- Obtain real rewards
. - Extrinsically-based motivation

Outcome:
Self-motivated,
regular, sustained,
maths study
behaviour

Community: Division of labour:
Developers - Individual action

(excluding the school - Inform other learners about
administration, teachers, LevelUp (Word of mouth)
Parents and peers)

Fig. 5 Learners’ activity system: studying mathematics using LevelUp [26]
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S Conclusion

This study has used persuasive system design (information system) and activity
theory (social sciences) to understand the complexity of studying mathematics after
school using a mobile device. The aim of combining the two theories was to under-
stand the learner’s activity in a social context while using an information systems
tool and to also contribute to interdisciplinary knowledge. The PSD used alone can-
not show the contradictions; however, when supplemented with AT, this study was
able to highlight the contradictions (a) between the designer activity object and the
learner activity object and (b) between learner’s activity system and the more gen-
eral using-a-mobile-device activity. In addition, this study has used a practical real-
life example of a persuasive technology for South African learners studying
mathematics outside school. The study, therefore, suggests that further empirical
research is needed, using different combinations of theories in a case study, in order
to thoroughly understand how persuasive technology that uses real rewards can be
effective in persuading and motivating learners to develop new study behaviours
after school hours.

Acknowledgements This chapter is based on my unpublished thesis titled “Towards Assessing
Persuasive Mobile Technology for South African Learners Studying Mathematics” supervised by
Prof. PM Alexander at the University of South Africa.
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Abstract Tuberculosis (TB) caused by Mycobacterium tuberculosis kills over one
million people yearly. TB diagnosis and treatment are complicated, and hence inno-
vative diagnostic and treatment adherence monitoring tools are important. In this
chapter, the application of innovative model of TB detection, linkage to care, and
monitoring the adherence to treatment regimen using the India-made digital tech-
nology created by Operation ASHA (eCompliance) in Dar es Salaam, Tanzania, is
described. The holistic approach showed to be successful in increasing TB case
detection yield by 36%, strengthened linkage to care, and led to 98% treatment
adherence in terms of doses taken among enrolled patients who stayed throughout
the study. The use of digital technology proved feasible in the setting with little
training, and support has been well accepted by patients and healthcare providers
including community healthcare workers with no prior knowledge of digital adher-
ence tools.
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1 Introduction

Tuberculosis (TB), caused by bacteria of the Mycobacterium tuberculosis complex,
is the leading cause of death from an infectious disease. TB is curable and prevent-
able, but its diagnosis is challenging, and it takes at least 6-month treatment with
daily doses to achieve cure and prevent the emergence of drug resistance [1]. Efforts
are needed to improve case detection, yet to unfold health benefit, also holistic and
patient-centered models of care are required, which assure that TB will be effec-
tively treated.

In this chapter, we describe the innovative approach and findings from our ongo-
ing project “Test, Treat, and Track” in Dar es Salaam, the port city in mainland
Tanzania that contributes to 20% of TB burden in the country [2].

The innovative model comprised TB detection services thatinclude TB case detec-
tion using trained African giant pouched rats (Cricetomys spp.) that are for research
use, the extension of TB diagnostic testing capacity and service in Dar es Salaam
with same-day TB testing and reduced result delivery turnaround time (within 24 h);
and a scale-up of linkage to TB care services provided by community health work-
ers and volunteers (CHW); directly observed therapy (DOT) and tracking of hard-
to-reach patients in poor urban areas. The DOT and patient tracking are supported
by the digital health technology named eCompliance, which aims to reduce the
numbers of necessary clinic visits and improve treatment adherence and cure rates.

The chapter describes these interventions, the role of digital adherence technolo-
gies, and eCompliance in particular and shows how the community members were
trained and helped to acquire the digital literacy.

2 Detection of Missed Tuberculosis Patients with the Help
of Trained Rats

In Tanzania, TB is the third major cause of morbidity and mortality after malaria
and HIV/AIDS [3]. The case detection rate is low mainly due to the lack of adequate
diagnostic methods. Like in most developing countries, Tanzania has been largely
relying on smear microscopy, which is known to have good specificity, usually
above 95%, but a lower sensitivity that varies between 20 and 60% [4]. Rapid
molecular tests, mainly the GeneXpert MTB/RIF platform, which detects deoxyri-
bonucleic acid (DNA) of the Mycobacterium causing TB and resistance to rifampi-
cin drug [5], are about to be rolled out in Tanzania although the rollout of the Xpert
machines is not yet full to cover all TB diagnostic facilities [2], yet there are remain-
ing challenges such as the ability to provide this expensive test to all presumptive
TB patients [6]. New simple, rapid, accurate, and affordable tests are still much
needed [7]. This goal is pursued by training giant African pouched rats, as an inno-
vative scent-based detection technology being developed by APOPO and Sokoine
University of Agriculture, Morogoro, Tanzania. Trained rats target the smell of the
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volatile organic compounds (VOCs) specific for TB-causing mycobacterium [8].
TB detection rats have shown to stand out through low cost and high speed, through-
put, and sensitivity; the refinement of the tool to further boost accuracy and expand
the range of sample materials is ongoing. The research use of rats in the field has
been well established as described elsewhere [9—12], briefly, sputum samples from
presumptive TB patients indicated by trained rats as TB positive is subjected to
bacteriological confirmation using endorsed test before patients are linked to care.
The diagnostic innovation has been the starting point of the innovative intervention
involving model comprising also eCompliance technology. Since efforts to increase
TB case detection should be always paired with efforts to effectively treat and reli-
ably cure patients, this work consisted these elements. The long duration required to
complete TB treatment involving taking antituberculosis doses every day for at least
6 months for drug-susceptible TB requires an effective method of monitoring the
adherence to treatment regimen to ensure treatment success. Paper-based documen-
tation of TB treatment record has been in place over years, and recently digital tools
have been introduced to strengthen the recording and monitoring the treatment.
These efforts aim to prevent the emergence of drug-resistant TB [13].

3 Digital TB Treatment Adherence Monitoring Options

Adherence to TB treatment regimen is certainly difficult; hence it requires supervi-
sion involving someone dedicating time and availability to ensure a TB patient
under supervision takes daily doses of medication accordingly. Without direct
supervision, it becomes a challenge and difficult to derive reliable treatment adher-
ence data. Monitoring treatment adherence can thus be an integral part of TB con-
trol especially due to extraordinarily long period required to complete the first-line
drug treatment regimen that takes a minimum of 6 months for drug-susceptible TB
[1]. Treatment of the drug-resistant TB takes much longer period which can be over
a year [14]. A stringent digital monitoring tool is thus ideal for recording and mak-
ing relevant data easily accessible for assessment of adherence. More powerful
mobile devices, new health apps, greater network coverage, and better Internet
access open up interesting new opportunities to improve the healthcare of people
worldwide including low-resource settings. There is also a growing variety of digi-
tal tools for TB care and control [15]. Particular attention is paid to monitoring
therapy [16]. The reasons for this are that the TB treatment lasts for at least 6 months
and that patients have to take medication every day so that the therapy works and the
development of antibiotic resistance is prevented [14]. In many countries, directly
observed therapy (DOT) is a standard procedure (as part of the so-called “DOTS”
strategy). DOT consists of regular personal contact between the patient and the
healthcare worker for controlled medication delivery and directly monitoring medi-
cation intake. Patients without DOT, on the other hand, receive medication for a
longer period in advance and take the medication independently without supervi-
sion (self-administered therapy — SAT) [17]. DOT proves to be practical in many
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places but does not necessarily improve the TB treatment results and can signifi-
cantly restrict patient autonomy and pose logistic challenges as well as imply high
transport costs to the patients, although the treatment is supposed to be for free.

This is how the idea of digital adherence technologies (DAT) came up to elec-
tronically monitor the doses taken (eDOT). A further distinction is made between
SMS reminders [18-20], video-monitored therapy (VOT or vDOT), [21] and the
use of the medical event monitoring systems (MEMS), e.g., intelligent pill boxes
that remind patients of the medication they are taking and send signals to their case
care staff when opened [22]. MEMS also include blister packs with numerical
codes, which are only visible after the tablet has been removed and which the patient
must send to the case manager by SMS. If there is no signal, the case worker will
personally discuss the reasons with the patient. Other approaches such as oral bio-
medical sensor technologies (ingestible sensors) are currently being tested [23].
DAT can also be used in addition to face-to-face meetings with the case worker
(instead of replacing the face-to-face meeting). For example, case workers can carry
a digital tool (such as a mobile device with compliance software) that electronically
records every meeting.

Expectations on how DAT can improve TB treatment adherence and outcomes
are high, yet evidence, especially from low-resource settings, is still limited. The
finding from the Test, Treat, and Track project in Dar es Salaam provides insights on
successful implementation of digital adherence tool in low-income settings involv-
ing community healthcare workers with no prior digital literacy.

4 Equipping the Community with Digital Tool
for Monitoring Treatment Adherence

Operation ASHA (OpASHA) an Indian non-governmental organization came up
with an innovative digital technology of registering TB patients and monitoring
their adherence to TB treatment regimen [24-26]. The consenting TB patients did
provide biometric information including name, gender, age, HIV status, and contact
information including telephone number and physical address. These are stored in
the eCompliance biometric system (Fig. 1) and are identified by unique fingerprint
of the particular patient also stored in the eCompliance gadget consisting of a tablet
and fingerprint reader (Fig. 1) maintained by the trained healthcare workers and the
TB coordinators in the specific area. It is also important to mention that providers
have to scan their fingerprint, too, at each visit and are thus also accountable for
making the patient visit happen.

The eCompliance component (Fig. 1) adds up to examples of human-computer
interactions (HCI) in which it provides a complete linkage of the TB patient treat-
ment adherence record stored in the digital form and the community healthcare
workers, the project supervisors, and TB coordinators with real-time information
while at different geographic locations. It is similar to the renowned HCI involving
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Fig. 1 The components of eCompliance biometric system gadgets (tablet and fingerprint reader)
and data storage

multi-touch technology which enables graphic interaction through computer touch
panel [27]. The eCompliance mode of operation has been simplified using color
indicators (orange, green, and red) like the “traffic lights” to enable quick identifica-
tion of individuals taking their doses appropriately (green) and not taking doses
(red). This color enables quick intervention and finding out the causes. With eCom-
pliance the TB coordinators can monitor the treatment adherence in reality although
they are away. This innovative patient tracking may be related to HCI virtual reality
[28] in which through the three-dimensional display, users see the real world indis-
tinguishable from virtual argumentation [28].

S Training Community Healthcare Workers

The local community group known in Swahili language as Mapambano ya Kifua
Kikuu na Ukimwi Tanzania (MKUTA), which is a national patient organization
grouping the former TB patients as community volunteers and health workers, with
its branch known as Mapambano ya Ukimwi na Kifua Kikuu Temeke (MUKIKUTE)
based in Temeke District, Dar es Salaam, Tanzania, the area where the reported
experience was gathered, is pivotal in demonstrating the massive role that the com-
munity has in achieving the sustainable development goal number 3 (SDG 3, i.e.,
health). MKUTA is a 2018 winner of the global award for Community Leadership
and Mobilization given by the Stop TB Partnership [29]. The community healthcare
workers became conversant with the digital technology and acquired the digital
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literacy from a 3-day practical training offered by IT expert from OpASHA in 2016
and 2017 in Dar es Salaam, Tanzania. Following successful training of 15 commu-
nity healthcare workers from MUKIKUTE and 9 hospital nurses and local commu-
nity volunteers working under MUKIKUTE, some of the trainees became
supervisors to oversee the application of the digital technology in respective areas.
This technology is applied on tablets that are similar to smartphones that are now
widely used at community levels including remote rural areas. This makes possible
for community members to adapt and efficiently monitor the patients as instructed
by the supervisor. The community healthcare workers continued receiving further
training through a WhatsApp group formed to enable quick communication and
sharing technical challenges (but no confidential patient information) that need
solutions from supervisors and/or IT experts from OpASHA based in India. This is
achieved through the question and answer support given by OpASHA. For many of
the community healthcare workers and nurses, this was the first exposure to digital
health technology. English language of the tool posed an initial challenge but was
later resolved as they got used to the system. The fact that these community health-
care workers were already working on community-based directly observed treat-
ment (DOTS), involving visiting TB patients homes to assess whether they have
taken medication, means that they were interested on practicing the eCompliance.
Periodic 1-day training provided by MUKIKUTE including onsite training to
address challenges that users of the eCompliance face made the trained community
healthcare worker more conversant and led to increased digital literacy in the com-
munity. This is demonstrated by consistent trend of increasing adherence to treat-
ment regimen measured by dosage completed.

Each community volunteers delivered treatment to three to five patients’ house-
holds daily. Normally, a patient has to return to TB clinic to take medicines weekly,
each of these weekly visits needs about 30 min for paperwork documentation apart
from patients travel time from home to hospital. With eCompliance patients stay at
home and are visited by the community healthcare. Nurses equipped with eCompli-
ance tool at hospitals monitored the patients during the initial phase of the treatment
(commonly the first 2 weeks) and recorded the patients’ visit at clinic.

6 ECompliance Value on Treatment Adherence

An increase of treatment adherence (in terms of % doses taken) up to 98% has been
observed from July 2017 to December 2019, enrolling over 3000 TB patients. A
challenge is that no baseline data are available from traditional community-based
DOT, since the records on doses administered and taken are not systematically cap-
tured and analyzed. A community healthcare workers supervise 10-20 patients until
they are fully cured. The community healthcare workers therefore helps to reduce
the number of TB patients defaulting TB medication, which increases transmission
of this disease from untreated patients to the community. The eCompliance technol-
ogy potentially increases treatment adherence and reduces the risk of treatment



Monitoring Tuberculosis (TB) Treatment Adherence Using eCompliance Digital Tool... 237

% Doses taken

98%
100% 1 4% gyo 94% g
89% 889% 86%

80% A1

65%

60% 9

40% A

20% A

0% T T T T T v : : g 1
Q32017 Q42017 Q12018 Q22018 Q32018 Q42018 Q12019 Q22019 Q32019 Q42019

Duration of digital monitoring

Fig. 2 Treatment adherence trend generated from eCompliance tool operated by community
healthcare workers

interruptions that may lead to drug resistance or clinical complications. It provides
robust data collection and accurate monitoring of treatment adherence (Fig. 2).

7 Common Challenges

Two categories of challenges can be encountered when engaging the community to
implement digital technology in health, namely, technical and logistical or
geographical.

7.1 Technical Literacy

It takes tangible efforts to ensure that the community is aware of the new digital
technology for application in health system. Some trainees might be slow learners
and hence require frequent training and supervision including onsite spot visits.
Monthly team meetings are vital for resolving common challenges and sharing
expert solution. Unavailability of spare parts and infrastructure for effective con-
nectivity to the eCompliance system and synchronization may be a challenge
although this is common at initial stages of implementation.
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7.2 Logistical and Geographical Challenges

Applying a digital technology for monitoring TB treatment adherence in a small
geographic area may suffer when patients enrolled move out of the area to another
area without eCompliance digital tool. Transfer-out patients who were initially
enrolled in the study can affect the overall success expected from the monitoring of
treatment adherence because the eCompliance system considers the patients mov-
ing out as incomplete doses. However, this can be modified to accord them a differ-
ent status upon availability of proof that dosage was completed accordingly
elsewhere.

8 Can Digital Literacy Installation in the Community Yield
Expected Outcomes?

The answer to the question on whether digital literacy can be instilled in the local
communities and yield the expected result such as improvement in health system is
yes. When a new innovation is taken to the community and the community realizes
its benefits that it can help them to address their challenges such as a problem of
ensuring that TB patients complete dosages according to the existing treatment
guidelines from the National Tuberculosis and Leprosy Programme and/or the
World Health Organization (WHO), the perception toward such digital tool (eCom-
pliance) becomes positive, and they develop interest to learn. This is observed in
this chapter which shows an increasing proportion of treatment adherence deter-
mined by dosage taken. It is intriguing to observe that the community health-
care workers adapted and successfully implemented the technology regardless of
their education level.

How may the future of DAT for TB care look like? It could be an interesting
focus for tool developers to focus more on education and support than predomi-
nantly the monitoring and supervision aspect: for example, with particular attention
to functions that could make everyday life easier for patients and case workers,
promote communication, and encourage patients to complete their therapy. Such
support DAT's could be used regardless of whether the therapy is being monitored.
Digital tools cannot cure tuberculosis and not (yet) replace traditional medical care.
The more carefully the digital tool design takes into account the realities of life for
people with TB, the more they can improve TB care. The implementation of eCom-
pliance technology on monitoring TB treatment adherence and the successful con-
tribution to increasing appropriate dose taking depict further the importance of
human-computer interactions (HCI). The TB patients feel comfortable and cared
when they realize that their treatment is well cared. Similarly the community health-
care workers linking their patients to a digital platform that enables secured storage
of real-time patient treatment adherence information that is visible to their
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supervisors and data coordinators located away from the field demonstrated the
actual human-computer interaction usefulness [27, 28].

The “Test, Treat, and Track” monitoring intervention involving a group of 15
healthcare workers trained together with five (5) qualified nurses achieved to suc-
cessfully introduce in the community the eCompliance digital tool which improved
significantly the adherence to TB treatment. The use of this technology enhanced
timely visits and provided more time for public awareness of the disease since
patients are no longer needed to go to clinic after initial treatment. Timely visits to
patients’ home enabled instant data capturing and rapid health intervention evalua-
tion. Accountability of both the health provider and the patient becomes vivid as this
is incorruptible.

9 Conclusions

Digital health monitoring tools are much needed for enhancing treatment adherence
especially for disease with prolonged dosages such as TB. Carefully designed and
user-friendly digital tool can penetrate local communities with no prior knowledge
or background or digital skills. Engagement of former TB patients serving as com-
munity healthcare workers in the implementation of digital monitoring of treatment
adherence can yield expected outcomes in tracking TB treatment due to their famil-
iarity with the problem. Providing digital treatment adherence monitoring to com-
munity and subsequent technical support as well as localization to meet local needs
may enhance successful uptake of the technology by the end users and increase
digital literacy in the community. This can contribute to improved public health and
socio-economic livelihood.
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in the Sub-Saharan African Context:
Theoretical Underpinnings Towards
the Acceptance of Technological Tools
for Supporting Co-teaching,
Co-researching, and Co-learning

Martin Mabeifam Ujakpa and Delene Heukelman

Abstract An enormous amount of research has been carried out in examining the
technology acceptance model (TAM) as propounded by Davis, and as a result, TAM
has been applied in several technological acceptance settings and enhanced with
additional constructs, hence leading to the availability of TAM2 and TAM3. TAM
has widely been used to evaluate various technological tools globally and has been
successful in predicting technological tools’ adoption behavior in some interna-
tional settings. However, using the existing versions of TAM (1, 2, and 3) concepts
to choose technological tools for co-teaching, co-researching, and co-learning for
the sub-Saharan African environment may not give accurate results. As a result,
there is a need to expand the existing TAM for the sub-Saharan African environ-
ment. Expansion of TAM for the said environment, firstly, requires examination of
the concepts (constructs and variables) of the existing TAMs to understand if they
may be applicable in the said environment and thereafter developing an expanded
TAM for the said environment. To examine the concepts of TAM that may apply to
the sub-Saharan African environment, this chapter discussed the findings of litera-
ture review and theoretical underpinnings towards features of technological tools
for co-teaching, co-researching, and co-learning for the sub-Saharan African envi-
ronment and thereafter performed confirmatory factor analysis to confirm the appli-
cability of the identified constructs and variables in the said environment. Based on
the findings, this chapter concludes that four (4) main constructs of TAM (perceived
ease of use, perceived usefulness, perceived performance, and perceived benefit) are
applicable to the sub-Saharan African environment for choosing technological tools
for co-teaching, co-researching, and co-learning. Within the 4 constructs, 13 vari-
ables were identified as follows: ease of use, usefulness, frequency of use, system
quality, culture, satisfaction, experience, student or user centeredness, training,
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information quality, use mode, external factors, influence by peers, and influence by
important persons. Hence, when choosing technological tools to support co-teach-
ing, co-researching, and co-learning in sub-Saharan Africa, the 4 constructs and 13
variables should be considered as they could have implications on the adoption and
use of technological tools for co-teaching, co-researching, and co-learning. Further
study is needed to deeply understand the 4 constructs and 13 variables and how they
influence technological tools’ acceptance for co-teaching, co-researching, and co-
learning; hence, it is recommended that future studies consider developing an
expanded TAM for the sub-Saharan African environment.

Keywords Expanded TAM - Technological tools - Co-teach - Co-research - Co-learn -
Sub-Saharan African environment - Sub-Saharan African context - Technology
acceptance

1 Introduction

An enormous amount of research has been carried out in examining the technology
acceptance model (TAM) as propounded by Davis, and based on the results, TAM
has been applied in several technological acceptance settings and enhanced with
additional constructs, hence leading to the availability of TAM2 and TAM3 [26].
Additionally, TAM has been widely used to evaluate various technological tools
globally and has been successful in predicting technological tools’ adoption behav-
ior in some international settings [1, 3, 11]. Among these technological tools include
audio for instruction such as Vocaroo for making audio recordings; video for instruc-
tion such as WeVideo for making videos with narrations; safe searches such as
YouTube or Safe YouTube or SafeShare.tv, Flipgrid, TinyTap, Padlet, Labster,
VideoNot.es, Evernote, and Symbaloo; and learning management systems (LMS),
just to mention a few. These tools among others facilitate co-teaching, co-learning,
and co-researching.

Application of the TAM concepts to diverse cultural environments (apart from
the United States where it originated) requires laborious examination. McCoy et al.
[20] confirm that caution needs to be taken when applying TAM in at least 20 identi-
fied countries as a result of cultural differences. In addition to this cultural limita-
tion, Woraporn et al. [31] and Lee et al. [17] point out additional limitations of the
existing TAM versions. As such, using the existing versions of TAM (1, 2, and 3)
concepts to choose technological tools for co-teaching, co-researching, and co-
learning within the sub-Saharan African context may not give accurate results [20].
According to [33], an extensive comprehension of the concepts influencing the con-
structs of perceived ease of use and perceived usefulness is needed. Furthermore,
the assessment of diverse information systems for diverse contexts is neglected in
the current TAM versions. The sub-Saharan African culture and social factors are no
exempts to the neglected cultural and social factors.
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According to [31], the existing versions of TAM presume that technological
tools are used individually and hence group, team, or organizational perspective
(which may be influenced by culture) is missing. Additionally, TAM assumes that
technological tools’ use is voluntary; hence, use as a result of compulsion is miss-
ing. Use by voluntary act or compulsion may be influenced by culture (which varies
from society to society). As a result of TAM’s limitation, [13] suggested that an
expanded TAM be reflected as an obligatory part of “any pre-implementation study
of information and communications technology among health workers” in Africa.
This indicates that the choice of technological tools based on the existing TAM to
support co-teaching, co-researching, and co-learning in sub-Saharan Africa may not
give the best results. As a result, this research suggests that the choice of technologi-
cal tools to support co-teaching, co-researching, and co-learning in sub-Saharan
Africa should be based on an expanded TAM for the sub-Saharan African
environment.

Furthermore, applying the frequently used TAM external concepts in e-learning
adoption, [1] proposed a “general extended technology acceptance model for
e-learning” (GETAMEL). Environmental factors, including cultural and social fac-
tors, were not considered in [1] work. Also, system quality, information quality, and
service quality were not considered in developing GETAMEL [1]. Since [1] research
had not focused on the sub-Saharan African environment, applying GETAMEL’s
concepts to choose tools for co-teaching, co-researching, and co-learning in sub-
Saharan Africa may also not give the best results. There is therefore the need to
expand the existing TAM in order to use it to choose technological tools for co-
teaching, co-researching, and co-learning in sub-Saharan Africa.

As a first step, expansion of TAM for the sub-Saharan African environment
requires examination of the concepts (constructs and variables) of the existing
TAM to understand if they may apply in the said environment and, after, develop-
ing an expanded TAM in the said environment. To achieve this, this chapter dis-
cussed literature and theoretical underpinnings towards identifying the existing
TAM constructs and variables that may apply in the sub-Saharan African context
and hence be geared at achieving the first step in expanding the existing TAM in
the sub-Saharan African context. Discussion of the literature and theoretical under-
pinnings was presented in five parts: While part 1 discussed studies that applied the
original TAM in elucidating technology adoption, part 2 discussed studies that
applied the modified TAM in clarifying technology adoption. Parts 3 and 4 dis-
cussed studies that applied the information systems success model (ISSM) and
technology-organization-environment (TOE) framework in explaining technology
acceptance, respectively. Finally, part 5 identified the potential constructs and vari-
ables from the existing TAM that could be included in the proposed expanded
TAM for the sub-Saharan African environment. After identifying constructs and
variables from literature, factor analysis was performed to confirm the constructs
and variables.
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2 Literature Review

2.1 Research That Applied Original TAM

The original TAM, as in Fig. 1, was found in very recent studies to still be an
acceptable tool for predicting technological acceptance [2, 3, 11, 18]. While [2, 11,
18] conducted research in sub-Saharan Africa, the study conducted by [3] was
conducted in the Netherlands.

2.2 Existing TAM Constructs to Be Included in an Expanded
TAM in the Sub-Saharan African Context

In Helia et al. (2018) study, [11] examined the technology adoption level among
university academics. With 355 academics drawn from different Nigerian universities,
[11] analyzed collected data and concluded that TAM is an ideal theory that enables
one to comprehend user technology adoption [11]. Further, it was found that the fol-
lowing influence changes in behavioral intention (BI) towards technology adoption:

* Self-efficacy (SE)

¢ Social influence (SI)

e System accessibility (SA)

¢ Perceived usefulness (PU)

¢ Perceived ease of use (PEOU)

The researcher [11] also found:
 Significant relationships between:

— Bl and SE
— SA and PU

* Insignificant relationships between BI, PEOU, and SI

Perceived
Usefulness
-~
External Attitude Intention »| Actual
Factors (DU " Usage
Use to Use
Perceived
Ease of Use

Fig. 1 Technological acceptance model [7]



Proposed Expanded TAM in the Sub-Saharan African Context: Theoretical... 247

Based on the findings above, [11] recommended that universities’ management
organize trainings/seminars/workshops on technology use. The researcher’s finding
that “PEOU was insignificantly related to BI” contradicted the TAM model, and
hence a further study on [11] findings, especially within the sub-Saharan African
context, is needed. As a result, technological acceptance constructs that should be
included in an expanded TAM in the sub-Saharan African context should include
PEOU, PU, and BI and SE, SI, and SA. Chosen technological tools for co-teaching,
co-researching, and co-learning in sub-Saharan Africa based on the proposed
expanded TAM are more likely to give better results compared to the existing TAM.

King and He’s (2006) meta-analysis of the technology acceptance model using
88 published studies provided sufficient data to be credible and makes a stronger
case on why PU and BI should be incorporated into an expanded TAM model for the
sub-Saharan African environment. King and He’s (2006) meta-analysis concluded
that the PU and BI were highly reliable and may be used in a variety of contexts.
Hence, an expanded TAM in the context of sub-Saharan Africa should include PU
and BI as the usefulness of a technological tool may influence behavior intention to
adopt and use it.

Using TAM as theoretical background and collecting data from 400 university
teachers in Ethiopian public universities for “empirical examination of e-learning
acceptance and use,” [2] found that PEOU and PU significantly determined behav-
ioral intention of e-learning system use [2]. They also found that BI, user training,
and management support e-learning system actual use [2] and also conclude that
incentives for e-learning system actual use were insignificant to BI [2]. This sup-
ports the notion that knowledge/training and support are important variables to
include in an expanded TAM in the context of sub-Saharan Africa as knowledge/
training on a tool and support on how to use it for co-teaching, co-researching, and
co-learning may be necessary for successful co-teaching, co-researching, and
co-learning.

In the researchers’ study to assess the adoption of MOOCs in developing
countries, [19] collected data from 827 participants and performed hierarchical
regression analysis to develop the model. Results of the study indicated that, among
the technological characteristics, perceived usefulness significantly influenced
behavior intention to adopt the most, followed by accessibility challenges and value
of performance to cost [19]. Study results further revealed that self-regulation
influenced MOOC adoption most significantly and also that female learners were
more likely to adopt MOOCs. Finally, among social environmental variables,
tradition and social norms and lack of information about MOOCs were negatively
associated with adoption of MOOCs [19], thus confirming [15] finding of lack of
understanding of a technology as having a negative impact on adoption. These
results indicate the need to include PU and perceived performance (accessibility
and performance) as constructs in an expanded TAM for the sub-Saharan African
environment as usefulness and performance of a technological tool is necessary for
its adoption and use for co-teaching, co-researching, and co-learning.
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2.3 Concepts of the Original TAM to Include in an Expanded
TAM in the Sub-Saharan African Context

Adopting TAM for their studies, [18] found the variables that influence the use of
social media marketing in the tourism industry in South Africa. Applying a quantita-
tive approach using questionnaires, data gathered from 150 travel agencies and tour
operators were analyzed, and the results indicated that managers’ educational level
and managerial support influenced attitude towards social media marketing [18].
The study also found that external factors that influence social media marketing
include PEOU, competitors’ pressure, and perceived benefits [18]. Further, it was
found that technical knowledge moderated the relationship between attitude towards
use and social media marketing [18]. This re-emphasizes the importance of the
variables of knowledge/training and support and the constructs PU and PEOU,
hence suggesting their inclusion in an expanded TAM in the sub-Saharan African
context [27]. Indicated in his study on determinants of PEOU, indicated this as well.
Hence, co-teaching, co-researching, and co-learning technological tools’ adoption
and use may depend on their PU, PEOU, information technology staff support (bet-
ter referred to as service quality in the ISSM model), and user knowledge/training
on them.

While the previous studies discussed above were conducted in sub-Saharan
Africa, the study by [3] was conducted in the Netherlands. In order to examine user-
perceived e-procurement guality dimensions as key antecedent of employees to PU
and PEOU, [3] collected and analyzed data from 139 participants at a university in
the Netherlands. Results of the analyses showed that the following influenced indi-
vidual employee e-procurement adoption.

e Processing
e Usability
e Professionalism

Since processing, usability, and professionalism influence system quality towards
PEOU, ease of use towards information quality, and culture towards perceived per-
formance, respectively, system quality, information quality, and culture variables
need to be included in the expanded TAM for the sub-Saharan African environment.
Hence, the system quality, information quality, and cultural variables (e.g., peer/
important personnel influence, individualism/collectivism, language, power dis-
tance, uncertainty avoidance, long-term/short-term orientation, and masculinity/
femininity) of co-teaching, co-researching, and co-learning tools are likely to play
an important role in its adoption and use.

The discussed studies above found the existing TAM to be suitable for use in
determining variables and constructs that influence technology acceptance in the
context of sub-Saharan Africa: hence, all constructs of the existing TAM should be
included in an expanded TAM for the sub-Saharan African context. Thus, techno-
logical tools for co-teaching, co-researching, and co-learning in the sub-Saharan
African environment should be perceived useful and easy to use to enable their
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adoption and use. However, this is not conclusive enough to conclude that condi-
tions for adopting and using technological tools for co-teaching, co-researching,
and co-learning in the sub-Saharan African environment are determined by per-
ceived usefulness and ease of use only, thus prompting further research and strength-
ening the case for an expanded TAM (going beyond perceived usefulness and ease
of use) to include other possible factors (if any).

2.4 Research That Applied TAM with Modifications or
Extensions

Apart from the use of the original TAM in previous studies [2, 3, 11, 18], the
modified or extended TAMs were also used in previous studies. Previous studies
that used modified or extended TAMs include the studies of [4, 9, 22, 30].

Applying a modified technology acceptance model (TAM) as in Fig. 2, [4]
examined variables and constructs that influenced consumers’ intention and actual
behavior to use sports brand applications. Using convenience sampling, data were
collected from 261 Korean sports brand application consumers and analyzed by
“partial least squares structural equation modeling (PLS-SEM)” [4]. The study
results indicated that “enjoyment level positively affected PEOU and that PEOU
also positively influenced PU” [4].

On constructs that influenced BI to use sports brand applications, perceived
enjoyment was found to be the most influential. It was followed by PU and thereaf-
ter PEOU. The study further found that “Behavioral Intention positively affected
Actual Behavior: however, differences were found between three age groups” (20s,
30s, and 40+) [4]. The variable of enjoyment may be directly due to the applications
being sports brand related and hence may not be included in an expanded TAM for
the sub-Saharan African environment. For co-teaching, co-researching, and co-

Fig. 2 Modified TAM [4] .
Perceived

usefulness
Perceived Intention
ease of use to use

Perceived
enjoyment
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learning tools’ adoption and use, the variable, enjoyment, may be insignificant
as well.

In their bid to “understand why emerging information technology is adopted and
factors that enhance their implementation,” [30] proposed an “emerging informa-
tion technology acceptance model” (EITAM) [30]. Using structural equation mod-
eling (SEM) based on data from an open-ended questionnaire survey, hypotheses
were tested, and the research identified factors that affect emerging information
technology acceptance from engineering construction technology and innovation
professionals. Creating a modified “technology acceptance model” (TAM) with
“structural equation modeling” (SEM) and testing it using the statistical package
SPSS Amos 20, [9] identified the variables that influence “hospital information sys-
tem’s (HIS) applications” most. Using questionnaires to collect data from several
hospitals in Sleman, Daerah Istimewa Yogyakarta Province, Indonesia, [9] found
that seven constructs influenced users in using an HIS. Among these constructs are
subjective norm, PU, PEOU, user satisfaction (US), BI, attitude towards using, and
actual system usage. This finding is an indication that adoption of co-teaching, co-
researching, and co-learning technological tools may depend on the tools’ perceived
usefulness, ease of use, satisfactoriness, and peer/important personnel acceptance
(subjective norm). As a result, the seven identified constructs in [9] study should be
considered in an expanded TAM in the sub-Saharan African context.

[22] examined “factors that determined students’ video usage and their learning
satisfaction.” Using educational videos, available on a learning management system
environment for a Mathematics course, with a theoretical background from an
“extended technology acceptance model” (TAM), questionnaires were used to col-
lect data from 89 students and analyzed to examine the research model constructs.
The results of the examination found that (1) PU, attitude, and Internet self-efficacy
directly influenced the video usage, (2) learner-learner interaction, PEOU, and
learning performance directly influenced learning satisfaction, and (3) the video
usage had a significant effect on learning performance and learning satisfaction.
Considering that attitude and learner-learner interaction are more likely to stem
from culture which may influence frequency of use, experience, and Internet self-
efficacy, it is suggested that an expanded TAM in the sub-Saharan African context
includes culture, frequency of use, and experience as variables.

In their meta-analysis on the impact of trust on technology acceptance, focusing
on moderating influence of subject and context type, [28] analyzed 126 studies on
PEOU and PU of TAM and found that PEOU and PU influence attitude which in
turn influences BI. Findings of [28] confirmed findings of King and He (2006) and
hence add further reason why PEOU and PU should be included as constructs in the
expanded model. In addition to PEOU and PU, [24] “analysis of affecting factors of
technology acceptance in the application of knowledge management for small/
medium enterprises in creative industry” concluded that user willingness to use and
knowledge management influenced technology acceptance. As user willingness to
use and knowledge management match frequency of use and experience, respec-
tively, [24] findings give further reasons why frequency of use and experience should
be included as variables in an expanded TAM in the sub-Saharan African context.
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Constructs identified from the modified or extended TAM as above, which are
suitable for an expanded TAM for the sub-Saharan African context, are PEOU, PU,
PP, BI, and TA. The variables influencing the constructs are culture, frequency of
use, and experience, subjective norm (influence by peers and influence by important
persons), accessibility, and performance. This shows that adoption and use of co-
teaching, co-researching, and co-learning technological tools depend on the con-
structs PEOU, PU, PP, BI, and TA and the variables culture, frequency of use, and
experience, subjective norm (influence by peers and influence by important per-
sons), accessibility, and performance.

2.5 Research That Applied Information Systems Success
Model

The original and updated ISSM models as in Figs. 3 and 4 were found in very recent
studies still to be an acceptable tool for predicting technological acceptance [16, 21,
25, 32].

To understand a user perspective organization’s information systems, [21]
“re-specified and validated” [5] ISSM model by “proposing a social exchange
theory”. Gathering data from 102 participants, [21] developed a model for testing
information systems success. From the model, [21] concluded that “strong
relationships existed between the following variables:

e Perceived quality
e Perceived value

e User satisfaction
e Net benefits”

Further, [21] found that system quality and information quality affect service
quality. They further found that information quality, system quality, and service
quality caused the formation of perceived value and perceived value causes the
formation of user satisfaction and net benefits. Based on these findings, an expanded

System OQuality Use

Individual Organizational
Impact Impact

Information User /
Quality Satisfaction

Fig. 3 Information systems success model [6]
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Fig. 4 Updated information systems success model [6]

TAM in the sub-Saharan African context should include the variables information
quality, system quality, service quality, and satisfaction. This also emphasizes the
need that, for co-teaching, co-researching, and co-learning technological tools to be
successful adopted and used, then they have to be chosen based on their information
quality, system quality, service quality, and satisfaction.

Leveraging on the ISSM model (2003) and using questionnaires to collect data,
[23] developed an “evaluation framework for health information systems.”
Considerations made in developing the framework included collaboration, satisfac-
tion, safety, procedures, and system quality [23]. Collaboration, satisfaction, and
system quality being part of considerations for [23] in developing a framework for
evaluating health information systems reinforced the inclusion of collaboration,
system quality, and satisfaction as possible variables for the expanded model.
Another study that made use of satisfaction variable is that of [8], which developed
an extended TAM with process satisfaction and outcome satisfaction as constructs.

“Use” as a construct in ISSM directly influences satisfaction and benefit and
indirectly influences intention to use [5]. To examine this further, [16] reviewed
relevant literature, including “information systems success model,” and thereafter
performed “user tests and interviews” with 12 participants. Results from the study
revealed that “high organic search engine visibility is not the reason for ecommerce
system use, but rather use is a result of high visibility” [16]. This result reinforces
the inclusion of frequency of use and satisfaction as variables in the expanded
model, as they influence technology acceptance (TA). The study also found that
“there were more than just a few variables that users evaluate when choosing an
e-commerce system to use” [16]. This finding informs an expanded model to have
the variables frequency of use and satisfaction as variables.

To establish whether the “success of information systems affects job satisfaction
and commitment among employees,” [32] gathered data from 50 people in the
“higher education” industry. Results of the analyzed data show that “there are
dimensions associated with information systems that influence the success of the IS
and this success in turn affects job satisfaction and commitment, and through the
latter organizational performance” [32]. Dimensions associated with information
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systems that influence its success [32] may include system quality, information
quality, service quality, and culture. By including system quality, information qual-
ity, service quality, and culture as variables in the expanded model, it becomes pos-
sible to verify the influence of information systems (IS) dimensions on IS success in
the sub-Saharan African context.

In some organizations, information systems may not exist or exist but is not used
as employees lack trust in it. To investigate users’ (employees’) trust in IS and pre-
conditions for trust, [25] collected data from 30 professionals on occupational inci-
dents related to IS trust. Content analysis of the data revealed 12 predictors of IS
trust and distrust. Analysis of data further gathered from 179 professionals to vali-
date the initial findings indicated that IS system quality and information quality are
the most predictors of IS trust and distrust. In relation to job satisfaction and com-
mitment, the study found well-being and performance as rating highest in trust
events and experienced strain as rating highest in distrust events.

2.6 Research That Applied Technology-Organization-
Environment (TOE) Framework

The original TEO model as in Fig. 5 was found in very recent studies to still be an
acceptable tool for predicting technological acceptance [7, 10, 12, 15, 19].

/

Environment Organization
Industrial Formal and Informal Linking
Characteristics, Market Structure
Structure Communication Process
Technology support Size
Infrastructure

\_

Government regulations

Technological
Innovation
Decision

Technology
Availability
Characteristics

Fig. 5 TOE framework [36]
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[15] study to “investigate the drawbacks of transitioning from on premise system
to a cloud computing service in relation to adoption” reviewed the TOE framework
and thereafter conducted interviews to collect data from participants. Analyses of
the data found that “security, perceived loss of control, and lack of cloud computing
understanding” were found as drawbacks, and hence the researcher recommended
that “further research on cloud computing comprehension” be undertaken [15]. As
security, perceived loss of control and lack of cloud computing understanding were
as a result of the cloud computing (system) quality and the researcher [15] recom-
mended further study on it.

In [12] study in Malaysia in which they applied the TOE framework to examine
existing information systems adoption empirical studies at the organizational level,
[12] developed a model. The use of the TOE by [12] in developing a technological
adoption model indicates the possibility of using some of TOE’s constructs and
variables in an expanded TAM in the sub-Saharan African context, hence support-
ing the use of system quality, information quality, and service quality (TOE techno-
logical dimensions) and culture (a TOE environment dimension).

In their study on factors that affect BI to use B2B e-commerce in Jordan using
the TOE, [10] employed self-administrated questionnaire to collect quantitative
data from 168 participants in Jordan and thereafter analyzed the data using “partial
least squares structural equation modeling technique.” The results indicated that
“relative advantage, top management support, and information intensity have a sig-
nificant indirect effect on behavior intention to continue using B2B e-commerce,
through perceived usefulness (PU)” [10]. PU mediates the relationship of “relative
advantage and information intensity with the behavior intention to continue using
B2B e-commerce” [10]. Since information intensity and top management are linked
to information quality and service quality, the results of [10] study indicate the need
for information quality and service quality and PU to be included as variables,
respectively, in an expanded TAM for the sub-Saharan African environment which
will be useful when choosing co-teaching, co-researching, and co-learning tools for
the sub-Saharan African environment.

In [7] study in the healthcare logistics setting using a multiple case study, it was
found that a set of 17 factors influence technology adoption and the most significant
relates to quality, employee work conditions, and employee engagement [7]. [7]
pointing to quality as an important factor reinforce the inclusion of information
quality, system quality, and service quality as variables in the expanded TAM and in
technological tools for supporting co-teaching, co-researching, and co-learning
tools for the sub-Saharan African environment.

The examples of recent studies as discussed above confirm that the modified or
extended TAMs, ISSM, and TOE are still relevant in examining and identifying
concepts that influence technology acceptance and hence a suitable theoretical basis
for an expanded TAM for the sub-Saharan African environment will be more suit-
able in aiding the selection of tools for supporting co-teaching, co-researching, and
co-learning technological tools for the sub-Saharan African environment.
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3 Methodology

As part of the study, a review of existing literature was undertaken and confirmatory
factor analysis undertaken. As part of the review, five technological acceptance-
related thematic areas were taken into consideration. The six thematic areas include
research that applied original TAM, existing TAM constructs to be included in an
expanded TAM in the sub-Saharan African context, variables of the original TAM
constructs to include in an expanded TAM in the sub-Saharan African context,
research that applied TAM with modifications or extensions, research that applied
information systems success model (ISSM), and research that applied technology-
organization-environment (TOE) framework. Four literature materials were
reviewed on the theme on research that applied original TAM, four on the theme on
existing TAM constructs to be included in an expanded TAM in the sub-Saharan
African context, three on the theme on variables of the original TAM constructs to
include in an expanded TAM in the sub-Saharan African context, four on the theme
on research that applied TAM with modifications or extensions, five on the theme
on research that applied ISSM, and five on the theme on research that applied TOE
framework. Various constructs and variables were discussed. The chosen literature
for review was based on their authority, relevance, and recency.

Constructs and variables obtained from the reviewed literature based on the
theoretical underpinnings were used in formulating questionnaires that were used to
collect data from 308 students in 5 universities in the 5 regions of sub-Saharan
Africa. Each university was chosen from one region and was using an e-learning
system. Through confirmatory factor analysis (CFA), the data were analyzed and
the eigenvalue and explained variance (EV), KMO and Bartlett’s test, factor load-
ings, and mean and standard deviation values computed. The data collection stopped
on the 308 student when the researchers realized that a point of saturation had been
reached.

4 Data Analysis and Discussion

Table 1 presents a summary of the statistics (eigenvalue and explained variance
(EV), KMO and Bartlett’s test, factor loadings, mean and standard deviation values)
for the quantitative data, gathered through completed questionnaire from the
research respondents. Data in Table 1 enabled verification of the correlations
between the constructs in the sub-Saharan African context. The results were gener-
ated from Cronbach’s a measure of variables that formed the questionnaire. As
given by the formula below, Cronbach’s a of the questionnaire is how the question-
naire measures what it should measure. Scoring a high reliability means that it mea-
sures very close to what it should measure, and scoring a low reliability means it
measures something else or possibly nothing at all. For this chapter, Cronbach’s
alpha value of 0.7 or above was accepted as high reliable value.
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Table 1 Constructs, Cronbach’s «, KMO, factor loading, mean, and average values

Eigenvalue, | KMO, Average
Cronbach’s | explained Bartlett’s Factor | mean,
Construct Variable N |alpha variance test loading | SD
Perceived Ease of use 308 0.78 4.3,2.9 30 0.718 0.8 1.88
usefulness Usefulness 20 P <0.0001 |45 0.79
Frequency of 0.75
use
Information 0.82
quality
Culture 0.54
Satisfaction 0.49
Perceived Experience 308 | 0.84 28,2718, 10.74 09 2.59
ease of use | Student or 19 P <0.0001 | .73 1.27
user
centeredness
Training 0.88
System 0.67
quality
Perceived Voluntary use | 308 | 0.77 1.32410170.72 0.7 1.95
benefit Influence P <0.0001 | .83 0.78
(peers)
Influence 0.67
(important
persons)
Satisfaction 0.6
Perceived System 308 0.72 1214810 0.71 0.8 2.06
performance | quality P <0.0001 0.89
Influence 0.7
(important
persons)
Culture 0.6
Source: Field data (2018)
N-c
Cronbach’s alpha formula: @ = ——————— where:
v+(N-1)-c

* o= Cronbach’s alpha
* N = the number of items
e C=average covariance between item-pairs
* V¥ =average variance

Cronbach’s alpha values for this chapter were generated by the use of SPSS
software in which the data collected was entered and run for analysis.
In Table 1, the mean and standard deviation values were computed, and the
summary of the direct, indirect, and total effects for the relationship between the
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variables and constructs was made. As in Table 1, of the 13 variables in the research
instrument, 6 associated closely with a Cronbach’s alpha of 0.78, to measure the PU
construct (a construct in the existing). Four variables associated closely with a
Cronbach’s alpha of 0.84 to measure the PEOU construct. Since the six variables
correlated to measure the PU construct (a construct of the existing TAM) and four
variables correlated to measure the PEOU construct (a construct of the existing
TAM), then it confirms the applicability of the two main constructs (PU and PEOU)
in the existing TAM to the proposed constructs for the said environment in context.

With a Cronbach’s alpha value of 0.77 as in Table 1, four variables further
correlated to measure the PB construct (a new proposed construct). Furthermore,
three variables associated closely with a Cronbach’s alpha of 0.72 to measure the PP
construct (a new proposed construct). Comparatively, the existing TAM model does
not have the constructs perceived benefit (PB) and perceived performance (PP).
While PB has three variables (culture, peers’ influence, and important persons’
influence) influencing it, PP has the variable culture, which would directly measure
the sub-Saharan African context influence, hence adding the constructs PB and PP
for the sub-Saharan African context. Although this may not be unique to the sub-
Saharan African environment only as it may apply to other environments, the lack
of these constructs in the said environmental context could negatively influence on
results when measuring technology adoption in the said environment.

With a standard deviation score of 1.27 and the highest average mean of 2.58 as
in Table 1, PEOU was rated as the construct with the most influence. Since the vari-
ables associated with PEOU in a technology were experience on use prior to using
it, training on use, system quality, and student/user centeredness, then the result
indicates that these variables enhance intention to accept and use a technology in
sub-Saharan Africa.

The interview questions for the PB construct were reverse-phrased, and therefore
the result must be interpreted with this in mind. With an average mean of 1.95 and
standard deviation of 0.78, the construct PB rated lower than the PP construct. Since
the variables associated with PP were influenced by peers and important persons
(referred to as subjective norm in literature), voluntary use, and satisfaction, this
result indicates that these variables account for intention to accept and use technol-
ogy in sub-Saharan Africa.

PU was rated the lowest with an average mean of 1.87 and a standard deviation
score of 0.78. Since the variables associated with PU included frequency of use,
information quality, and culture, then these results show that these variables account
for technology acceptance in sub-Saharan Africa.

The construct PP was rated as the construct with the second highest influence,
with an average mean score of 2.06 and a standard deviation score of 0.89. This
indicates that within the sub-Saharan African settings, culture, system quality, and
influence by important persons enhance intention to accept and use technology.

Ease of use, frequency of use, and usefulness are variables that enhanced
acceptance and use of technology. The construct PU from which they emanate was
rated with an average mean of 1.88 and standard deviation of 0.79, as in Table 1.
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5 Conclusion

To examine the concepts of the existing TAM in order to identify the concepts that
may apply in the sub-Saharan African context for the adoption of technological
tools for co-teaching, co-researching, and co-learning, two main issues need to be
considered: firstly examination of concepts that address technological acceptance
within the said environmental context above and secondly examination of the con-
cepts that have the potential to predict and explain acceptance and use of technology
within the said environmental context above. This chapter therefore discussed the
theoretical underpinnings for an expanded TAM for the said environmental context
above by analyzing the existing technological acceptance concepts in order to iden-
tify the technological acceptance concepts that apply to the sub-Saharan African
environment and those that can potentially predict or explain technological tools’
acceptance for supporting co-teaching, co-researching, and co-learning and later aid
in the development of an expanded TAM for the sub-Saharan African environment.

Two (2) main constructs (consisting of 13 variables) were identified from
literature and two (2) more generated from the factors analysis. The identified
constructs from literature are PEOU and PU, and the two constructs generated from
the factor analysis are perceived performance (PP) and perceived benefit (PB).
Within these constructs, 13 variables were identified. The identified 13 variables in
literature include ease of use, usefulness, frequency of use, system quality, culture,
satisfaction, experience, student or user centeredness, training, information quality,
use mode, influence by peers, and influence by important persons. Considering
external factors as suggested by many studies including that of [26, 27, 35] studies,
as a variable, would mean 13 variables in all.

Hence, when choosing technological tools (such as Vocaroo, WeVideo, Safe
YouTube, Symbaloo, etc.) to support co-teaching, co-researching, and co-learning
in sub-Saharan Africa, the said 4 constructs and 13 variables (as above) from exist-
ing technological acceptance concepts should be considered as they may have
implications on adoption and use of the technological tools for co-teaching, co-
researching, and co-learning. Previous studies on TAM focused on eight of the said
variables and only handled partly or neglected the remaining constructs and vari-
ables. The partly handled or neglected variables are use mode, culture, student or
user centeredness, frequency of use, and training. Further study is therefore needed
to understand deeply these partly handled or neglected variables and constructs.
Based on the comprehension of the neglected variables and constructs and the find-
ings of these studies (4 constructs and 13 variables from existing technological
acceptance concepts), an expanded TAM in the sub-Saharan African context should
be developed.
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Prototype Design of Android App
for Blood Donation

Anay Dombe, Ganesh Bhutkar, and Aditya Dongre

Abstract It is expected that the blood of required blood group will be available on
demand. However, during certain situations such as accident or surgeries, this
demand may be at the peak. Therefore, it may not be possible to make required
blood components available to the patient in that crucial time frame. It may happen
due to several vital problems such as insufficient blood stocks at the blood bank;
delay in receiving required blood; lack of storage, separation, or preservation facili-
ties; and even myths about blood donation. This paper discusses about a paper pro-
totype design of the proposed application (app) for blood donation. A paper
prototype for this app is designed based on correlated literature survey as well as
peer Android app review. This prototype design includes several facilities such as
requesting blood, donating blood, searching the donor, and tracking the donor effi-
ciently. An important concern of this Android app is to spread awareness about
blood donation addressing various myths and minimize the time for blood arrival as
per user requirement.

Keywords Blood donation - Android app review - Paper prototype - Android app -
Blood bank

1 Introduction

According to The Times of India, about 150,000 cardiac surgeries are performed in
a year, in India [1]. The major surgeries related with heart or cancer ailments may
involve significant blood loss. An article in Business Standard states that there was
a shortage of 1900,000 units of blood in 2016-2017, in India, that could have aided
more than 320,000 heart surgeries [2]. This data shows that a large amount of blood
is still required to cover such shortage. One of the best ways to overcome such
shortage is through the process of blood donation. Blood acquired through blood
donation can be stored and used as per the need. However, statistics given by India
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Table 1 Data about blood Blood component details | Blood discarded (in units)
discarded in 20162017 [6] Whole blood 150.567

Packed cells 174,848

Plasma 332,061

Platelet concentrate 524,378

Today reveal that only 8 out of 1000 Indians are voluntary donors [3] and 84 Indian
districts lack access to blood transfusion facilities [4]. This shows that there is an
exigency to demonstrate the importance of blood donation and thus to urge people
for blood donation. Other contributing factors leading to the death of people due to
blood shortage are:

e Unavailability of blood of appropriate blood group

e Delay in receiving required blood

e Lack of various facilities for separation and preservation of blood components
e Prevalent myths about blood donation

A large amount of blood is wasted due to lack of coordination between the hos-
pitals and blood banks. Blood, plasma, and platelets are disposed of due to lack of
usage before the expiry date. It is important to note that although we face a shortage
of blood, a large amount of blood is wasted either due to lack of coordination
between the hospitals and blood banks or due to lack of usage before the expiry
date. According to The Economic Times, in 2016-2017 alone, over 650,000 units of
blood and its products were discarded in India and 50% of the wasted units were
plasma having a shelf life of 1 year [5]. Table 1 shows blood discarded in
2016-2017 in units, where 1 unit is roughly 525 milliliters [6].

The mission of this book chapter is to review the literature available as well as
existing Android apps supporting blood donation and suggest a room for improvisa-
tion for motivating the users to donate blood and addressing the myths about blood
donation. We are assertive that our research-based approach and related app proto-
type will lead to design of effective app for blood donation to minimize the time for
blood arrival as per user requirement.

2 Literature Review

It is extremely essential to know if blood is available in nearby blood banks or with
volunteers in case of an emergency. Rh++ is an integrated information system pro-
posed by Sultan Turhan, and its aim has been to manage the blood donation and
blood supply chain. The proposed system is used by the patients and/or relatives of
the patients to notify their blood requirements and by the living donors to be aware
of these requirements [7]. When the blood request is defined into the system, the
system checks the stock of the blood banks in the neighborhood. If the blood needed
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is not available there, the system sends request to living donors of the same region,
via the mobile app installed in donors’ smartphones, and interprets the response
coming from the donors. If there is any affirmative answer from the living donors,
the system informs the related healthcare provider. Rh++ seeks to provide services
to different kinds of users such as healthcare institutions, blood banks, volunteer
donors, patients, or their relatives. This provides an efficient way to perform the
blood donation activity and will be more useful in case of an emergency. A similar
approach to manage blood donation and blood supply chain will be a part of
our proposed Android app to help in case of an emergency.

There are several research studies focusing on different aspects of blood dona-
tion. Ringwald summarizes key elements to motivate blood donation such as
explaining certain myths about blood donation, asking temporarily deferred blood
donors to return, reducing blood donor’s anxiety, and working on enhancing the
reputation of blood donation service [8]. Nilsson et al. proposed that while it is
essential to remove fears about blood donation, donors should be explained its
advantages [9]. A study by Lemmens et al. among non-donors has found that cam-
paigns to recruit blood donors should try to improve attitude and personal norms
regarding blood donations [10]. Steele et al. have observed that while high levels of
altruism, empathy, and social responsibility motivate people to donate blood, these
indicators are not related to donor frequency [11]. They proposed that although
these parameters will urge an individual to donate blood, certain factors, such as
convenience of blood donations, safety, and the benefits of blood donation, should
also be addressed to an individual.

Although majority of the apps are already live, there are various reasons because
of which people do not donate blood. Getachew Arage et al. conducted a survey in
Ethiopia [12]. They have listed various reasons for not donating blood. They found
that 21.42% of people did not donate blood because of the fear of blood donation,
19.21% did not donate blood since they never thought of blood donation, 18.92%
did not donate blood since they were physically unfit, 17.4% did not donate blood
since no one never asked them about blood donation, and 16.1% did not donate
blood due to medical problems. A similar research has been conducted by Anne
Wilkinson et al. to find out the reasons for not donating blood among youths [13]. It
states that one of the reasons for not donating blood is fear of blood transfusion
needle. Some did not donate blood since their family did not allow them to do so;
some did not know where to donate blood, and some were suffering from anemia.
Some of the Android apps have included blood facts and guidelines in order to
remove myths about blood donation. Once the user is aware of the benefits of blood
donation and its myths, he/she is likely to contribute and promote blood donation.
Blood donation facts and guidelines will be included in our proposed app.

Only some apps have the facility to provide credit to the donor after blood dona-
tion. This is an important aspect for promotion of blood donation. Anne Wilkinson
et al. have presented the responses of the youth who donated blood. These statistics
are important since they can be used to find out the most frequent donors. Some of
the reasons stated by the donors for donating blood were noble cause, emergency
for friend/family, need for money, and awareness about blood donation [13].
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3 Android App Review

A systematic review has been conducted for eight Android apps during this research.
The eight apps were randomly selected from the list of highly rated apps on Google
Play Store. Two of the three researchers (the first author and the third author) reviewed
all the eight apps independently based on different functionalities and features. Each
researcher prepared his own observations, and the observations were later discussed
with a usability expert (second author) to shortlist important app features and func-
tionalities. The apps were then reviewed again based on the finalized features and
functionalities, and the results were then finalized by discussing with the usability
expert to avoid any bias. These results have been presented in Tables 2 and 3.

Figure 1 depicts screenshots of one of the selected apps named Blood Cure
showing facts related with blood, user blood group, and blood donation history. The
first screenshot of Fig. 1 states some important facts such as the units of blood a car
accident victim might require, how frequently some or the other person needs blood,
and the number of blood donations that are required every day. The second screen-
shot of Fig. 1 shows the profile information of the logged user. This includes his
username, blood group, location, gender, and availability status and the number of
donations made by the user till date.

The next two sub-sections discuss about the two types of reviews focusing on
app functionalities and features.

3.1 Review of App Functionalities

Table 2 shows the summary of app functionalities for all eight selected apps, namely,
Simply Blood [14], Friends2support.org [15], Blood Donors [16], Blood Donor
[17], Mblood [18], Telangana Blood Donors [19], Blood Cure, and Blood Donation

Table 2 Summary of app functionalities

Profile Raising blood | Post blood
creation Profile Donor | Donor request to request for
App name (receptor) deletion |listing | tracking |your contacts |another user
Simply Blood No No Yes Yes Yes No
Friends2support. | No Yes No Yes No No
org
Blood Cure No No No Yes No Yes
Blood Donors No No No Yes No No
Blood Donation No No Yes Yes No No
app — INDIA
Blood Donor Yes No Yes Yes No No
Mblood No No No No No No
Telangana Blood | No Yes Yes Yes No No
Donors



http://friends2support.org

Table 3 Summary of app features

Number of Blood Blood
available Donor donation | Blood Promoting | donation
blood Geographical | tracking | myths group blood history
App name groups scope of use | range and facts | information | donation | of user
Simply 20 Global Within | No No Yes Yes
Blood 5 km of
the
location
Friends2 17 Asia Within | Yes No No Yes
support.org your area
Blood 16 Global Within | Yes No No No
Cure the state
Blood 8 Global Within | No Yes No No
Donors the city
Blood 16 India Within | Yes No Yes No
Donation the state
app — INDIA
Blood Donor | 18 America Within | Yes No Yes Yes
the city
Mblood 16 India Within | Yes No Yes No
the area
Telangana No Telangana Within | No No No No
Blood specific the city
Donors number

Blood Facts
Facts about blood needs

Blood Group

O
Q

Gender Not Set

| am Normal User

I am NOT available

Location Not Set

Donations

None (Set this for Restoring Password!)

(a)

(b)

Fig. 1 Screenshots for Blood Cure app. (a) Facts and (b) profile information
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app — INDIA. Major app functionalities include profile creation of the receptor,
profile deletion of the user (both donor and receptor), listing of the available donors,
donor tracking, raising the blood request to the contacts, and posting a blood request
on behalf of another user. Profile creation of the receptor or asking the receptor to
create profile to receive blood will waste a lot of time. The receptor should have
open access to receive blood. Doing so will make the entire process quite simple
[20]. Similarly, the user should have the provision to delete the profile. The most
important aspect while using any blood donation-related app is to track the donor.
Since most of the apps list the contact details of the user, it may happen that the first
user in the list is unavailable. In such cases, it would be beneficial for the receptor if
the donor forwards the request to his contacts that are in the vicinity. Often it hap-
pens that the user is not registered; however, there is an exigency of blood. In such
cases, it helps if the registered user has the provision to ask for blood by sharing the
contact of the desired user. This can save a large amount of time. It is also essential
to check if the required blood is available in the blood bank/hospital. Although no
app listed here has such a provision, this can be done using RH++ [7]. The observa-
tions from entries in Table 2 are as follows:

* Most of the apps (seven out of eight apps) provide vital facility for donor
tracking.

*  Most of the apps (seven out of eight apps) have facility to direct the receptor
to the donor without creating the profile of the receptor.

* Some of the apps (four out of eight apps) list the contact details of the donors
without asking the receptor to sign in.

* A provision to delete the user (donor/receptor) profile is available in only
two apps (out of eight apps).

e There is only one app (out of eight apps) which has a facility to raise the
blood request.

* Only one app (out of eight apps) has a facility to post blood request for
another user.

3.2 Review of App Features

Table 3 depicts the summary of features related to different Android apps. Major
app features include number of available blood groups, geographical scope of
use, donor tracking range, blood donation myths and facts, blood group infor-
mation, ways to promote blood donation, and to record the blood donation
history of the user. Every app reviewed asks the user to select his/her blood group.
The number of different blood groups varies app by app. For example, “Bombay
Blood Group” is present only in few apps. It is important to include maximum num-
ber of blood groups since during emergency, blood requirement may arise for any
blood group. There are some apps which cannot be used beyond a particular loca-
tion. Emergency may arise from any location. As a result, it is essential to increase
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the geographical scope. Whenever blood is requested by the user, the app finds a
donor; however, different apps have a different range. During emergency, the range
plays a key role. The app should find a donor by taking into account parameters such
as distance from the receptor and time to reach receptor’s location or hospital.
Finding a donor beyond a particular range limit is inefficient. However, this range
may increase depending upon the availability of the blood donors in the nearby area.

There are majority of the users, who do not donate blood due to certain myths
and fear [13]. These include fear of blood transfusion needle, fear of catching a
disease [21], and fear of being weak after donating blood [21]. The inclusion of
blood facts not only eliminates myths but also helps to promote blood donation.
There are also other ways to promote blood donation such as adding reward points
and showing the number of lives saved whenever any donor donates blood. The
observations from Table 3 are as follows:

* Most of the apps (6 out of 8 apps) have more than 15 blood groups to select at
the time of blood donation. A1+, A1—, A1B+, A1B—, A2+, A2—, A2B+, A2B—,
A2—, A2B+, A2B—, Bombay Blood Group, INRA are some of the new
blood groups.

*  Most of the apps (five out of eight apps) have included some myths and facts
about blood donation.

* Some of the apps (four out of eight apps) endorse blood donation by offering
reward points.

* Few apps (three out of eight apps) are globally available, and other apps are
geographically confined to a particular area.

* Only one app (out of eight apps) finds a donor within 5 km (smaller range)
of the requested area. Other apps find a donor within the city or state.

4 Research Methodology

Based on the summary of app functionalities and features, it is evident that not all
the apps have all these features and functionalities mentioned above. For instance,
apps “Friends2support.org” and “Telangana Blood Donors” have profile deletion as
one of its functionalities; however, these apps are limited to the geographical scope
of use. Previous research conducted by Ouhbi, Sofia et al. [20] explains various
reasons for less number of blood donation apps developed in Africa and how it
would be useful if an app with majority of the features and functionalities will be
made available to people in zones confronted by war and poverty. This explains why
the geographical scope of use of the app is pivotal along with other features. On the
other hand, apps “Blood Donors” and “Blood Cure” which are globally available do
not have the provision to promote blood donation. Sharing blood donation informa-
tion in social networks will not only help to spread awareness about blood donation
but will also encourage more volunteers to donate blood. This will not only help
WHO achieve its target [22] but it will also attract young donors [23]. Thus, the app
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should not only be available globally but it should also promote blood donation.
The app “Simply Blood” which is available globally and which promotes blood
donation, however, does not provide any blood donation myths and facts. Anne
Wilkinson et al. [24] in their study have mentioned how important it is to educate
people with the myths and facts about blood donation and how doing so can pro-
mote blood donation. Myths and facts about blood donation should therefore be
included in the app.

The above review also shows that all the apps have the facility to find a donor.
This is especially important in disaster situations since doing so will provide blood
banks with additional support [25]. This will also help save a large number of lives.
There is only one app (“Simply Blood”’) which finds a donor within a smaller range
(5 km) of the requested area. However, if the donor is not available within such a
smaller range, it might jeopardize the life of the requestor. The remaining apps find
a donor within a larger range. Although this might increase the chances of getting a
donor, it might be inefficient for the donor since the donor might have to make a
long journey to donate blood. Previous research has shown how accessibility to
clinics can positively affect donor turnout [26] and frequency of donations [27]. It
is therefore important to locate a donor within a smaller range and, if the donor is
not available within the smaller range, increase the range until the donor is located.
It will also be helpful if the donor can divert the request to some other user if the
donor is unable to accept it.

Based on the above analysis, it is clear that there is a need to design one single
app with all the important functionalities and features. These functionalities and
features will be discussed in the subsequent section.

5 Paper Prototype Design for Mobile App

A prototype is an experimental model of an idea [24]. A paper prototype is a low-
fidelity option in mobile app design [28]. A paper prototype has also been proposed
for eye-free Android app for visually impaired users by Sagale et al. [29]. Here, we
are proposing a paper prototype design for blood donation app based on the require-
ment analysis as discussed in the above section.

The proposed prototype will start with the login process. If the donor is not reg-
istered, then he/she can register as a New User or choose the option of logging using
an OTP (one-time password). If the donor decides to register as a New User, then
he/she will redirect to the registration screen where the user will be asked to provide
certain credentials. Registration of donors is essential since it helps to maintain
the history of all the donors. By doing so, even the donor can maintain a track of
the number of donations made and the number of lives saved by his donation, once
the donor is logged in. This will enable the donor to share the donation history on
social media, thereby motivating more users to donate blood [23]. It will also be
easier to track the donor once he/she is registered on the app. If the user is a
receptor, then he/she will have access to the contact details of the registered donors
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and, thus, can request blood without logging in. The receptor will most likely be a
hospital, a blood bank, or any other organization requesting blood. This process of
providing direct access to the app to request blood, after registering as a receptor,
will help in saving a large amount of time which will be crucial in case of an emer-
gency. However, once the process of blood donation is over, even the receptor will
have to mention the details on the app. These may include details such as quantity
of blood donated in units, name of the receptor, and contact details. It is important
that we maintain a record of such details since it can help to identify whether any
blood was discarded or wasted which is considered to be one of the important fac-
tors that leads to blood shortage [5].

A user will be able to select a blood group from more than 15 different blood
groups available. This includes the new blood groups as well which most of the
existing apps already have. Adding these new blood groups would ensure that the
donor is not restricted from donating blood due to a wide range of available blood
groups. The app also has an additional facility to auto-search the donor without
explicitly asking the receptor to contact each donor. Previous research has shown
that searching a donor using an app, especially in disaster situations, has helped
laboratories and blood banks with additional support [25]. There is no separate
option for auto-search. The app will search the donors within the area of the recep-
tor as soon as the receptor requests blood. The nearest donor will be found by cal-
culating the distance using an optimized approach as mentioned by Sultan Turhan
[7]. If no single donor is found within the nearby area, then the app will increase the
search limit by 5 km up to a particular range which will be the maximum search
limit. As of now, in the first version of our app, the maximum search limit will be
limited to the city. In the future, we will be using an algorithm to find the maximum
search limit which can further maximize the chances of finding a donor. This addi-
tional facility of auto-search has been implemented in order to reduce the time
required to find a donor and to maximize the chances of finding a donor.

A donor can receive multiple blood requests. For each blood request, a donor can
see the details of the receptor (name, blood group, address) and the deadline to
donate blood. Figure 2 (a) shows different blood requests received. A donor can
either accept the request or raise the request. The “Raise” option allows the
donor to forward the blood request to another registered user he knows. This option
is useful in case the donor has an emergency and cannot donate blood. The donor
can confirm the request by selecting the Accept option. Once the donor accepts the
request, the contact details of the donor are shared with the receptor.

Figure 2 (b) shows different donors who are available to donate blood. The
receptor has access to donor contact details and blood group. The receptor can also
see how far the donor is located from his/her area. Once the donor accepts the
request, the receptor can track the donor.

According to WHO, it is essential for each country to set its own blood donation
recommendations and guidelines [22]. For instance, there is no upper age limit to
donate blood in countries such as the USA, the UK, and Canada [20]. It is really
important for the donor to know if he/she is eligible to donate blood or not based on
the different guidelines since it will help to save the time, effort, and frustration of a
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Fig. 2 Screenshots for (a) blood requests and (b) blood donor details

willing donor. It might demotivate the donor if such guidelines are not mentioned
and if the donor, upon reaching the destination, discovers that he/she is not allowed
to donate due to some non-medical reasons. As a result, we have included the
blood donation guidelines in our app. These guidelines will differ from country to
country and a user will be able to see the guidelines of any country. Thus, before
accepting the blood donation request, a donor should check for such guidelines
depending on where he/she is donating blood.

An inclusion of blood donation facts is critical since that not only helps to spread
awareness about blood donation but it also helps to eliminate related myths. A list
of blood donation facts is available in our app. It is essential that the donors and
the receptors are aware of the benefits of blood donation. This awareness will urge
the users to donate blood frequently and will also promote blood donation. Figure 3
(a) shows different blood donation facts, and Fig. 3 (b) shows explanation of one
such fact, displayed in the app. In order to increase the geographical scope, this
app will be available globally.

6 Future Research Directions and Conclusion

The proposed app for blood donation is quite interesting and useful. The app proto-
type has been designed by reviewing several peer apps as well as related literature
that is available. Thus, spreading awareness on blood donation, eliminating all
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Fig. 3 Screenshots for blood donation facts

myths about blood donation, and locating suitable donors are the key aspects of
proposed app designed in this research work.

In the future, we will launch the first version of our Android app. The app will be
currently launched only in English. However, we are planning to include some other
languages during its next version. In the existing app, there is a provision for the
user to track the number of lives saved by his donations; however, we are not offer-
ing any reward points for this noble cause. In the next version, we plan to include
this feature as well, so that the users can showcase such reward points and urge
people to donate blood. Due to the coronavirus pandemic of 2020, we were unable
to evaluate our prototype and plan to do it in the future.
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Usability Evaluation of Cultural Heritage
Crowdsourcing System (CHCS)

Check for
updates

Dinesh Katre

Abstract The crowdsourcing systems are extremely complex as they require us to
involve multidisciplinary knowledge domains for its design and development. This
research article presents a detailed heuristic evaluation of Cultural Heritage
Crowdsourcing System (CHCS) by using the existing crowdsourcing community
heuristics. This evaluation is also combined with a usability test followed by an
online survey conducted over the test participants. The crowdsourcing community
heuristics applied in this project are helpful in identifying the missed out functional
requirements. Combination of design heuristics with the community heuristics that
focus more on functional requirements can help in customization of evaluation pro-
cess. This will allow greater flexibility to designers and provide more realistic out-
comes that can tally with the findings of usability tests.

Keywords Crowdsourcing - Heuristics - Usability - Metadata - Cultural heritage -
Social computing

1 Introduction

1.1 Cultural Heritage Crowdsourcing System (CHCS)

Our Cultural Heritage Crowdsourcing System (CHCS) aims to integrate and pro-
vide access to heterogeneous data repositories to the public. The system has to inte-
grate diverse types of metadata standards like Dublin Core, MARC21, customized
domain-specific metadata, and a wide variety of digital contents like rare books,
e-books, manuscripts, museum objects, audio and video, research papers, and
archived records. The volume of this data is amounting to millions of records.
However, during the data collection phase, it was observed that majority of digital
collections are poorly catalogued. The cataloging metadata fields are either empty
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or containing information with a lot of typographic errors. The metadata associated
with digital objects is very critical for classification based on various attributes and
effective search and retrieval for proper understanding of the record by the public.
The project has inadequate resources to engage domain experts and operators,
which are necessary for correcting and curating millions of metadata records.
Multilinguality is another major challenge in this task as significant volume of
metadata records are available in different Indian languages that are spoken in dif-
ferent geographic regions of India. It is difficult to find domain experts with profi-
ciency in multiple Indian languages in one location. Therefore, our team has
resolved to design and develop a comprehensive metadata crowdsourcing system to
encourage voluntary participation by library science professionals in this mega co-
curation activity, which is aimed at correcting and enriching the cataloging meta-
data associated with digital contents in the repositories.

The functional prototype of the crowdsourcing system has been developed and
designed in such a way that people should be able to view the digital objects, under-
stand the metadata parameters, and then input the descriptive information in various
metadata fields. Refer to Fig. 1 for the basic architecture of CHCS system. The
system also provides detailed mechanisms for allocation of digital collections to
curators and librarians, metadata version management, review, finalization, and
approval of metadata by the experts. The system also supports folksonomy features
and inputting of metadata in various Indian languages. A reward mechanism is also
designed to recognize and motivate the contributors.

Cultural Heritage Crowdsourcing System (CHCS)

Crowdsourcing
Framework Metadata

Volunteer A
Approval Process
Volunteer B
< Expert Editors
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o > J >
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Fig. 1 Co-curation/crowdsourcing framework of CHCS
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Therefore, in order to proceed further with development, it is decided to first
evaluate the usefulness and usability of the “Cultural Heritage Crowdsourcing
System.” The intention behind this work is to find opportunities for enhancing the
design of system. Therefore, the objectives of this exercise are defined as follows:

* Conduct self-evaluation of the CHCS based on available crowdsourcing heuristic
principles.
* Conduct a usability test to get feedback from potential users of the CHCS.

1.2 Related Work

Crowdsourcing and open innovation are becoming buzz words for swarm intelli-
gence (SI) or peer production [1]. Crowdsourcing encourages involvement of pro-
fessional communities and the public in completing certain tasks collectively in a
distributed way through the Internet. Crowdsourcing is a multidisciplinary subject
requiring deeper studies in information systems, psychology, gamification, machine
learning, and human-computer interaction in addition to the domain in which the
crowdsourcing is being used. In this section, we briefly review the research focusing
on multidisciplinary aspects of crowdsourcing.

¢ Crowdsourcing as an information system (IS)

Zhao et al. [2] have presented the theoretical conceptual framework for crowd-
sourcing in terms of who (crowd, specific group), how (competition, collaboration),
why (motivation), and what (public or private goods) for defining it as an informa-
tion system (IS). Geiger et al. [14] have defined the components of crowdsourcing
system design and the typology in terms of crowd rating, crowd processing, crowd
creation, and crowd solving. Daniel et al. have carried out a survey to identify the
quality attributes, assessment measures, and assurance actions in crowdsourcing.
This work identifies people, software, and data as the main constituents of quality in
crowdsourcing [3]. Researchers have tried to identify the common processes and
components from a variety of crowdsourcing systems developed in different
domains while defining it as an information system (IS).

* Role of psychology in crowdsourcing

Crowdsourcing researchers have used theories from psychology to understand
the motivational aspects of the crowd. Self-determination theory (SDT) has been
applied [2, 4] to illustrate the motivation spectrum in terms of external, introjected,
identified, and intrinsic types of motivations in crowdsourcing context. Experiments
are carried out in which the contributions of paid participants and unpaid volunteers
are compared to study the impact of motivational incentives [5]. The contest theory
is also applied as an incentive strategy for attracting the volunteers for crowdsourc-
ing. A study shows that network individuals are unwilling to participate in crowd-
sourcing projects for free and that they expect some compensation or reward for
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their contributions [6]. Afentoulidis et al. [12] have used social gamification as an
implicit method of crowdsourcing in enterprise domain by involving the employees,
as against the explicit calls for crowd contributions. Mobile gaming is also explored
as a motivation for crowdsourcing, but it requires specialized and research question-
specific games to be produced that can be costly to design [13]. Motivation of the
crowd is identified as a key psychological factor involved in crowdsourcing.

* Role crowdsourcing in supervised machine learning

Rahmanian et al. have used human intelligence tasks (HITs) for ranking, sorting,
and rating of user interface design for crowdsourcing system [18]. We also find that
crowdsourcing of HITs is applied for ranking of books for improving the results of
search and retrieval in digital library [21]. The Stanford Question Answering Dataset
(SQuAD) project employed crowdworkers with over 1000 HITs through Amazon
Mechanical Turk for creating questions [13]. Such crowdsourcing contributions can
help in advancing the quality of machine learning [23].

* Need of HCI research in crowdsourcing

Limited research focusing on the HCI aspects of crowdsourcing is published. Pan
et al. [7] have briefly covered crowdsourcing for social networks, academic purposes,
enterprise applications, and mobile crowdsourcing to define the agenda for human-
computer interaction. Brandtner et al. [8] have applied Malone’s motivation princi-
ples for designing enjoyable use interfaces as the heuristic evaluation criteria for
participatory evaluation of crowdsourcing platforms. Matias et al. [9] have presented
their work in progress on reader sourcing to reduce gender disparities in Wikipedia by
expanding the articles on women. Samdaria et al. [10] have evaluated inputting tech-
niques for crowdsourced mobile micro-tasking on sample video clips to analyze the
recognition of product brands and vehicles in city traffic. Balamurugan et al. [11]
have explored crowdsourcing of form digitization activity and highlighted the need to
widen the spectrum of HCI for crowdsourcing. Tinati et al. have stated that online
citizen science projects involving crowdsourcing remain unpredictable in terms of the
results even when sound user-centric design approach is followed by an experienced
UX team [16]. There is insufficient understanding available on how the citizen sci-
ence crowdsourcing systems are to be designed [17]. a Campo et al. [15] have formu-
lated community heuristics in terms of purpose, moderation, members, common
ground, contribution, and platform for the evaluation of crowdsourcing system design.

e Need of crowdsourcing in cultural heritage

Chhatwal et al. [20] have stated that the libraries have a massive probability to
connect to the volunteers. They have enlisted various requirements for crowdsourc-
ing and highlighted the fact that crowdsourcing can help in overcoming financial
and staff crunch. In the library domain, crowdsourcing has been used for various
applications such as distributed proofreading, participatory OCR correction, manu-
script transcription, and folksonomy [22]. Similarly, in cultural heritage domain,
creation of descriptive metadata about the artifacts is considered as a major chal-
lenge. In this regard, a report is available that presents 21 key design principles for
crowdsourcing of cultural heritage [19].
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2 Methodology

It is important to recognize that functional prototype of the Cultural Heritage
Crowdsourcing System (CHCS) has been developed to be able to perform usability
evaluation. It is being developed using agile software development model, which
allows the designer of the system to perform evaluations and user testing over inter-
mediate functional prototypes for incremental design enhancements in terms of
identification of new requirements, new features, and improving upon the problems
faced by users. Therefore, a two-step usability evaluation methodology is adopted
in this study. It is defined as follows:

Step 1. Self-evaluation of the CHCS system based on existing crowdsourcing
heuristic principles by the designer of system

It is a common practice, wherein a designer can evaluate his product or system
against a set of heuristic principles or a checklist. It is a cost-effective and time-
saving evaluation method during the design phase. This approach helps the desire in
improving the system during iterative development life cycle when changes can be
easily incorporated. Self-evaluation based on heuristic principles by the designer
does not require the participation of experts or users.

Step 2. Usability testing by involving potential users and feedback collection

This usability test is meant to ensure whether the functional prototype is working
towards addressing the basic purpose of the system, which is metadata crowdsourc-
ing. This test involves a set of tasks that need to be performed by library and infor-
mation science professionals/students using the functional prototype of CHCS. The
test is completed by collecting feedback from the test participants in survey form
which includes questions associated with the tasks performed by the users.

The insights found through self-evaluation and usability testing both together
will help in confirming new requirements and changes in design that are necessary
for the betterment of CHCS system.

3 Selection of Crowdsourcing Heuristic Principles

As per the proposed methodology, when we began to identify suitable heuristics for
design evaluation of CHCS, it was found that there is very limited research available
on crowdsourcing heuristics. Many have applied general usability heuristics, e.g.,
Malone’s criteria for designing enjoyable user interfaces is adopted for evaluation
of crowdsourcing platform [8]. However, it is observed that the original purpose of
Malone’s criteria is user interface design. We wanted to select the heuristics, which
are specially defined for evaluation of crowdsourcing. The design principles for
crowdsourcing cultural heritage by McKinley [19] present general usability best
practices such as provision of clear and concise instructions, minimization of user
efforts and errors, simplicity and prioritization of tasks, provision of task options,
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attractiveness of design, and conveying a sense of fun. This work provides specific
guidelines for crowdsourcing of cultural heritage such as recognizing contribution,
displaying project progress, and conveying a sense of community. But this report
does not provide guidelines on how to evaluate or measure the success of crowd-
sourcing system design. Therefore, we needed a specialized set of heuristics along
with evaluation method specially meant for crowdsourcing systems.

The community heuristics proposed by a Campo et al. [15] already draw upon
the previous works in this domain and consolidate the design advice relevant to
crowdsourcing and provide a well-defined marking system; hence, we choose this
for the self-evaluation by the designer of CHCS. During this evaluation process, we
also aim to consider if any new additions can be made to the existing set of heuris-
tics or provide feedback for its enhancement.

4 Heuristic Evaluation

The heuristic evaluation is done on the scale of 0-2 (0 absence, 1 partially addressed,
2 fully addressed). We also discuss the modules and features of the CHCS as we
evaluate each heuristic principle. The crowdsourcing heuristic principles, namely,
purpose, moderation, members, common ground, contribution, and platform, are
mentioned as subsection labels. The subcategories under the heuristic principles are
given in tabular format along with the observation of evidences and ratings. Also,
the relevant screenshots are included to show the evidence and for discussion on
applicability of heuristics to CHCS.

4.1 Purpose

Subcategories | Observation of evidence Rating

Clarity Video-based tutorials explaining the purpose of crowdsourcing and 2
guidance on how the task is to be performed are prepared and linked on
crowdsourcing page

Visibility Current system provides a “crowdsourcing” link above the display 2
window of every record, which is visible enough. This link acts as the
initial trigger for the volunteers to engage in metadata co-curation
activity

Idealism How the voluntary contributions to enrichment of the metadata can 0
benefit the society and professional community needs to be described in
the crowdsourcing module. We have assumed that library and
information science professionals are already aware of the requirements.
Therefore, the idealism factor has not been addressed in the system

Therefore, the CHCS scores 4 out of 6 based on “purpose” heuristic.
As shown in Fig. 2, online tutorials are prepared to explain the purpose and method
of crowdsourcing the metadata by referring actual digital object, which is to be described
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Fig. 2 Sample e-book along with metadata

by the volunteers. The folksonomy features provided above the record include a link
labeled as “crowdsource,” clicking on which the crowdsourcing module gets loaded.

The idealistic values of metadata enrichment are assumed to be known by the
volunteers, and hence they are not covered in the present scope of design. However,
based on this heuristic evaluation, the need of communicating the ideals to the com-
munity is well recognized. Therefore, the principle of “purpose” as represented in
the system scores 4 out 6 marks.

4.2 Moderation

Subcategories | Observation of evidence Rating

Monitoring | The CHCS supports thematic collection-wise experts who can act as 1.5
reviewers for the metadata corrections and additional information
received from volunteers. They can merge the inputs received from
multiple volunteers; edit, refine, and delete unwanted information; and
approve the final modifications

There is no feature for reporting misuse or undesired behavior by
volunteers. However, it should be noted that the contributions by
volunteers become visible to the public only after they are approved by

the expert

Regulations | Regulations and policies regarding CHCS need to be documented and 0
published

Moderators | There is a provision for appointing experts to review and finalize the 1

crowdsourced metadata records. Perhaps, we need to provide an online
discussion forum wherein the volunteers and curators are able to discuss
their difficulties and more finer issues involved in the enrichment of the
metadata
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Fig. 3 Experts can review multiple versions curated by volunteers or curators

Therefore, the CHCS scores 2.5 out of 6 based on “moderation’ heuristic. CHCS
enables to appoint the experts, who can review the inputs received from volunteers
as well as curators. As shown in Fig. 3, an expert can log in to review the modified
information, which is visible in track change mode, and approve the final version.
The expert can also compare the modified version with source record. They can
fine-tune the record by referring all the inputs received through crowdsourcing and
then approve the final version, if acceptable. The expert can reject the edits received
from volunteers if they are inaccurate.

It will be useful to block some volunteers if they are adding junk or malicious
information through crowdsourcing. Also, an online discussion forum could help in
discussing and knowing the finer issues involved in metadata enrichment, e.g., peo-
ple get confused while understanding some metadata parameters like “coverage” in
Dublin Core metadata elements. They do not know what values should be provided
and in what manner. In such discussions, the role of moderators becomes very criti-
cal in explaining and getting correct information inputs from the volunteers.
However, such functionalities need to be developed in CHCS.

4.3 Members

Subcategories | Observation of evidence Rating

Self- The CHCS allows the users to create their own profile by registering 2
presentation | their name, geographical identity, uploading of photo, interests,
professional background, languages known, etc. The “saved lists” and
“watch lists” of repository contents prepared by users get maintained in
the personal account of users which also get added in their profile
information
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Subcategories

Observation of evidence

Rating

Deep profiling

The logs of user behavior in terms of the records liked, tagged, and

commented, records shared in social media, records edited by the user,
number of edits, and number of accepted edits by the user are
maintained by the system

Life cycle There is a provision to publish, certify, and recognize the active 1.5
contributors in CHCS. Additional features for instructing new users,
empowering the leaders, and honoring of elders need to be developed

as expected in this heuristic principle

Recruitment | The CHCS allows admin user and crowdsourcing manager to invite 1.5
experts and curators who are appointed for activities like metadata
verification, approval, and enrichment. However, presently, the system

does not allow general users to invite his friends to join

Virtual
co-presence

The feature to support showcasing of the contributions by members 0
from the community needs to be developed

On the whole, the crowdsourcing heurist evaluation of parameter “members”
reveals that CHCS requires to provide more features to support crowdsourcing com-
munity development. An independent observation regarding this particular heuristic
can be recorded that user profiling and deep profiling can be separated from crowd-
sourcing community development parameters such as life cycle, recruitment, and
virtual co-presence. User’s behavior in his personal space and community-focused
social behavior need to be observed and evaluated separately. Also, this would
require different sets of features and functionalities. Therefore, a separate heuristic
on “community development” will bring greater focus and emphasis on social
behavior and contributions by users, e.g., a user helping another user by catering to
his/her interest. Therefore, the CHCS scores 7 out of 10 based on “members’ heu-
ristic (Fig. 4).

4.4 Common Ground

Subcategories | Observation of evidence Rating

Sub-groups | The CHCS does not support creation of sub-groups. Based on this 0
heuristic, it is possible to visualize sub-groups focusing on different
types of digital repositories such as rare books, audio and video,
museum collections, etc. as the metadata requirements vary depending
on the type of repository. Also, the sub-groups may focus on different
metadata schemes to discuss and evolve uniform understanding about

the parameters of information

Diversity The data repositories in CHCS and interests of the users are expected to | 0
be diverse. However, CHCS does not support creation of sub-groups by

the users

Events
Rituals

There is no provision for community events in CHCS 0
There is no provision for community rituals in CHCS 0
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Fig. 4 User profiling in CHCS

The crowdsourcing heurists are assuming that it is a community-based activity.
On the contrary, the CHCS is designed from the volunteer’s individual perspective
without any linkages or interactions between members with similar interests, and
hence it scores poorly on the “common ground” heuristic. Therefore, the CHCS
scores 0 out of 8 based on “common ground” heuristic.

4.5 Contribution

Subcategories | Observation of evidence Rating

Threshold The users require minimum efforts to register. If desired, they can start | 1.5
contributing to metadata curation activity. Many shortcuts are provided
for fetching accurate metadata inputs using the international protocols
such as Z39.50 and Virtual International Authority File (VIAF) which
provide standardized and accurate names of the authors. However, it is
expected that they have prior knowledge of metadata standards like
Dublin Core and MARC?21. In case they are not aware of these
standards, then it may take longer time for them to contribute
Motivators The CHCS maintains a log of edits contributed by every user and the |2
number of edits which have been accepted by the experts. The
volunteers can earn points based the importance of tags and the
usefulness of inputs provided. The contributions of volunteers are
recognized by issuing a Certificate of Recognition in Bronze, Silver,
Gold, Platinum, and Diamond levels. The certificate is meant to help
librarians, curators, and archivists in proving their professional
excellence and seeking jobs and promotions
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Subcategories | Observation of evidence Rating
Comparative | CHCS publishes the names and photographs of contributors along with | 2

the level of certification. This is intended to trigger competitive spirit
among the volunteers and motivate them to contribute more for raising
their level of certification from say Bronze to Silver and beyond
Request list There is a need to provide such feature for enlisting the records in dire |0
need of metadata enrichment. The experts can publish a priority list of
such records
Request There is a need to describe the tasks in order to make them more 0
description meaningful for selected specialists. It will be possible to announce
special metadata requests for the high-ranking volunteers say
Gold-level certification and above
Targeted We need to provide a feature for inviting specific individuals to 0
requests contribute in selected records

Therefore, the CHCS scores 5.5 out of 12 based on “contribution” heuristic.

CHCS allows the volunteers to extract metadata records from other repositories.
As shown in Fig. 5, CHCS incorporates standard protocols and for correcting the
author names as per the Virtual International Authority File (VIAF) for standardized
names. This approach not only saves time but also ensures accuracy of information
as per the international standards.

4.6 Platform

Subcategories

Observation of evidence

Rating

Reputation

The CHCS platform has been recently made online. It is yet to be
publicly announced and popularized. Therefore, presently, we do not
have any endorsements and public reviews to assert its reputation

Aesthetics

The CHCS is designed with proper user experience, which will be
evaluated through the usability tests conducted by us. The results of
usability test are discussed in the subsequent section

Uniqueness

The CHCS is designed to integrate diverse data repositories and also
supports popular metadata schemas with many Indian languages for
metadata crowdsourcing. Thus, CHCS becomes a very unique
crowdsourcing platform in cultural heritage domain. At least in
India, such solution is not available

Tools

CHCS supports metadata curation activities through many tools and
technologies like VIAF, Z30.59, ISBN search, metadata sourcing
from open libraries, multilingual support, collaborative framework,
and a variety of metadata standards

Motive

The CHCS also serves as a digital repository management system
with search and retrieval and customizable portal homepage; as a
result, crowdsourcing becomes one among the many activities.
Therefore, the crowdsourcing motive needs to be highlighted in the
overall system
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Fig. 5 ISBN-based metadata fetching and integration of VIAF for accurate author names

Therefore, the CHCS scores 5 out of 10 based on “platform™ heuristic.

4.7 Aggregate Scores of Evaluation

As per radar chart as shown in Fig. 6, the CHCS scores 27.34 out of 60 in total, i.e.,
45.56% as per the crowdsourcing heuristics. Based on this exercise, we can observe
that the crowdsourcing heuristics are basically helpful in identifying missing func-
tional requirements of a given system. They are not adequate to ensure usability and
successful acceptance of the crowdsourcing system by the users.

5 Usability Testing of CHCS

Subsequent to heuristic evaluation, which is a self-evaluation by the designer of the
CHCS, the usability test was conducted in the computer lab at C-DAC, Pune, by
involving 32 students of Library and Information Science program studying at
Abasaheb Garware College of Arts and Science, Pune. The test participants com-
prised of 18 undergraduates, 13 post-graduates, and 1 PhD holder (a faculty mem-
ber). During the introductory session, the students were first explained about the
metadata crowdsourcing concept along with its need and significance to digital
repositories. The CHCS was briefly demonstrated to all the students.
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Fig. 6 Radar chart of the aggregate scores of heuristic evaluation

5.1 The Scope of Usability Test

We had many questions with regard to the usability of our system. Therefore, the
following set of tasks were selected to be performed by the test participants, and
later an online survey was conducted to consolidate the feedback from test
participants.

e Can the participants effortlessly register and log into CHCS?

e Are they able to search and retrieve a desired record?

e Are they familiar with Dublin Core (DC) metadata standard, and can they edit
DC tags using the crowdsourcing module?

e Are they familiar with MARC21 metadata standard, and can they edit MARC
tags using the crowdsourcing module?

e Are they able to type in Indian languages using the phonetic keyboard supported
in CHCS?

¢ Do they understand the meaning of various metadata tags?

e Can they add missing MARC?21 tag along with relevant information inputs?

e Can they add a UDC tag?

* Are they able to fetch records using Z39.50 protocol from libraries?

e Are they able to fetch metadata with the help of ISBN search from open libraries?

e Can they use VIAF for getting standardized author name?

e Do they find the certification scheme motivating enough?

e Will they like to actively contribute to the metadata crowdsourcing?

A task list based on above questions was presented to the test participants.
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5.2 The Outcomes of Usability Test

The students were given 60 minutes to perform the tasks. They were asked to iden-
tify the anomalies in the metadata, do the corrections, and enrich the metadata. In
this usability test, we have focused mainly on operational aspects of the system and
excluded the quality of inputs provided by the test participants, as the qualitative
evaluation of metadata inputs requires involvement of subject experts, which can be
undertaken separately. After all tasks were performed repeatedly for multiple
records, their feedback was collected in an online survey form. The overall results
are presented along with questions, parameters, and vote counts by the participants
(Fig. 7).

Sr. Nos. Questions Parameters

1l User registration Easy Difficult Could not do it
28 3 1

2 Finding desired record Easy Difficult Could not do it
18 13 1

3 Familiarity with Dublin Core Basic Expert Need Guidance
14 15 3

4 Familiarity with MARC21 Basic Expert Need Guidance
18 9 5

5 Use of 239.50 Protacol Very Usetu  |C°"Md '::::"::""“d 0":;3;:"“
25 6 1

6 Addition of New MARC21 Tag| Easy Difficult Need Guidance
22 7 3

7 Typing in Indian Languag Easy Difficult Could not do it
30 2 0

8 Use of VIAF Easy Difficult Could not do it
31 1 0

9 Verslm‘a Ta‘nagement in. Very Helpful Needs improvement Not useful

editing

32 0 0

10 UDC Tagging Easy Difficult Need Guidance
20 9 3

11 | Certificate of Appreciation | Highly Motivating G““m:;‘;‘"'""" Not effective
32 0 0

12 Possible use of certification Improves credibility Nay:helpin carcer Not useful

advancement

18 14 0

13 ‘Will you like to contribute? Happy to contribute May consider Not interested
28 4 0

Fig. 7 The results of survey followed by the usability test
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6 Discussion

¢ Evaluation based on community heuristics

As per the heuristic evaluation, the following ten new requirements are discov-
ered that are not addressed by CHCS.

(i) Idealism — Highlight social benefits of crowdsourcing.
(i) Regulations — Document the regulations and policies with regard to

crowdsourcing.

(iii) Virtual co-presence — Showcase the contributions made by members of the
community.

(iv) Diversity — Support creation of sub-groups depending the diverse interests
of users.

(v) Events — There should be a provision to announce community events.
(vi) Rituals — Provide support for community rituals.
(vii) Request list — Experts should be able to publish a list of records that need
metadata enrichment on priority.
(viii) Request description — It should be possible to describe the tasks to make it
meaningful for the specialized volunteers.
(ix) Targeted request — It should be possible to invite high-ranking volunteers to
enrich metadata for selected records.
(x) Motive — The social motive behind crowdsourcing needs to be highlighted.

The community heuristics tend more towards evaluation of functional aspects of
the crowdsourcing system. It is helpful in identifying the missing requirements. Of
course, the designer has the prerogative to incorporate the observations depending
on the type of system and its usage context.

There is a need to formulate design heuristics, which would guide the design of
community perception and social dimensions of crowdsourcing. Presently, the
crowdsourcing systems are enabling individuals to contribute through the Internet,
but they continue to function in isolation. The crowd perception is dependent on
being able to influence and interact with other members of the group. Online discus-
sion forums and community development features may not actually achieve the
feeling of being a part of the crowd or a community. Therefore, it is not adequate to
be able tick “online discussion forum” during the heuristic evaluation. It only states
the availability of a particular functionality in the crowdsourcing system. It does not
assure its usability for the specified user community.

The crowdsourcing system evaluation requires the functional heuristics to be
combined with design heuristics. During the evaluation of CHCS, we have applied
the crowdsourcing heuristics to identify the missing functional aspects of the sys-
tem, whereas the usability test has confirmed some of the findings of heuristic eval-
uation and helped in ensuring overall usability of the system in its present form.
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e Usability testing feedback

87.5% of the test participants found the user registration process to be quite easy.
93.75% of the test participants were comfortable with Indian language typing.
Based on this percentage, it is possible to infer that the test participants demonstrate
adequate familiarity with use of computer. On the contrary, only 56.25% of the
participants found it easy to find the desired record. It indicates that the user inter-
face design for search and retrieval and presentation of search results needs
improvements.

43.75% of the test participants have basic knowledge of Dublin Core (DC) meta-
data standard, and 46.87% of the participants claim to have expertise in DC meta-
data. Only 9.3% of them require guidance on this metadata standard. 56.25% of the
participants have basic familiarity with MARC21 metadata standard, and 28.12% of
the participants claim to be experts in this topic. About 15.62% of the participants
require guidance on MARC21.

96.87% of the test participants were extremely comfortable in using VIAF, and
78.12% of the participants found the use of Z39.50 protocol to be very helpful.
Also, 28.12% of the participants found it difficult to use UDC tagging. This may be
partly due to usability issues and partly due to unavailability of guidance.

100% of the test participants find the certificate of recognition to be highly moti-
vating. They believe that such formal recognition of their contributions through
crowdsourcing will improve their job prospects and career growth. 87.5% of the test
participants have conveyed their happiness to contribute in contributing to
crowdsourcing.

7 Conclusion

As per the initial heuristic evaluation, CHCS has scored 27.34 out of 60, i.e.,
45.56%. This shows that more than 50% of the functional requirements remain to be
addressed in the Cultural Heritage Crowdsourcing System (CHCS). We partially
agree with the outcomes of heuristic evaluation, as the community heuristics are
assuming a fixed template of functionalities, which must be available in a crowd-
sourcing system.

Ideally, the designers should be provided with the flexibility to select the required
crowdsourcing functionalities and not forcefully incorporate all functionalities as
implied in the community heuristics. In case of CHCS, we believe that online dis-
cussion forum is not a high-priority requirement. It should be possible to give
weightages to various heuristic parameters depending on the application context.

The design heuristics should be combined with the community heuristics that
focus on functional requirements to achieve proper balance in the evaluation
process.

The results of actual usability test are contrary to the findings of the heuristic
evaluation. As per the online survey conducted after the usability test, almost 87.5%
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of the participants have expressed their willingness to contribute in co-curation
activity.

Need of sufficient guidance on metadata standards happens to be the common
finding of heuristic evaluation and the usability test.

Acknowledgments The author acknowledges the entire development team of Human-Centered
Design and Computing Group at C-DAC, Pune, for their valuable contributions in the development
of CHCS.

Appendix: Definitions of Domain-Specific Terms

e Dublin Core: The Dublin Core Schema is a small set of vocabulary terms that can
be used to describe digital resources (video, images, web pages, etc.).

¢ MARC21: MARC (Machine-Readable Cataloging) standards are a set of digital
formats for the description of items catalogued by libraries, such as books.

e Z39.50: It is an international standard client-server, application layer communi-
cations protocol for searching and retrieving information from a database over a
TCP/IP computer network.

e VIAF: The Virtual International Authority File (VIAF) is an international name
authority file.

e UDC: The Universal Decimal Classification (UDC) is a bibliographic and library
classification representing the systematic arrangement of all branches of human
knowledge organized as a coherent system in which knowledge fields are related
and interlinked.
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Use and Challenges of ICT for Classroom
Teaching

Sunita Dhotre and Abhijit Banubakode

Abstract As humans, we are not born knowing how to live. Knowledge is a con-
tinuous process which comes with learning. In this process, a learner and teacher
play a very important role. To make the learning process joyful, teachers need to
believe that “to teach is to learn twice.” When students are trained, it is essential for
the teacher to play the role of a facilitator and should leave the students alone, so
that they can develop further and learn themselves. In the words of Swami
Vivekananda, “Plants always remain small under a big tree.” The world is changing
very fast and there is a need for making learning equally rapid. There is a need for
learners to develop skills that will empower them in modern society, and technology
plays a very important role in the same. The educational institutions are putting in
efforts to design a well-focused curriculum by integrating unique Information and
Communication Technology (ICT) infrastructure into the delivery of educational
programs, online curricula, and management systems for both students and teach-
ers. Hence the role of ICT in the classroom is becoming increasingly prominent.
The recent changed working scenario has generated the need for use of tools for
learning. This chapter focuses on the role of ICT in classrooms and the analysis of
data gathered.

Keywords Technology-aided learning - Passive - Active

1 Introduction

The use of computers has rapidly changed our lives in the past decade. Information
and Communication Technology (ICT), a powerful tool transforming education, is
a type of technology that creates, stores, displays, shares, or exchanges and conveys
information by electronic means [1, 2]. To implement ICT, many tools are used such
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as mobile phones, satellite systems, computers along with equipment and services
associated with these technologies. The services include videoconferencing,
e-mails, blogs, etc. which are also used for innovation. To manage the educational
services and make them affordable and available anytime and anywhere, ICT can be
used. It eases the information distribution, teaching, and managing of educational
services. Today ICT is replacing the concept of whiteboards or blackboards, thus
encouraging green computing [10]. It requires changes in the curriculum content,
the instructional process, and above all changes in teacher-student relationships. It
emphasizes that students should be produced as knowledge generators and active
participants while teachers act as facilitators [5, 8, 15]. For this pattern of ICT, this
chapter presents an in-depth analysis of the usage of ICT tools by teachers and stu-
dents. To perform the analysis, the data is collected as to which medium is used
the most.

1.1 Standardization of Teaching

Education is undertaken to gain information and understand the facts. Professional
education must prepare the would-be professionals for a lifetime of independent
learning. Conventional professional education does not specifically cultivate an
approach to life-long learning. Using the computer tools, learners can have a cre-
ative learning experience. Dropouts can be identified, and there can be a happy
learning process and a nonthreatening evaluation. Various evaluation criteria used
through the use of ICT are non-biased and helpful in efficient evaluation. To enhance
the real dignity of human being, the education needs to be standardized. Different
e-learning systems have been developed, studied, and validated such as technology
adoption and gratification (TAG) model [3], contextualization [11], and intelligent
e-learning systems using Web 3.0 [9].

1.2 Stages of ICT Development (Fig. 1)

Four stages can be followed by the educational institutes while developing ICT:

. Emerging

. Applying

. Infusing

. Transforming

AW N —

Emerge the new technologies, apply them, infuse or spread the technology or
idea, and finally transform the education to the new level.
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4. Transforming

3. Infusing ,_T
2. Applying
1. Emerging ’_T

Fig. 1 Different stages of ICT development

1.3 Learning: Teaching Style and ICT

There are various learning styles and modes. Different people prefer different kinds
of learning. While some prefer to watch and grasp the concept through a visual
approach, others prefer reading or listening. Hence, it is necessary that learning
opportunities must be provided through various means. It has been proven that
when a preferred learning platform is provided the learners are motivated thus
improving the end results.

There is a passive reception of knowledge when a teacher-centered learning
approach is used whereas; learner-centered approach encourages a process of active
inquiry. It turns out to be an active process as the responsibility lies on the learners
themselves.

With the popularity of computers, a major shift in the learning paradigm [13] is
experienced as the technologies are becoming more interactive encouraging active
learning. Today, with the help of ICT, teachers can provide powerful learning oppor-
tunities wherein the learners can define their learning needs, search for information,
and assess its value which ultimately leads to gain of knowledge.

2 Teachers and ICT

It is necessary that teachers have an optimistic mindset in applying and using
ICT. As teachers begin to use ICT in classrooms, their roles have been changed. The
concept of delivery of transfer of contents from teacher to student is vanishing away.
Instead, critical thinking and problem-solving based on information accessed from
a variety of resources such as television, phone, satellite systems, computers, and
internet lead to learning and knowledge gain. The teacher’s role is to design
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contents which can be used to study real-life examples. The contents should also be
applied to solve existing problems [4, 11], thus featuring innovation.

To become confident, teachers must undergo training so that awareness and
adaption to newer technologies [14] can be made. Teachers should be:

1. Provided access to professional development programs [3] that enables to have
multiskills both in the use of technology and in task design

2. Able to develop good time management skills

3. Aware of various learning styles available and effectively use them by providing
verbal instructions to accompany on-screen instructions

4. Able to make hard copies of the screen version of text available to learners

5. Able to develop the ability to interpret theoretical instructional models into
active student-centered teaching practices

For example, teachers can put images into their work that will make the presenta-
tion better and will make it easier for learners to understand. Commercial simula-
tion packages can be used for teaching difficult concepts. Pedagogical activities
should be included to encourage and challenge the thinking of learners.

2.1 Students and ICT

Students will have more interactive sessions while using ICT than normal teaching.
A survey was made in which students told that now they enjoy attending classes.
Students say that ICT helped them to achieve better grades through better presenta-
tion. There are interactive sessions between students and teachers. But they also felt
that ICT was not fully responsible for this. They concluded that the use of technol-
ogy does not lead to obtaining superior grades; it just makes learning look easier.
Most of the students use internet website for searching educational contents.

2.2 ICT Herald a Paradigm Shift in Education

In earlier days, traditional method of teaching was used which was hard. The pro-
cess of transfer and delivery of the content was linear, that is the content was divided
into small modules and each was delivered in a sequence. The last three decades
have undergone a phenomenal change in education. The introduction of ICT has
changed this concept. It has provided a new definition of learning and bridged the
gap between teaching and learning rapidly. The learning is active, social, linear as
well as non-linear, neutral, contextualized, and integrative based on the learning
ability of students. There is a need for teachers to have competencies in ICT [8]. The
focus has changed from traditional instruction to virtual learning environment. This
environment involves the transformation of roles of both teachers [3] and learners
creating more interactive and engaging roles. The Table 1 below indicates the
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Table 1 Changes in teachers’ role [6]

Shift from To

Knowledge transmitter Learner, co-learner, facilitator, collaborator, coach,
knowledge navigator

Teacher controls and directs all More options and responsibilities are given by teachers

aspects of learning for students learning

Table 2 Changes in students’ role [3]

Shift from To

Passive receiver of information Actively participates in the learning process
Reproducing knowledge Producing knowledge

Learning as a solitary activity Collaborative learning and concept-based learning

changing roles of teachers. A new way of thinking and understanding of the new
learning process is required by the teachers. The teachers should also have access to
infrastructure, variety of tools in order to improve access to learning opportunities
and be digitally literate. Interaction which policy-makers, administrators should
also take place at regular intervals.

Table 2 indicates the changes in role of students [3]. This new way involves the
learners and makes them active participants in the learning process.

3 Engineering Education and ICT in India

In the past few years, a major change has been witnessed in engineering education.
The demand for superior-quality and on-demand education is rising, which has led
to the adoption of Information and Communication Technologies thus extending the
outreach of education. Several technology-enabled initiatives taken up by the
Government of India consist of the National Programme on Technology Enhanced
Learning (NPTEL)), use of “virtual classrooms” and “virtual laboratories,” and use
of educational satellite called the EDUSAT. Blending collaborative learning with
interactive technology-enhanced learning initiatives and finding ways of providing
support for learners' queries are the approaches used in these initiatives. [12]
For this purpose, educational institutes should:

* Have a good infrastructure to support the facilities provided by ICT

e Have well-equipped classrooms with computers and projectors

» Have the ability to develop and maintain IT Infrastructure

e Provide opportunities for regular collaboration among teachers

* Provide electricity during working hours. Have a better security system

e Create new approaches [7]

e Should arrange regular workshops or seminars so that teachers get updated with
technology
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India is progressing in providing education through ICT. The objectives and
goals of ICT in India are made clearer for education programs [12]. They are as
follows:

* Use of technology-aided learning to enhance learning effectiveness
* Empower teachers and make learning joyful and student-centric by promoting a
spirit of inquiry and critical thinking

Educational institutes in India have started building IT infrastructure and are
provided with computers, networking facilities, printers, and scanners. Computer
software is also provided with various tools, software, and Educational CDs.
However, internet connection is limited to some cities and remote places. There are
still many challenges and obstacles like software content, internet bandwidth avail-
ability, lack of skilled teachers, and lack of enthusiasm in all concerned workforce
required to execute and maintain the whole system and infrastructure.

4 Aims of the Study

The objective of this study is to identify the availability of ICT tools, its usage, and
the preferred mode of communication by students and teachers. The prior knowl-
edge of computer applications and the opinion about the use of ICT in learning are
studied and analyzed.

5 Research Methodologies

This area gives a glimpse of the methods used to achieve the objectives of this
research study. The focal point of the research design is that this research is descrip-
tive research. The data was collected through Survey (Online Questionnaires) and
the source of data is either primary or secondary depending on the need of the
research. Data is analyzed on the target population of the study, sampling tech-
niques, sample size, conceptual framework, and the data collection is also done for
the study.

A questionnaire was designed after conducting a comprehensive review of the
related literature. An online survey was conducted at the academic institutions of
Mumbai Educational Trust, Bandra, Mumbai and Bharati Vidyapeeth (Deemed to
be University) College of Engineering, Pune. The online survey form was forwarded
to more than 200 faculty members and staff; out of 200 we had received response of
175 faculties and staff. Data analyzed the target population of the study, sampling
techniques, sample size, and conceptual framework.
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Research Design
The research design explains the survey type of research. We have used three main
types of research design:

Data collection: A survey link shared among faculty members and staff of the insti-
tution and collected data.

Measurement: Descriptive quantitative methods applied for data measurement.

Analysis: Extracted useful information from data and the decision based upon the
data analysis.

5.1 Primary Data

In this research, the target population is academic staff and faculty members of the
Mumbai Educational Trust (MET) and Bharati Vidyapeeth (Deemed to be
University) College of Engineering (BVDUCOE). Considering the importance of
Information and Communication Technology, we have collected data from teachers
and students of both academic institution who are using ICT tools during their lec-
ture, and because of this, there is a great impact on student’s learning.

5.2 Sample Framework

The sample framework for this research are the various institutes of Mumbai
Educational Trust (MET)) and Bharati Vidyapeeth (Deemed to be University)
College of Engineering (BVDUCOE), Pune. The sample has been collected from
around eight institutes of MET and BVDUCOE.

5.3 Sample Size

The size of the sample is 200 at MET and BVDUCOE. Respondents were 175 from
whom data was collected. This sample is borrowed from the questionnaires survey.

6 Results and Discussion

We have created a rubrics shown in Fig. 2 and collected data from different MET
institutes of MET league of colleges and BVDUCOE. We have marked the survey
on a scale of 1 to 4 based on the need of ICT tools to relate with departmental func-
tions [15]. The scale was marked as follows:
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None
Very Little
Some
Very much

ICT- Tools None Very Little Some Very much

Website v
Audio v

Computer v
Mobile v
ERP v

PPT v

e-Readers v/

Fig. 2 ICT rubrics

00 I Ve I Very Lt O Some [ Very

=

Webste hudo Computer Uoble ERP Power Port eReades

Fig. 3 Implementation of ICT tools at an educational institution

e None

e Very little
e Some

e Very much

None represents that nobody uses ICT tools in academics. Very little represents
that very few people use ICT tools in academics. Some represent that some of the
faculty members and staff are using ICT tools. Very much represents most of the
faculty members and staff are using ICT tools in academics. Figure 3 shows the
graph of seven ICT tools, i.e., website, audio, computer, mobile, enterprise resource
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planning, e-reader power point presentation. These ICT tools are the digital infra-
structures used in Information and Communication Technology among students to
students, students-teacher interaction. Institute can upload various circulars, notice
on website. Faculty members are using computer systems and audio systems for
effective teaching-learning system and power point presentations for better under-
standing. Students can pay online fees using ERP system.

Table 3 exhibits the Information and Communication Technology survey of
seven ICT tools taken across various departments under categories such as:

* None

e Very little
e Some

e Very much

After taking survey and collecting samples from various departments, the count
of categories converted into percentage count.

The first row states that 57% of faculty members preferred none, 20% of faculty
members preferred very little, 48% of faculty members preferred some, 26% of
faculty members opted very much in website ICT Tool. This is followed for the
entire six tools and the percentage for each module under each category is given in
Table 3. Then we generalized the categories none, very little, some to percentage of
faculty members who prefer ICT tools and the categories very much, required
restructuring to percentage of faculty members who don’t prefer ICT in the aca-
demic system.

Table 4 exhibits the final survey result on two specific categories for the seven
ICT tools. The result of Table 4 is derived from Table 3 result. According to the
result generated in Table 4, almost in all the modules, more than 70-80% of faculty
members prefer use of ICT tools in academic system and 25-30% of faculty mem-
bers don’t prefer ICT tools in the academic system. More number of faculty mem-
bers are using ICT because of following advantages:

* Provides a wide range of latest and ready material
* Enables effective learning through the use of images, text, video, audio, and
animation

Table 3 Implementation of ICT in the academic system

no. ICT tools None Very little Some Very much
1 Website 57% 20% 48% 26%
2 Audio 2% 17% 30% 39%
3. Computer 10% 11% 29% 37%
4. Mobile 28% 16% 24% 16%
5
6
7

ERP 35% 20% 30% 13%
PowerPoint presentation 16% 15% 30% 46%
e-readers 26% 12% 28% 15%
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Table 4 Use of information and communication tool analysis in the academic system

Percentage of faculty members Percentage of faculty members who

Sr. who prefer ICT tools in the don’t prefer ICT tools in the
no. |ICT devices academic system academic system

1. | Website 75% 25%

2. | Audio 72% 28%

3. | Computer 70% 30%

4. | Mobile 68% 32%

5. |ERP 85% 15%

6. | PowerPoint 81% 19%

Presentation
7. | e-readers 66% 34%

e Increases the chances of effective learning through interaction and
collaboration
* Provides platform that can engage students

Since more number of faculty members prefer to use ICT tools in the academic
system and they are happy using it, so our research finally concludes that in this new
technology era use of ICT tools is a great benefit for faculty members as well as for
students. In spite of the use of ICT tools, there are certain key challenges in provid-
ing ICT infrastructures in India. There is a lack of technology, people are not using
the internet in rural areas and masses also lack of availability of qualified trainers.

Future Enhancement In this research, we have discussed about seven ICT tools in
academic system. In future, many more ICT tools can be implemented such as
Tablets, Interactive whiteboard or smartboard, flipped classrooms, etc. By doing
this, all the information can be maintained online in the database and interaction
will be more comfortable and at ease.

Several benefits from the implementation of ICT tools in an academic system are:

e Improved information supply and flow for planning and controlling processes of
an institution

* Improved service for faculty members, students, and staff

e Reduced expenditures through increased process efficiency

7 Conclusion

Information and Communication Technology (ICT) has brought a change in educa-
tion policy used by academic institutions. It has replaced the concept of whiteboards
or blackboards. It has made the sessions between students and teachers more engag-
ing and lucrative. ICT has changed the level of education in an academic institution.
With the help of ICT, the use of internet has been increased; students and teachers
are in touch with the latest technology or media. The use of Information and
Communication Technology enables individualized instruction and collaborative
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learning. Keeping the importance of ICT, it is observed that teachers are using
Information and Communication Technology tools during their lecture because of
which there is a great impact on student’s learning.

In our research work, we conclude that there is a significant number of teachers
uses ERP system as ICT tool as ERP implemented in most of the academic institu-
tion. Because of the ease of use and technology awareness, most of the teachers are
using power point presentation, website, and audio as second-largest ICT tools. The
incorporation of ICT in education can bring significant changes in the teaching and
learning process and overcome existing challenges. Further research can be carried
out on more ICT tools.
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