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Preface

This collection of chapters is an initiative from the IFIP Working Groups 13.8 and 9.4
from Technical Committees 13 and 9, respectively. The book presents experiences and
research on the topic of digital transformation and innovation practices in the global
south. The works presented are anchored on digital transformation initiatives for novel
innovative technological developments, practices, and applications relating to
marginalized people in the global south. These chapters provide real cases of digital
transformation for people whose human experiences and life perspectives emphasize
the value of new technologies and skills. The IFIP Working Groups 13.8 and 9.4 also
document challenges that face low-income communities outside the global south.
While addressing the concerns and arguments that systematically prohibit society from
leveraging the conceptions of the digital era in underdeveloped and developing
countries, creative lessons in innovation are critical and fundamental in sustaining
social and economic development.

Chapter one discusses the digital transformation of indigenous communities in the
global south founded on a community-based codesign approach. The innovation
practice used a drone and embraced local practices and epistemologies. Chapter two is
framed on the digital transformation of Mandhwane, a rural community in South
Africa, by fostering a community network with local internet access and innovative
new digital services. Chapter three explicates the sociotechnical dimension of trucking
sector operations in India using digitalization in a bottom-up fashion. Chapters four and
five highlight self-healthcare monitoring mobile applications used to continuously
educate and sensitize people about the need to adopt healthy lifestyles to prevent
non-communicable diseases. There is evidence that mobile applications with educa-
tional content on healthy lifestyle and self-healthcare monitoring contribute to the
adoption of healthy lifestyles.

Chapter six covers the digital discovery of a marginalized community engaged in
science, technology, engineering, arts, and mathematics (STEAM) activities, and
exposes the challenges that many low-income communities face. Sociocultural factors,
capital knowledge, and creative lessons in innovation were noted from this community
in the northeastern region of Mexico. Chapter seven highlights a machine-readable
passport project concerning the automation of the passport transaction process
involving multiple organizations in Bangladesh. Despite being successful, complex
power dynamics, sociocultural factors, and the political environment were noted as
challenges. Chapter eight shows that digital platforms have made entrepreneurial
processes less bounded, where products and services keep on evolving long after being
endorsed by the end user. Digital entrepreneurship has enhanced innovation, compe-
tences, control, financing, institutions, and ecosystems for social and economic
development.

Chapter nine examines critical and fundamental arguments that systematically
prohibit society from leveraging the conceptions of the digital era in underdeveloped



and developing countries. Digital transformation is critical to achieving social and
epistemic justice, more so in the increasingly dynamic virtual spaces in education.
Finally, chapter ten details the change and application of digital transformation within
the context of the Latin American theater. Based on the innovative process employed at
The Experimental Theater of Cali, the transition from analogue tradition to digital
economy produced two different infrastructure approaches – relationship infrastructure
guiding spectators and actors during staging and theater infrastructure as an agent of
change. Here, digital transformation is about social, economic, and political
protagonism.

The digital economy, also called the Internet economy or the Internet of Things
economy, has transformed economies and societies in this knowledge society. With the
digital discovery environment, digital platforms have expanded business enterprises
with immense opportunities and prospects in rural settings. Digital platforms have
enhanced and achieved innovations and competences in various sectors of the econ-
omy. With new digital innovations, and ideas and insights being witnessed across the
globe in this free and open economy, there is a need for participation and collaboration
from industry, academia, the public sector, and other stakeholders in order to achieve
and sustain the gains in human transformation and societal development. We believe
this book is a useful mouthpiece for the communities from the global south to be part
of the digital transformation for sustainable development.

June 2022 José Abdelnour-Nocera
Elisha Ondieki Makori

Constance Bitso
Jose Antonio Robles-Flores
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Organization

Established in 1989, the International Federation for Information Processing Technical
Committee on Human–Computer Interaction (IFIP TC 13) is an international
committee of 35 member national societies and 10 Working Groups, representing
specialists of the various disciplines contributing to the field of human-computer
interaction. This includes (among others) human factors, ergonomics, cognitive
science, computer science, and design. INTERACT is the flagship conference of
IFIP TC 13, staged biennially in different countries around the world. The first
INTERACT conference was held in 1984, running triennially before it became a
biennial event in 1993.

IFIP TC 13 aims to develop the science, technology, and societal aspects of human–
computer interaction (HCI) by encouraging empirical research; promoting the use of
knowledge and methods from the human sciences in design and evaluation of computer
systems; promoting better understanding of the relation between formal design
methods and system usability and acceptability; developing guidelines, models, and
methods by which designers may provide better human-oriented computer systems;
and cooperating with other groups, inside and outside IFIP, to promote user-orientation
and humanization in system design. Thus, TC 13 seeks to improve interactions between
people and computers, to encourage the growth of HCI research and its practice in
industry, and to disseminate these benefits worldwide.

The main orientation is to place the users at the center of the development process.
Areas of study include the problems people face when interacting with computers; the
impact of technology deployment on people in individual and organizational contexts;
the determinants of utility, usability, acceptability, and user experience; the appropriate
allocation of tasks between computers and users especially in the case of automation;
modeling the user, their tasks, and the interactive system to aid better system design;
and harmonizing the computer to user characteristics and needs.

While the scope is thus set wide, with a tendency toward general principles rather
than particular systems, it is recognized that progress will only be achieved through
both general studies to advance theoretical understanding and specific studies on
practical issues (e.g., interface design standards, software system resilience, documen-
tation, training material, appropriateness of alternative interaction technologies,
guidelines, the problems of integrating multimedia systems to match system needs
and organizational practices, etc.).

The IFIP Technical Committee 9 (TC 9) on ICT and Society focuses on
understanding how ICT innovation is associated with change in society, and on issues
of ethics and professionalism. TC 9 comprises ten working groups (WGs) and
representatives of the national computer societies of IFIP.

The main work of TC 9 is conducted through its working groups, which organize
workshops, conferences, and events regularly. Additionally, TC 9 organizes collec-
tively the series of conferences on Human Choice and Computers (HCC). This is a well



established forum for the study of ICT and society – the first HCC conference took
place in Vienna in 1974, while the last one was due to take place in Tokyo in 2020 –

alas cancelled due to COVID-19. The next HCC will take place in Tokyo in 2022.
The main aim of TC 9 is to develop understanding of how ICT innovation is

associated with change in society, and to influence the shaping of socially responsible
and ethical policies and professional practices. TC 9 fosters multidisciplinary discourse
into the role of ICT in the change of particular domains of human activity, including
work; the home and private life; and governance. It is also interested in the ethical,
political, economic, and cultural dimensions of ICT innovation.

José Abdelnour-Nocera
Elisha Ondieki Makori

Constance Bitso
Jose Antonio Robles-Flores
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Digital Inequities and Societal Context:
Digital Transformation as a Conduit to
Achieve Social and Epistemic Justice

Siyabonga Mhlongo1(B) and Reuben Dlamini2

1 Department of Applied Information Systems, University of Johannesburg,
Johannesburg, South Africa

siyabongam@uj.ac.za
2 Educational Information and Engineering Technology,

University of the Witwatersrand, Johannesburg, South Africa

reuben.dlamini@wits.ac.za

Abstract. In society, digital technology has often been viewed as a solu-
tion to systemic inequalities. However, approaching digital technologies
from a utility perspective places these tools at crossroads with broader
social and contextual issues. This results in epistemological tensions
rather than achieving the intended goal of institutional equity. South
Africa is confronted with an unprecedented unequal access to quality edu-
cation, particularly in rural and under-resourced communities. With this
backdrop, the authors offer a theoretical critique of epistemological and
ontological paradigms on the problematic complexities of digital trans-
formation. They posit that digital transformation is critical to achieving
social and epistemic justice, more so in the increasingly dynamic virtual
spaces in education. Hence, this chapter offers constructive suggestions to
further a paradigm shift on the myopic epistemic that imposes dichotomy
in the higher education sector, thereby encumbering quality learning and
development. Framing justice as equity and access allows for education
to be viewed as a public good, hence the importance of creating common-
places for knowledge development through constructivist-oriented prac-
tices. These commonplaces afford students unprecedented connections to
widen their context of learning so to expand their perspectives, bypass
gatekeepers to knowledge acquisition and create reciprocal relationships
with their educators.

Keywords: Digital transformation · Digital inequity · Social justice ·
Epistemic justice · Digital divide · Digital capital · Digital economy

1 Introduction

The practicability of achieving institutional equity in the South African context
poses a number of challenges given the uneven distribution of resources. Efforts
have been made by the government through legislative instruments to ensure
c© IFIP International Federation for Information Processing 2022
Published by Springer Nature Switzerland AG 2022
J. Abdelnour-Nocera et al. (Eds.): Innovation Practices for Digital Transformation in the Global
South, IFIP AICT 645, pp. 1–15, 2022.
https://doi.org/10.1007/978-3-031-12825-7_1
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2 S. Mhlongo and R. Dlamini

that all nine provinces are developed, however, the one-size-fits-all and vertical
governance model has diminished the role of civil society. In an unequal society
and culturally complex South Africa, a differentiated approach to development
is crucial. Hence, the importance of understanding the interplay between con-
ceptions of the digital era and societal context to build and support community-
based initiatives. These conceptions, as solutions to systemic inequalities, are
viewed through a set of ontological and epistemological assumptions, looking
at the nature (context) of the world and about the knowability of this world
[27]. Any effort made without societal context is flawed, hence the importance
of understanding the entire economic development ecosystem. The value of digi-
tal transformation in an unequal society can only be realized once a complex
mapping exercise of all variables has been achieved. Social justice can only
be achieved once everyone has the opportunity to access resources, regardless
of their social position, thus eliminating any disadvantage that could stand in
the way of achieving their potential. This chapter views epistemic justice to be
achievable when everyone, regardless of their social standing, can access infor-
mation resources without being dominated in order to function at their optimal
level.

Perhaps what is known from research is that the relevance of social, eco-
nomic, political, and cultural power structures is important in achieving equity
[7,20,30]. The timely adoption of cutting-edge digital technologies and equi-
table distribution of digital resources must be achieved to prevent the loss of
significant opportunities. However, socio-economic challenges are a reality, espe-
cially in under-resourced communities, and these were made visible during the
COVID-19 pandemic [20]. Importantly, this requires considerable expenditure of
scarce resources to first develop and then support these under-resourced com-
munities in developing economies. Thus, digital resources, such as information
and communication technologies (ICTs), are considered contributing factors to
social and economic disparities [3,14]. Conversely, insufficient investment in dig-
ital infrastructure and tools has the potential to stifle economic activities and
make it difficult for local people to participate in the global economy [7]. Exac-
erbating the slow pace in South Africa is the vertical governance model which
results in a one-size-fits-all approach, where there are defects in all the structures
of governance. Various sectors in South Africa, particularly the education and
small businesses sectors, have not kept apace with the advances (however sig-
nificant) of ICTs. For this reason, there have been stand-alone ICT innovations
constraining country-wide digital transformation.

The journey towards inclusive and equitable growth is complex. It is therefore
important that any development must be relevant to all community levels so that
the journey is not futile. To leapfrog the economy and accelerate growth, South
Africa should take advantage of digital technologies and a viable public–private
partnership (PPP)1 framework must be developed to attract private sector par-

1 In line with the view of the World Bank, a PPP is a commercial legal phrase used
to harness private sector investment in public assets and services. Some countries
have crafted laws and regulations that guide the implementation of PPP endeavours.
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ticipation in an effort to cultivate digital capital. Beyond financial investment in
public assets and services, the collaboration ought to be built around capacity
and expertise. Digital technologies, especially the internet, have become signif-
icant for social and economic development in South Africa and globally. With
limited government resources in developing economies, especially in the global
south, adopting a PPP approach is essential. Although the shift towards digi-
tal technologies has always been on the to-do list for businesses and education
institutions, the COVID-19 pandemic accelerated this transition within these
and various other sectors. This transition was not smooth as there were systemic
deficits creating systemic inequalities that affected individuals and businesses [8].
This meant that despite all the affordances of adopting digital technologies, only
a fraction of individuals and businesses with access to digital resources gained
real competitive advantage. Therefore, it is with little doubt that the COVID-19
pandemic served as a catalyst for digital change, and more specifically, for the
adoption of digital technologies. However this created a dichotomous scenario of
the ‘have’ and the ‘have nots.’

At the core of this social and economic development is digital equity, which
is instrumental in transitioning to a digital economy and in the provisioning of
education. Resta and Laferrière identified the following five components of digi-
tal equity: (a) hardware; (b) software; (c) internet connectivity; (d) high-quality
digital content; and (e) digital fluency [23]. Coincidentally, these are the essential
basic components, the absence (or more appropriately, the unjust distribution)
of which has perpetuated the notion of the digital divide as we have come to
know it. Central to digital equity is digital capital, where users have access to
digital technologies with the ability to use them for professional and personal
purposes [31, p. 1]. Digital capital is inclusive of digital equipment, connectiv-
ity, and digital fluency [21]. Interestingly, Marolla underscores that “countries
performing well on ICT do equally well on the [United Nations General Assem-
bly’s] SDGs [Sustainable Development Goals], while those underperforming on
ICT are also lagging on SDG achievement” [17, p. xiii], which is one of the key
findings emanating from the 2017 Huawei ICT Sustainable Development Goals
Benchmark.

Yes, the potential benefits of adopting ICT at both community and individ-
ual levels have been well theorised, demonstrated, and are indeed innumerable
[2,20]. Thus, what can South Africa and other countries of similar stature do
to achieve digital equity, proliferate digital capital, and digitally transform their
status quo? True digital transformation lies not just in the documented techno-
logical innovation it promises, but in deploying digital infrastructure, addressing
challenges with internet connectivity, ensuring widespread access to computing
devices, and building human capital and skills. Equitable provisioning of digital
infrastructure is a necessary condition for sustainable economic growth, but for
the internet to be an enabler, it must be accessible and affordable. The absence
of massive and directed investments on digital infrastructure and skills has the

See for instance the policy developed by India: https://ppp.worldbank.org/public-
private-partnership/library/india-national-public-private-partnership-policy/.

https://ppp.worldbank.org/public-private-partnership/library/india-national-public-private-partnership-policy/
https://ppp.worldbank.org/public-private-partnership/library/india-national-public-private-partnership-policy/
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potential to perpetuate different forms of exclusion [16]. Any form of exclusion
has far-reaching impact on the digital ecosystem and on economic development.
Figure 1 illustrates a recent view of global internet access grouped by geograph-
ical region. This view shows the percentage of the total (national, regional, or
world) population that uses the internet.
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Oceania
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Fig. 1. World internet penetration rates by geographic region, including South Africa
and the world average, adopted from Internet World Stats accessible at https://www.
internetworldstats.com/stats.htm and based on estimates as at 31 Mar 2021.

From this illustration, it is clear that the African region faces a steep chal-
lenge if it is to catch up with the rest of the world in reaping the provisions of the
conceptions of the digital era. Although the South African average of 57.5% is
almost 15% higher than its regional average, it still falls short of the world aver-
age, implying that it is not exempt from these regional challenges. This has dire

https://www.internetworldstats.com/stats.htm
https://www.internetworldstats.com/stats.htm
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consequences in the setting up of robust digital operations and the development
of innovative products and services. While emphasis has been placed on huge
investments in digital infrastructure across the country, the need to measure the
impact on development is the missing link.

2 Ontological and Epistemological Assumptions

Equity and opportunity are intimately linked, and they exist in the context
of human beings. In an unequal society, there exists different levels of access
depending on the position an individual (or a classification of individuals) holds
in that society’s hierarchical setup [10,26]. Those with strong social networks
are more likely to be at the top of the hierarchy, and thus, have uncontested
preference when it comes to accessing opportunities [10,26]. In order to balance
the scales towards achieving social and epistemic justice, this chapter argues
that effective inequality monitoring systems are essential. Adopting digital tech-
nologies has the potential to improve transparency and accountability, more
especially in underdeveloped (or developing) countries or global regions suffer-
ing from inequalities and multiple injustices.

Against this backdrop, ontological and epistemological paradigms afforded
the authors the opportunity to carefully think about the South African context,
especially in the context of education. Ontologically, the authors reflected on
the nature of reality and the different variables leading to an unequal society
[25]. Beyond understanding the contextual reality, the authors undertook an
epistemological reflection on social justice and the fundamental principles of
inclusion [12].

According to Hage, Ring, and Lantz, social justice is underpinned by fun-
damental principles, which include “values of inclusion, collaboration, coopera-
tion, equal access, and equal opportunity” [12, p. 2795]. To this end, the authors
explored the complex nature of digital transformation and the type of intellectual
and financial resources required in order to realise these fundamental principles
in the context of education, especially during a challenging pandemic period
overwhelmed by uncertainty. Dlamini and Dewa argued about the importance
of social and cultural capital in accessing various resources and development
opportunities [9]. On the one hand, social capital is said to include “resources
embedded in one’s social networks, resources that can be accessed or mobilized
through ties in the networks” [15, p. 51]. In other words, “resources accrued by
virtue of membership in a group” [5, p. 1042]. On the other hand, cultural cap-
ital is said to incorporate “scarce symbolic goods, skills, and titles” [5, p. 1042].
Arguably, the inequalities that exist around digital access and transformation
are due to an imbalance in information society and cultural capital.

Cultural capital is considered a source of social inequality [4]. Therefore, the
need for a systematic approach instead of a one-size-fits-all approach to adopt-
ing digital technologies is inevitable. The implementation of digital infrastructure
must be accompanied by digital skills training and development opportunities
that address all forms of inequalities, but most prominently access and adop-
tion. In South Africa, the unequal distribution of digital skills is problematic at
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best. For instance, this is evident with: blue collar workers, who hold a negative
perception of technology and are convinced that they will lose their jobs to it
[13,18]; or teachers, who perceive technology as disruptive and time consuming
[1,19]. Thus, it is important to help those low-level workers understand the role
of technology and digital transformation in their various professions.

The argument that this chapter brings forth is embedded on the assumption
that there is a correlation between digital fluency and innovation, which in turn
would drive entrepreneurial activities.

3 Conceptions of the Digital Era

Notable research efforts in the mid to late 1990 s and early 2000 s were focused on
unravelling issues surrounding the then so-called digital divide. Scholars adopted
a multitude of theoretical viewpoints (including social, economical, political, and
cultural) in order to understand this phenomenon. This granted researchers and
relevant authorities the ability to draw cross-cutting commonalities, and pro-
vided a basis from which theory and practice could benefit. The digital divide was
primarily conceptualised as the apparent gap between those (individuals, com-
munities, or nations) that have and those that do not have access to computing
devices and the internet, prominently so in the underdeveloped (or developing)
than in developed countries.

Thus, it goes without saying that digital (in)equity, digital capital, and all
the other conceptions of the hitherto digital era—chief of which are: (a) digitisa-
tion2; (b) digitalisation (see footnote 2); and (c) digital transformation;—are all
tightly-bound functions of the digital divide. This implies that in order for digital
transformation to be realised, the concept and implementation of digitalisation
must be fully mature, and for that to be the case, the notion of digitisation
must reach the same level of maturity. Of course, realising digitisation implies
an intentional and practical reconfiguration of the elementary components of
digital (in)equity as contemplated by Resta and Laferrière [23].

At its core, digital transformation encompasses not only the adoption of
cutting-edge digital technologies to unlock previously untapped potential and
value, but also the scope within which, as well as the unprecedented scale and
speed at which this adoption happens [32]. This has expanded the appeal of this
phenomenon well beyond the business realm into other societal spheres, such as
governmental and educational institutions, primarily concerned with serving a
public good. The use of digital technologies in these and similar institutions is
nothing new. What is new is the reimagined use of these cutting-edge digital
technologies (primarily brought about by innovative advances in technology and

2 For the definitions of digitisation and digitalisation, this chapter leans on the Oxford
English Dictionary definition of the two terms. It defines digitisation as “[t]he action
or process of digitizing; the conversion of analogue data [...] into digital form” and
defines digitalisation as “[t]he adoption or increase in use of digital or computer
technology by an organization, industry, country, etc.” (available by subscription at
https://www.oed.com/).

https://www.oed.com/
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the upskilling or reskilling of the people who interface with these technologies),
coupled with their versatility and transformative power to catapult society into
its ideal future.

With such prospects, digital transformation is well-poised as a redress tool
through which social and epistemic justice can be realised. In the context of
South Africa and other African countries however, although not impossible,
the task at hand gets challenged by a systematically complex environment.
That which is characterised by inequity, inequality, marginalisation, segrega-
tion, ruralism, and other unjust constructs inherited from colonial governments
of yesteryear. Figure 2 provides some insights into just one facet of systematic
complexity in the South African environment as reported by Statistics South
Africa in the latest (2019) compilation of the General Household Survey.

Statistics South Africa further indicates that the proportion of households3

who have access to the internet anywhere is at an average of 63.3% nationally.
This is an indication that in about two in three South African households, at
least one member of the household has access to the internet, albeit in different
places. Zooming in to only those households in which at least one member thereof
has access to the internet at home, this figure drops drastically to an average of
one in eleven (9.1%) South African households [28]. This is as shocking as it is
significant, as it highlights the plight of access disparities in a country attempting
to make formidable effort to institutionalise digital transformation.

Another critical question thus becomes: in spite of these systematic com-
plexities (as corroborated by views depicted in Figs. 1 and 2), how can society
leverage the prospects of digital transformation towards attaining institutional
equity?

4 Theoretical Perspectives

In attempting to answer the preceding critical question, it becomes necessary to
adopt a multi-faceted approach. There is no one fitting theoretical lens through
which to fully explore and comprehend the utility of digital transformation as
a conduit through which institutional equity can be achieved. More so under
the contextual complexities that have so far been highlighted. However, fram-
ing institutional equity as a continual realisation of social and epistemic justice,
paves a way for inquiry into this contextual juncture from an educational point
of view. Thus, this chapter grounds its approach on, and draws its perspectives
from: (a) the syntheses and theoretical perspectives put forth by Hage, Ring,
and Lantz [12], Cazden [6], and Sutherland [29] on social justice in education
settings; (b) the ideology of Walzer’s spheres of justice as interpreted and devel-
oped further by Resh and Sabbagh [22,24]; and (c) Fuller’s conceptualisation of
epistemic justice [11].

3 The General Household Survey reports that “the mean household size was estimated
at 3.31 persons per household for the country, the estimate ranges from 3.11 in urban
areas to 3.73 in rural areas.” [28, p. 8].
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Fig. 2. Percentage of households with internet access in South Africa, adopted from
Statistics South Africa [28, p. 51].

4.1 Social Justice and Education

Hage, Ring, and Lantz advance a general definition of social justice, stating that
it concerns the “fair and equitable distribution of power, resources, and obliga-
tions in society to all people” [12, p. 2795]. They further state that this definition
is underpinned by fundamental principles, which include “values of inclusion, col-
laboration, cooperation, equal access, and equal opportunity” [12, p. 2795]. The
distributive nature of social justice is also emphasised by Cazden as one dimen-
sion of social justice, alluding that intellectual and monetary resources require
equitable distribution in educational settings [6]. Another important dimension
that she unpacks encompasses access to an “intellectually rich curriculum for
all students” across and within all educational institutions and “not just in the
rhetoric of policy and plans” [6, p. 182]. Clearly, a pathway leading to social
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justice—particularly in educational environments—entails just distribution of
key resources and requires further inquiry.

In his seminal work of Spheres of Justice, Walzer recognises the need to con-
sider education (a critical social good4) as a distinct distributive sphere of justice
[33]. He emphasises the importance of just distribution of social goods, in such a
manner as not to incubate domination or foster an exclusionary society. Resh and
Sabbagh build on this work by conceptualising five sub-spheres of justice within
the education sphere, each of which is centred on the distribution of educational
resources [22,24]. These sub-spheres are: (a) the right to education; (b) educa-
tional places; (c); pedagogy; (d) grading; and (e) teacher–student relations. The
subsections below delve into each of these sub-spheres, highlighting the rationale
and importance of each as contemplated by Resh and Sabbagh.

The Right to Education. From a global perspective, the right to education
has been recognised as a fundamental basic human right, advocated through and
by reputable international organisation bodies (such as the United Nations Gen-
eral Assembly through its adoption of The International Bill of Human Rights
as well as through its formulation of the SDGs—specifically SDG 4). It is also
enshrined in the constitution of many countries, often with provisions, assur-
ances, and protections from the state. This sub-sphere relates to the distribution
of education goods, emphasising the provision of access to educational institu-
tions, and includes the allocation of all the requisite resources necessary to realise
this right.

Education Places. This sub-sphere pertains the allocation of learning spaces
to students. This allocation is often an autonomous exercise taking place within
educational institutions at the discretion of the institutions’ leadership bodies
and teachers. This sub-sphere also relates to the distribution of learning oppor-
tunities available to students once they have been allocated to various learning
spaces. Resh and Sabbagh argue that it is this allocation that regulates the
distribution of these learning opportunities, including the access to knowledge,
and it is often acknowledged as a fundamentally meritocratic and competitive
process owing to the limited and divisible number of learning spaces available
for allocation.

Pedagogy. This sub-sphere relates to the pedagogical practices which teach-
ers adopt in the teaching and learning processes. At their core, these include the
philosophical and methodological approaches to teaching and learning, and at the
very least, encompass the way teachers operationalise classroom discourse, the
way in which they encourage learning, and the manner in which they promote
knowledge acquisition. The need for just distribution of pedagogical practices
cannot be overstated as they have a direct influence on learning opportunities
4 A social good is not universally defined but rather it is a contextual intrinsic function

(or construct) of the sphere within which it is located or it is the actual sphere itself.
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from which students can learn and develop to ultimately become successful con-
tributors to society.

Grading. Grading is an evaluative process which is central in the teaching and
learning processes. It allows for teachers to keep abreast with student perfor-
mance, while also serving as a gatekeeping mechanism for various other subse-
quent stages in the life of a student all the way up to determining employment
opportunities. Much has been written about the psychological effects of grading
on students. This sub-sphere is concerned about the just distribution of grades
in classrooms, especially considering the differential and meritocratic rules that
apply to the allocation thereof.

Teacher–student Relations. Resh and Sabbagh highlight several relational
goods in need of just distribution when it comes to teacher–student interactions
in educational institutions. Included in these are help (in various forms as would
be needed by students from time to time), attention, encouragement, respect,
affection, and discipline. This sub-sphere relates to the distribution of these rela-
tional goods, particularity because any perceived injustice in their distribution
may invariably lead to attitudinal and behavioural consequences on the part of
students.

4.2 Epistemic Justice

Epistemic justice is often interpreted and interrogated in terms of its inverse,
epistemic injustice. This simplistic, two-dimensional approach not only dwarfs
the intellectual importance of epistemic justice, but also undermines the efforts
of those scholars who are at the forefront of epistemic justice inquiry. Arguably,
attempting to advance research on matters pertaining knowledge and power is a
huge and daunting undertaking, however, not tackling it head-on is an epistemic
injustice in itself.

In a formidable attempt, Fuller simplifies the notion of epistemic justice,
asserting that it “concerns the optimal distribution of knowledge and power in
society” [11, p. 24]. He dissects the much familiar aphorism knowledge is power,
illustrating the dynamism central to the knowledge–power reciprocal relation-
ship. He goes on to suggest that there are essentially two approaches through
which epistemic justice can be achieved. The first, he suggests, is to “inhibit
the power effects of new knowledge by distributing it as widely as possible” [11,
p. 25]. This implies that the inability to effectively distribute knowledge renders
those that possess this knowledge undesirably powerful. The second approach,
Fuller suggests, is to “define a piece of knowledge in terms of the functions it
serves” [11, p. 25], an approach that would potentially spur individuals on to
founding alternative approaches to serving those functions. This approach culti-
vates innovation and encourages epistemic diversification, which are the essence
of epistemic justice.
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The reality of the knowledge–power dynamic is that it is accumulative and
compounds over time. This has allowed for certain sectors of society to accumu-
late specific forms of knowledge over long historical periods of time, resulting
in pockets of powerful societal clusters. This is particularly evident in countries
which have recently emerged from the clutches of colonialism, or those deemed to
be underdeveloped (or developing), or both. Fuller argues that it thus becomes
the function of the state to “regularly redistribute the advantage that these
forms of knowledge have accumulated over time” [11, p. 26] through ingeniously
institutionalising epistemic justice in educational institutions at the very least,
but with the aim of achieving much grander scales of institutionalisation.

4.3 Pursuing Institutional Equity

The catalyst in the pursuit of institutional equity through adopting a social and
epistemic justice approach is knowledge, and the acquisition of this knowledge
must happen in commonplaces attuned to this process. These commonplaces
must be characterised by fair distribution practices of social goods within each
sub-sphere of justice in order to be socially just, and must encourage innova-
tion, collaboration, and epistemic diversification. Through broad digital trans-
formation efforts, these commonplaces can manifest as digital learning platforms,
however it remains imperative to further probe:

1. In what ways are digital learning platforms creating environments of knowl-
edge acquisition and widening the context of learning to cultivate equity? Or
put differently, in what ways can digital learning platforms create environ-
ments of knowledge acquisition and widen the context of learning to cultivate
equity?

2. What are the perceptions that advance or inhibit educators’ transition
to constructivist-oriented practices in digital learning platforms to achieve
instructional equity?

The scope of these digital learning platforms ought to extend beyond the ide-
ology of learning management systems and massive open online course platforms.
They ought to be context-relevant entities—favouring virtual learning communi-
ties or virtual communities of practice—ripe with opportunities for members to
learn through and from each other, collaborate on ideas, and encourage a culture
of social entrepreneurship and innovation. These are key constructivist-oriented
practices which if attainable, will serve as a societal bedrock in the transitioning
to a digital economy.

5 Discussion and Implications

Digital technologies, as the hallmark of civilisation, need to be widespread across
the country otherwise digital transformation, together with all its prospects, will
remain a pipe dream. Marolla attests that digital dividends have the potential to
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help countries achieve higher-quality economic growth and alleviate social and
economic disparities [17]. Therefore, the South African National Development
Plan 2030, which sets out a long term vision of the country, must be opera-
tionalised through context-relevant community-based initiatives. This will go a
long way towards avoiding a one-size-fits-all approach and will instead create
responsive ICT-driven socio-economic development policy and rollout plan to
empower strategic groups at various levels in both rural and urban areas.

This policy and rollout plan ought to be accompanied by measurable deliver-
ables aimed at attacking inequality in its various manifestations, while making
significant strides towards a knowledge-based information society. This attack
on inequality must be strategic and coordinated through meaningful investments
to improve digital infrastructure access, develop and harness appropriate digital
skills, and improve the quality of education. Importantly, it must aim to build
the digital capacity of the state through community-based programmes to over-
come the current structural defects and revolutionise the digital space. Digital
transformation has the potential to foster social inclusion and expand partici-
pation in economic activities. However, it must be institutionalised to improve
coordination and PPPs. This is to ensure that digital infrastructure and fluency
is fairly distributed to promote greater digital transformation inclusion.

The theoretical grounding of this chapter is that social and epistemic justice
breed equity. Thus, engaging with and understanding the theoretical underpin-
nings of both social justice and epistemic justice is necessary in order to inform
inquiry into how digital technologies can assist towards attaining institutional
equity. Notwithstanding, Sutherland warns that “digital technologies can exac-
erbate inequalities and so a much more critical approach has to be taken with
respect to the relationship between digital technologies and social justice” [29,
p. 24]. Therefore, it is important to maintain an objective outlook as we navigate
the pursuit of justice (and thus, equity) in and through education.

6 Conclusion

This chapter has presented a critical argument on: (a) a foundational lack that
systematically prohibits society from leveraging the conceptions of the digital
era (digitisation, digitalisation, and digital transformation); in order to fulfil (b)
the urgent need to address matters pertaining digital equity and digital capital;
through (c) harnessing the power and utility of these conceptions of the digital
era, under favourable conditions, for achieving institutional equity and transi-
tioning to a digital economy. It has further argued for: (d) the need for context-
relevant digital learning platforms that will create environments for knowledge
acquisition, through constructivist-oriented practices, in order to achieve insti-
tutional equity; functioning under (e) a viable PPP framework. The thread that
holds all of this together is just access to both digital devices and the internet,
which remains a jarring issue faced by underdeveloped (or developing) countries
or global regions as Figs. 1 and 2 depict.

Attending to each of these five arguments put forth requires extensive prag-
matic and empirical inquiry efforts. If South Africa and other African countries
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are to pull themselves out of this depicted situation, such inquiry efforts must be
self-driven and must invite equal participation across all sectors, least of which
must be the state, academia, and private organisations.
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Abstract. Digital transformation initiatives must meet specific demands, mainly
to improve existing processes or provide a more efficient way to address a prob-
lem or situation. When such interventions are required for large projects in the
public sector, the involvement of multiple stakeholder groups becomes inevitable.
The literature indicates that this often leads to complex stakeholder interrelations
and conflicting interests because of diverse perspectives and power dynamics. This
paper presents the case of a machine-readable passport project whose purpose was
to automate the passport transaction process in Bangladesh; that involved multiple
organisations with diverse portfolios from the public and private sectors. Although
considerable success was achieved, it was not without challenges because of the
complex power dynamics and the sociocultural and political environments of the
various stakeholder groups involved. Using the salience model, this study exam-
ined stakeholder relations, interests, and power plays and provides rich insight
into the complexities and challenges of the stakeholder relationships. Data were
collected from a series of interviews, focus group discussion, and observations of
participants during the early stage of the project. The findings suggest that infor-
mation and communications technology innovation, implementation, and organ-
isational change in developing countries is deeply rooted in sociocultural and
organisational norms, vested interests, and power politics at multiple levels. In
addition to contributing to new knowledge in digital transformation interventions
in developing countries, the study has policy implications and practical lessons
for designers and implementers working in developing countries.
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1 Introduction

Despite some variations in the definition of a stakeholder, it is predominantly anchored
in Freeman’s definition [1] of stakeholders as “any group or individual who can affect or
is affected by the achievement of the organization’s objectives” (p. 46). Over time, this
definition has evolved beyond referring to organisational settings to include a variety of
contexts and disciplines, including project management. Hence, it is generally agreed
that a stakeholder is anyone who can affect or is affected by the process of a project,
its outcome, or both [2, 3]. Due to their growing demands and complexities, most large
IT interventions require diverse stakeholder groups. As a result, it becomes necessary
to consider the interests of those groups and their effects on the project [4, 5]. This
promotes transparency, inclusive decision-making, and actions necessary to ensure that
the final product meets specifications and achieves the intended objectives; however, it
also presents many challenges [6, 7].

The involvement of a diverse range of stakeholders triggers uncertainties and contro-
versies because of complex stakeholder interrelations, power dynamics, and conflicting
interests [4, 8, 9]. Stakeholder analysis is a valuable tool in understanding and man-
aging such multi-stakeholder influence and power imbalance [10, 11]. Hence, there is
a growing body of literature on stakeholder identification, engagement, and mapping.
However, studies that bring together these relevant aspects while considering complex
stakeholder interrelations from the context of a developing country such as Bangladesh
are scarce. Therefore, the goal of this studywas to provide such a perspective by analysing
the roles of various stakeholder groups involved in an extensive IT intervention, the
machine-readable project (MRP).

The MRP was a large multistakeholder initiative to automate the passport trans-
action process in Bangladesh. As in many other developing countries, Bangladesh’s
business entities and government agencies lacked the high proficiency required to deal
with paperless transactions such as those in the MRP. The project involved several con-
textual and noncontractual parties and entities from eight distinct and diverse groups.
They comprised Bangladesh military task force’s project management office (PMO),
ministry of foreign affairs (MOFA), department of immigration and passports (DIP), the
special branch (SB) of the police, external vendors (local and multinational), the Sonali
Bank (a commercial bank), the prime minister’s (PM’s) office, and the general public
(citizens who apply for passports). Although the project has been rolled out, and still
evolving with multiple iterations and phases including a complete biometric e-passport,
this paper focuses on the stakeholder interrelations in the course of the project and the
challenges encountered, particularly during the initial phases. In addition to technolog-
ical inadequacies that threaten the success of IT projects in developing countries, the
MRP also faced several challenges because of complex stakeholder interrelations and
power dynamics and the socio-political influences in Bangladesh, which were exacer-
bated by a history of unscrupulous and inefficient business practices typical ofmany such
developing countries [12]. These problems often override technological challenges, and
thus become crucial to reduce for the ultimate success of IT interventions in developing
countries [13, 14]. It is, therefore, imperative that they are effectively managed.

First, this paper contributes to the body of knowledge of complex stakeholder rela-
tions in the unique sociocultural context of a developing country. Spangenberg et al.
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[15] and Ginige, Amaratunga, and Haigh [16] argued that the increasingly intercon-
nected nature of the diverse portfolios of stakeholders, which is necessary to address
societal challenges in the Global South, require stakeholder analysis to identify, assess,
andmap stakeholder views and interests, along with their power and influence on project
execution. Hence, the second contribution of this paper is its examination of how one of
the stakeholder analysis tools, the salience model, enables the categorisation and analy-
sis of stakeholders in a complex web where politics and power dynamics are at play. In
view of this, Sect. 1.1 describes the theoretical framework adopted by this study. This
is followed by the data collection and analysis techniques in Sect. 2 and the findings in
Sect. 3. The paper concludes with some reflections and discussions on what the find-
ings mean in terms of the theoretical framework, prior literature, and further research
directions.

1.1 Theoretical Framework

Stakeholder analysis provides a strategic pathway to understand, assess, and manage the
interests and needs of a diverse range of stakeholders [17, 18], while strategically identi-
fying the roles and responsibilities of each stakeholder and their influence on the project
[2, 19]. Accordingly, an array of stakeholder analysis tools and techniques exist. Most
of them centre on power versus interest grids [20, 21], providing a basis for prioritising
stakeholders based on power and interest while aligning their influence and correspond-
ing effects on project outcomes [20, 22]. Other useful tools include the onion model and
9Cs stakeholder analysis framework for identifying and classifying critical stakeholders
[23]; stakeholder categorisation based on descriptive accuracy, instrumental power and
normative validity [24]; and the triangle framework to understand stakeholders’ expec-
tations and fears [25]. Although these tools and techniques provide valuable strategies
to manage stakeholder influence and improve project outcomes, the salience stakeholder
model in addition to assessing power, uniquely recognises and emphasises stakeholders’
legitimacy and urgency. This enables stakeholder classification based on a recognition
of their attributes [26]. This characteristic of the salience model made it an optimal tool
for analysing the stakeholders involved in the MRP because of the diverse portfolios of
each stakeholder group. Moreover, the salience model has been widely used in infor-
mation systems research to identify, classify, and prioritise stakeholders based on their
possession of one or more attributes and to examine their influence on project outcomes
(see, for example, [27, 28], and in the context of developing countries [14, 23, 29]). The
findings of these studies suggested that the salience model is an appropriate tool for the
MRP project.

1.2 The Salience Model

The salience stakeholder model developed by Mitchell, Agle, and Wood [30] is based
on three key attributes: power, legitimacy, and urgency. The framework conceptualizes
power as the measure of authority a stakeholder has to influence the execution of the
project; legitimacy as themeasure of howmuch right a stakeholder has tomake a request;
and urgency as the measure of how much immediate action, attention, or response a
stakeholder can demand. Based on these,Mitchell, Agle, andWood [30] defined salience
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as the degree of priority given to stakeholders based on their possession of at least one of
the three attributes. Building on these, the authors developed a typology that categories
stakeholders according to their possession of one, two, or all three attributes. A brief
account of different kinds of stakeholders according to Mitchell, Agle, and Wood [30]
and their corresponding typology and attributes is given below, followed by a summary
(Table 1).

Latent: Stakeholders in this category have only one of the three attributes; hence, they
have low salience and are less likely to substantially affect decisions that might affect the
project. Latent stakeholders with power are in the dormant category; they can impose
their demands but have no legitimacy or authority to demand urgency. A stakeholder
with only legitimacy is considered discretionary; they have the right to make requests
but no power to influence the project or demand urgent actions. Finally, stakeholders
with only urgency can make urgent claims but lack the power or legitimacy to move their
claims. However, any latent stakeholder can acquire additional attributes and become
more salient.

Expectant: Stakeholders in this category have two of the three attributes. They have
moderate salience and a higher probability of influencing the project. Those with power
and legitimacy are called dominant stakeholders due to their influence on vital decision-
making processes because they have the legitimacy to make requests and the power
to enforce their will. Stakeholders with urgency and legitimacy are called dependent
stakeholders because although they have the right to make claims and demand urgency,
they have no power to enforce their will. Finally, there are the dangerous stakeholders,
who possess power and urgency but lack legitimacy. Dangerous stakeholders might be
coercive. They must be watched closely and managed cautiously.

Definitive: Stakeholders in this category have all three attributes and therefore have
high salience. They have the legitimacy to make requests, the power to enforce change,
and the authority to demand urgency.

Table 1. Stakeholder categorisation in accordance with the salience model (based on Mitchell,
Agle, and Wood [30]

Stakeholder class and salience degree Attributes Typology

Latent stakeholders (low salience) Power Dormant

Legitimacy Discretionary

Urgency Demanding

Expectant stakeholders (moderate
salience)

Power and legitimacy Dominant

Urgency and legitimacy Dependent

Power and urgency Dangerous

Definitive stakeholders (high
salience)

Power, legitimacy, and urgency Definitive
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The uniqueness of the salience model in analysing stakeholders according to their
influence, as determined by the attribute(s),made it a useful tool to categories and analyse
stakeholders involved in the MRP. Accordingly, the research questions this study aimed
to answer were:

– What attributes of the salience model are possessed by stakeholders in the MRP
project?

– What complexities and challenges, if any, arise from the diverse stakeholder groups
involved the MRP project?

2 Methods

Given its exploratory nature, this research employed a qualitative interpretative case
study approach to gather and analyse the study’s data [31]. Interpretive research helps
understand human action in social and organisational contexts and provides deep insights
into information systems phenomena [32]. The objective was to generate a variety of
disciplinary and stakeholder perspectives that could provide clear understandings and
potentially uncover major underlying problems in the MRP project.

2.1 Data Gathering

Data were collected through a series of face-to-face interviews, one focus group discus-
sion (FGD), and on-the-ground observations from September to October 2012. Fifteen
semi-structured interviews were done with the relevant and major project stakeholder
categories, each lasting 1 to 1½ h. The chosen strategy was to interview a sample of
staff members directly involved in the MRP project development who could provide
rich insight into the entire project and its associated problems. Although, the project
had eight stakeholder groups, data for this study were collected from the four major
stakeholders who were responsible for executing the project. The top-level distribution
of the interviewees is shown in Table 2.

Table 2. Description of study participants

Major stakeholder group Typology No. of participants Code used in analysis

Department of immigration
and passports (DIP)

Dependent 3 (top- and
mid-level)

DIP 1 to 3

Project management office
(PMO)

Dominant 7 (top-, mid-, and
front-level)

PMO 1 to 7

Special branch of police (SB) Dormant 2 (mid-level) SB 1 and 2

Vendor groups Dependent 3 (top- and
mid-level)

V 1 to 3
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Supplementary and follow-up questions were used to encourage further elaboration
or to check the meaning that interviewees associated with certain words they used. How-
ever, the aim at all times was to provide opportunities for the interviewees to reveal their
experience of the phenomena as fully as possible, without the interviewer introducing
any new aspects not previously mentioned by the interviewee.

Next, an FGD involved at least two representatives from the four major stakeholder
groups: PMO, DIP, SB, and vendors. The FGD participants were chosen based on their
ability to provide different perspectives on the challenges. As such, the FGD provided
a commentary and rich insight in addition to the individual face-to-face interviews,
and provided an additional platform to exchange and clarify each stakeholder’s view-
points, concerns, and interests. The FGD protocol included the application of a ‘nominal
group technique’ (NGT) to identify and prioritise challenges from each group in a more
structured way than discussion alone [33, 34]. The NGT method allowed each person
to spend several minutes in silence individually brainstorming all possible challenges
without consulting each other and then write the challenges on yellow Post-it notes,
one per page. Those were posted on a flip chart visible to the entire group for further
grouping and discussion. That process facilitated the analysis of the theme, and formed
categories based on clarifications and discussions among participants.

Ethical clearance was obtained following the UNSW’s ethical clearance process. All
interviews and the FGD were tape recorded, and the recordings were transcribed with
the interviewee’s permission. However, participant names and clear designations were
not revealed, to maintain confidentiality as per the ethical clearance.

2.2 Data Analysis

The qualitative data analysis tool NVivo (version 10.0) was used to store, code and
analyse all the qualitative data including the FGD, interviews, and field notes. Analysis
followed a grounded, bottom up approach incorporating these steps:

1. English versions of the full interview and FGD transcripts were used as source
documents for analysis using NVivo 10.

2. Initial coding schemes were prepared following three coding procedures—selective,
axial, and open/emerging codes (from the data based on some transcripts).

3. Coding, memoing, and concept mapping were done using NVivo, and new/emerging
codes were added during the process.

4. Node-wise reports were produced after all transcripts were coded, which offered
some scope to reorganise the data by changing, merging, and adding codes and
categories through a second level of analysis, as shown in Figs. 2 and 3.

Further, an iterative process was followed that involved repeated readings of the tran-
scripts in search of the underlying themes and intentions expressed in them, comparing
transcripts for similarities and differences, and looking for key structural relations among
the key constructs. Asmoremeaningful key themes and dimensions started to emerge (as
shown in Table 3), the analysis shifted to confirmation, contradiction, modification, and
filtering of emerging themes following the double hermeneutic circle principle of case
study development [31]. That continued until a consistent set of categories emerged,
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as shown in Table 3. Direct quotes were used to validate and paint a clear picture of
corresponding categories and themes or both.

3 Findings

3.1 Stakeholders

There were eight distinct stakeholder groups who had varying and sometimes conflicting
roles.

Department of Immigration and Passports. Under the Bangladesh ministry of home
affairs, the DIP is the sole authority to issue, refuse, revoke, withhold, recover, and
monitor the use of passports and visas for Bangladesh. The department was responsible
for overseeing the entire project because it was directly within its jurisdiction. The DIP
headquarters has data centres, passport printing sectors, a disaster recovery site, and 34
regional passport offices across the country. Out of 58 Bangladesh embassies, 28 now
also issue MRP visas.

Project Management Office (PMO). A military project management and implemen-
tation team headed by a brigadier general was placed under the homeministry on deputa-
tion to implement the MRP project, initially for a duration of 2 years. The team included
officers with electrical and mechanical engineering backgrounds from the corps of elec-
tronics and mechanical engineers, signals, artillery, and other branches, including navy
and air force representatives.

Special Branch of Police. The SB is involved in passport issues in two ways: for veri-
fication and background checks and for immigration control at all border posts. Accord-
ing to the manual of rules and orders for the working of the district special branch in
Bangladesh (1919), the SB is responsible for verifying passport applications. Special
branch offices must wait until they receive a hard-copy application. Despite the intri-
cacies of receiving a hard copy from MRP offices, verifying, and reporting back to the
MRP offices, the process takes an average of only 8−10 days.

Vendor Groups. The project vendor groupwas part of a consortium.The original tender
bid was won by Irish JV, which comprised Irish Corporation Malaysia as the solution
provider, Data Edge limited Bangladesh as the hardware provider, and Polish Security
Printing Works as the passport book provider. Irish JV also subcontracted iPeople to
provide operational support by ensuring an adequate number of personnel, which Irish
JV did not have. To run the day-to-day operation, Irish JV required 700 people but had
only 100; they were sourced by iPeople.

Ministry of Foreign Affairs. MOFA staff were involved as stakeholders to ensure exe-
cution of the project in line with the ministry’s mandate and international best practices.
The MOFA controlled not only the issuing of red diplomatic passports, but also issued,
managed, and provided manpower for consular services to all missions.

Sonali Bank. This was the only bank designated and authorised to collect and disburse
all revenue related to the project, including accepting passport fees from citizens.
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Prime Minister. The PM of Bangladesh had the supreme authority and final say about
the major decisions, choices, and directions of the project, which might have superseded
any activities and arrangements.

Citizens. The citizens of Bangladesh were the primary users and recipients of MRP
services.

The eight distinct stakeholder groups had varying and sometimes conflicting roles.
As indicated, the DIP was initially responsible for overseeing the entire project because
it was directly within its jurisdiction. However, the DIP was sluggish in executing the
project. Consequently, the office of the PM, based on the Bangladesh army’s previous
involvement and success in a very low cost national ID card project (with one-third of
the total budget, a rare feat to prepare a voter database for 80 million people within
18 months), decided to give the project implementation responsibility to the Bangladesh
armed forces PMO in collaboration with relevant stakeholders. With the appointment of
the PMO, the project gained momentum, albeit amid some feelings of lost control and
dissatisfaction among the DIP and other stakeholders.

3.2 Stakeholder Salience

Data analysis showed that all eight stakeholder groups had at least one attribute of the
saliencemodel indicated in Table 1. Stakeholders such as the PMO, SB,MOFA, and DIP
had somedegree of each of the three attributes based on their fundamental responsibilities
and how those roles affected the project directly and indirectly. However, within the
purview of the MRP project, only the most prominent attributes with a direct effect on
the project implementation and outcome were considered, as shown in Fig. 1.

The Sonali Bank, by virtue of its role in the project, was a discretionary stakeholder.
It had the legitimacy to request changes or suggest a more efficient way of processing
payments but had no authority to demand that its requests be acted upon urgently or
power to impose its will.

The vendors were dependent stakeholders because they had the legitimacy to make
requests and were in the position to demand that their requests be acted upon urgently
when deemed necessary for the expected project outcome; however, they had no power
to enforce their demands.

The SB, on the other hand, seemed to move between various stakeholder categories.
By virtue of their fundamental roles in maintaining and enforcing law and order, they
had the power to impose their will to instate security requirements and the authority
to demand urgency in meeting such requests. This made them dangerous stakeholders.
However, in the absence of such threats, they were dormant stakeholders, with only
power and no legitimate relation and authority to demand urgency.

The MOFA, by ensuring the execution of the project in line with the ministry’s
mandate and international best practices, had the power to demand changes and the
right to request that their demands be acted upon urgently; hence they were dangerous
stakeholders.

TheDIP at the inception of the projectwas the definitive stakeholder because they had
the mandate to oversee the project and ensure compliance with global MRPs. However,
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changes mandated by the PM’s office led the DIP to lose the power attribute, which
made them dependent stakeholders for the purpose of the MRP project.

The PMO, on the other hand, acquired power in addition to their legitimacy and
hence became dominant stakeholders who influenced vital decision-making processes
that led to a positive turnaround in the project implementation and outcome.

The PM was the definitive stakeholder, having all three attributes. Our understand-
ing of the salience model suggested that citizens who apply for the MRP fell into the
demanding category because they might make claims and demand that their claims be
met urgently. However, in the context of that project, they lacked the power and legiti-
macy to enforce andmove their claims. Figure 1 showswhere each identified stakeholder
group sat within the salience model.

Fig. 1. Stakeholders position on the saliencemodel (adapted fromMitchell, Agle andWood 1997)

3.3 Complexities and Challenges

In determining how the above classification affected stakeholder interrelations, many
challenges were revealed in our findings. Complexities arose mainly from a lack of
stakeholder analysis, absence of project management methodologies, lack of planning
and changemanagement, different work cultures, and power dynamics. The findings also
indicated that most stakeholders did not clearly understand their and other people’s roles
in the project. This was caused by an ad hoc arrangement with confusion at various levels
in the absence of a project document specifying clear roles. Even seeking clarification
on those ambiguities appeared risky because they were highly contentious and sensitive
issues for different players and groups with varying and unclear power structures. As a
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result, various stakeholders other than the project director adopted a dormant, wait-and-
see behaviour. The communication gap between the PM’smessage and the understanding
among important stakeholders was evident. Thus, the MRP project took approximately
eight months to make a start. Figures 2 and 3 show some of the themes and categories
that emerged from the analysis with NVivo.

Fig. 2. Project challenges resulting from organisational culture

Fig. 3. Challenges from the project work environment

The data trail leading to these categories from interviewee responses were unpacked
as follows:
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The lack of clarity of each stakeholder’s role led to difficult working relations and
a sense that vested interests and gains were often prioritised over project goals and
outcomes. For example, one respondent (V 2) noted that ‘A big number of inefficient
government people are enjoying the project but do nothing… the government people have
different personal interests (like promotion, appreciation, international trips, etcetera.)’.
Anunclear reporting structure, lack of transparency in the business process, and compart-
mentalised information sharing within various clusters generated a culture of mistrust
and power struggle among the stakeholders, as noted by one of the respondents: ‘…
people were not transparent, they did not want others to access the information that they
hold because this would not give them power’ (V 1).

For obvious reasons, the introduction of the PMO run by armed forces was not taken
positively by the DIP: It was seen as a demeaning response to their inefficiency and lack
of capability to handle the project, where they had to hand over the control of that very
lucrative project following the instruction of the PM’s office. A perception also prevailed
thatDIP officialswere resistant to change because the automation of passports threatened
their very large extra income from the existing paper-based passport issue system. As
one of the stakeholders from the DIP said, ‘If outsiders get into our organisation, we will
not have freedom at our work’ (DIP 3). The army’s involvement ended the DIP’s full
power to be in charge of the project. That was evident in the concern expressed by one
of the vendors, who described the DIP as the ‘main actors’ of the project, felt sidelined,
and seemed less interested in the project.

Some form of noncooperation, if not open, was noticed by external vendors as well:
‘… now the situation is like that they [DIP people] are happy if something goes wrong in
the project, although they do not express them verbally’ (V 2). Stakeholders seemed to
be bickering among themselves, and the army also expressed displeasure with the way
other departments discharged their responsibilities: ‘… we usually work very fast in the
military. However, we do not get fast response from ministries and DIP’ (PMO 2). Such
complaints were unsurprising given the complex bureaucratic processes that seemed
to accompany basic information sharing among departments, leading to unnecessary
delays. That was evident in the frustration expressed by one of the project officials (an
army person) who complained that a simple task that could be resolved over the phone
underwent an unnecessarily long process ‘… they send letter after ten days or a month.
It takes another few days to reply, and they reply without understanding the issue’ (PMO
1). A focus group participant (SB 1) noted that the unnecessary delays in processing
information were not unrelated to a ‘show of power’ and the need to feel in control,
leading to a lack of cooperation and inefficiency. It is believed that the difficult working
relations, especially between the army and the DIP, were related to the fundamental shift
made by the PM’s office, which put the army in charge of the project rather than the DIP.
Losing the power attribute would have made the DIP feel threatened and less in control
of the project. Unproductive foreign trips and field visits were also stated as another
characteristic of the government staff culture. Government officials were described as
‘tourists’ who went on foreign and local trips without producing reports that could aid
institutional learning ‘… because they do not have the technical capacity to supervise
or understand the issue’ (PMO 5). A more detailed account of the associated challenges
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resulting from the identified complexities and their corresponding quotes is shown in
Table 3.

Table 3. Complexities and associated challenges in the machine-readable passport project

Complexity Associated
challenges

Corresponding quotes and responses

Lack of
stakeholder
analysis and
project
management
methodologies

Limited
understanding of
one’s own and other
people’s roles

‘I did not have any prescribed job description. We
were not sure if we were under the DIP. Head of DIP
and chief of army did not have same understanding on
the roles of army when the project started’. (PMO 3)

Multiple chains of
command

‘I have two bosses who need to be briefed regularly, in
addition to a senior government official who is
interested in the project. All of these meetings were not
guided by any documentary procedures or formal
documentation, and I had to rely on the memory of
other people at these meetings as evidence of meeting
discussions’. (PMO 3)

Absence of a
defined feedback
loop or system

‘The government system does not have a feedback
system either from general people or junior staff
members… email accounts created are not being used,
and there is no clear process to get feedback from
people if they would like to report something… no
internal feedback system’. (PMO 7)

Unspecified or
undocumented
duties and tasks

‘We were providing service based on verbal
understanding, due to bureaucracy… they
[government officials] have not been able to make
decisions even at this critical time’. (V 2)
‘… neither the project document nor any of the
consultations provided clear directions of the scope of
work’. (PMO 4)

Absence of
performance
and value
measurements
and metrics

Unproductive
meetings and travel

Inter-ministerial meetings were ‘fruitless’ because they
did not have open discussions. Usually, the meetings
would end without any fundamental decision. (PMO 6)
‘… having some cups of tea and biscuits and returning
back without any conclusive decision have been our
reality’. (PMO 6)
‘They made numerous foreign trips to different
embassies and countries without bringing any
constructive inputs to the project’. (V 3)

Absence of defined
obligations and
rules

There is nothing called weekly meeting, project
management, daily meetings, no one’s work is defined,
when any problem occurs everybody is pinning their
heads (PMO 7)

(continued)
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Table 3. (continued)

Complexity Associated
challenges

Corresponding quotes and responses

Different work
cultures

Complex
bureaucratic
processes resulting
in sluggish
decision-making
and actions

As a private organisation, we do not have bureaucratic
decision making… we complete planned activities on
time with the agreed quality (V 1)
Government mechanism is slow to make and
implement decisions (DIP 2)

Different
perspectives, work
values, and goals

The army has a chain of command, and they follow the
order of their bosses without any further delay.
However, civil service has complex bureaucratic
processes together with some attitudinal issues (PMO
3)

Nepotism and
favouritism rather
than due process

‘You must take actions if there is a mistake either by
your friend or ally. However, they favour some and do
not take any action even if the mistake is serious’. (V 1)
They do their personal jobs which benefit their family,
relatives, friends, in-laws, or neighbours (V 1)

Strong resistance to
change

‘The government people although they have exposure
and training, would like to maintain status quo and do
not like to accommodate the change to their work’ (V
2)
In the policy, they have a word ‘ittadi’ (similar to
‘etc.’) which enables an individual to use his/her
discretion. Due to this ambiguity, they request for
unnecessary documents. This also creates problem to
develop an automated system (PMO 1)
… they portrayed the automation process as ‘heavy
and nonfunctional’ by making the software seem
useless in an effort to continue manual system and
corruption efforts to get transfer to lucrative places
where they can get bribes (PMO 5)

Gratification
and reward

Vested interest The government people had different personal
interests (like promotion, appreciation, international
trips, etc.) from the project and did not listen to the
recommendations offered by different private
companys about the technical and time problems of the
project during development of project document (V 2)

Power dynamics … because of ‘amlatantric jotilota’ (red tapism)
nobody would like to delegate and share the power
that they have been enjoying (SB 2)
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4 Discussion and Conclusion

This study used the salience model as a theoretical lens to analyse and understand
the influence of the various stakeholder groups involved in the MRP and their effect
on the project implementation and outcome. The salience model uniquely classifies
stakeholders based on their attributes and considers changes that might arise due to the
loss or possession of additional attributes, as well as the diverse interests and (potential)
conflicts of stakeholders [35]. Based on thismodel, this study first identified the attributes
possessed by each stakeholder group in the MRP project and their degree of salience,
and second, determined the effect of this analysis in managing multiple stakeholders
with competing and conflicting interests.

Surprisingly, our findings indicated that despite of the apparent importance of stake-
holder analysis to aid successful project implementation [14, 18, 25], no formal analysis
was undertaken at the inception of or at any point in the course of the project. Indeed,
Şener, Varoğlu, and Karapolatgil [36] noted that the concept of stakeholder analysis is
still in its infancy in developing countries. It is believed that the absence of such an anal-
ysis was the root cause of the complexities and challenges encountered in the project,
given that multi-stakeholder interrelation in itself is a source of project complexity [18].
Conducting a critical stakeholder analysis where the degree of engagement of each stake-
holder is considered, along with a detailed engagement guideline and communication
plan provides the basis formanaging complex stakeholder interrelations [19]. This paral-
lels the findings ofNguyen et al. [18]who argue that ‘involvement’ and ‘participation’ are
two key elements for successful stakeholder engagement in complex multi-stakeholder
projects. Both elements encourage openness, dialogue, and active engagement in accor-
dance with stakeholder classifications and attributes, mostly amongst stakeholders with
power and legitimacy [18].

According to the salience model, stakeholders who have legitimacy have much
weight because their influence is based upon their possession of virtues perceived to
be desirable, proper, or appropriate [30, p. 869]. Hence, based on its professional port-
folio, the bank was an important stakeholder in the MRP project. However, its lack of
power or urgency meant it had no right or voice to empower its claims. The PMO, how-
ever, gained authority because they acquired power. At the inception of the project, the
PMO had only legitimacy. However, a mandate by the definitive stakeholder, the PM’s
office, requested that the PMO be given additional responsibility based on their evident
success in a previous project and demanded that the request be acted upon urgently. That
led the DIP to lose an attribute and the PMO to gain one. The additional responsibility
given to the PMO required that they take control of key responsibilities in the passport
automation process, which gave them the authority to impose their will on how they
believed things should be done. The acquisition of power gave PMO a higher degree
of salience, and by becoming dominant stakeholders were more active and empowered
to advance their interest for desired outcomes [28, 35]. It is not uncommon for stake-
holders to move within different categories [26]. This was evident in the case of the
police, whose movements between the dangerous and dormant stakeholder categories
were dependent on circumstances. Furthermore, dependent stakeholders, in this case
vendors, maintained the same degree of salience throughout the project. The DIP, on the
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other hand, seemed to feel threatened because they had lost the power to impose their
will.

It is fundamentally assumed that all stakeholder groups and individuals engaged in
a project have the same overarching goal of achieving the project objectives despite
different notions of how this may be achieved [37]. However, dividing stakeholders into
supply and demand stakeholders provides clear and distinct stakeholder categories early
on in the project [29]. In this instance, the demand category are stakeholders for whom
the project is undertaken, that is, the beneficiaries of the project outcome while the sup-
ply category are stakeholders responsible for undertaking the project through funding,
design, or implementation [37]. Such categorization provides a concise distinction of
stakeholders according to their perceived importance and influence on the project, their
salience attributes, and how best to manage stakeholder interrelations. Further categori-
sation according to degree of salience will help determine a clear chain of command
and reporting structure. This is especially important in a situation like the MRP project
where stakeholders are directly and indirectly known to each other, either from working
together or a perceived understanding of each other’s fundamental duties. Although, the
project did have a project director, even he seemed unsure of his actual responsibilities
within the project during inception period. The current structure and organogram of the
public sector organizations in many developing countries, such as Bangladesh, are not
adapted to accommodate and manage digital transformation initiatives in the public sec-
tor organizations [38]. As a result, the lack of clarity of how the primary responsibilities
of stakeholders based on their known portfolios translated into definite duties within the
project contributed to the difficult working relations and power struggles in an apparently
rigid civil service system inherited from the colonial era.

Nevertheless, the works of De’ [37] and Thapa and Sæbø [29] provide evidence of
how such categorization of stakeholders in IT projects in developing countries led to
transparency, reduced corruption, better management of conflicts, the counteracting of
other difficult circumstances such as power struggles, and it essentially clarified what
was expected of each stakeholder in the supply category. This would also help to curb
accusations of people not doing ‘anything’ as reported by one of the vendors, and unnec-
essary delays. Everyone knowing what is expected of the other within the project would
make people, even if for the sake of saving face, put the overarching project goals and
objectives over personal gains where those are clearly articulated. Overall, the study
adds to our understanding of the complexities and hidden problems surrounding digital
transformation in developing countries, the solution of which often becomes critical to
success [39].

5 Limitations and Further Research Directions

The findings of this study offer practical and theoretical contributions for future projects
requiring multi-stakeholder involvements in Bangladesh. This study has highlighted the
need for stakeholder analysis at the project’s inception. Because the degree of saliency;
that is, the number of attributes possessed by each stakeholder, might shift back and
forth from the initial analysis as stakeholders lose or acquire attributes [30], stakeholder
analysis must be ongoing as the project progresses to ensure the continued balance of
stakeholders’ influence at different stages of the project implementation [40].
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Although the salience model provides a strong basis and useful framework for clas-
sifying stakeholders based on their possession of one or more attributes, we agree with
the position of Neville, Bell, andWhitwell [41] who argue that recognizing stakeholders
based on the presence or absence of attributes is not sufficient. A broader classification
should entail determining howmuch of an attribute a stakeholder possesses. For example,
determining the degree of power possessed by stakeholders with that attribute provides
a second layer of classification, and by extension a more precise understanding of each
stakeholder’s influence and their associated impact on the project. Likewise, determin-
ing the individual degrees of legitimacy and urgency possessed by each stakeholder may
help determine whose claims and requests should be given priority. Hence, this study
advocates that future studies should go beyond only recognising the presence or absence
of attributes to determining the degree of possession before categorising stakeholders as
latent, expectant, or definitive. In addition to these, future studies may consider using
a complexity measurement model for a deeper categorisation of complexities resulting
from multistakeholder interrelations.
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Abstract. The digital divide presented between the Global South and North has
been exacerbated due to the Covid-19 pandemic causing unequal access to tech-
nologies in education, public services, and healthcare. Through an exploratory
study in the northeastern region of Mexico, a marginalized community used a
hyperlocal network to engage in creative Science, Technology, Engineering, Arts
and Mathematics (STEAM) activities. The study uses a qualitative methodol-
ogy with a reflective approach, informed by sociocultural and dialogic concepts.
Data collection primarily involved semi-structured interviews, observations, focus
groups, and collection of artifacts. The findings present a rich framework of
sociocultural factors and capital knowledge from the community. From the study
emerged participants’ meanings in three categories: i) the use of offline mobile
learning, ii) the educational practices in the non-formal context, and iii) the dia-
logic opportunities created among participants. From this non-formal context of
education experience emerged creative lessons in innovation, agency from the
learners, and genuine involvement from the participants.

Keywords: Digital divide ·Marginalized communities · Dialogic learning

1 Introduction

The Covid-19 pandemic has caused a lockdown of the entire world, resulting in a global
scramble to learn and master new forms of interactions at work and school, within fam-
ilies, across communities, and beyond national boundaries. In the field of education,
learning opportunities have been reduced by the pandemic because moving education to
a predominantly online modality implies reliable and affordable access to the Internet
and electronic devices. Despite the assumption that the world could have been ready for
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distance and online interactions thanks to widespread usage of information and commu-
nication technologies (ICTs), the reality is that the pandemic made visible the challenges
that many low-income communities face, in terms of education, public services and
healthcare, that were broadened due to unequal access to ICT. These challenges demon-
strated a clear divide between the Global North and Global South [1], greatly impacting
educational systems and opportunities, especially for traditionally marginalized com-
munities in the South. Furthermore, individuals have not yet developed the digital and
future competencies to develop their own identities in a digitally connected world [2,
3] because access to digital technologies is not the only condition for contributing to
distance learning, but also the ability to use and appropriate them [4].

In the specific case of Mexico, official data provided from the National Institute of
Statistics and Geography [5] in the most recent National Survey on Availability and
Use of Information Technologies in Households (ENDUTIH) highlighted the disparity
in access to ICT: 55.7% of Mexican households do not have computers and of these,
55.3% attributed this to the lack of economic resources. Moreover, only 56.4% of the
households reported a connection to the Internet. Unequal access to ICT has impacted the
continuity of education during the pandemic. In marginalized areas, very few students
have a permanent Internet connection and devices to attend online classes. During the
pandemic confinement, students in marginalized areas are faced with (1) complete drop
out of schooling, or (2) having poorer quality education in a formal learning setting. The
government’s distance education strategy has been to implement a television program
series called “Aprende en casa” [“Learning at home”] for primary and secondary schools,
which has been a strategy that aimed to cover the majority of the Mexican population, as
92.5% of the population reported having at least one television [5]. In these educational
procedures, “teachers assignhomework andother learning activities and receive evidence
of activities conducted at home” [6] aided using digital and established technologies,
such as Internet connections (Learning Management Systems, Email, text messaging,
Videoconference, etc.) or phone calls. Nevertheless, 30% of the teachers have reported
not having additional contact with their students [7].

Joining an online class has meant that students need to complete their homework
in physical notebooks and use their limited Internet access to send schoolwork through
applications like Facebook or WhatsApp. The lack of access to technology has widened
educational disparities and hindered development opportunities for people in marginal-
ized communities [8]. It is under these circumstances that the Hyperlocal Learning
Network La Campana-Altamira was born. The leading research question is: How infor-
mal learning opportunities in social settings and using offline networked and mobile
ICT engage a marginalized community in authentic educational practices during the
pandemic?

‘Hyperlocal La Campana-Altamira’ has used Raspberry Pis, credit card sized com-
puters that run on open-source software and can create neighborhood digital networks
independent of the global Internet, as hubs for local community networking and learn-
ing during the Covid-19 pandemic. The project, based on a social justice agenda, aimed
to create more equitable access to informal STEAM learning through creative making
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activities facilitated by low-cost offline ICT. In a prior project, the co-creation of a com-
munity FabLab in a local high school1, a plurality of pathways to learn through informal
opportunities had been established and lessons were learned by all participants from
the community and from the higher education institutions involved [3, 9]. The develop-
ment of relevant skills and the motivation to learn needed to be maintained during the
pandemic when the FabLab community was closed in March 2020. In the long term, a
series of interventions took place aiming at narrowing the digital divide gap and provid-
ing quality education and socio-economic development opportunities in the community.
Using hyperlocal learning networks and hands-on creative making kits in a marginalized
community setting in Monterrey, a northeastern city of Mexico, was a reaction to the
further marginalization during the pandemic, but it also aimed to test the potential for
alternative ways of constructing inclusive and creative learning environments for the
future.

2 Introduction

2.1 STEAM Education

STEAM stands for Science, Technology, Engineering, Arts, and Mathematics. Its ped-
agogic approaches support the creative integration of skills and knowledge from those
disciplines in project-based inquiry, often, at least in face-to-face settings, through social
dialogic engagement with others. STEAM education is a concept that derives from the
global North and hence needs critical consideration. STEAM education is influenced by
a complex interplay of local and global forces [10]. The global economy is still held up
by some as a panacea for inequality but is simultaneously shown to be propagating as
many inequalities as it is solving. STEAM education might be similarly contradictory,
being seen as a universal driving force for international development, but also accentu-
ating social and cultural inequalities. In other words, even if education is a powerful tool
to restructure the existing social order, this is only true if educational practices develop a
critical consciousness in students by inviting them to bring their personal understandings
of their own learning experiences [11]. In this respect, project-based STEAM activities
may allow learners to incorporate and critically evaluate scientific and artistic knowledge
in everyday life through the lens of local skills derived from their lived experiences [12].
We also suggest that this approach is a ‘constructive alliance’ between epistemologies
of the Global North and Global South, aiming for a decolonised education [13].

1 The fabrication laboratory (FabLab) was installed in 2019 inMonterrey,Mexico, to promote the
‘maker’ culture involving an agenda of cognitive and social justice through the implementation
of a “platform for the democratization of educational practices through the inclusion of partic-
ipants from different settings, countries and ages, collaborating in the achievement of common
goals, while stimulating creative thinking, and strengthening the bonding with participants and
their needs” (González-Nieto, et al., 2020, p. 1535).
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In several countries, the engagement with STEAM subjects in schools and other
non-formal settings has led to its integration into educational policies [14, 15]. Huge
emphasis has been placed on the development of STEAM skills for their significance in
economic growth and has thus encouraged the development of research in this area in the
last decade, particularly focusing on the development of human capital. In North-Eastern
Mexico, whereMonterrey is located,major social and economic issues are related to, and
underpinned by, low engagement with STEAM education. Expanding engagement and
emphasis on STEAM would be critical if we are to see improvements in the quality of
work for marginalized groups and communities. Consequently, the longer-term benefits
of this project aim to generate open spaces for educational innovation to improve social
conditions in vulnerable communities.

Monterrey is the largest city of the state of Nuevo León in the North of Mexico and
the second largest city in the country. The metropolitan area of Monterrey holds 93%
of the population of the entire region (around 5 million people) with 97 men per 100
women. Despite industrial development, Monterrey presents a high number of people
in conditions of poverty (19%) and extreme poverty (1.3%). Mexico’s rates of daily pay
are low; both Mexico and Nuevo León present low gross salaries for the population,
averaging a weekly pay of only £70. These are the reasons why we are looking at this
intervention inMonterrey through a lens of social justice and decoloniality in the Global
South.

2.2 Global South

The term Global South has been employed by policy makers and academics who have
used it to embed multiple meanings and evoke different ideologies. While authors like
Dados and Connell [16] consider the Global South, a transnational space encompassing
Africa, Asia, Latin America, and Oceania, other authors like Esler [17] have used the
term interchangeably with Third World. Both conceptions have shown limitations. The
Global South as a geographic space assumes the entire south of the globe as a single
region. However, the cases of China, Russia, India, Brazil and Mexico give us lights that
counterfeit those assumptions.We cannot assume that the global south is a single region.
In the second interpretation of the Global South, as interchangeable with the term Third
World, the limitation is that it portrays racial, religious, political, economic and historical
views. In a genealogy construction, the Latin American historian Palomino [18] points
out that the terms suggest two different ideas: one being a political affirmation and the
other as an expert assessment of a problem.

Thus, a proposal for the term Global South in Latin America requires consideration
of its colonial history, neo-imperialism, social change and economic development. In that
regard, Mahler [19] points to the use of the Global South to address spaces and people
negatively impacted by capitalist globalization. This broader conception responds to the
limitations of geographic space and third world interpretations for Latin America. Here,
the Global South term emphasizes the geo-political marker of inequality as well as the
impact of globalization in the community. The research in this paper makes use of this
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conception of theGlobal South to point out precisely the impact of capitalist globalization
for a marginalized community in Monterrey in which the study was carried out. Before
the pandemic, this community was already characterized by inequality and difficulties
in accessing quality science and technological education and related resources.

2.3 Sociocultural Perspective

The concept of the Global South term calls for the study to consider a sociocultural
perspective in which a dialogic and decolonial approach are fundamental to make the
study for and from the Latin American context. The empirical work carried out through
theHyperlocal LearningNetworkLaCampana-Altamira -whichwe refer to in the text by
its abbreviated form, ‘Hyperlocal’, is informed by a sociocultural perspective in which
the construction of knowledge is mediated by cultural factors which are appropriated and
mastered byparticipants in communities of practice [20–23].Cultural artifacts, language,
and social institutions are tools that can produce cognitive change [24] and transformative
learning [25]. In that sense, following a sociocultural perspective, this study emphasizes
the understanding of how participants engaged in the design and making of activities. It
is the experience and interactions with sociocultural tools provided which became the
focus for learning.

Moreover, in this sociocultural perspective, the dialogic approach [26–29] becomes
fundamental for participants to examine their circumstances of oppression, and relation-
ships among them and with technology. Under this dialogic perspective it is relevant to
give a voice to the participants to understandhow they are buildingknowledge, rather than
just assimilating instructions and information. Hyperlocal aimed to provide an opportu-
nity to use technology as a catalyst for participants to reflect on their lived history through
dialogic and creative scenarios that bloomed with the development of STEAM activi-
ties. Similar studies [3, 30] in informal contexts of education have supported the impact
of dialogic learning through such enrichment programs, which offer opportunities to
explore and study arts and sciences coupled with occasions for emotional development
and historization. Freire [26] proposes that the individual becomes conscious of their
world and is positioned to have a critical view of their own circumstances, thanks to their
relationship with others. Learners become inquirers and builders of their own knowledge
and become able to liberate themselves from oppressive ‘banking’ educational systems,
and as a result they redesign and transform the tools according to their circumstances.
Very importantly, learners also realize that they become more capable and creative than
they originally considered.

Similarly, under the umbrella of a decolonial perspective in technology and edu-
cation, the historization process provided by the dialogic perspective frames this study.
Decoloniality and decolonial thinking highlights the pluriverse of systems of knowl-
edge and thought beyond the colonial framework [31]. In that sense, decolonial thinking
implies engaging in educational and technological practices that think outside of the
categories, hierarchies, and antagonist binary categories of coloniality (individual vs.
community, society vs. nature, immanence vs. transcendence) to think more relationally.
De Sousa Santos [32] proposes the concept of ‘epistemologies of the South’ to under-
stand the transformation occurring in our societies, realizing that theories have been
based and developed on the experiences from only the side of the North. Therefore, in
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the knowledge frameworks of education and technology, the study invites participants
to challenge themselves to think about who gets to use a tool or service, and to which
extent. Moreover, De Sousa Santos [1] claims that this pandemic era can be used as
an opportunity to deconstruct the oppression of socioeconomic ways of living linked to
capitalism, colonialism, and patriarchy, thus becomingmore appreciative of the plurality
of lifestyles that can be more relational, sustainable, and caring of others and that are
already a way of living in rural, marginalized, and indigenous communities in theGlobal
South. De Sousa Santos invites all of us to realize that it is possible to live a different
life, and for that, a starting point is to appreciate diversity and multiculturalism, and to
be creative in proposing new socioeconomic activities that can be more respectful of
each other.

Similarly, the sociocultural and dialogic perspectives offered through the experience
of STEAMactivities opens the floor to a dialogic space, which can also be an opportunity
to realize the potential and capacities one has as a person, as a member of a community,
and of a living world with a nature to protect and care. Therefore, the dialogic engage-
ment in which participants, the project team, and community partners were involved,
incorporates aspects of reality into the shared sense of identity [33]. Thus, we were aim-
ing to understand dialogic spaces to identify the value participants have for transforming
their own circumstances together.

3 Methodology

3.1 Context and Participants

La Campana-Altamira are two neighbouring hills in Monterrey, Mexico, and have tra-
ditionally been an urban marginalized area. The first projects to populate the hills aimed
at creating housing for public teachers, but corruption cases hindered development, and
semi-constructed buildings were left unfinished. As a result of the abandonment of the
houses, the hills were later populated mainly by internal migrants from San Luis Potosí,
Oaxaca, and Chiapas, who were looking for economic opportunities in Monterrey. The
resulting settlements lack urbanization planning, which negatively impacts the socio-
economic opportunities of their inhabitants, for example due to difficult access up and
down the steep inclines.

Since 2013, Tecnologico de Monterrey, a higher education institution neighbouring
the La Campana-Altamira district, has implemented social program initiatives in the
area through Distrito Tec, an urban regeneration initiative promoted by this university.
Distrito Tec leads theCampana-Altamira Initiativewhich looks to engage the community
in six lines of action: Social Security and Peace, Social Inclusion, Urban Inclusion,
Economic Inclusion, Education, Housing, and Health. Distrito Tec incorporates private
and public institutions including CEMEX, Monterrey municipality, and Nuevo Leon
state government to implement the Campana-Altamira initiative.

In the line ofEducation,DistritoTec supported the creation of the ‘FabLabCampana-
Altamira’ [3, 9] because it fit the overall strategy of creating opportunities to provide
access to quality STEAM education to the community. This was led by researchers
who are now part of the Hyperlocal project. For Distrito Tec, these projects are seeds
that support the overall initiative. In that line, the Hyperlocal project accomplished two
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purposes for them. First, with the pandemic, it was challenging to maintain projects
and ways to reach out to community members due to the lockdown regulations and
lack of access to ICT devices. It was also difficult for the community to reconnect with
fellow learners and to maintain a sense of shared learning from the safety of their homes,
especially because the community’s priority was the need for basic sustenance. Second,
this opened a relationship with the people at the top of the hill. These participants are
usually left out of projects because of the difficulty of access. The topology of the district
meant that the people at the top of the hill were the most forgotten during the pandemic.
The idea of education continuity attracted participants who lacked access to resources
from the bottom of the hill.

Hyperlocal was proposed by an international intervention team, including three
researchers from the Open University (UK), three from Tecnologico de Monterrey, one
from UAM Cuajimalpa, one from In Situ, and supported by one researcher from La
Campana Altamira Initiative from Distrito Tec, our implementation partner. Distrito Tec
helped us contact the community at the top of the hills by accompanying us to visit and
talk to them about the project of STEAM activities from their homes. Their experience
with social design projects guided us, and they emphasized the importance of avoiding
an interventionist approach but rather, the value of taking a more participatory app-
roach, ensuring we listened to the community and recognised the capital and knowledge
resources they could bring to the project.

Thus, ideas from and for them emerged from their side during the project. For
example, it was the community participants who decided where we could hold the
meetings, and who organized the catering for the end of project celebratory event.

The overarching aim was to continue to engage La Campana Altamira community
members in informal, creative, maker-based learning in a social setting during the pan-
demic to continue developing relevant skills and sustain the motivation to learn and
change. We also wanted to test an ‘offline’ (not connected to the internet) networked
social and mobile learning approach with the community. This approach was corrobo-
rated by the community leaders we consulted with and supported by informal feedback
and observations from other interventions with the community, as well as during the
planning of this intervention. The academic and social initiative teams also intended to
test the scope of bringing maker education into family homes, rather than the families’
coming into a community makerspace, with the aim to reach a broader audience.

Eleven families participated in the Hyperlocal project. Table 1 lists the anonymized
names of the adults and children (aged 5–15) who expressed their desire and consented
formally to their participation in the project. Later, during the interview process, the
research team realized that there were more family members who had become engaged
with the project, such as husbands, cousins, and friends. For research ethics reasons,
we did not engage directly with these additional ‘peripheral participants’ but gathered
insights into their perspectives throughparticipantswhohad formally given their consent.
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Table 1. Participants from the Hyperlocal project

Family ID Adults Children (age)

F1 Martha Yolanda (12), Pepe (10)

F2 Ivanna Noah (15), Francesca (6)

F3 Lucía Aracely (11), Edgar (10)

F4 Isolda Josefina (11), Ari (7)

F5 Noelle Lola (12), Marco (9), Miriam (6)

F6 Katy Amanda (11)

F7 Lily Brad (5)

F8 Victoria Juan (9)

F9 Salomé Gloria (13), Yarezi (12), Emilia (6)

F10 Lime Alondra (13)

F11 Danuska Irene (11)

The project was also carried out with the participation of a project team consisting
of 8 researchers and 12 undergraduate students from Tecnologico de Monterrey who
supported the design, implementation, and celebration phases of the project.

3.2 Tools

To trial the planned approach of using STEAM to engage families during lockdown, the
research team designed a craft kit with the materials to engage in established STEAM
learning activities. The kit, to be issued to each family, containedmaterials such as fabric,
markers, sewing kits, tape, ruler, papers, glycerin, molds, scented essential oil, among
others as seen in Fig. 1. As a result of the successful prior interventions with engagement
of some of the community members in creative maker-based learning in a community
FabLab, the academic team members proposed four creative activities (Decoder, Draw-
bot, Soap making and face mask) that could be carried out at the families’ homes to
re-engage them in informal learning during the pandemic. All these creative making
activities were previously used successfully in the community FabLab and were known
to create fun and dialogic engagement and social learning opportunities suitable across
different age ranges. In a design education setting, creative making activities develop a
sense of agency over what is made and encourage reflection on the purpose of themaking
and themaker [34–36] particularly when such activity is authentic in, or to, some context
[37]. Furthermore, creative learning at a distance benefit from social comparison and
collaboration amongst the learners [38]. The Open University provided the funding to
purchase the necessary materials and technologies to enable the participants to engage in
such learning opportunities, while respecting pandemic lockdown and social distancing
regulations.
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Fig. 1. Craft Kit for the families

To enable sharing of family activities and to encourage sharing locally, Hyperlocal
sought to test the viability of hyperlocal digital networks operating independently of the
internet. The project employed a digital platform,MAZI [www.MAZIzone.eu], an open-
source software toolset running on Wi-Fi capable small low-cost computers, Raspberry
Pis. The MAZI networking software facilitates sharing in community settings, enabling
devices such as smartphones, tablets, and laptops to access a common hub and share
resources with each other, viaWi-Fi. This hyperlocal network supports dialogic learning
approaches by building a networked learning space. Participants can contribute to and
receive information from the network furthering opportunities of peer learning. Peer
learning is underpinned by dialogic opportunities that arise from interaction around arti-
facts created and shared online [38]. The hyperlocal network tools enable the community
to share their own knowledge and learning locally without a reliance on external net-
work connectivity (internet access). The advantage of this ‘offline networked learning’
approach [39] is the decoupling of access to knowledge from the socio-technical and
economic conditions of the participants.

The MAZI digital platform is available with a set of standard configurations, and
the research team customized these to offer Hyperlocal participants three components:
Aprende, Comparte, and Comparte más (Learn, Share and ShareMore) as seen in Fig. 2.
In the Aprende section, families could access preloaded educational videos and guides,
in Comparte the functionality allowed them to upload pictures and make comments, and
in the last section they were able to upload videos and other types of files. Conceptually,
the research team wanted to offer (a) the opportunity to access guidance, (b) to start
conversations with each around their activity outputs and (c) to engage in extended
sharing activities, including videos. The conversational tool (the open-source program
“Guestbook” had been designed for the exchange of images and short messages), so to
enable video sharing within the limitations of this pilot, the team activated a file sharing
program (NextCloud) as Comparte más. Each hub offered instructions for four initial
creative learning activities for the entire family at their homes. The videos and guides
supported making a message decoding device; face masks; soap and a drawing robot.

http://www.MAZIzone.eu
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Fig. 2. MAZI Platform as seen by participants

3.3 Phases of the Intervention

The intervention with the families consisted of three phases: planning, implementation,
and celebration.

The planning phase with the families started with a series of conversations about
the project proposal, and how to implement it within the community. This involved the
calling and selection of participants who were willing to be part of the project, and
for this action, the Distrito Tec insider knowledge of the community was particularly
important. A technical test was carried out to find out the most appropriate homes to
place the Raspberry Pis, trialing various locations that would give the best hyperlocal
network coverage, considering the short Wi-Fi range (approximately 20 m) of the Pis,
and the topography of the hills. After the testing, the team decided to deploy five Pis,
seen in Fig. 3. By proximity, at least two families were able to access one Raspberry
Pi. However, other members of the nearby hubs could visit and comment on families’
contributions and upload their own responses.

Fig. 3. Approximate location of participants. The blue dots represent the participants, and the red
dots represent the Raspberry Pis locations. (Color figure online)

For the implementation phase, the research team visited the families to give them a
craft kit and the smartphone for the project. Each family was given a craft kit with the
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materials to engage in established STEAM learning activities. Families were also given
a smartphone and sim card to access and engage with the hyperlocal network through
the Raspberry Pis running the MAZI digital platform. Families were supported during
the intervention with a team of academics leading the study and undergraduate students
who were doing their community service program. The academics leading the team
made weekly visits in which they presented the craft kits, deployed the Pis, and solved
technical issues that could not be solved remotely. The undergraduate students’ roles
included contacting the families by phone calls weekly as a follow-up to understand the
progress of activities, and to channel technical difficulties.

For example, during the first week of this phase, families reported that they could
not upload pictures to the MAZI platform. As a result, the team designed a step-by-step
procedure on how to upload the pictures that were handed to participants. The second
week, the families reported the same issue, so a team was deployed. In that technical
visit the team realized that there was an issue with software configuration: the maximum
file size to be uploaded was set to a small default size. This had become a limitation
because the phones were taking pictures with a larger default size. The team tried to
decrease the quality resolution in the smartphone camera, but it did not work. During
the third week, the team was able to change the setting in the Raspberry Pis.

The celebration phase consisted of the team and the families planning a day to
share the results of the four activities the families had engaged with and sharing a
meal together. The Hyperlocal team printed photos of the project for displaying during
the celebration. The families took charge of getting tables, chairs and supplying the
food. During this celebration day, the children presented their projects and were given
a diploma for participating. Each child had a picture taken with the diploma and then a
group picture (See Fig. 4). After that, a focus group interview was carried out with the
mothers. Then, the mothers served food they had cooked: tacos, three colour jelly and
fruits.

Fig. 4. Celebration day

3.4 Reflective Approach

As outlined before, reflection is an important component for the Hyperlocal project, the
contextualization of this reflection is as important as the content of the reflections. In
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particular, the application of the theoretical lenses of horizontal dialogic spaces [3] were
integral to our reflection process. These reflections were informed by the data collected
from the participants’ engagements during theHyperlocal intervention.Weused a critical
stance informed by Freire and contemporary dialogic theory revised above these lines.

Data collection came from semi structured interviews, field notes, a focus group and
the MAZI Platform as detailed in Table 2.

Table 2. Data collected

Instrument Amount Description

Semi structured interviews - Set 1 11 Done at the beginning of the project to
create rapport with participants

Semi structured interviews - Set 2 26 Done during the project to do a follow up
about the four activities that the participants
were making

Focus group 1 Done at the end of the project for the
participants to share their experience with
the activities, the raspberry Pi and issues
they face with the project

Fieldnotes 6 Done from the first visit to share about the
project with participants until the
celebratory event at the end of the project

Raspberry Pis (MAZI platform) 5 The information (photos, videos and
comments) that was collected from the 5
Raspberry Pis

Using a qualitative approach [40, 41] the data was coded inductively, and grouped to
form categories which help to provide an answer to the research question of this paper:
How can informal learning opportunities in social settings and using offline networked
and mobile ICT reflectively engage a marginalized community in authentic educational
practices during the pandemic, and what change processes can be observed in this
community?

This research question was answered following an emic perspective. Pike [42] pro-
posed a distinction between phonemic and phonetics, which has been taken up by social
scientists interested in highlighting the personal and situated adjustments and interpre-
tations that an agent makes of culture. This is a contemporary approach in anthropology
[43, 44] which privileges an emic perspective where participants interpret social inter-
actions and practices in their own terms versus a more normalized and imposed view of
culture (an etic perspective).

The international research team held weekly reflective online discussions between
2020 and 2021, initially to plan the design of the study and later to discuss the catego-
rization of the data for evaluation of the intervention. Notes were taken and this resulted
in a collaborative 86-page record. Through these reflections we attempted to uncover any
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processes of social change in the participants who engaged in the Hyperlocal network,
including the intervention team.

4 Findings

Three main themes emerged inductively from the data analysis: i) the use of offline
networked mobile learning, ii) the educational practices in the non-formal context, and
iii) the dialogic opportunities. Within these themes the participants’ emic perspective
was documented in categories and is presented below.

4.1 The Use of Offline Networked Mobile Learning

The first theme, the use of offline networked mobile learning, is related to how partici-
pants used the Raspberry Pis, MAZI platform, and smartphone to engage in the learning
activities. The use of offline networked mobile learning as described in Tables 3 and 4
offers a general view of the participants’ interactions with the technology.

Table 3. Data in the Raspberry Pis

Raspberry Pi Families Photos Comments Videos

R1 F1-F2 1 0 1

R2 F9-F10-F11 1 0 0

R3 F5-F6 0 0 0

R4 F7-F8 10 0 4

R5 F3-F4 31 4 4

Table 3 summarizes the data that the families uploaded into the Comparte and Com-
parte más sections of the MAZI organized by Raspberry Pi. The table shows which
families accessed each Raspberry Pi and the number of photos, comments, and videos
they uploaded. The Raspberry with the most content was number 5 from families 3
and 4. The content with less uploads was “comments”, and the one with the most was
“photos”.

Table 4 has sample content uploaded by participants to the MAZI. From the 43
photos uploaded, only in one of them do adults appear, but in the background. Of the
four comments, one is a greeting and the other three are related to creative activities
(soap making).

Category 1: Engagement with Technology. Participants found the use of offline net-
worked mobile learning easy, which propelled the thinking of the future uses of technol-
ogy. The use of the Raspberry Pi to access information allowed participants to explore
possibilities that transcended their own prior experiences with technology and offered
wider perspectives of how itmight be used in the future. The use of this offline network in
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Table 4. Samples of content uploaded to the MAZI

Photos Comments Videos

Hyperlocal triggered their thinking about the possibilities of this technology for formal
education. Transcript 1 is a conversation between a researcher, and two participants, a
mother, and her daughter, about the use of the Raspberry Pi.

Transcript 1. The use of the offline network mobile learning for formal education

Luna: What did you learn from the use of technology in your life? Did it leave
you any experience having used the Raspberry or the cell phone? How was your
experience watching the videos from the Raspberry?

Josefina: From the Raspberry it was quite easy to use and connect.

Luna: What will be easier to watch the videos from the Raspberry or from
YouTube?

Josefina: With the device, it is more direct and nothing more.

Salomé: Well, it was fast, you go in and see the video that you wanted to see.

Luna: If your teacher brought you the class videos in the Raspberry, would you
use it?

Salomé: Definitely, it will be easier. In that way, it is all there easier to access and
watch.

In this transcript, the participants reflect on the ease of accessing videos from the
offline network (Raspberry Pi and MAZI) compared to the online networks (cellphone,
internet) they may already use. Salomé mentions how the device was fast and helped in
the development of the activities. Here it is important to consider that the topography
of the participants at the top of the hill was problematic, and limited access to fast
and reliable global Internet connections, making the use of an offline device a faster
alternative. Moreover, when Luna questioned Salomé about the use of the Raspberry for
a formal education, Salomé answered that she would use it and that it would be easier.

Category 2: Catalyst for Reconnecting. The use of offline networkedmobile learning
was a tool to propel sharing. Participants encountered a limitation with the use of the
Raspberry Pi to share information in the Comparte and Comparte más section because
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the photo sharing tool was initially set to only allow 2 Mb photos, which was the default
setting. This became problematic because the default size of an image taken by the
mobile phone provided was bigger than 2 Mb. However, instead of not sharing their
making activities with others, participants pursued workarounds to satisfy their desire
to socially share the result of making with their neighbors and relatives using ICTs.
Isolda told the team “My daughter sent it [a photo of the decoder creation] to her cousin
through WhatsApp, so they were sharing ideas on how to improve the model” and Lily
said “Before the pandemic I used to meet with Lucía outside and talk while washing
clothes. During Hyperlocal, I met her to talk about the project and share what we were
doing and how to solve the technology issues” (Field Note 3). In both examples, we can
see that technology served as a catalyst to reconnect with other participants as it served
as a new (local) platform that was available to people of this community. Therefore, they
found a new place in which they can share not only their results but also the process they
established to complete the making activities.

4.2 The Educational Practices in the Non-formal Context During the Pandemic

Hyperlocal was developed in the framework of a non-formal educational context dur-
ing the juncture of the Covid-19 pandemic. During the implementation of the project,
families had been confined for 13 months and the children had only had intermittent
opportunities to access quality formal education. Hyperlocal was a non-formal oppor-
tunity to engage families in educational opportunities. The dynamics of that framework
are expressed in the following categories:

Category 3: Motivations. Participants had different motivations to join the program,
such as: mothers or grandmothers looking for an educational experience for children;
upgrading knowledge; and spending time together. For instance, during an observation,
Lucía (amother) shared that shewanted her children to be part of Hyperlocal because she
had previous experiences with opportunities offered by Tecnológico de Monterrey and
Distrito Tec such as sports and painting programs. So, she expected Hyperlocal to also
help her children in their educational experience. Similarly, For Ivanna, a grandmother,
there is a willingness that her granddaughter “could improve her knowledge with what
she is currently learning in school” (Interview-Initial). Finally, Katty, another mother,
mentioned “My neighbor told me. My girl likes to do arts & crafts and she says is friends
with the other girl. I wanted her to get along with my girl more because sometimes she
is really withdrawn, and I’d like to have more time with her (Field Note 4)”.

In these three cases, adults are willing that their offspring are part of this project
as a way to deepen their learning. They are motivated by seeking to achieve more
opportunities within and beyond the community, and by learning about technology,
making activities, and gaining competencies that are going to be useful for their everyday
lives in the present and future stages.

Category 4: Taking Roles. Families had to agree which specific roles each member
would take to complete the activities. From the interviews inquiring about who did what
in the process, it was seen that roles were decided based on abilities, safety issues, and
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knowledge. For instance, in an interview with Victoria and her son Juan (see Transcript
2), she described how those factors became relevant to decide who took charge of which
part of the process.

Transcript 2. Step by step making of the activities

Luna: Good. Let’s start the interview with Victoria and Juan. Well, first, thank
you again for allowing me to do this interview. Could you explain to me how you
did each of the activities?

Victoria: I think with the face mask we started by cutting the fabric. We made
some types of patterns with some leaves and from there we were guided ourselves
to cut them. We cut them and sew them. It was there where I taught Juan how to
sew. He was very enthusiastic to learn how to do it. He wanted to learn. With the
soaps, it was almost all done by Juan. I hardly helped him. I only helped him to
melt the soap in the oven because it was hot for him to carry. He emptied them in
the mold and put the figurines. He also took care of the rest, the colors, the scents
and everything. Next, was the decoder. In that one I helped him because of the
scissors. It was more dangerous because you were supposed to cut the cardboard.
So, I cut the circles and the messages. He just put it all together. Finally, with the
robot, he did it all by himself. But I just helped him glue the battery holder and
the motor.

Similarly, the actual abilities and previous knowledge of family members were rel-
evant to the making process of the activities. Even though the fathers did not sign up
for Hyperlocal, they participated. When interviewing the families, 6 of them mentioned
that dads helped in the drawbot project. Their role was fundamental in helping the fam-
ilies understand how the drawbot works; this can be linked to the fact that 6 families
mentioned that the husband works in construction jobs. Additionally, age also became a
factor to decide who would take care of the technology. In most families, children took
the leading role in using the phone and accessing the MAZI platform. However, in the
case of Lily, she took control of the use of the phone because Brad was five years old,
and he was rather actively involved and engaged in the making process of the activities.

Category 5: Creativity. The project had four activities with tutorial videos made by
the undergraduate students. In Table 5, the first line shows figures of the proposed
products from the activities, and in the second one a sample of the products that the
families produced, as well as the total quantity created. The products show a lot of
personalization and additions to make them look different from what the tutorial videos
suggested, showing the families’ likes, and innovative ways to execute the activities.
The decoder was in most cases coloured and had drawings on it. The face mask was
personalized by adding characters or jewels. For example, Juan added Spiderman cuts
from an old sock he had, while Aracely used jewels to write “Tik Tok” on her facemask.
The soaps had stickers and rings among other objects and colours. Josefina said that she
used rings thinking that at the end of the use of the soaps, her sisters could have a prize
for washing their hands. The drawbots were decorated and personalized, and the cables
were put inside the cups, so they did not show on the outside.
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Table 5. Activities proposed vs actual results

Decoder Face Mask Soap Drawbot

Pro-
po-
sed

Ac-
tual 
re-
sult

s

11 45 100 11

Lily commented that she hopes that her child learns to do things by himself. Martha’s
family mentioned the positivity that comes with engaging in creative activities: “it opens
our heads more, we play, we entertain ourselves as a family. We get a little distracted
and we are not thinking negative things (Field Note 5)”.

As evidenced with the photographs and testimonies, families made an appropriation
of the activities by adding novel items and materials that were available in the local
community. Furthermore, the creativity shown in this category enhanced the agency and
decision-making process of the community to promote ameaningful learning experience
through the collaboration with others.

Category 6: Capable of Doing More. Families’members realized that theyweremore
capable of doing things that they believed they could previously do. In Transcript 3,
Victoria was amazed by what her son, Juan, did. She could not believe that Juan had
used the motor of the drawbot to move to his toys: a car and an airplane.

Transcript 3. Capable of doing more

Victoria: He really liked the soaps, and the robot was what he really liked the
most.

Luna: Great!

Victoria: In fact, with the robot’s little motor he was putting it in an airplane and
a car so that it can move.

Luna: And did it turn?
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Victoria: Yes, they moved. I told him to take them off because he did that before
the celebration event. I told him to take them off because he was going to show
the robot.

People from the community felt comfortable by adding materials or changing some
of the original instructions of the activities. They knew that their own knowledge, experi-
ence, and materials could enhance the making process to produce a better result that was
more relevant for their local conditions and possibilities. With these ideas in mind, peo-
ple solved problems and felt that they could participate with a more active role by doing
more. This category shows how this sense of agency was built through the development
of the project in a communitarian and collaborative context.

4.3 The Dialogic Opportunities Created Among Participants

Families created dialogic opportunities through the making of the decoder, mask, soap,
and robot, the use of the Raspberry Pi, and their decision-making process.

Category 7: Facing Hardship Together. Historicity focuses on the reflection process
in which participants and the project team are able to name their world and verbalize
their circumstances. The historization of participants’ circumstances was shown through
generative themes, topics that were relevant for them. Lucía’s historization, as seen in
Transcript 4, of socio-economic hardship allows her to point to what really matters -
education of her children - and through this shemakes connections to future possibilities:

Transcript 4. Historicizing the importance of education

As my father used to say, the only inheritance I can leave to my children is edu-
cation. In addition, it is very didactic for them, they learn a lot. They were most
excited about the soap, but not when they saw those dinosaur molds because they
did not like it for a girl. Imagine, if I want to sell it but only for boys. So, I told my
daughter that if we see the same ones downtown [molds], we will buy them.

In Transcript 5 (Interview Lucía, Pos 150–153) the dialogue reveals generative
themes for Lucía as she continues historization of how she came to live where she
is and how she figured out building and equipping her house through ‘tandas’2.

Transcript 5. Generative themes

Lucía: My house is about a block and a half away. I used to live with my mother.
When I was pregnant, I didn’t want to be with him. While my whole pregnancy
lasted, I was with my mom. He sent money and everything he could. After our son

2 This word refers to an informal saving method in which people provide money to a com-
mon pool with friends or colleagues. This pool, then, is rotated among the members of the
“tanda” to receive the entire money given by all the members of the group. Tandas also
serve as a short-term loan, as people can receive big amounts of money in a short period of
time (Fundary, 2018, retrieved from https://medium.com/@fundary/tandas-and-the-informal-
economy-of-mexico-4f3c80c1c7ce).

https://medium.com/%40fundary/tandas-and-the-informal-economy-of-mexico-4f3c80c1c7ce
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was two months old, I moved in with him. I have been living here for 5 years. Here
is my room and that’s it, we built it upstairs.

Luna: How was that entire process?

Lucía: Well, I told you about the pregnancy: I spent it there with my mom and
after our son was two months I came. The truth is that when I came here, well,
I had nothing. He didn’t have a bedroom’ door. We had a bed, but as I told you:
I was regretting having left my mom’s house, to having said yes. Little by little. I
started buying the stove, the fridge and having to cook myself apart. We already
built up and down, I have the kitchen here and upstairs we use it for the room. We
struggled for what he worked for, but then the good thing is that in challenging
times the tandas helped us. We use tandas because there are no loans for us and
I don’t like them, I feel like I’m going to pay more. So, among all of us, my mom
does tandas of 500 or 300 pesos and with my siblings join them; I have one sister
and two brothers, my dad, my brother-in-law, one, my sister-in-law. We put the
numbers together and raffle the numbers. When the tanda is done, it is no longer
necessary to ask for a loan.

In this transcript the generative themes are tightly related to things thatmatter toLucía
in daily life: relationships, housing and finance. She reflects about how her pregnancy
somehow led her to live with her husband. However, economic difficulties have been
presented to build and equip the house. For that reason, they have used ‘tandas’ which
are a way to finance themselves. All the participants in a tanda give a specific amount of
money each month and one get all the pot in the month depending on the number they
got. So, if the “tanda” was 100 pesos per month with 5 people, each month the tanda
would be 500 pesos. If Lucía got the number one, she would get the 500 pesos for the first
month, the next month she has to pay 100 pesos. The concern about economic sources
generated that later in the interview, she mentioned the possibility of selling the soaps
that she learned to make in Hyperlocal. Other generative themes that appeared in the
findings were schooling, women violence, abilities, gangs, and the Covid-19 pandemic.

Category 8: Projection of Future Possibilities. After the intervention, the families
had the opportunity to make reflections about their future and possibilities. As part
of that opportunity the families expressed their previous desires for the future before and
after the intervention. Their previous desires for the future revolved around their ambi-
tions for their children to have opportunities for a different job profession than what their
parents currently have. Transcript 6 (Interview Salomé, Pos 269–286) is a conversation
with a mom and her two daughters and exemplifies their professional aspirations.

Transcript 6. Reflect about the future

Leticia: What do you want for your daughters in the future?

Salomé: All the good things that can happen to them.

Leticia: And what do you want for your future?

Yarezi: Lawyer.

Leticia: What do you like about being a lawyer?

Gloria: if you don’t know anything
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Salomé: Let her talk

Leticia: Come on. Yes, tell us, tell us.

Salomé: I’m going to check the beans. [She leaves]

Yarezi: I want to be a lawyer because there are many things you have to do, that
is. As well as defend, as well as many cases of. I mean, so to speak. How? As well
as. Defend people, people.

Leticia: Who would you like to defend?

Yarezi: No, well I would like to defend the ladies who are beaten by their husbands

Leticia: And you?

Gloria: Well, I want to be a doctor.

Leticia: What type of doctor

Yarezi: veterinarian

Gloria: No, a doctor to help people.

In the conversation, Yarezi and Gloria expressed their desire to become a lawyer and
a doctor. These two are different professions from what their parents do. Their father
works in construction and their mom, Salomé, is a housewife. Their mother got married
when she was 18 years old, only finishing middle school. Her father insisted she didn’t
need high school because she only needed to get married. The reasons given by the girls
to choose their profession hint at social problems found in this context such as domestic
violence, and gangs that they also comment on in their historization process.

After the intervention, when asking participants about what they could do with the
acquired knowledge, their desires for the future can be grouped in three subcategories:
apply for business, more STEAM projects, to learn other things. Salomé exemplifies the
desire to apply the knowledge they acquired for business: “I was thinking of getting the
soap to make bigger soaps to sell in my dad’s shop. I told my dad I can make the soaps
and sell them here. He said it’s okay. We can put them in bags or in the same molds. We
can charge 5 pesos for the big one. That would be less expensive than the cheapest in a
shop.” (Interview Salomé, Pos 226).

The acquired knowledge by participants opened the horizon for participants to dream
about other possibilities. In the “apply it for business” subcategory, the participant has
made hermarketing study, selected a place, thought about promotion and products thanks
to the soap activity. In the second subcategory, the participant asks for other STEAM
projects specifically to be taught to make antibacterial handwash which is connected
to the pandemic. Through Hyperlocal, she has re-evaluated the circumstances in her
life and sees the possibility of learning to deal with it. In the last subcategory, the
participant proposes specific topics of interest for future workshops, for moms to discuss
their concern on how children use mobile phones and how to tackle domestic violence.
Participants were explicit in terms of the learning agenda they wanted to pursue in the
following interventions.
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5 Discussion

This study of a Hyperlocal Learning Network in La Campana Altamira exemplifies
a digital transformation initiative for and from a local community. The community’s
engagement with STEAM educational activities in a non-formal networked learning
context created a dialogic space that propelled participants’ creativity and search for
solutions, giving them a sense of agency. They developed pride and confidence, not just
in being able to complete the tasks but in striving to personalize the designs created and
in thinking about future possibilities these new skills and ideas could give them.

In the dialogic space created by individuals within a family and their immediate
neighbours, the participants challenged their own goals and practices, and positioned
themselves in the world. The main drivers of the learning network were mothers and
their children. Mothers realized that the project became an opportunity for the children
not to be bored, to create new friendships with the neighbour’s child, to gain experience
to develop their minds. The adults reflected their own educational aspirations with their
children. There is a strong role of the mothers in the education of their children, giving
them educational opportunities, so their children are not exposed to the same vulnerable
labour markets, such as construction and house cleaning, that these adults have to rely
on. Giving opportunities to voice their historicities is an important part for bringing
about social change and transformation.

The exchange of traditional teaching-learning roles within families was a further
important finding that this intervention brought to light. Cooperation among family
members to complete the activities represented a space for them to work towards a
commongoal and negotiate roles.While in some families,mothers led the sewing process
for the masks, with children being more engaged in uploading the content into theMAZI
platform for recording and sharing, in other cases children took the teaching role in
personalizing the masks and soaps.

Documenting the use of technology showed that the transformation was not only
about adopting recent technologies, but rather about the appropriation andcombinationof
other technologies and lived experiences in non-formal settings for educational purposes.
For example, one participant used the social network service Tik-Tok to create the videos
that they then uploaded to the Hyperlocal network. While social networking services
were originally not considered a tool for formal learning by the community, informal
dialogic spaces invited drawing on these alternative sources for creativity.

Participants compared their experience of using the Hyperlocal offline network to
their use of online networks as being less distracting, focused and faster to access. We
believe that understanding this mix and match approach to using offline and online ICTs
is valuable in non-formal learning and community settings, whichmight bemore difficult
to facilitate in formal school settings [e.g. 45].

We assumed that the community had an interest in sharing the outputs and comments
on the Hyperlocal hub. Technology is only used when it is convenient or advantageous to
do so. A technical glitch during the setup of the Hyperlocal hubs meant that participants
could not upload pictures with a higher resolution than 2 MB in the Comparte section,
but the phone with which they took images produced images larger than 2 MB. This
resulted in participants using workarounds, such as using Comparte Mas for images and
video only, or sharing the pictures, videos, and comments throughWhatsApp or sharing
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them in person. They also used the street as a shared space for them in which they used
it as an extended part of their homes, becoming an arena for dialogue to emerge between
them. This arena also became an oasis of social interaction where they also engaged in
community gatherings with food, drinks and (often unmasked) conversations around the
pandemic confinement and how to creatively face everyday problems. Through these
interactions they managed to relate to each other in respectful and cooperative ways
to survive the lockdown. Introducing Hyperlocal, with the offline hub, mobile phones,
and STEAM activities, became a catalyst for dialogue, and got the community members
thinking about extending their personal opportunities. While the interest to ‘share’ could
be observed, again, the community participants used a mixed approach to how they did
that.

6 Conclusions

The Hyperlocal intervention has implications for academia and practice. Documenting
the participants’ experiences offers the opportunity to legitimize the richness of the
dialogic space created in a non-formal educational context. It is expected that the family
members, with the dialogic space created by this intervention, will continue to historicize
their own circumstances, challenging their previous learning and future possibilities, so
that they realize that they are more capable than what they initially thought. We hope
that the results offer professionals who work with communities‘ advice on how to create
such dialogic spaces. The researchers also positioned themselves as participants of the
intervention and started to critically question their educational and research practices,
and adopted a decolonial perspective, in which diverse ways of thinking were integrated
in understanding the processes of change.

The lenses of dialogism and decolonization were useful for analysing the data col-
lected and discussing the possibilities and challenges of this educational intervention.
Dialogism, and in particular, its focus on historicizing, was a productive feature for par-
ticipants to realize that their capabilities are larger than they initially thought, and that
they can creatively design transformative trajectories of their own interest, as well as
workarounds to the constraints of tools and activities. As a result, their sense of agency
flourished allowing them to define an agenda to next pursue, and to propose their own
themes for reflection and learning, such as the production of sanitizing gel and learning
to do hairdressing, as ways to sell products and services in the future. This resonates with
a decolonial perspective, in which participants reflect about defining their own lifestyles
as legitimate within a Global South way of living. This project was a seed for reflection
and for some more promising transformations that can be achieved by continuing the
relationships established between community participants, scholars, and university stu-
dents. This is a noble way to relate to each other, and to bond in the diversity of roles
each participant performed.
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Abstract. Eurocentric paradigms for technology continue to dominate in Africa
yet can impede digital transformation by perpetuating senses of inferiority in soci-
eties that have endured colonialism and apartheid. This chapter describes how an
African creative pedagogy, Mandhwane, is enabling inhabitants of Mamaila, in
rural South Africa, to negotiate the meaning of transformation on their own terms.
Since 2018 inhabitants have been establishing their own telecommunications sys-
tem, or Community Network (CN), to provide local internet access and digital
services www.mamailanetwork.co.za/. The CN acts as a “land” where inhabitants
freely co-create, which is a vital aspect of Mama Tshepo Khumbane’s philosophy
of doingMandhwane for transformation. The first author appliedMatshepo’s tech-
niques to help inhabitants recognise their existing capability to solve their problems
by Letṧema, or collective work. Our analysis focuses on designing an app to sup-
port Leola, a locally created community scheme in which households collaborate
to support bereaved families with funding, equipment and human resources, for
funerals and burials. We reflect on the ways that locating design within a rural
CN and framing innovation with Mandhwane fosters communal and individu-
alised agency, embeds a social relational ontology in innovation, and can tackle
tensions that often arise in digital transformation, such as those that result from
differences between older and younger people and between local and externally
imposed timescales.

Keywords: Cultural knowledge systems · Decolonising technology ·
Community Network · Ubuntu · Personhood ·Motho ke motho ka batho

1 Introduction

“Help me to transfer scientific knowledge into grassroots level by teaching rural children
to playMantlwantlwane. I am ageing, I no longer have the physical power and the energy
to play Mantlwantlwane”, Mmatshepo urged Kgopotso when they reunited in 2017.
They had first met a decade before when Kgopotso had visited Mmatshepo’s farm and
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had occasionally and joyfully reconnected in the years in between. This time though,
the renowned South African development activist’s insistence carried frustration and
a sense of betrayal. “Many people wrote about my life. My knowledge has produced
professors and consultants”, she said, “but they all reduced me to Mama Tshepo who
plants vegetables and creates underground water dams. Theymissedmy core philosophy
of Mantlwantlwane”.

Mantlwantlwane is a traditional pedagogy in many southern African communities,
where learning occurs through doing, as people improvise, receive feedback and adapt,
but Kgopotso did not know how to respond to Mmatshepo’s request that she write a
book about it. She began driving the 50 km to the Cullinan farm regularly and, as they
processed grapes, lemon, lime and kiwano together and analysed the environmental and
weather data thatMmatshepo had collected (Fig. 1), Kgopotso learnt aboutMmatshepo’s
approach. Alongwith the garlic, kiwanis and rosemary and the aloe and other indigenous
plants to grow in her own backyard, she took home recordings of Mmatshepo’s stories
and an embodied knowing about what those stories mean. At the time Kgopotso was
considering a proposal for a PhD and, as she ghost-wrote ‘The Spirit of Hope’ to reflect
Mmatshepo’s experiences, she realised her research journeywould be aboutMandhwane
as spelt in Selobedu: a dedication to Mmatshepo and a reclaiming of her own cultural
identity.

Fig. 1. Left: Kgopotso (left) learns how to process Aloe vera with Mmatshepo (right). Right:
Kgopotso explores Mmatshepo’s weather data. Both photos: Bophelo Mahlabaseletsi, 2017.

This chapter illustrates the digital transformation enabled by situating technology
design, deployment and use in an African creative pedagogy. For the past 3-years, co-
author Kgopotso and rural inhabitants ofMamaila have been doingMandhwane to estab-
lish aCommunityNetwork (CN),which provides local internet access and innovates new
digital services. The word Mandhwane is often used pejoratively to describe systems
that lack excellence or structure, yet Mamaila’s CN and digital services are avoiding the
conceptual mismatches, limited local ownership, early failure and amplified inequality
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that often emerge when technology and innovation paradigms are imported to the Global
Souths (e.g. [12, 27, 59]). Thus, we contribute empirical insights about a decolonial app-
roach to innovation in rural Africa by describing the role of Mandhwane in innovating
an app to support local practices.

We organise this chapter to convey the richness of the relational ontology that Mand-
hwane engages with. We seek to minimise the epistemic violence [55] that occurs when
the structure of reports about transformation exclude local contributions and meanings.
Mmatshepo recognised that creativity is impeded by diminishing local experiences, val-
ues and problem-solving approaches and, as Sect. 2 describes, applied techniques to
community development that liberated people from these constraints. Owning an envi-
ronment in which to freely co-create is vital toMmatshepo’s techniques and in Sect. 3 we
propose that Mamaila Community Network is a place in which inhabitants undertake
Mandhwane to innovate and negotiate the meaning of digital transformation on their
own terms. Section 4 outlines the African cultural framework for technology that orients
Kgopotso’s ongoing action research with Mamaila Community Network. Our analy-
sis, in Sect. 5, focuses on designing an app to support the cultural practice of Leola,
a community scheme that supports bereaved families by contributing to funerals and
burials. We describe how Leola depicts local logics and relations and howMmatshepo’s
techniques helped inhabitants to recognise their collective resources. We conclude by
reflecting on the ways that locating design within a rural CN and framing innovation
within Mandhwane tackles some of the tensions that emerge in digital transformation
and fosters communal and individualised agency.

2 Mmatshepo’s Mandhwane and Mind Mobilisation

Young children in Mamaila still play Mandhwane (Fig. 2). Observations of Mandhwane
in other southernAfrican communities, where it is calledMantlwane orMantlwantlwane
(Northern Sotho), Mahundwane (Venda), Mahumbwe (Shona) and Imizi (isiXhosa),
suggest learning occurs through doing as children improvise their own versions of their
elders’ practices. Children learn mathematical skills by constructing “homes” with the
stalks of corn left after harvesting, and looking for, preparing and preserving “food”
made with leaves and mud [57]. In their miniature village, they also learn the social
skills needed to be active and effective members of society. Older children enact the
roles of mother and father to the younger ones [46], which in the past developed their
proficiency in domestic and family affairs [24]. Sometimes elders gave feedback (e.g.
[19]); for instance, when children in the “couple” role sought guidance to resolve a
dispute or a “wife” presented a meal to the “mother-in-law” - the actual mother of the
boy in the husband role [38, 39]. This supported future relationships if, say, a “couple”
married in later life. While the gendered roles rehearsed in Mandhwane have attracted
feminist critique, African Womanists argue that the pedagogy aligns with women’s
pursuit of a sense of completeness through family, home and career [44]. The Balobedu
people of Mamaila are, in fact, a matrilineal dynasty [45].

Mandhwane was the primary means for sharing knowledge and learning skills in
South Africa before European colonial and Christian missionary exercises introduced
their education systems [32]. The customary educational practice supports the principles
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that,Adeyemi andAdeyinka (2002) [2] propose, characterizeAfrican onto-epistemology
including communalism, through collective learning; preparationism by role modelling;
functionalism by imitating; holisticism through multiskilling; and perennialism by pre-
serving culture. Mandwhane has, however, been underappreciated as a creative peda-
gogy, or an approach to learning that integrates problem solving and responds to polit-
ical and psychological as well as the social aspects of people’s development. Treating
children as human beings who are free to express themselves in settings they create
themselves and who know what is right and wrong without paternalism [19], indeed
promotes creative agency.

Fig. 2. Children from Mamaila playing Mandhwane. Photo: Hlokomelo Mabogale, 2021.

Recognising the importance of culturally-grounded and socially-supported creative
agency, grassroots activist Mama Tshepo Khumbane framed community development
in Mandhwane for over forty years. Mmatshepo’s experience of apartheid oppression
convinced her that the nationally prescribed education system was unhealthy [63]. She
believed that people need to accept and confront their situation and control their own
lives by doing something constructive with whatever few assets they had, and without
relying on government and external aid. With her encouragement, communities made
gardens and grew crops, using methods to fertilise organically and retain soil moisture;
cleaned springs to purify water; built houses; and, made mud stoves for baking and
cooking [8, 20]. Mmatshepo situated scientific knowledge in the work; for instance, as
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they built and maintained their agricultural and irrigation systems people created rain
gauges, monitored weather patterns and logged daily activities in charts.

Mmatshepo argued that “poverty of the mind” prevents people from embarking on
constructive activities and sought to enable Black people to liberate their minds and heal
the psychological damage of colonisation and apartheid. As a trained social worker,
she had adopted the group casework approach, in which all group members actively
contribute to mutual support, and learn to understand and build on each other’s expe-
riences, situations, problems, dilemmas, perspectives, strengths and weaknesses. She
integrated a reflective process into her facilitation practice that recognises that transfor-
mation inherently links an individual self to social dynamics. However, beyond appreci-
ating intrapsychic dynamics of group casework, such as the impact of group size, roles,
norms, communication patterns, member interaction and influence [33], Mmatshepo’s
approach was situated in a particular philosophy about personhood, or what it means to
be human. Often known by the isiXhosa word Ubuntu, this philosophy assumes being
human depends on the simultaneous and dynamic constitution of other humans and nei-
ther community or individual is prior. That is, a person exists because of other people, or
in Northen Sotho and Selobedu: Motho ke Motho ka Batho. Thus, Mmatshepo’s Mind
Mobilisation technique engaged people in reflecting on their social, economic, political,
and psychological challenges situated within a communal entity that shared norms and
value systems.

Mmatshepo’s rural upbringing entwined a familiarity with traditional farming meth-
ods with rituals, ceremony and stories that reinforced the importance of land in co-
creating the social system. “Without all the holding hands together and an environment
which has been created by the people themselves and the institutions to allow that to
happen it [transformation] will not work” [Kgopotso audio recording, Pretoria, 7 April
2017]. Mmatshepo realised that people had the power to do Mandhwane and freely
create solutions and enact plans for their lives provided they form a Community of Prac-
tice (CoP) around their own land. Owning land, even a small yard, enables a person to
express their creativity without constraint and, within a CoP, gardens contributed to both
household income and local food security by distributing surplus harvest.

3 Community Networks in Decolonising Transformation

Kgopotso has been doing Mandhwane in helping to establish Mamaila Community
Network since 2018 [35]. CNs, or telecommunication systems that are owned, set up and
managed by inhabitants of the areas where they are deployed, have been long proposed
as ways to provide communications to people who cannot access alternatives [53]. With
increased affordability and usability of equipment, such as solar-powered GSM base-
stations to provide mobile telephony and Wi-Fi routers to provide internet connections
[4], CNs have proliferated around the world. As we explain next, they offer places for
decolonising innovation because their members co-create meanings about technologies
embodied in their everyday lives [12] and in settings that they own.
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3.1 Decolonising Innovation in Africa

Research in the field of Human-Computer Interaction (HCI) over the past five years
describes how technology production within Africa has been shaped by a paradigm that
originated in Silicon Valley through digital policies, tertiary and higher education, train-
ing in digital projects, and investment in and coordination of tech hubs and start-ups
[3, 5, 6, 18]. Along with amplifying existing inequalities (e.g. [26, 59]), this paradigm
reproduces imperialist superiorities and racism, which has prompted scholars in Africa
to advocate for decolonising technology design [1, 7, 9, 34, 47]. Much of this advocacy,
however, focuses on the identities of African HCI researchers and designers in technol-
ogy production rather than on decolonising innovation within the activities of diverse
Africans’ everyday lives, such as rural inhabitants.

Generally African rural dwellers express insights to inform software development
within activities determined by urban-based technologists and researchers, rather than
enabling all participants to co-construct learning in design (e.g. [31]). This tends to repro-
duce beliefs that an effective society follows certain processes in education, innovation
and technology production. Indeed, despite discussions about designing technologies
to support African educational traditions, such as learning by doing [41], moral rea-
soning [42] and the nuances of cooperation [14], there are no published examples of
situating design and development within an explicitly African creative pedagogy, such
as Mandhwane.

Studies in HCI and the field of Participatory Design (PD) draw attention to the
importance of accounting for temporal and spatial relationships in rural Africa [11,
13]. Yet, with few exceptions (e.g. [16]), African land is rarely positioned as a key
actor in digital transformation and continues to be occupied [54]. Thus, considerations
might be critiqued for not engaging with literal decolonisation [30, 60] or accounting
for relations between people’s ownership of physical infrastructure and their agency in
creating solutions and enacting plans for their own lives.

3.2 Grounding Community Networks in Mandhwane

Local ownership means CNs can offer settings for digital transformation that contrast
with environments shaped by universalised design methods and corporate control of
telecommunications provision and regulation [11]. Each of the, over 30, CNs that now
participate in the annual Summit on Community Networks in Africa [58], emerged in
their own local social and spatial contexts [25]. For instance, Bosco provides internet
access to many small, self-organised centres across hundreds of kilometres in Uganda’s
Northern and West Nile regions [12] and PamojaNET’s La Différence CN provides free
internet during off-peak times, via Wi-Fi and a public access kiosk, to the population of
Idjwi Island in the Republic of Congo’s Lake Kivu. There are at least five CNs in South
Africa, where a few large telecom companies prioritise provision to high revenue urban
markets and price their services for people who can afford their tariffs [49]. Several
serve urban and peri-urban townships, such as iNethi in Cape Town [48], while others
address poor quality telecommunications in rural areas, such as Zenzeleni Networks in
the Eastern Cape [50].
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Fig. 3. Top left: the tower and dishes that were installed to provide backhaul for Mamaila Com-
munity Network, photo: Pardon Mabunda. Top right: a permanent ladder was installed to enable
accessing the tower. Lower: view over Mamaila from the site of the tower.

Mandhwane has shaped the development of Mamaila Community Network in
Limpopo Province from the start. While Kgopotso had taken an online course about
CNs in 2017, it was insights from her visits to Bosco Uganda and Zenzeleni Networks
that inspired her to introduce the concept of CNs to Mamaila’s inhabitants. She organ-
ised a hands-on workshop in Mamaila where, assisted by Soweto Wireless User Group
(SOWUG), participants created their ownethernet cables, assembled aparabolic antenna,
configured point-to-point connections and, along the way, learnt the basic set-up of the
internet. Encouraged by the workshop, Kgopotso explored the feasibility of a CN by
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deploying a Wi-Fi, for three months, that provided free internet to a school, a Disabil-
ity Centre and a church in one of the villages under the jurisdiction of Mamaila Tribal
Authority. Community members who had participated in the earlier hands-on introduc-
tion attended another workshop to test the Wi-Fi and discuss their experiences, aspira-
tions and network requirements. Insights from the pilot informed the design of Mamaila
Community Network and, with seed funding from the Internet Society (ISOC) in the
past two years, Mamaila’s inhabitants set up wireless backhaul (Fig. 3) and permanent
access points in all six villages.

Mamaila Community Network (www.mamailanetwork.co.za/) is now licensed to
provide local inhabitants with internet access and digital services, such as offline edu-
cational resources. As importantly, and much as Mmatshepo conceived people’s use of
their own land in Mandhwane, the CN is an infrastructure that enables inhabitants to
use the electromagnetic spectrum of their Wi-Fi in Mamaila within a creative pedagogy.
Transformation through this Digital Mandhwane [35] cannot be assessed according
to externally imposed project plans, metrics or value propositions. Neither quantified
outputs, such as the number of people trained or the frequency of inhabitants’ technol-
ogy use, nor measures of project productivity within certain timeframes, can depict the
culturally-appropriate agency that emerges in co-creating and enacting plans in a com-
munity’s own ‘digital land’. Thus, as we explain next, Kgopotso sought an alternative
paradigm to guide technology design and her action research.

4 An African Cultural Framework: Positionality and Paradigm

Kgopotso’s contribution to Mamaila Community Network is best expressed through
the proverb “Mmetla shapo la tlala o betla a lebile ga gabo”, or anyone who aims to
solve social ills must start at home. Kgopotso grew up in one of the six villages under
Mamaila Tribal Authority, in the region settled by her ancestors when they migrated
from present-day Zimbabwe roughly 400 years ago. Her research for herMasters degree,
about the challenges of internet connectivity in Mopani District, Limpopo, motivated
her to help establish Zuri Foundation, a women-led Not-for-profit organisation (NPO)
that aims to develop capacity and provide internet access in villages. Although based in
a city 300 km away, where she works in senior technical management for a government
ministry, she returns home to Mamaila regularly. Kgopotso is fluent in Selobedu (also
spelt Khelobedu), themarginalised language of the Balobedu tribe, but she did not join in
all local practices due to her family’s Christian beliefs. As a child she had also observed
her cousins and peers play Mandhwane, although she was disinclined to express herself
or take orders from her peers in order to join in their play. Thirty-three years later,
however, her engagement with Mmatshepo for over four years ignited her appreciation
of Mandhwane [36].

Kgopotso’s and Nic’s positionality contrast. Nic is white, Australian and British, has
lived in many countries since starting life in the Sudan and has not yet been to Mamaila.
Nonetheless, when we first met, through the African CN movement four years ago, we
discovered common commitments to life nourished by the African soil and culturally
sensitive approaches to technology innovation and design research. Our account draws
onNic’sHCI expertise and experience for 14 years undertaking researchwhile employed

http://www.mamailanetwork.co.za/
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in university departments of computing and living in rural South Africa and Namibia,
including in the place where Zenzeleni networks began.

Kgopotso interviewed Nic while determining a paradigm to guide technology design
in Mamaila and the action research for her PhD. Kgopotso’s formative research about
rural internet connectivity sensitized her to the importance of culturally-embedded dig-
ital transformation and her role as a cultural activist. The Eurocentric paradigms that
dominate research and innovationmake it difficult to specifywhat culture actuallymeans
within a specific community. Thus,Kgopotso sought to learn from the experiences of peo-
ple who had worked at the intersection of technology, innovation and cultural knowledge
systems in southern Africa and thereby ground her pursuit of a paradigm inMandhwane.
All 19 experts and practitioners thatKgopotso interviewed explained culture using exam-
ples of practices and processes rather than defining exactly what culture is. Thus, she
conceived an African cultural framework for technology that would engage with social,
economic, political, educational, health, justice, identity and heritage practices [37].

Kgopotso’s African cultural framework shaped her use of standard research instru-
ments, including surveys, interviews, Focus Group Discussions (FGDs) and workshops.
To generate data she prioritizes local cultural practices, often without mentioning tech-
nology and, establishes rapport with inhabitants based on a shared cultural identity, for
instance by discussing what her family totem means to her. Kgopotso limits the effects
of linguistic and epistemic translation by conducting all engagements in Mamaila in
Selobedu. However, she transcribes in English to in order to use the tools available for
software design and qualitative analysis, such as AtlasTi, and write academic reports.
Technology specialists had also recommended that Kgopotso use Design Thinking, a
technique conceived in Silicon Valley and promoted as a ‘standard’ to engage users,
determine their needs, identify requirements and design prototypes [29]. However, for-
mulating user needs in certain ways limits holistically locating technical solutions in
everyday community practices and does not address social, psychological and political
relations of digital transformation, unlike Mmatshepo’s techniques.

5 Situating Innovation in Mandhwane

Our account focuses on the ways a particular cultural practice, Leola, guided the design
of a digital service that supports local cultural knowledge and values. Leola is a com-
munity financial scheme in which participating households collect money and provide
bereaved families with funding, equipment and human resources for funerals and burials
when needed. Although she wishes to be buried in her village, Kgopotso did not know
all aspects of Leola at the start of her research. She only began to consider it in tech-
nology endeavours as she collected data and realised that Mmatshepo’s philosophy of
Mandhwane suited the ways the locally innovated scheme connects households into the
broader community.

5.1 Documenting Cultural Practices and Tuning into Leola

Kgopotso started by surveying cultural awareness and practices, as well as digital pat-
terns. She consulted with permanent inhabitants of Mamaila village to fill gaps in
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Fig. 4. Frequency of awareness (blue) and performance (orange) of cultural practices in 50
households in two villages in Mamaila. Leola, Mandhwane and Letṧema are in darker tones.

her knowledge and co-create closed-ended questions, and two local research assistants
administered the survey to households in two villages in Mamaila. The most commonly
performed practices mentioned were: Motshelo, or administrative tax paid to the Tribal
Office (which performs local government roles); Leola; Aretsebaneng or family gather-
ing; and farming (Fig. 4). Koma, or initiation, is also widely performed, however, while



Land, Letṧema and Leola: Digital Transformation on a Rural Community’s 69

most respondents did not consider that it conflicts with Christian life, unlike earlier
converts, its cultural sensitivity makes it difficult to discuss. Nearly half of respondents
stated they had performed Mandhwane, although it was not quite as widely known as
other common practices.

To further understand intersections between local culture and technology and identify
community needs, aspirations and processes that technology could support, Kgopotso
facilitated a FGD with representatives of Mamaila Community Development Forum,
which handles Mamaila Royal Council’s development agenda. Community leaders, in
the FGD, emphasised that governance embeds the philosophy of Motho ke motho ka
batho, and that digitisation would benefit processes that express Motho, such as Leola.
For instance, digital announcements and mobile money transfers might help people who
are based in cities for work to ensure they don’t miss payments because they are unaware
of a death. Thus, Kgopotso focused on Leola because it offered the potential for digitally
facilitating social cohesion.

Based on community leaders’ suggestions Kgopotso interviewed a representative of
one of Mamaila’s Leola groups who outlined the history of Leola, the structures sup-
porting it and how Leola interacts with other cultural practices and financial processes
within the community. Leola originally emerged when neighbours in one village sup-
ported bereaved families and spread as inhabitants observed others, when participating
in funerals, and modelled their practice. The scheme embeds the value of honouring the
departed with O bolokegile, or “burying in dignity”, such that funerals meet communal
standards for food supplies, number of people and community support.

While Leola is grounded in common principles, inhabitants are not formally taught
about it but learn by doing and evolve their processes along the way. For instance,
nine sections, comprising one village, established an executive committee with a for-
mal constitution signed by the Chief. The executive committee enables sharing good
practice, discovering solutions to challenges and coaching and mentoring about gov-
ernance and conflict resolution by drawing on the encouragement and guidance of the
Tribal Council (the Chief and his Ndunas/advisors). While people comprising the Leola
group’s executive committee were born before technology, the representative said that
technology could bring benefits to announcements, record-keeping and asset manage-
ment. However, COVID-19 prevented face-to-face discussions with representatives of
all nine Leola groups, which are at different stages of advancement. Thus, Kgopotso
sought a more collective conversation that would align with Mandhwane, to validate
her findings, further consider how technology currently intersects with cultural prac-
tices, identify processes that might benefit from digitization and engage participants in
co-creating prototypes.

5.2 Mobilising Minds and Planning to Support Cultural Knowledge

Informed by her preliminary insights Kgopotso hosted a workshop for community repre-
sentatives at Mamaila Tribal Authority offices. Six women and nine men, aged between
25 and 73 years, participated in the workshop including representatives from Mamaila
villages’ headquarters, and from the Leola group of one village. Mind Mobilisation
began with participants addressing senses of inferiority by recognising their fears and
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prior knowledge in relation to technology. They recounted stories about their first expe-
riences with the internet. Even elderly people had positive, along with negative, accounts
about their daily interactions with technology. Many participants feared online scams;
however, they alsoobserved that scammingarises in off-line processes.Kgopotso insisted
that the community already demonstrated the capability to address off-line problems by
collective work, or Letṧema, an economic and social system grounded in the philosophy
of Motho. She pointed out, for instance, how a group had crowdfunded a storehouse to
store their assets for funerals (Fig. 5) by collecting a brick from each household. Thus,
participants discussed local cultural practices to validate collaborative activities listed in
survey responses, such as farming, savings groups, initiations, weddings and funerals,
and identify collective resources.

Fig. 5. Left: Storehouse for assets built by a Leola group using Letṧema. Right: Assets lent for
funerals

Agricultural activities are prominent collective work and, echoing Mmatshepo’s
philosophy that land is needed to playMandhwane,Kgopotso framed the infrastructure of
Mamaila Community Network as “land”. She referred to the seasonal calendar to prompt
linking cultural preservation and collectivity.Unlike conventionalmodern farming,when
most work occurs in planting and harvesting, traditional farming happened throughout
the year: Seruthwane, or spring,when the soil and seeds are prepared; Selemo, or summer,
the time for ploughing; Lehlabula, or autumn, for harvesting and preserving; andMarega,
Initiation season, when food is processed and crops like spinach are planted. Participants
often struggled to name the seasons in Selobedu, reflected on loss of culturalmemory and
the importance of preserving culture for future generations. They referred to a prototype
of a heritage website Kgopotso had implemented; noting that it did not depict many local
cultural artefacts and recommending content about the names of artefacts, clothing from
former eras, and audio recordings of different historical music genres.
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Fig. 6. MindMobilisation participants review the Leola process documented byKgopotso. Photo:
Joey wa Rabapane, 2021.

MindMobilisation revealed howLeola is an innovation that includes inhabitantswith
varying cultural knowledge. When participants reviewed the Leola processes (Fig. 6),
that Kgopotso had documented from the interviews, their only amendment was that some
groups in Mamaila deliver funds directly to the bereaved family instead of allowing
collection by representatives of the bereaved family. The review prompted discussing
different challenges experiencedbyoneLeola group, inwhich: administrators sometimes
lost information stored in books; households do not know how much money is available
from the generated files; family members in cities fell behind with contributions because
messages were not distributed sufficiently; disputes arose around missing or damaged
assets, such as chairs lent for use during funerals; and “scammers” did not always give
bereaved families the full amounts the group had collected.

Participants also noted that as Leola had diffused into new settlements, new groups
had not adopted the methods that mature groups had evolved and some were dominated
by younger members unguided by elders. Thus, new groups do not always adhere to
governance processes that promote social cohesion and Leola was exposed to practices
that poorly align with the values of Motho, such as by using the collected funds more
extravagantly. Participants suggested that technology could help educate people about
the values of Leola, address concerns about financial accountability, communication,
assets management and knowledge sharing, strengthen social networks, and be used
in crowdfunding to solve other community challenges. Some of these ideas fed into
their Helicopter Plan, Mmatshepo’s technique for visioning, action planning and self-
monitoring which emphasised collaboration as a foundation for innovation. Participants
agreed on an action-list: to collect information about the cultural artefacts for the heritage
website and contribute to developing an app to support Leola.

5.3 Translating Leola into the Mamaila Community App

After the workshop that applied Mmatshepo’s techniques Kgopotso translated insights
into the basic functionalities of an app to support Leola. User groups included the mostly
elderly Leola Administrators who inform members in their sections through meetings
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by word of mouth; manage assets; collect and record contributions to funerals and fines
frommembers whose payments were late or who damaged assets. Two other user groups
comprised household members who contribute Leola payments and report deaths, and
Tribal Authority representatives who make announcements to the community. The app
enables administrators to announce deaths and meetings, record contributions and fines,
andmanage an inventory of assets. To support transparency, functionality enables house-
hold members to view the total amounts collected, donated to each bereaved household,
fines issued and the status of assets. Householdmembers can also report deaths and other
incidents that have caused distress, such as robbery, and Tribal Authority representatives
can post notices.

Some months later, and following principles of Mandhwane, an elder advised and
mentored Kgopotso about introducing the app and suggested that other clan-based
funeral schemes could use the app’s functionality. Reflection on the elder’s insights,
and other participants’ comments about how Leola might scaffold a process to help peo-
ple address their economic challenges, prompted ‘rebranding’ the app to permit future
extensions to support other activities, such as developing the website. The resulting
Mamaila Community App [40] prioritises the Leola functionality but also enables com-
munity members who do not belong to a specific Leola group to report incidents and
receive the Tribal Authority’s community announcements. Bearing the slogan Motho
ke Motho ka Batho and with all interfaces written in Selobedu, the app will run on
Mamaila Community Network where users can access it without paying for data and
it can stimulate conversations about local digital services. Indeed, the involvement of
ten youth who tested the app suggests its potential to motivate youth to create other
localised apps. Exchanges on WhatsApp amongst youth as they explored an earlier iter-
ation were punctuated with the emojis for praise, awesome, approval and achievement;
“this app could actually make life simple yaz.. i see your vision there wow i give you the
hat”, one wrote. Their comments suggest the app surpasses expectations about what a
home-grown innovation would be “Yoh, its actually nice” and “I’m actually impressed”
another youth wrote.

Enthusiasm was reiterated when Kgopotso introduced the app to over 30 people rep-
resenting Leola groups, the Tribal Office and Mamaila Royal Council (the royal family)
in a hands-on workshop recently. Despite enthusiasm, however, participants proposed
that manual Leola processes should continue in parallel until everyone is comfortable
with the app. Participants were aged up to 73 years old, but approximately a third were
aged 25 to 30 years and participated to test the app not because they were members of
Leola. The participants who were under 44 years old were particularly quick to express
their support of the necessity and simplicity of the app. However, concerns were raised
about use by elderly people who don’t own smartphones, cannot read and write and
may depend on their grandchildren to help them. While supporting the app, one elder
implied that such dependency may expose people to scamming by their grandchildren.
This sentiment and a youth’s response to it indicate different generational perspectives on
inclusion. One younger person felt that elders sought to protect and maintain power and,
thus, ignored youth’s perspectives, and that basing the app and the workshops around
Leola, which is currently dominated by men, makes digital transformation exclusive.
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Others, however, are hopeful that the app might bridge the gap between elders and youth
by building on inhabitants’ creativity in innovating their Leola together.

6 Conclusion: Mandhwane in Transformation

The creative pedagogy of Mandhwane is expressed in multiple ways in innovating the
app. The non-digital Leola processes spread as the practice emerged, was imitated and
collectively adapted when problems arose, based on elders’ guidance. Kgopotso’s app-
roach also evolved as she consulted experts about their experience in culturally based
technology interventions to inform her technology design and action research paradigm;
learnt and validated her understandings about Leola; and guided local residents in roles
as research assistants. Finally, technical and social aspects of learning and creating
entwined, and prioritised relations between domestic, family and community affairs.
Thus, we conclude by proposing that applying Mama Tshepo’s techniques in a CN can
enable rural communities to embed innovation in a local social relational ontology and
negotiate the meaning of digital transformation on their own terms.

6.1 Recognising Personhood and Knowledge in Mind Mobilisation

Participants in Mind Mobilisation reflected on the cultural identity expressed in their
everyday household and community activities. While swift to state that their non-digital
Leola processes were imperfect, Mind Mobilisation framed this critique as an inte-
gral part of innovation. Inhabitants improved their Leola by learning from their own
and others’ mistakes, just as in formal iterative research and design processes, such as
Action Research [23] and Prototyping (e.g. [28]). Proponents of PD have long advocated
for inclusive problem-solving approaches to improve the accountability and creativity
of solutions (e.g. [51]); meanwhile Sen’s work [52] shows the need to leverage peo-
ple’s capabilities in transformation. However, Mind Mobilisation, framed inhabitants’
Leola innovation within the local creative pedagogy of Mandhwane and emphasised
how communal and individualised agency entwine.

MindMobilisation recognisedMamaila’s inhabitants as creators who innovated their
Leola together. Some HCI studies about producing technology in Africa recognise that
“methods make people” [5] and the effects of people’s subjectivities on methods. These
analyses do not tend to focus on the condition of being human, but rather on people’s
identities based, for instance, on race, gender, professions and education. Personhood,
however, is a more culturally located concept that entwines with particular ethics about
human relations. For instance, independence and self-maintenance are emphasised in
Euroamerican models of personhood more than the social relationality emphasised in
Motho.

Prioritising human relations is considered critical to the success of development and
economic endeavours in South Africa (e.g. [17, 22, 43]) and studies relate the Ubuntu
philosophy to technology design, ICT innovations and operating internet cafes and CNs
(e.g. [10, 56, 61, 62]). However, such studies do not specifically consider how Ubuntu
is integrated into the mutual shaping of technology and personhood in transformation.
Focusing on Mamaila’s inhabitants’ Letṧema, or collective work, and their innovation
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of Leola oriented digital transformation towards a social relational ontology in multiple
ways. For instance, while Kgopotso’s goal was a personal PhD when she embarked on
her research, neither academic contribution nor credentials can define the knowledge
the research has produced. Indeed, our analysis shows that learning that is intractably
entwined with a community should not be considered inferior to the structures and
generalisations that Eurocentric pedagogies and design and documenting paradigms
tend to emphasise.

6.2 The Role of Land in Creative Pedagogy

Kgopotso’s African cultural framework for technology imagines innovation in relation
to local logics that emerged over centuries and not to ‘gaps’ determined by transnational
ideals about progress, growth and empowerment or by a paradigm of technology produc-
tion originating in Silicon Valley. While Sankofa teaches that it is not taboo to return to
the past for the benefit of the future (e.g. [21]), the framework does not imply designing
technologies to mimic times past. Rather, local logics are articulated in practices that
evolve with time. For instance, Leola supports the logic of Motho ke Motho ka Batho
in various ways, beyond collecting and distributing funds. This includes sharing elders’
advice, identifying challenges affecting different parts of the community, determining
solutions and coordinating to address them, and networking and liaising with authorities
and other institutions. Analysis of the details of Leola enabled mapping local logics
and relations and prompted inhabitants to reflect on how these are affected by societal
changes.

Exploring the efficacies of a locally innovated and evolving system, such as Leola,
and the ways technology can support and improve it, offers resources for negotiating
what digital transformation should mean locally. For instance, discussions in Mamaila
raised concerns about how elders’ oversight can, on the one hand, protect Leola from
consumerism and potential scamming but, on the other, exclude youth and reproduce
patriarchal power. Intergenerational knowledge is vital to cultural identity; however,
digital systems tend to be biased towards communication practices that reinforce dif-
ferentiations in sharing information between older and younger people [15]. Locating
design endeavourswithin a rural CN can offer, however, particular opportunities to tackle
such tensions in digital transformation. For instance, Mamaila Community Network can
develop programming skills amongst youth, and in the future children, while involving
parents and elders with limited digital literacy. Importantly, the infrastructure of a rural
CN, provides the land in which to do Mandhwane. Unconstrained by the expense of
commercial telecommunications, inhabitants can adapt their processes and create ser-
vices according to their own temporal spatial scales, and control andmakemeaning from
the data they generate themselves.
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Abstract. Despite growing recognition of the contribution and availability of
mobile applications for self-healthcare monitoring to prevent non-communicable
diseases (NCDs), NCDs remain a rising concern amongst the youth in sub-Saharan
Africa and South Africa in particular. Indeed, self-healthcare monitoring mobile
applications can be used to continuously educate and sensitize people about the
need to adopt healthy lifestyles to prevent such diseases. However, the adoption of
such applications is influenced bymany factorswhich need to be identified in order
to devise strategies to encourage people to adopt such applications. Thus, this study
investigated the potential adoption of self-healthcare monitoring mobile applica-
tions by the youth in South Africa, using the Unified Theory of Acceptance and
Use of Technology (UTAUT) as the theoretical lens. Data, gathered from a conve-
nient sample size of 280 participants, were analysed using the Partial Least Square
Structural Equation Modelling. The results revealed that performance expectancy
and social influence explained 20.3% of the variance of youth’s behavioural inten-
tion to adopt self- healthcare monitoring mobile applications in the South African
context, while effort expectancy and facilitating conditions did not have a signifi-
cant effect. Taking the resultingmodel into account could lead to an increase in the
adoption of self-healthcare monitoring applications in South Africa which could
assist in the prevention of NCDs. It is recommended that further studies should
test the established factors from this study in other contexts.

Keywords: Adoption · Mobile applications · Self-healthcare monitoring · South
Africa · Youth · UTAUT · PLS-SEM

1 Introduction and Background

The surge of Non-Communicable Diseases (NCDs) has been widely recognized. More
than seventy-five per cent of deaths linked toNCDsworldwide occur in Low andMiddle-
income countries [1]. In South Africa, it has been argued that youth are the most exposed
to NCDs. For instance, De Wet and Frade [2] reported that a considerable percentage
of youth suffer from hypertension, diabetes, and obesity amongst other NCDs. These
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authors also concluded that NCDs were the predominant cause of mortality. Thus, atten-
tion should be paid to the prevention of NCDs amongst the youth in South Africa in
particular, as NCDs are no longer attributed to “old age” only [3]. Unhealthy lifestyles
such as smoking, excess liquor consumption, lack of physical exercise and skipping
breakfast are some of the causes of NCDs in South Africa and globally [4]. One of the
ways to prevent NCDs is to sensitize the youth to adopt a healthy lifestyle.

In addition, research has shown that self-healthcare monitoring and the provision
of relevant information to the youth amongst others can prevent more than 40% of
NCDs-related deaths [5]. Furthermore, Kim et al. [6] argue that healthcare monitoring is
crucial in preventing NCDs such as asthma, diabetes and other diseases. Hence, there is
a need to foster self-healthcare monitoring with the aim of changing people’s unhealthy
behaviour, and therefore, lower the risk of NCDs. On the other hand, it has been argued
that mobile technology can be used to change people’s unhealthy behaviour. Particularly,
there is evidence that mobile applications with educational content on healthy lifestyle
and self-healthcare monitoring can contribute to the adoption of healthy lifestyles. For
instance, a systematic review by Zhao, Freeman and Li [5] has identified studies that link
mobile health applications to the improvement of lifestyle, increasing physical activity,
weight control, diet control and self-medication management.

In SouthAfrica, Petersen et al. [7] have found that peoplewho suffer fromNCDs such
as diabetes demonstrate a positive behavioural intention to adopt mobile applications for
diabetes self- management. Moreover, mobile phone usage is increasing among South
African youth,who aremore adept at utilizing technologies than older people [7].Despite
this increase in the use of mobile phones by the youth, recent literature suggests that
the adoption of mHealth, including self-healthcare mobile applications is still scanty in
South Africa [7, 8] and in developing countries [9, 10]. There are still factors that affect
the adoption of mobile applications for self-healthcare monitoring purposes [11] which
need to be clearly established. Moreover, there is also a need to establish the effects
of these factors on the youth’s adoption of mobile applications that may assist them to
monitor their health.

The aim of this paper was to investigate the youth’s adoption of mobile applications
for self-healthcare monitoring purposes in South Africa. The specific objectives of this
study were to: establish the factors that could influence the adoption of self-healthcare
monitoring mobile applications; and identify the effects of these factors on the adoption
of self-healthcare monitoring mobile applications.

2 Literature Review

2.1 Non-communicable Diseases in South Africa

Non-Communicable Diseases are the main causes of deaths in South Africa. The World
Health Organization reports that NCDs are estimated to account for 51% of all deaths in
the country [1]. AddressingNCDs is critical to improving public healthcare. Researchers
have argued that prevention andmonitoring ofNCDs are some of the bestways to address
these diseases. For instance, Hofman [4] highlighted the need for monitoring interven-
tions to effectively prevent premature deaths caused by NCDs. NCDs surveillance needs
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to be strengthened to provide reliable and robust information for planning and monitor-
ing of health policy [12]. Additionally, the South African National Strategy commission
[13] indicates that the South Africa’s healthcare system has failed to address the leading
diseases such as HIV/AIDS, tuberculosis, hypertension and diabetes. Figure 1 provides
an overview of NCDs deaths in South Africa.

Fig. 1. NCDs proportional mortality source: world health organization (World Health Organiza-
tion, 2018)

2.2 Mobile Health (mHealth)

Over the past decade, many researchers have investigated mHealth in developing coun-
tries [14–19]. Mechael [20] reports that the health community debates whether a spe-
cialized field of “mHealth” exists and how to define it. The World Health Organization
described mHealth as the utilisation of mobile technologies such as mobile-based appli-
cations to realise health objectives [21]. By the end of the year 2021, there were more
than 350 000 mHealth applications covering a broad scope of health issues ranging from
managing chronic illness to tracking personal fitness [22]. Unsurprisingly, it is often
argued that mHealth has the potential to transform healthcare by supporting citizen-
centric care which is heralded to result in better care for patients at lower costs and with
greater efficiency [23].

On a practical level, mHealth solutions can encourage the adopters to commit to a
healthy behaviour and equip them with the information they need to manage their health
conditions [21, 24]. In South Africa, it has been reported than over one hundred mHealth
applications have been in use [25]. The use of mHealth in developing countries can help
foster efficiency and effectiveness in the provision of healthcare [26]. In the same vein,
Ndayizigamiye [27] investigated the potential adoption ofmobile health technologies for
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public healthcare in Burundi. He found that mHealth adoption can contribute to disease
prevention, disease management and the provision of quality healthcare in Burundi.
Thus, mHealth applications, especially self-healthcare monitoring applications, present
an opportunity for improving people’s health.

However, the benefits of mHealth cannot be realized without its adoption and use.
Challenges pertaining to the adoption and use of mHealth have been reported as in
developing countries. For instance, a review of 64 mHealth projects in developing coun-
tries revealed various factors and challenges that affect mHealth adoption [26]. Nday-
izigamiye and Maharaj [28] investigated challenges to the adoption of mHealth. They
found that the challenges are: physical access to mobile technology; human capacity and
training; socio-cultural factors; trust in technology; local economic environment; macro-
economic environment; political will and public support; budget and donors/partners
funding; and organisational barriers. Furthermore, another study [29] revealed that two-
thirds of the identified mHealth initiatives were abandoned prematurely. Therefore, fac-
tors that influence the adoption and use ofmHealth in developing countries such as South
Africa need to be investigated further.

The adoption of mHealth has attracted the attention of researchers in developed
as well as developing countries. In China for instance, Deng et al. [30] examined and
reported the determinants of the adoption of a mobile health service. Their study devel-
oped and validated a comprehensive mHealth adoption model in China. Similarly, other
studies investigatedmHealth adoption inKenya [31], in SouthAfrica [32, 33], inBurundi
[34], in Uganda [35], in Tanzania [36], in Malawi [26], in the Democratic Republic of
Congo [37] amongst others. These studies identified contextual factors that needed to
be considered for the adoption of mHealth in these countries. Countries have different
contextual factors (including culture) that needed to be taken into account [38]. Thus,
this study attempts to identify such factors within the context of the youth’s adoption of
mHealth in South Africa.

2.3 Adoption of Mobile Self-healthcare Monitoring Applications

The choices people make, such as diet, socialization and exercise patterns, have a con-
siderable impact on their health. It has been argued that exercise patterns have an impact
on health-related issues such as anxiety, high blood pressure, stress and depression [39].
However, generally, people have little knowledge of these health-related issues. Hence,
without adequate knowledge of preventativemeasures against NCDs, people’s unhealthy
lifestyles remain unchanged which increase the NCDs-related mortality. On the other
hand, mHealth can empower individuals to manage and monitor their personal health
[21]. An investigation of the challenges that affect the adoption of ICTs for diabetes
self-management in South Africa was conducted by Petersen et al. [7]. The study was
qualitative in nature, and hence, could not establish the effects of the factors (drivers
and challenges) on the adoption of self-healthcare monitoring mobile applications in
the South Africa’s context. This points to a methodological gap, as there is a need to
investigate the adoption of self-healthcare monitoring applications from a quantitative
stance. Thus, this study aimed to fill this gap, to a certain extent, by investigating the
adoption of self- healthcare monitoring applications from a quantitative point of view.
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3 Theoretical Framework and Hypotheses Formulation

Woosley and Ashia [40] argue that in health IT research, there are three commonly
used theories/models: a) Technology Acceptance Model (TAM), b) Diffusion of Inno-
vation Theory (DOI) and c) Unified Theory of Acceptance and Use of Technology
(UTAUT). However, UTAUT is more comprehensive than the other theories of technol-
ogy acceptance [41]. Additionally, UTAUT has been used in various studies pertaining
to healthcare (mHealth, eHealth, health) in developing countries [31, 42–44]. It is for
these reasons that, the Unified Theory of Acceptance and Use of Technology (UTAUT)
[45] was adopted as the theoretical lens underpinning this study.

The UTAUT model aims to explain a user’s intention to use an information system
and the subsequent use behaviour. The following are the four constructs of UTAUT
and their descriptions. Performance expectancy refers to the individual beliefs that a
system will improve his/her job performance. Effort expectancy refers to the extent of
ease of use of a system. Social influence refers to the extent an individual perceives that
‘important others’, including his peers, would recommend using a system. Facilitating
conditions refer to the extent to which a person believes that technical and organisational
infrastructure are available to support the use of a system. The UTAUTmodel has proved
to be a comprehensive framework that can explain a user’s intention to use an information
system [45]. Venkatesh et al. [45], when testing the model, concluded that other models
such as TAM and TAM2 explained approximately 40% of technology acceptance while,
on the other hand, the UTAUT model explained 69% of intention to use a technology
(Fig. 2).

Fig. 2. The UTAUT model [45]

In the context of this study, the four constructs of the UTAUT framework were
used to assess factors that may influence the youth to adopt self-healthcare monitoring
mobile applications. A study conducted by Nanyombi and Habinka [46] on the factors
affecting the adoption of mHealth in both developed and developing countries reported
performance expectancy as a driver of mHealth adoption. Hence, this study hypothesizes
that:

H11 Performance expectancy has a positive effect on behavioural intention to adopt
self-healthcare monitoring mobile applications.

Jeon and Park [47] argued that training on using mobile health and technical support
had a significant effect on the adoption of mHealth. This points to effort expectancy of
the UTAUT. Thus, this study argues that:
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H12 Effort expectancy has a positive effect on behavioural intention to adopt self-
healthcare monitoring mobile applications.

Social influence was reported as having an effect on the adoption of mHealth
applications in Burundi [43] and in South Africa [8]. Therefore, this study argues that:

H13 Social influence has an effect on behavioural intention to adopt self-healthcare
monitoring mobile applications.

Albabtain [48] suggest that the (high) cost associated with using mHealth applica-
tions is a challenge to its adoption. Cost factors are related to the price of the mobile
phone, airtime, and data [48]. In the same vein, Petersen et al. [7] have identified the
cost of mobile devices and Internet connection costs as the economic factors that affect
the behavioural intention to adopt mobile applications for diabetes self-management in
South Africa. Furthermore, language has been identified as one of the determinants to
mHealth adoption in developing countries [3]. These are facilitating conditions of the
UTAUT framework. This study, therefore, hypothesizes that:

H14 Facilitating conditions have an effect on self-healthcare monitoring mobile
applications use behaviour.

H15 Behavioural intention has an effect on self-healthcare monitoring mobile
applications use behaviour.

4 Methodology

This quantitative research used a structured questionnaire with 23 items ranked on a
5-point Likert scale (ranging from (1) “Strongly disagree” to (5) “Strongly agree”)
to collect data. As shown in Table 1, all measures of the UTAUT constructs within
the questionnaire were adopted from previously validated research instruments except
facilitating conditions which were formulated by the authors, based on the context of
the study. Data were collected from a convenient sample size of 280 students registered
at one of the campuses of an institution of higher learning in South Africa. Based on
the evidence from the literature [49–51], this sample size was deemed large enough to
draw statistically sound conclusions. The sample comprised youth based on the South
Africa’s classification of “youth” [52]. The South African National Youth Development
Agency Act defines “youth” as people between the ages of 14 and 35.

Table 1. Summary of measurement items

Construct Items in the questionnaire Sources

Performance
Expectancy
(PE)

PE1. Using mobile applications for self-healthcare
monitoring will improve the quality of my life
PE2. Using mobile applications for self-healthcare
monitoring will make my life more convenient
PE3. Using mobile applications for self-healthcare
monitoring will make me more effective in my life
PE4. Overall, I find the mobile applications for
self-healthcare monitoring to be useful in my life

[45, 46]

(continued)
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Table 1. (continued)

Construct Items in the questionnaire Sources

Effort
Expectancy
(EE)

EE1. Learning to operate mobile applications for
self-healthcare monitoring will be easy for me
EE2. I can easily become skilful at using the mobile
applications for self-healthcare monitoring
EE3. I can get the mobile applications for self-healthcare
monitoring to do what I want them to do
EE4. Overall, the mobile applications for self-healthcare
monitoring are easy to use

[45, 46]

Social
Influence (SI)

SI1. People who influence my behaviour think that I can use
mobile applications for self-healthcare monitoring
SI2. People who are important to me think that I should use
mobile applications for self-healthcare monitoring
SI3. People who are close to me think that I must use the
mobile applications for self-healthcare monitoring

[47]

Facilitating
Conditions
(FC)

FC1. I have access to the internet when needed
FC2. I have financial resources to purchase mobile data
when needed
FC3. I have technical knowledge to download mobile
applications on a smartphone
FC4. I have the technical knowledge to use mobile
applications
FC5. I have access to a person who can assist me anytime
when I encounter difficulties while downloading a mobile
application
FC6. I have access to a person who can assist me anytime
when I encounter difficulties while using a mobile
application

Formulated by
the researcher

Behavioural
Intention (BI)

BI1. I have high intention to use the mobile applications for
self-healthcare monitoring
BI2. I intend to learn about using the mobile applications for
self-healthcare monitoring
BI3. I plan to use mobile applications for self-healthcare
monitoring to manage my health

[41]

Use
Behaviour
(AU)

AU1. Using mobile applications for self-healthcare
monitoring is a pleasant experience
AU2. I currently use mobile applications for self-healthcare
monitoring
AU3. I spend a lot of time on mobile applications for
self-healthcare monitoring

[48]

Basic statistical analysis and data management techniques (frequency analysis,
descriptive statistics and data distribution analysis) were performed, using the Statis-
tical Package for Social Sciences (SPSS) software version 20. Thereafter, the authors
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applied the Partial Least Square Structural Equation Modelling (PLS-SEM) technique,
using SMARTPLS version 3.2.9 software to assess the UTAUT model. The PLS-SEM
helps to create path models to depict the causal sequence [53]. The PLS-SEM com-
prises two models, namely the inner or structural model and the measurement model.
The inner model displays the relationships among the constructs while the outer model,
also known as the measurement model, is used to evaluate the relationships among the
indicator variables and their corresponding constructs. Table 2 provides the criteria used
for PLS-SEM models assessment.

Table 2. Guidelines when using PLS-SEM [50, 51, 53]

Assessment Criterion Description

Indicator reliability Indicator loading > .600 Loadings represent the
absolute contribution of the
indicator to the definition of
its latent variable

Internal consistency reliability Cronbach’s α > 0.6 Measures the degree to which
the measured variables (MVs)
load simultaneously when the
latent variable (LV) increases

Internal consistency reliability Composite reliability > 0.6 Attempts to measure the sum
of a latent variable (LV)
factor loadings relative to the
sum of the factor loadings
plus error variance

Content validity Average Variance Extracted
(AVE) > 0.5

The degree to which
individual items reflecting a
construct converge in
comparison to items
measuring different
constructs

Discriminant validity Heterotrait-Menotrait Ratio
(HTMT) < 1

In information Systems
research, it is argued that
discriminant validity should
be assessed by the
Heterotrait-Menotrait Ratio
(HTMT)

Model predictability Predictive relevance Q2 >

0.05
By systematically assuming
that a certain number of cases
are missing from the sample,
the model parameters are
estimated and used to predict
the omitted values

(continued)
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Table 2. (continued)

Assessment Criterion Description

Model validity R2 > 0.100 Coefficient of determination

Model validity Path coefficients and critical
t-values for a two-tailed test
are 1.65 (significance level =
10 per cent),1.96 (significance
level = 5 per cent), and 2.58
(significance level = 1%

Structural path coefficients
are the path weights
connecting the factors to one
another

5 Findings

This study’s results are reported in the light of the research objectives and compared with
the current literature. This study collected 277 usable responses.Most of the respondents
(87.73%) were between the ages of 18 and 24, followed by the age group of between 25
and 30 years. Respondents aged 31 and above were the least represented in this study.
In addition, 53.8% of the respondents were female while male respondents made up the
remaining 46.2%.

5.1 Factors Influencing the Adoption of Self-healthcare Monitoring Mobile
Applications

The first objective of the study identified factors influencing the adoption of mobile
applications for self-healthcare monitoring. The subsequent (measurement) model of
PLS-SEM, as mentioned in the methodology section, is concerned with the validity of
the model’s constructs. This section assesses the convergent validity and discriminant
validity of the latent variables. A latent variable that has convergent and discriminant
validity implies that it can be incorporated into the model under study [51].

Convergent Validity
The authors used the following measures to assess convergent validity: composite relia-
bility (greater than 0.8), Cronbach’s alpha (greater than 0.8), average variance extracted
(AVE) (greater than0.6) and indicator reliability (greater than0.7).Asdepicted inTable3,
the convergent validity was established, as the values of Cronbach’s alpha and composite
reliability were above the threshold of 0.8 and the average value extracted and indicator
reliability above the threshold of 0.6 and 0.7 respectively for all the constructs.
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Discriminant Validity
Discriminant validity represents the extent to which the construct is empirically distinct
from other constructs; in other words, the extent to which the construct measures what
it is intended to measure. There are three means of assessing the discriminant validity:
the Fornell-Larcker criterion, the cross-loading criterion and the Heterotrait-Menotrait
Ratio (HTMT) [50].

Although the assessment of cross-loadings and the use of the Fornell-Larcker criteria
are accepted methods for assessing the discriminant validity of a PLS model, these
methods have shortcomings [53]. This was noted by Hair et al. [50] who argued that
the lack of discriminant validity was better detected by the Heterotrait-Monotrait Ratio
(HTMT) assessment. Thus, we used the HTMT criterion to assess discriminant validity
(see Table 4).

Table 3. Convergent validity

Construct Item Indicator
reliability

Cronbach’s alpha Composite
reliability

Average Variance
Extracted (AVE)

BI BI1 0.936 0.885 0.945 0.896

BI2 0.957 0.806 0.884 0.719

EE EE1 0.834 0.907 0.954 0.911

EE2 0.879 0.819 0.892 0.733

EE3 0.830 0.876 0.922 0.798

FC FC1 0.936 0.819 0.879 0.710

FC2 0.973 N/A N/A N/A

PE PE1 0.868 0.885 0.945 0.896

PE2 0.889 0.806 0.884 0.719

PE3 0.809 0.907 0.954 0.911

SI SI1 0.860 0.819 0.892 0.733

SI2 0.911 0.876 0.922 0.798

SI3 0.908 N/A N/A N/A

AU AU1 0.850 0.885 0.945 0.896

AU2 0.916 N/A N/A N/A

AU3 0.753 N/A N/A N/A
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Table 4. HTMT criterion

BI EE FC PE SI AU

BI N/A N/A N/A N/A N/A N/A

EE 0.333 N/A N/A N/A N/A N/A

FC 0.093 0.114 N/A N/A N/A N/A

PE 0.478 0.615 0.096 N/A N/A N/A

SI 0.300 0.335 0.220 0.343 N/A N/A

AU 0.227 0.198 0.080 0.196 0.377 N/A

This study concluded that the convergent validity (AVE > 0.5) and discriminant
validity (HTMT < 1) of the UTAUT constructs, as presented in this study, were
established. Therefore, based on the UTAUT model, factors that could influence the
youth’s adoption ofmobile applications for self-healthcaremonitoringwere performance
expectancy, effort expectancy, facilitating conditions, social influence, behavioural
intention and use behaviour. Therefore, the first research objective of this study was
achieved.

5.2 Effects of the Factors on the Adoption of Self-healthcare Monitoring Mobile
Applications

The second research objective identified the effects of the factors identified through the
first objective on the adoption of self-healthcaremonitoringmobile applications. In PLS-
SEM, the structural or innermodel represents the causal model. The primary criterion for
the evaluation of the causal model is the coefficient of determination (R2). The second
criterion is the path coefficient (β), the third is the predictive relevance (Q2), followed by
the Standardized Root Mean Square Residual (SRMR) [50]. The last criterion is to test
whether there are any moderating variables. The following sections present the results
pertaining to the assessment of these criteria.

Coefficient of Determination (R2)
As shown in Fig. 3, the variance of the first endogenous variable (behavioural intention)
is 0.203. This means that performance expectancy, effort expectancy and social influ-
ence explain 20.3% of the variance in the behavioural intention to adopt self-healthcare
monitoring mobile applications. Furthermore, this R2 value of 0.203 shows that the
model derived from this study is good as it explains more clearly the youth’s adoption
of self-healthcare monitoring mobile applications.

Path Coefficients (β)
Structural path coefficients are the path weights connecting the model factors to one
another (β). On the first endogenous variable, this study found that performance
expectancy (PE) has the strongest effect on behavioural intention (0.355), followed by
social influence (0.160). The effects size of effort expectancy and facilitating conditions



90 M. Kante and P. Ndayizigamiye

on the behavioural intention to adopt self-healthcare monitoring mobile applications are
0.070 and 0.059 respectively. Moreover, behavioural intention has the second strongest
effect in the model (0.229) on the endogenous variable (use behaviour). The path coeffi-
cients β of the model constructs are greater than 0.1 except for effort expectancy (0.070)
and facilitating conditions (0.059). Thus, they can be considered as significant.

Using SMARTPLS version 3.2.9, we ran the bootstrapping function as suggested by
[53] (Fig. 3). The results of the bootstrapping are reported below in Table 5.

Table 5. Path coefficients

Hypothesis β T-statistics P-values Comments

PE → BI 0.335 4.51*** <0.001 Supported

EE → BI 0.070 0.88 0.38 Rejected

SI → BI 0.160 2.95*** <0.001 Supported

FC → AU 0.059 0.66 0.51 Rejected

BI → AU 0.229 4*** <0.001 Supported

Fig. 3. Model results.
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Predictive Relevance (Q2)
The blindfolding function of SmartPLS 3.2.9 was run, following the recommended
guidelines [51, 53]. The results indicated that performance expectancy, effort expectancy
and social influence were highly predictive of the behavioural intention to adopt mobile
applications for self-healthcare monitoring with a high Q2 (0.16). This assertion was
based on the argument provided by Garson [53] who reported that a Q2 value above 0
indicates that a model is relevant to predicting the set factor(s). Behavioural intention
also predicted its endogenous latent variable (i.e. use behaviour with a high Q2 of 0.03).
These results for the model prediction were consistent with the threshold reported in the
literature (see Table 2).

Standardized Root Mean Square Residual (SRMR)
The model fit function of SMARTPLS provided SRMR value of 0.04. An SRMR value
of less than 0.08 is deemed adequate [53, 54]. Therefore, the model passed the SRMR
test.

6 Discussion

This study was designed to establish the determinants of the adoption of self-healthcare
monitoringmobile applications inSouthAfrica. In the literature review, the authors found
empirical evidence suggesting that performance expectancy, effort expectancy, social
influence, facilitating conditions and behavioural intention constructs of the UTAUT
frameworkwere determinants of the adoption ofmHealth [7, 55]. The results of this study
confirmed these findings. As stated by Heeks [56], each (key) stakeholder’s behaviour
towards the adoption of an Information and Communication Technology for Devel-
opment (ICT4D) project is important to the success of the project. In the context of
healthcare, this means that the behaviour of each stakeholder (such as youth, patients,
elders and so on) towards the adoption of mHealth need to be considered in order to
convey information that will enable the stakeholder to make informed health-related
decisions. In this study, the authors have provided the determinants for the adoption of
self-healthcare monitoring mobile applications by the youth; hence, contributing to the
understanding of the youth’s behaviour towards mHealth adoption in the South African
context. Another important finding with regard to the first specific research objective
(to establish the factors that can influence the adoption of self-healthcare monitoring
mobile applications) is the statistical power of these determinants. The authors argued
in the literature review that there is a methodological gap, as a previous similar study
conducted in South Africa has used qualitative methods and hence, could not provide
statistical value (s) to support the findings. The authors of this paper have filled this gap
by providing the Average Variance Extracted (AVE) of each one of the identified deter-
minants. On a practical level, designers of mobile health in general and self-healthcare
monitoring mobile applications in particular, should pay attention to these identified
determinants.

The second research objective was to identify the effects of these factors on the
adoption of self-healthcare monitoring mobile applications. The authors identified that
performance expectancy (H11) and social influence (H13) have positive effect on
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behavioural intention to adopt self-healthcare monitoring mobile applications. Addi-
tionally, behavioural intention have a positive effect on use behaviour (H15). However,
hypotheses H12 (effort expectancy has a positive effect on behavioural intention to
adopt self-healthcare monitoring mobile applications) and H14 (facilitation conditions
have a positive effect on use behaviour) were rejected. The findings concurred with
those of Karuri [31] who argued that, in the context of the adoption of District Health
Information Systems 2 (DHIS2) in Kenya, performance expectancy and social influence
positively affected the health workers’ behavioural intention to adopt the DHIS2, and
that behavioural intention positively affected the health workers’ intention to use the
system. Opoku, Scott and Quentin [57] also confirmed these findings in the context of
the adoption of teleconsultations in Ghana.

In this study, effort expectancy did not exert a significant effect on behavioural inten-
tion to adopt self-healthcare mobile applications probably because the youth were gener-
ally conversantwith the use of smartphones andmobile applications. Therefore, theygen-
erally did not have difficulty using mobile applications. Consequently, effort expectancy
did not influence their decision to adopt self-healthcare monitoring applications.

For self-healthcare monitoring mobile applications designers and managers, it is
important to concentrate on the content of their applications so that the youth will
easily identify the benefits of using such applications. Additionally, it is important that
designers and managers devise awareness interventions to encourage the youth to adopt
such applications. These awareness programmes may be ran by youth peers who are
regarded as role models, as the young people influence one another to adopt mHealth
applications.

7 Conclusion

The purpose of this study was to investigate the determinants of the youth’s adoption of
self-healthcare mobile applications. The study formulated five direct hypotheses, using
the UTAUT framework as its underpinning theoretical foundation. The study firstly
aimed at establishing the factors that could influence the adoption of self-healthcaremon-
itoring mobile applications. In this regard, it was found that performance expectancy,
effort expectancy, facilitating conditions, social influence and behavioural intentionwere
factors that could influence the adoption of self-healthcare monitoring mobile applica-
tions. Secondly, this research proposed to determine the effects of the established factors.
In this regard, the results suggested that performance expectancy and social influence
have a positive and significant effect on behavioural intention while facilitating condi-
tions and effort expectancy did not exert a significant effect. Lastly, the study proposed a
model that explained 20.3% of the variance of use behaviour. The proposed model could
be used as a guide for the adoption of self-healthcare monitoring mobile applications in
South Africa.

AllUTAUT factors evaluated in this study are contextual, as they are dependent on the
specific context setup. Hence, further inquiries should be done to assess the established
factors from this study in other contexts.

Acknowledgement. The authors would like to thank Tom Cyprian Soni for his involvement in
the collection of data for this study.
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Definition of Terms. mHealth: mHealth is a term that describes the use of wireless technology
and mobile devices for medical care.

Youth: In this study, the term “youth” refers to people who are within the age range of 18 and
35.

PLS-SEM:ThePartial Least Squares Structural EquationModelling (PLS-SEM) is a statistical
method that helps determine cause-effect relationships.

UTAUT: The unified theory of Acceptance and Use of Technology (UTAUT) is a theoretical
framework used in the field of Information Systems (IS) to explain user intentions to use an
information system and subsequent usage behaviour.

Self-Healthcare Monitoring: Self-Healthcare Monitoring refers to the use of mobile applica-
tions and wearable devices to monitor and manage one’s health.

Heterotrait-Monotrait Ratio (HTMT): HTMT is a statistical technique used to measure
discriminant validity in Partial Least Squares-Structural Equation Modelling.

Convergent validity: Convergent validity helps determine whether measures of a construct are
related.

Discriminant validity: Discriminant validity helps to determine whether measures that should
not be related are indeed not related.

Standardized Root Mean Square Residual (SRMR): Root Mean Square Residual (SRMR)
helps ascertain the mean size of residual correlations.

The Coefficient of Determination (R2): R2 helps determine the variation (s) within the
dependent variable caused by independent variables.

Average Variance Extracted (AVE): The AVE helps to estimate, on average, the proportion of
variation in a construct’s items can be explained by the construct or latent variable.

Path coefficient (β): In PLS-SEM, path coefficient (β) helps determine how an independent
variable affects a dependent variable in the path model.
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Abstract. A healthy diet is a critical factor that affects long-term healthcare out-
comes. One of the ways to induce healthy eating habits is through the use of
mobile applications. To date, there has been little agreement on the determinants
of the adoption of such mobile applications in the South African context. Hence,
this study investigated the determinants of the adoption of mobile applications
that help induce healthy eating habits in the South African context. The study
adopted a survey research design and the UTAUT framework as the guiding theo-
retical framework. Datawere collected and analysed using the Partial Least Square
Structural Equation Modelling (PLS-SEM). Findings revealed that performance
expectancy and social influence have a significant effect on the behavioural inten-
tion to adopt mobile applications that help induce healthy eating habits. However,
effort expectancy does not significantly influence behavioural intention. Addi-
tionally, behavioural intention positively influences the use behaviour of such
applications while facilitating conditions do not have a significant effect on the
use behaviour. This study recommends that interventions geared towards encour-
aging the use of mobile applications to induce healthy eating habits should focus
on the identified determinants.

Keywords: mHealth · Diet ·Mobile applications · Youth · South Africa ·
Healthy eating habits · PLS-SEM

1 Introduction

A healthy diet is a critical factor that influence long term health outcomes. Claasen,
Hoeven and Covic [1] found that the increased consumption of fatty food and food with
high sugar content has become a concern among South Africans. Cooper, De Lannoy
and Rule [2] further argued that such consumption is one of the major causes of diseases
burden among the youth. A study that investigated the determinants of obesity revealed
that South Africa has the second highest number of obese women amongst the 22 devel-
oping countries that were investigated [3]. In addition, Obesity and being overweight
are majorly caused by unhealthy eating habits and can lead to high blood pressure and
heart diseases [4]. Furthermore, it was reported that improving the wellness and health
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of the youth is not only important for their present well-being but for the South African
economy as they constitute more than half of the South African population [5]. Hence,
there is a need for interventions to induce healthy eating habits amongst the youth in
South Africa. One of the ways to induce healthy eating habits amongst the youth is
the use of mobile health applications. Kante and Ndayizigamiye [5] and Abraham [6]
indicated that South Africa is one of the leading global adopters of smartphones, with
93% of South Africans having access to smartphones.

Literature suggests that mobile applications can be used to enhance public health-
care [7–11] and to induce healthy eating habits in particular [12, 13]. Ndayizigamiye
and Maharaj [7] reported various mHealth interventions that have been piloted in East
Africa. Ndayizigamiye et al. [8] on the other hand provided a proof of concept on how
mobile applications can be used to support home-carers in South Africa. Ndayizigamiye
andMaharaj [9] conducted a study that identified factors related to the Diffusion of Inno-
vation theory (DOI) that have influence in the adoption of mHealth to provide healthcare
services inBurundi.Ndayizigamiye [10] investigated the acceptance ofmHealth capabil-
ities in Burundi. Imaja, Ndayizigamiye andMaharaj [11] conducted a study that showed
how mHealth can be used to combat Cholera in the Democratic Republic of Congo.

Coughlin et al. [13] studied innovative approaches to encourage healthy eating habits
and physical activity in young people. They found that mobile diets and exercise appli-
cations can encourage young people to lose weight and keep a healthy diet. In addition,
Shin [14] synthesized the literature by reviewing 193 papers on the use of smartphone
applications for promoting healthy diet and nutrition. They found that smartphone users
preferred quick and easy to run mobile applications that offered them better weight man-
agement and suggestions on healthy food intake. The review further identified that the
use of mobile applications improved dietary intake of low fat, lower calories and high
fibre foods, and also resulted in more physical activities. Moreover, Shin [14] found that
having a dietitian support enhances the transition from having an intention to exert a
certain behaviour, in this case adopting healthy eating habits, to the actual display of
the behaviour, that is eating healthy food. The study concluded that the use of smart-
phones for photographic dietary tracking is not only convenient, but it increases user
engagement as well as healthy eating behaviours.

On the other hand, there is a recognized need to focus on the wellbeing of the youth
as they form the crust of the South African productive workforce. Particularly, there is a
need to devise innovative interventions to encourage the youth to adopt healthy lifestyles
in order to limit the burden of non-communicable diseases among the youth. Van den
Berg et al. [15] investigated the lifestyles of South African students that are preparing to
undertake a career in healthcare. They found that many of the surveyed students were at
risk of getting non-communicable diseases. They also revealed that almost 20% of the
surveyed students were obese or overweight. Moreover, they argued that the students
had adopted bad eating habits as well as regular alcohol consumption. In the same vein,
Van Rensburg and Surujlal [16] found that students (whom the majority are youth) are
living unhealthy lifestyles and they have risky behaviours, which have consequences on
their future health. The current increase in smartphone penetration amongst the youth
in South Africa presents an opportunity to devise healthcare interventions targeting the
youth. Particularly, encouraging youth to adopt mobile applications that help induce
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healthy eating habits could be one of the interventions geared towards inducing healthy
lifestyles amongst the youth. Therefore, the objective of this study was to propose an
adoptionmodel ofmobile applications that help induce healthy eating behaviour amongst
the South African youth population.

The specific objectives of the study were to: identify factors that can influence the
youth to adopt mobile applications that help induce healthy eating habits; determine the
effect of these factors on the adoption of mobile applications that help induce healthy
eating habits.

2 Literature Review

2.1 Determinants of the Adoption of Mobile Health Applications

There are a number of studies that have been conducted regarding the adoption of mobile
applications in the healthcare context. For instance, a study by Zhao et al. [17] reviewed
papers published between January 1, 2010, and June 1, 2015. They identified user-
friendly design, real-time feedback, individualized elements, detailed information, and
health professional involvement as the determinants of the adoption of mobile health
applications. Similarly, Coughlin et al. [13] found that lack of awareness, negative per-
ception, complexity, lack of customisation and feedback are some of the challenges
that restrain young people to use mobile health applications. In addition, Kang [18]
reported that mobile applications must be user-friendly so that they can serve their
intended purposes. Furthermore, Cho, Park and Lee [19] identified factors related to
health information-seeking behaviours that influence the adoption ofmobile health appli-
cations. More specifically, they found that perceived usefulness and perceived ease of
use affect the adoption of mobile health applications.

In the developing countries’ context, Alam et al. [20] found that performance
expectancy, social influence, effort expectancy, facilitating conditions and perceived
reliability have an effect on the adoption of mobile health (mHealth) services in
Bangladesh. Similarly, Hoque and Sorwar [21] reported that performance expectancy,
effort expectancy, social influence, technology anxiety, and resistance to change also have
an effect on the behavioural intention of users to adopt mHealth services in Bangladesh.
They further found that facilitating conditions had no significant effect on the users’
behavioural intention to adopt mHealth services. In Malaysia, Lan et al. [22] argued that
performance expectancy, effort expectancy, social influence and facilitating conditions
have a positive effect on the user’s intention to adopt a mobile dietary intake monitoring
application called vTracker.Moreover,Ndayizigamiye andMaharaj [23] found that effort
expectancy, performance expectancy and facilitating conditions are significantly corre-
lated with mHealth adoption in Burundi. In the South Africa’s context, Ndayizigamiye
et al. [5] found that awareness, effort expectancy and social influence have an effect on
the adoption of mHealth applications that promote physical activity. In the same context,
Soni, Ndayizigamiye and Kante [24] found that performance and social influence con-
structs of the UTAUT framework are the highest predictors of the youth’s behavioural
intention to adopt mobile applications for self-healthcare monitoring purposes. In addi-
tion, another qualitative study [25] indicated that results demonstrability; performance
expectancy; savings; social aspects; awareness; connectivity; accessibility; ease of use
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and access; privacy; user satisfaction and affordability are factors that motivate South
Africa’s youth to adopt self-healthcare monitoring mobile applications.

2.2 Effects of mHealth Interventions on Food and Nutrient Intake

Soureti et al. [26] assessed the effects of automated web-based planning tools coupled
with mobile text reminders on reducing intake of high-fat foods and food portion sizes
in England. The primary outcomes revealed that participants in the intervention group
were more likely to report eating balanced diet compared to others that did not partake
in the intervention. Beasley et al. [27] on the other hand evaluated the capability of a
Personal Digital Assistant (PDA)-based self-monitoring diet program (Diet-MatePro)
in the United States of America. Participants in the control group were given a paper-
based food diary to record their dietary intake while those in the intervention group
were given the PDA-based program. The study recorded that diet adherence was higher
among the DietMatePro group (43%) compared to the paper-based diary group (28%) (p
= 0.039). Kerr et al. (2016) evaluated the effectiveness of tailored dietary text messaging
for improving intake of fruit, vegetables and decreasing junk food (unhealthy food or
drinks) over a 6-month period. The study findings revealed that men who received
dietary feedback only, significantly reduced their energy-dense nutrient-poor (EDNP)
intake (mean = 1.4 intake/day, p = 0.02) while women who received dietary feedback
only, significantly reduced their intake of sugar-sweetened beverages (SSB) (mean =
0.2 intake/day, p = 0.04) compared with the participants in the control group. They
concluded that the use of mobile technology has great potential for healthy diet and
healthy weight promotion amongst young adults.

Vakili et al. [28] evaluated the impact of mobile phone short messaging system on
healthy food choices among postmenopausal women in Iran. The study revealed that
the consumption of vitamin A rich fruits and vegetables significantly increased in the
intervention group compared to the control group (P < 0.001). Moreover, more women
in the intervention group consumed fish after the intervention (P= 0.02). However, there
was no significant increase in the consumption of dairy products within the intervention
group. However, there was also a noticeable increase, although not significant, in the
consumption of green leafy vegetable within the intervention group.

Atienza et al. [29] conducted a randomized study to evaluate the efficacy of using a
Personal Digital Assistant (PDA) to increase the intake of whole-grain and vegetables
intake in mid-life and older adults within an 8-week period. The study revealed that
vegetables intake significantly increasedwithin the participants in the intervention cluster
(1.5–2.5 intake/day; p = 0.02). Furthermore, a trend towards greater intake of dietary
fiber from grains was observed from the participants in the intervention cluster (3.7–4.5
intake/day; p = 0.10).

2.3 Effects of mHealth Interventions on Weight Loss

Fjeldsoe et al. [30] evaluated the effect of a text message-based (GHSH) intervention
(as a follow up strategy) on people who participated in an intensive lifestyle coaching
intervention. Two hundred and twenty-eight (228) participants were randomly selected
to be either part of the intervention group or control group. Then, the participants were
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sent text messages for a period of 6 months based on each participant’s preference. The
outcomes revealed that participants in the intervention group recorded significant body
weight loss (−0.89 kg), and a reduction in waist circumference (−1.34 cm). Weight loss
was significantly greater in the intervention group than in the control group.

Haapala et al. [31] investigated the effectiveness of a mobile phone-enabled weight
loss programme among overweight adults. One hundred and twenty-five overweight
(BMI= 26 to 36 kg/m2) adults (25- to 44-year-old) were randomly assigned either to an
intervention (experimental) group or non-intervention group. Through text messages,
participants in the intervention group (N = 62) who were self-directed dieters, were
instructed to report their weight daily and received immediate tailored feedback. The
outcomes revealed that participants in the intervention group recorded significant weight
loss compared to the control (non-intervention group).

Lin et al. [32] investigated the effects of text messages to support a healthcare inter-
vention for obese African Americans. The study used a randomized controlled trial of
124 adults of which 63 were assigned to the intervention while 61 were assigned to
the control group. The intervention group received a standard care and daily tailored
text messages for 6 months while the control group received only a standard care. They
found that the extent of engagement with the text messages was correlated with weight
loss. Participants in the intervention group recorded more weight loss (−2.5 kg after 3
months and −3.4 kg after 6 months) than the control group.

The above literature has revealed that mobile applications are currently used for
healthcare purposes. In addition, the literature shows that these applications can help
induce healthy habits. Thus, this study seeks to investigate the (potential) of the youth
adopting mobile applications that can help induce healthy eating habits in the South
Africa’s context. The increasing use of smartphones by the youth in South Africa and
their proficiency in the use of mobile devices make a good case for such an investigation.

3 Theoretical Framework

Ventkatesh et al. [33] developed the Unified Theory of Acceptance and Use of Tech-
nology (UTAUT) model by combining various factors from eight prominent technology
acceptance theoretical frameworks based on their effectiveness in predicting anticipated
and actual Information systems’ use behaviour. The 8 theoretical frameworks that were
combined to form the UTAUT were: a) the Theory of Reasoned Action (TRA) [34];
b) Davis’ Technology Acceptance Model (TAM) and its extended version (TAM2) [35,
36]; c) the Motivation Model (MM) [37]; d) the Theory of Planned Behaviour (TPB)
[38]; e) the Combined TAM and TPB [39] f) the Model of PC Utilization (MPCU) [40];
g) Roger’s Innovation Diffusion Theory (IDT) [41] h) social Cognitive Theory [42].
The UTAUT framework holds that there are four key constructs that influence user’s
behavioural intention and use behaviour, namely, 1) performance expectancy, 2) effort
expectancy, 3) social influence, and 4) facilitating conditions (see Fig. 1) [36].

3.1 Theoretical Propositions

Performance expectancy (PE) is defined as the degree to which an individual believes
that using a system will help him or her to attain some gains in the job. In this study,
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Fig. 1. UTAUT framework [36].

performance expectancy is defined as the degree to which an individual believes that
using mobile applications will help him/her induce healthy eating habits. Thus, we
hypothesized that:

H11. Performance expectancypositively influences the behavioural intention to adopt
mobile applications that help induce healthy eating habits.

Effort expectancy (EE) is defined as the extent to which it is easy to use a system.
In the context of this paper, effort expectancy is defined as the extent to which mobile
applications that help induce healthy eating habits are easy to use. Hence, in this study
we hypothesized that:

H12. Effort expectancy positively influences the behavioural intention to adopt
mobile applications that help induce healthy eating habits.

Social influence (SI) is defined as the degree to which an individual perceives that
‘important others’ believe he or she should use a new system. This study defines social
influence as the degree to which an individual perceives that ‘important others’ believe
he or she should use mobile applications that help induce healthy eating habits. Hence,
we hypothesised that:

H13. Social influence positively influences the behavioural intention to adopt mobile
applications that help induce healthy eating habits.

Facilitating conditions (FC) are defined as the degree to which an individual believes
that an organizational and technical infrastructure exist to support the use of a system.
In this study, the ‘facilitating conditions’ construct is defined as the availability and
access to the necessary resources and knowledge (skills) to support the use of mobile
applications that help induce healthy eating habits. We, therefore, argued that:

H14. Facilitating conditions positively influences the behavioural intention to adopt
mobile applications that help induce healthy eating habits.

Based on the relationship between behavioural intention and use behaviour in the
UTAUT framework, we further hypothesized that:
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H15. Behavioural intention positively influences the use of mobile applications that
help induce healthy eating habits.

4 Material and Methods

Data were collected from 89 respondents conveniently sampled from an institution of
higher learning in the Gauteng province of South Africa. The study adopted a 5-point
Likert scale (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 =
strongly agree) survey questionnaire as the data collection instrument. Respondents were
requested to fill the questionnaires and return them to enumerators. Data were analysed
using the Partial Least Square Structural Equation Modelling (PLS-SEM). Partial Least
Square Structural EquationModelling (PLS-SEM) can be used to analyze a small sample
size (20 or more respondents) [43–45].

Basic statistical analyses were conducted using SPSS version 20 to identify and deal
with missing values and ascertain the multivariate normality. The analysis of missing
values revealed that there were 5 questionnaires with a low response rate (missing values
higher than 5%), and therefore they were excluded from further analysis as per Carter
[46] suggestions. For those responses where the missing values were less than 5%, we
applied the mean replacement technique [46]. The multivariate normality was tested
through the skewness and kurtosis statistical tests as reported in Table 1. The values of
skewness and kurtosis should be between±1 [47]. However, the distribution of the data
collected in this study was not within these acceptable values, indicating a non-normal
distribution. However, it is possible to use PLS path modelling with highly skewed data
[45] as all Structural Equation Modelling (SEM) techniques are quite robust against the
skewness scenario [44].

Thereafter, we applied the Partial Least Square Structural EquationModelling (PLS-
SEM) technique using SMARTPLS 3.2.9 software to assess the UTAUT model. PLS-
SEM helps to create path models to depict causal sequence [44]. PLS-SEM comprises
two models, namely the inner model, or structural model, and the measurement model.
The innermodel displays the relationships between the constructs, while the outermodel,
also known as the measurement model, is used to evaluate the relationships between the
indicator variables and their corresponding constructs [45]. Table 2 explains the criteria
used for the PLS-SEM model assessment.

5 Results and Discussion

This section discusses the results of the study.

5.1 Demographics Information of the Participants

All participants were between the age of 18 and 35. Hence, they could be categorised as
youth according to the South African National Youth Commission Act of 1996 which
defines the South African youth as people who are aged between 14 years and 35 years
[49]. Most of the participants were females (52.8%).
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Table 1. Statistical analysis of the variables

UTAUT
constructs

Item Mean Std. deviation Skewness Kurtosis

Statistic Statistic Std. error Statistic Std. error

Performance
expectancy

Using mobile
applications that help
induce healthy eating
habits will increase my
chances of achieving
my diet targets

3.46 0.83 −0.14 0.26 0.14 0.52

Using mobile
applications that help
induce healthy eating
habits can help monitor
my eating habits

3.70 0.77 −0.71 0.26 1.19 0.52

Using mobile
applications that help
induce healthy eating
habits can improve my
wellbeing

3.75 0.80 −0.51 0.26 0.75 0.52

Effort
expectancy

It is easy to learn how
to use mobile
applications that help
induce healthy eating
habits

3.71 0.72 −0.10 0.26 −0.20 0.52

I understand how
mobile applications
that induce healthy
diets work

3.48 1.01 −0.29 0.26 −0.51 0.52

It is easy to use mobile
applications that help
induce healthy eating
habits

3.59 0.88 −0.23 0.27 −0.03 0.53

Social
influence

People who are
important to me can
influence me to use
mobile applications
that induce healthy
eating habits

3.32 1.09 −0.10 0.26 −0.80 0.52

People who influence
my behaviour can
influence me to use
mobile applications
that help induce
healthy eating habits

3.52 0.96 −0.07 0.26 −0.56 0.52

People whose opinions
that I value can
influence me to use
mobile applications
that help induce
healthy eating habits

3.68 0.91 −0.40 0.26 0.38 0.52

(continued)
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Table 1. (continued)

UTAUT
constructs

Item Mean Std. deviation Skewness Kurtosis

Statistic Statistic Std. error Statistic Std. error

Facilitating
conditions

I have the necessary
resources to use
applications that help
induce healthy eating
habits

3.21 1.13 −0.23 0.26 −0.58 0.52

I have the required
knowledge to use
applications that
induce healthy eating
habits

3.36 1.04 −0.37 0.26 −0.36 0.52

Applications that help
induce healthy eating
habits are compatible
with the technologies I
use

3.45 0.88 −0.28 0.26 −0.24 0.52

I can get help from
others when I have
difficulties using
mobile applications
that help induce
healthy eating habits

3.54 0.83 −0.38 0.26 −0.43 0.52

5.2 Factors that Can Influence the Youth to Adopt Mobile Applications that Help
Induce Healthy Eating Habits

Factors that can influence the youth’s adoption of mobile applications that help induce
healthy eating habitswere identified using themeasurementmodel of PLS-SEM.A latent
variable can be a determinant only if its construct validity (convergent and discriminant
validity) is established. Using, SMARTPLS software, we assessed the convergent and
discriminant validity of the variables.

5.2.1 Convergent Validity

Toestablish convergent validity, a factor should be unidimensional [50].A set of variables
(factors) presumed tomeasure the same construct shows convergent validity if their inter-
correlations are at least moderate (AVE> 0.5) in magnitude [44]. The Cronbach’s Alpha
(must be greater than 0.6), the Composite Reliability (must be greater than 0.6) and the
AverageVarianceExtracted (AVEmust be greater than 0.5) are reported below inTable 3.
As reported in Table 3, all factors within each construct met the recommended threshold.
Thus, the convergent validity was established for all the constructs.

5.2.2 Discriminant Validity

Discriminant validity represents the extent to which a construct is empirically distinct
fromother constructs [44, 45].Although there aremanyways tomeasure the discriminant
validity, however, the Heterotrait-Menotrait (HTMT) Ratio is the recommended way to
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Table 2. Guidelines for using PLS-SEM [44, 45, 48]

Type of assessment Criterion Description

Indicator reliability Indicator loading > .600 Loadings represent the
absolute contribution of the
indicator to the definition of
its latent variable

Internal consistency reliability Cronbach’s α > 0.6 Measures the degree to which
the measured variables (MVs)
load simultaneously when the
latent variable (LV) increases

Internal consistency reliability Composite reliability > 0.6 Attempts to measure the sum
of a latent variable (LV)
factor loadings relative to the
sum of the factor loadings
plus error variance

Content validity Average variance extracted
(AVE) > 0.5

The degree to which
individual items reflecting a
construct converge in
comparison to items
measuring different
constructs

Discriminant validity Heterotrait-menotrait ratio
(HTMT) < 1

In information Systems
research, it is argued that
discriminant validity should
be assessed by the
Heterotrait-Menotrait Ratio
(HTMT)

Model predictability Predictive relevance Q2 >

0.05
By systematically assuming
that a certain number of cases
are missing from the sample,
the model parameters are
estimated and used to predict
the omitted values

Model validity R2 > 0.100 Coefficient of determination

Model validity Path coefficients and critical
t-values for a two-tailed test
are 1.65 (significance level =
10%),1.96 (significance level
= 5%), and 2.58 (significance
level = 1%)

Structural path coefficients
are the path weights
connecting the factors to one
another

validate the discriminant validity [44, 50, 51]. The results of the HTMT test are reported
in Table 4. From Table 4, it can be concluded that the discriminant validity is established
for all the UTAUT constructs (HTMT < 1).
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Table 3. Results of the convergent validity assessment

Cronbach’s alpha Composite reliability Average variance
extracted (AVE)

Behavioural intention 0.497 0.795 0.661

Effort expectancy 0.8 0.875 0.702

Facilitating conditions 0.544 0.814 0.686

Performance expectancy 0.796 0.877 0.706

Social influence 0.852 0.908 0.767

Use behaviour 1 1 1

Table 4. HTMT results

Behavioural
intention

Effort
expectancy

Facilitating
conditions

Performance
expectancy

Social
influence

Use
behavior

Behavioural
intention

Effort
expectancy

0.42

Facilitating
conditions

0.29 0.64

Performance
expectancy

0.56 0.62 0.43

Social
influence

0.71 0.33 0.56 0.42

Use
behaviour

0.72 0.11 0.15 0.13 0.09

Since the convergent validity and discriminant validity of effort expectancy, perfor-
mance expectancy, social influence, facilitating conditions, behavioural intention and
use behaviour were established, we can conclude that they constitute valid latent vari-
ables that can affect the adoption of mobile applications that help induce healthy eating
habits.

5.3 Determinants of the Adoption of Mobile Applications that Help Induce
Healthy Eating Habits

The coefficient of determination (R2), the path coefficient (β), and the Predictive rele-
vance (Q2) are the criterion used to evaluate the causal model of the Structural Equation
Model [45]. The results of the assessment of these criteria are reported below.
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5.3.1 Coefficient of Determination (R2)

R-square (R2), also known as the coefficient of determination is the overall effect size
measure for the structural model. Figure 2 shows the model explains 27.4% of the
variance of the behavioural intention (BI) to adopt mobile applications that help induce
healthy eating habits. Garson [44] argues that an R2 within the range of 0.67, 0.33 and
0.19 is “substantial”, “moderate” and “weak” respectively. Hence, the R2 of our model
is considered to be of moderate strength.

5.3.2 Path Coefficient (β), and Q2

Structural path coefficients (loadings), illustrated in the path diagram (Fig. 2), are the
path weights connecting the factors to each other [45]. The path coefficients should be
between 0 and 1 [44]. In our model, social influence has the strongest effect on the first
endogenous variable (behavioural intention) with a value of 0.389, followed by perfor-
mance expectancy (0.181) and effort expectancy (0.08). The effort expectancy construct,
although it has the lowest effect in the model was maintained as its construct validity
was established and is within the rage of 0 and 1. In addition, the behavioural intention
construct has the strongest effect (0.522) on use behaviour. However, the ‘facilitating
conditions’ construct did not have any significant effect on use behaviour.

We ran the blindfolding function of SmartPLS 3.2.9 and we determined that the Q2

of the first dependent variable (behavioural intention) was 0.144 and hence greater than
the threshold of 0. Additionally, the second dependent variable (use behaviour) had a Q2

value of 0.249. As these values are all above 0, therefore, as recommended by Garson
[44], we argued that our model predicted the adoption of mobile health applications that
help induce healthy eating habits.

5.3.3 Hypotheses Validation and Discussion

The first hypothesis H11: Performance Expectancy -> Behavioural Intention was sup-
ported. This means that the degree to which an individual believes that using mobile
applications will help him/her induce healthy eating habits influence the behavioural
intention to adopt these applications. This finding concurs with Alan et al. [20] who
found that performance expectancy had an impact on the behavioural intention towards
the adoption of mobile health applications in Bangladesh. The second hypothesis H12:
Effort Expectancy -> Behavioural Intention was rejected. This can be explained by the
fact that youth are proficient in the use of smartphones. Thismeans that effort expectancy
may not have an influence on them as they will find it naturally easy to adopt mobile
applications that help induce healthy eating habits. The third hypothesis H13: social
Influence -> Behavioural Intention was supported, meaning that the degree to which an
individual perceives that ‘important others’ believe he or she should use mobile applica-
tions that help induce healthy eating habits influence the behavioural intention to adopt
these applications. This finding concurs with Neill et al. [52] who found that social
influence affects the behavioural intention to adopt wearable technologies in healthcare.
H14: Facilitating Conditions -> Use Behaviour was rejected. Similarly, Hoque and Sor-
war [21] reported that facilitating conditions did not have a significant effect on the
behavioural intention to adopt mobile health applications. Our last hypothesis argued
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that behavioural intention positively influences use behaviour, which was supported. In
our model, behavioural intention affects significantly the adoption (use behaviour) of
mobile applications that help induce healthy eating habits. Table 5 displays the confirmed
and rejected hypotheses of the model.

Table 5. Hypotheses validation

Hypothesis Path coefficient (β) T statistics Model

H11. Performance expectancy -> behavioural
intention

0.181 1.753* Supported

H12. Effort expectancy -> behavioural
intentions

0.079 0.79 Rejected

H13. Social influence -> behavioural
intentions

0.389 3.514*** Supported

H14. Facilitating conditions -> Use behaviour 0.035 0.362 Rejected

H15. Behavioral intentions -> Use behaviour 0.522 6.096*** Supported

Critical t-values for a two-tailed test are 1.65* (significance level = 10%), 1.96** (significance
level = 5%), and 2.58*** (significance level = 1%).

Fig. 2. Model results

6 Conclusion

This study identified factors that influence the adoption of mobile applications that help
induce healthy eating habits. In addition, the study determined the effect of these factors
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on the adoption of these applications. The study concluded that performance expectancy
and social influence have a positive and significant effect on the behavioural intention to
adopt mobile applications that help induce healthy eating habits while effort expectancy
does not exert a significant influence on behavioural intention. In addition, facilitat-
ing conditions do not have a significant effect on use behaviour of these applications.
Behavioural intention on the other hand, has a significant and positive influence on use
behaviour.

Hence, the study advocates that interventions geared towards encouraging the use
of mobile applications to induce healthy eating habits should focus on the performance
expectancy and social influence factors as this study determined that they exert a signif-
icant effect on the behavioural intention to adopt these mobile applications. However,
these findings cannot be generalised due to the small sample size. Additionally, we did
not test the moderating variables of the UTAUT model. Future research should inves-
tigate the adoption of mobile applications that help induce healthy eating habits using
a much more representative sample. Moreover, it is suggested that an extended study
should be carried out to identify the effect of the moderating variables of the UTAUT
framework on the adoption of mobile applications that help induce healthy eating habits.
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Abstract. India as a country is rapidly changing due to an influx of Information
and Communication Technologies (ICTs). The impact of ICTs has been felt on
far-flung areas ranging from agriculture to industry. In this chapter, we highlight
possible ways in which ICTs can be included in the trucking sector from the
bottom-up. In order to accomplish our goal, we present an ethnography with a
sociotechnical dimension. Specifically, we recognize that large-scale social sys-
temic challenges shape individual actions in the technological trucking sector. The
ethnographic study comprised of semi-structured interviews with over 30 stake-
holders, was conducted in the metropolitan port city of Mumbai, India. It was
aimed at understanding the functioning of the sector, current practices, roles of
stakeholders involved, and the challenges faced by them. The results are followed
by a discussion that deals with the impact new information technology is having
on the sector and identifies areas for future intervention.

Keywords: Digitalization · Sociotechnical Systems · Ethnography · Symbolic
Interactionism ·Mumbai

1 Introduction

“Truckers are, after all, the blood vessels that course through the body of our nation,
ferrying the oxygen of essential goods on the arteries that are our highways. And
yet their problems had not so much as received a diagnosis, forget diagnosis,
their symptoms had not been recorded. Countless reams of newsprint have been
consumed in op-ed articles on the economy that discuss interest rates, fiscal deficits
and other such arcane macroeconomic indicators. But what is this ‘economy’ they
talk about, but an assemblage of countless transactional relations anchored in a
system of mutual acceptability, i.e., money changing hands… I believed that the
lived reality of truckers, their experiences of the road, would be a useful barometer
of the economic health of our nation. The nature of their encounters with state
officials would shine a light on the reality of rule of law in our country. It would be
helpful in understanding what the ‘cost of logistics’ actually means in the course
of routine transport.”

– Rajat Ubhaykar. [1, p. 7–8]
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Digital transformation in the trucking sector in India can take place along two dif-
ferent directions simultaneously. First, the trucking infrastructure will change due to
embedded technology and sensors manifested in the form of improved combustion
efficiency, reduction of emissions, monitoring the health of parts, and others. While
improvements in this area happen with the development of technology, this approach
towards digitalization is primarily manufacturer-driven. In the second direction, existing
technology can be augmented through the change in the digital habits of the humans
associated with this sector. In this direction, the focus is on how humans in the trucking
sector adapt to and make use of the ICTs. Specifically, in a country like India, the use
of IT through mobile phones plays a major role in the adoption of digital services and
in changing the trucking sector.

This chapter explicates how the trucking sector operates in India in relation to the
various roles involved in the trucking industry such as drivers, brokers(mehtas, seths),
owners, and helpers (khalassis). This understanding of the sector provides an opportunity
to gain a sense of digitalization starting from a bottom-up fashion. The chapter is divided
into six sections: Sect. 2 lays out the challenges of trucking and digitalization in India.
Section 3 provides the theoretical backdrop of Sociotechnical systems and frames the
direction for the fieldwork in the next section. Section 4 lists the details of the fieldwork
and Sect. 5 presents the results. The chapter concludes with Sect. 6, a discussion of
possible avenues for digitalization of the trucking sector.

2 Trucking and Digitalization in India

India as well as other low and middle income countries are undergoing a rapid trans-
formation in the area of information technology. In the future, with the development of
cheap electronic hardware, it is expected that several technologies such as sensors will
be embedded in everyday objects transforming everyday interaction with devices. Some
of this transformation is depicted in the form of cellphones which is transforming the
Indian masses towards digitalization and use of ICT. Given this milieu, there is a need to
understand how the trucking sector will deal with this sociotechnical transition of ICT.
The trucking sector in India involves a few fundamental challenges. Here, we list a few
major challenges and how they need to be contended with in terms of addressing the
socio-technical dimension of this sector.

First, the trucking sector involves three major categories of service providers —
large companies with a line of trucks; small fleets ranging from 5 to 40; and small-scale
truck owners having less than five trucks. While major truck companies have the means
to embrace information technology, medium-scale and small-scale truck operators will
face significant challenges.

Second,many stakeholder segments in the sector have low literacy.A recent study [2],
indicates that amajority of truck drivers are educated up to grade 10 of high school or less.
The helpers who are in the truck and are involved in sundry roles, also have low-literacy
levels. In most cases, the small-scale truck owners may also have low literacy.

Third, barring the large companies, the sector is highly dependent on the restricted
flow of information in terms of receiving and providing services. For example, the
“mehtas” and “seths” are information and service brokers who act as mediators between
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the clients and truck owners. Thus, prices, routes, and movement of goods are heavily
dependent on the information flow in this sector.

Fourth, with the growth of cheap cellphone technology, this sector like many others
in India is changing in the way it communicates. In a country such as India, due to the
low level of technological development and adoption among the masses, Information
Technology in the form of computers never constituted a major wave of digitalization.
However, with the advent of cheap cellphones, the Indian is rapidly up taking digital tools
and practices in their everyday lives. The Government of India recognizes this change
and has set up steps to bring digitalization close to the everyday lives of Indians. In
terms of the cellphone, it serves as a primary means of communication along with media
consumption and economic transactions, making the cellphone an enabling technology
in the life of an everyday Indian. In the trucking sector, the cellphone serves as the major
route of the transformation for negotiating deals and prices.

While the list of challenges to digitalization can be extended, this chapter aims to rec-
ognize digitalization as a sociotechnical endeavor. Specifically, the aim is to understand
how the trucking sector works so as to provide pathways for digitalization. Towards this
end, the chapter focuses on human knowing and acting in the trucking sector using a
conjoined theoretical approach of socio-technical studies and symbolic interactionism
developed in Sect. 3. The aim of the analysis will be to use an ethnographic approach
using symbolic Interactionism (SI) while being mindful of the four tenets derived from
STS theory in the next Sect. 3.

3 Theoretical Backdrop of Sociotechnical Systems and Symbolic
Interactionism

Sociotechnical Systems (STS) theory has a wide history and multiple usages developed
across almost the past five decades [3]. There is no one specific direction in which
the growth of STS can be charted; multiple viewpoints still exist in the literature. One
direction inwhich STS theory has been developed is derived fromBritish researchers and
the Tavistock institute [4, 5]. This school of thought provided a key idea which was, to
understand and improve tasks related to technologies, the context of work and the social
dimensions of the activity were necessary. These researchers developed STS theory in
several milieu ranging from coal mining to textile manufacturing. This approach to STS
was also prominent amongst macro ergonomics, work psychology, and human factors
researchers and still remains an active area of research [6–8].

A second direction was derived from risk management and systems engineering [9,
10]. In this approach, the key idea is to recognize that technical systems involve people
and technologies along with social entities such as teams, organizations, and institutions
at several levels of abstraction. Therefore, to comprehend and optimize STS all these
together as a unified construct. As a result, this direction in STS emphasizes that any
construal of an STS involves the social as having an impact on the technical. Therefore,
any analysis of behavior should involve an understanding of broader aspects of social,
economic, and political dimensions of the work domain under consideration.

A third direction ofSTSanalysis derives from thehistory and sociologyof technology
[11, 12]. In this direction, the key idea is to treat STS as a hybrid of social and technical
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entities. In this thread similar to the previous direction, the social and political dimensions
are recognized to be necessary. However, in this direction, the social is treated not
as separated but conjoined and mutually constitutive of the technical. In other words,
technology has evolved based on choices people have made in light of their relevant
social groups. Therefore, while there is a technical trajectory, there is co-shaping by a
social trajectory that together defines have been co-constructed socially.

While all these three approaches provide different aspects to the construal of the
human-technology interaction in STS, a final direction is needed to comprehensively
understand how people interact with technology in context. In the field of Human-
Computer Interaction (HCI), researchers have turned towards micro-sociological theo-
ries to understand how human behavior can be addressed in human technology inter-
action. One approach has been that of Symbolic Interactionism (SI) and is particularly
important for HCI. SI was developed in the discipline of sociology at the beginning
of the nineteenth century to understand how people make sense of themselves and the
world around them. It rests on three basic premises that provide a basis for how human
beings interact with their surroundings (which in our case is the social and technological
context).

“Symbolic interactionism rests in the last analysis on three simple premises. The
first premise is that human beings act toward things on the basis of the meanings
that the things have for them. Such things include everything that the human being
may note in his world—physical objects, such as trees or chairs; other human
beings, such as a mother or a store clerk; categories of human beings, such as
friends or enemies; institutions, as a school or a government; guiding ideals, such
as individual independence or honesty; activities of others, such as their commands
or requests; and such situations as an individual encounters in his daily life. The
second premise is that the meaning of such things is derived from, or arises out
of, the social interaction that one has with one’s fellows. The third premise is that
these meanings are handled in, and modified through, an interpretative process
used by the person in dealing with the things he encounters”

– Herbert Blumer [13, p. 2]

Further, to fully comprehend these meanings, we need a qualitative approach to
capture and comprehend how these meanings evolve over interaction with technologies.
This qualitative approach is obtained through an ethnographic process that aims towards
comprehending the meanings and values of people and their relevant social groups as
viewed from their own viewpoint.

Based on the above discussions, four key insights can be summarized for developing
this chapter. In the rest of the chapter, these four key insights will be used to guide the
ethnography in the trucking sector in India:

1. The social and interpersonal dimensions of human behavior are important for
comprehending human-technology interaction in STS.

2. Humans in technological environments are constrained by macro-social dimensions
of organizational institutions in any particular sector.
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3. Human technology interaction involves a conjoined understanding of both the social
and technical dimensions of the system as they are hybrid entities.

4. Finally, to understand human-technology interaction, we need to understand how
interaction is shaped through meanings and values in a given social milieu.

4 Details of Fieldwork

4.1 Setting

Mumbai is a major port city and serves as the western conduit to the Arabian Sea.
Therefore, Mumbai serves as a major hub for the transfer of goods to and from inland
India. The fieldwork was conducted at the truck yards in Vashi and Wadala (Cotton
green) in Mumbai suburban region. These locations were chosen for study as they are
the primary trucking spots that connect Mumbai to the rest of the country.

Wadala truck yard is situated at the edge of Cotton Green railway station on a barren
strip of land with a lot of warehouses. There are 6 different lanes with multiple entrances
to them and each entrance is manned by parking lot officials. Different lanes are for
trucks from different locations. The trucks in this yard are those that mostly run within
Mumbai and the yard also happens to be a warehouse for a steel company.

Vashi truck yard is located 4 km away from the Vashi railway station is a well-
organized place, unlike the Wadala truck yard. It has only one entrance and one exit.
It has an integrated petrol pump and food joints in the vicinity. One can also find a lot
of truck repair shops in the yard, making this a perfect place for drivers to stay for a
long time safely. The trade-off is a higher parking fee. In the Vashi truck yard, long-haul
trucks were predominant.

4.2 Participants

The research study was granted ethics clearance from the Institute Ethics Committee,
Indian Institute of Technology Bombay (ID: IITB-IEC/2020/021). In all, there were
more than 30 participants which included a wide variety of drivers, brokers (mehtas,
seths), parking officials, transport agency personnel, among others. For example, the
drivers whom the researcher met at the truck yards in Mumbai hailed from all across
India and they took consignments all across the country as long as they saw profit in it.
These included far-flung areas such as the southernmost state of India- Kerala, and the
northernmost tip of the country- the union territory of Jammu & Kashmir. They cover
almost all regions in India except for the extreme North East.

4.3 Duration and Process

The entire fieldwork lasted for around two months and was conducted from Jan-Mar,
2020. Semi-structured interviews and observations were used as a primarymeans of data
collection. The first two weeks were spent observing and having informal discussions
with the participants to understand the whole ecosystem of the trucking industry in
Mumbai. Once there was a clear picture of the trucking industry as a whole, a more
detailed set of interviews were conducted for the remaining period.
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The time frame for interviews varied from a few minutes to one hour depending
on the interviewee’s availability. There were days in which the researcher interviewed
just a single person and there were days where he could interview 6–7 people. Finally,
there were also days that were spent completely on observing the activities instead of
interviewing. With the permission of the interviewees, some discussions were recorded
in audio format. This proved to be fruitful especially during casual group chats with
drivers, where it was impossible to take mental note of everything and write it down
later. When it seemed possible, drivers were probed to reveal their little secrets. The
insights derived from the participants were gleaned using categorization and coding.
Codes were developed bottom-up from the notes and interviews. The key idea in ethno-
graphic research is to start from individual instances and, based on the data, inductively
provide generic themes and insights for this sector. Based on this analysis, the major
generic themes are developed in Sect. 5 as results.

The entire fieldwork was conducted by one field researcher. This ensured that a more
reliable and clear engagementwith primary sources. These insightswere interpretedwith
the help of two mentors and another researcher (also authors in this chapter) who have
been working in this sector, as well as, supplemented by secondary literature currently
present about this sector.

4.4 Engagement

“I used to casually talk to the drivers and a major breakthrough happened one
day when a driver actually invited me to join in for a tea break along with other
drivers. That chat session lasted for an hour and from the conversations between
the people, I understood a great deal about their view of the world/system and
the problems they face. On another such occasion, I happened to be with a group
of drivers who were getting the papers cleared by a mehta for a trip. That day, I
understood the social hierarchy and the limited control/information drivers have
about their consignments.”

— Field researcher, Reflections on fieldwork.

A primary challenge during the study was that people were not ready to open up
to discuss the details once they heard that this was a “formal research study”. A major
challenge with conducting research in this sector is that, in general, a number of par-
ticipants do not wish to be recorded (audio and visual) or even give their signatures on
consent forms. They provided verbal consent and provided their insights in length but
were unwilling to sign forms. As a result, the major focus was on taking down notes
which was then used for data analysis to highlight general themes depicted as results in
Sect. 5.

Further, a significant reason for this was the language barrier and distrust of any
outsider who does not provide any monetary value. Most people would say that they
are not at all interested to talk after being given a brief introduction about the research.
However, after an initial fallow period, contacts were made and this made the detailed
set of interviews possible. Once a general sense of the trucking sector was obtained,
the interviews were structured and as the study progressed, questions were more in the
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form of probes to get more ideas about specific aspects. This method was continued
throughout the remaining period of the study and slowly a unified picture emerged.

5 Results: Trucking as Sociotechnical Processes

The sector deals with literally anything that can be moved— food, machinery, hardware,
or any other miscellaneous items. Truckers traveling within a particular state tend to
carry vegetables, perishables, or other similar FMCGs. Long haul trucks ferry a range
from raw materials and machinery to organic materials, which perish within 2–3 days.
There are a few trucks with cold storage and they carry goods like ice-creams and other
beverages. Based on the delivery priority, goods can be classified into:

1. Express delivery (to be delivered within 2–3 days)
2. Normal delivery (delivered within 1–1.5 weeks; timeline varies when heavy

machinery or fragile equipment are involved, as driving speed is lower in such cases)

The kind of clients the sector encounters range from someone who wants to send
two boxes to companies that ship multiple truck loads. Similarly, on the truck ownership
side, there is a lot of diversity with a lot of small players involved. Hence, there is a need
for an intermediary whom the parties on both sides can rely on for continued business.
This role is taken up by ‘transport agencies’ through which all flow of goods take place.
Only in 2–3% cases do clients directly deal with a truck owner [14].

5.1 Transport Agencies and the Functioning of the Sector

Transport Agencies. Transport agencies in this sector are quite diverse. They can be
broadly classified into:

1. Corporate entities: They have their own truck fleets that can be as large as 5000
trucks, their own warehouses and full-time drivers with fixed salaries.

2. Medium-sized transport agencies: They do not have their own trucks and are depen-
dent on a network of middlemen/brokers to find trucks for the consignments. Some
of them do have their own warehouses/storage areas.

3. Tea-stall sized transport agencies: They own neither a truck nor a warehouse and
due to the low volumes, deal directly with the drivers of the trucks.

While the corporate players offer end-to-end services, they form a small portion of
the market share with only 10% of all trucks belonging to players owning more than 20
trucks [15, 16]. As a result, it is the domain of the smaller players that has gained our
attention.

Functioning of the Sector. In a typical scenario, a client calls up a transport agency
and gives them the details of the consignment that needs to be shipped. The goods are
collected and stored at the warehouse/office of the transport company. In the meantime,
one can find a lot of trucks at the truck yard that have registered themselves as ‘available
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for a trip’ with the transport company and are waiting for a consignment. Once the
consignment is assigned to one of these trucks, they pick up the goods and leave for
the destination. In case a transport agency does not have storage space, the goods are
directly picked up from the client’s godown (warehouse).

In the event of the drivers not getting a consignment that is not a full load, they try
to take multiple consignments on a single trip. The field researcher, for example, met
drivers from Kerala who were willing to wait 2–3 days to get one more consignment if a
single consignment does not fill up the cargo space. After delivering the goods, the truck
usually returns empty as they would not be able to find a return trip immediately (also
see [14] for a similar point). Moreover, the drivers of these trucks are usually paid based
on the income generated by the truck; hence, the faster a driver can return home and get
registered with a transport agency for the next trip, the more money he makes. It is also
possible that a single truck can be registered at more than one transport agency. For the
time during which the truck is at the yard waiting for a consignment, which might take
days together, a ‘parking fee’ is levied on a per-day basis. Hence, in many ways, time is
directly linked to money in the everyday functioning of this sector.

5.2 Stakeholders and the Social Hierarchy

Truck Owners. Among the trucks at the yard, one can find the following variety in
ownership:

1. Trucks of corporate logistics companies
2. Owned by maliks (owners having small fleets of 10–50 trucks)
3. Partnerships between maliks and individuals
4. Owner-cum-driver

While large companies that have their fleet of trucks often involve an impersonal
system of management, smaller owners like the Maliks generally tend to be someone
related to the trucking industry in some form like an ex-driver, a mechanic, a broker, a
business personwho regularly needs a truck to transport things or someone for whom it is
their family business. Over 70% of owners have been associated with the sector for more
than 10 years [2, p. 11]. There also exists a class of drivers who own their own trucks
and make up for 6% of total truck ownership [2, p. 3]. These drivers are aware of the
technicalities of the sector, the truck and its components, but might not be comfortable
with abstract technical terms. Although the truck owners have greater power compared
to drivers, they do not interfere much in the administrative or monitoring activities of the
sector and leave it to the driver to take care of the day-to-day activities. The truck owners’
level of education can vary from primary school to sometimes even a university degree,
though the average stands around a secondary or higher secondary school education
(Fig. 1).
Mehta (broker 1).Mehtas are clerks who are responsible for clearing all the paperwork
for a consignment which includes road permission, luggage insurance, and other docu-
ments like bills. All these documents (insurance included) have been made mandatory
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Fig. 1. Truck owner categories

by the government and the goods can even be seized by law enforcement for not car-
rying them. Usually, Mehtas are freelancers and may work for more than one transport
agency. They are the ones who are in direct contact with the client and are responsible
for connecting the consignment with a truck.

Seth (broker 2). Seths are middlemen between the mehtas and the drivers. They are
usually veteran drivers who have extensive contacts with the drivers visiting the yard.
The mehta, who is more towards the client side of things might not have the proper
contacts with the drivers. Therefore, seths take over the responsibility of acting as a
liaison. In most cases, a new driver who comes to the truck yard has to get in touch with
the local seth to get introduced to mehtas for getting a consignment.

Drivers. Drivers are hired based on recommendations from acquaintances or other
drivers and drive the same truck. They stay with the truck even when the truck is waiting
at the truck yard. When on a trip, they tend to drive for long periods continuously, eating
at roadside eateries and sleeping either inside or under their trucks.

They are given a certain amount of money for the trip from which they can draw for
fuel, food, tolls, among other miscellaneous expenses [2]. They are required to maintain
a logbook to keep track of expenses during the trip that will serve as documentation and
be verified by the mehta as to what was done with the money that was given for the
trip. While drivers working with corporate fleets who have fixed salaries earn between
12,000 to 17,000 INR (IndianRupees), their counterparts driving individual truckswhose
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salaries are based on the economic functioning of the truck (often called “truck running”
(sic)) in the sector, make about 7,000 to 10,000 INR a month.

Due to the spending long periods away from home, harsh working conditions, and
lower social status, there are not many newcomers into the profession which has led to
a shortage of drivers across the country. The government, in an attempt to tackle this
issue, has lowered the educational requirement to get a driving license from Class 10
(high school) to Class 8 (middle school), which gives an insight into the low levels of
educational qualifications of the drivers.

“overall 37.1% of truck drivers were educated up to primary level (until Class 5th),
44% were educated up to high school level (until Class 10th) while 8.8% were
illiterate.” [2, p. 9].

Khalassi (Helpers/Cleaners). Khalassis are assistants of drivers who are mostly
youngsters. Their role is to help the driver with reversing, taking sharp turns, clean-
ing the windshield, and other supportive tasks. In many cases, these khalassis work as
apprentice to the drivers and learn to drive and become future drivers. The shortage of
drivers has also led to the role of helper becoming almost non-existent in recent times.
The drivers also prefer it that way as they get some extra money for running without a
helper.

5.3 Everyday Challenges in Trucking

Flow of Information and Money. Sincemehtas are the peoplewhodealwith the client,
as they are the ones who receive money for the shipment. After taking a cut from it, they
hand it over to the seths who in turn take a cut for themselves before finally handing
over the payment to the driver. This leads to an interesting scenario wherein at each level
the person does not know how much money was actually received by the person at the
higher level.

User interview1: “After deducting the logistics company’s profit, the driverswould
be eligible to get a sum of say 12000 per trip. The instruction first goes to Seth and
Mehta. They could take 2000 each and tell us that the final amount is 8000. These
kinds of cheatings happen all around the place. But nobody will know whether it
has happened”

— Gopal (name changed), co-driver of a truck running within Mumbai suburban.

When the company is ready for a consignment, the intermediary mehtas and seths
do not notify the driver about the financial side of things. A consignment might be worth
11000 rupees. But the seths and mehtas can easily grab a fair amount from this amount
and tell the driver that the consignment’s value is 8000 rupees. The important issue is
that the drivers will never know if they are being cheated like this albeit being aware
of such practices. In addition, bribery remains rampant in the sector and does not go in
any official records. Drivers ultimately pay the bribe as there is no other way to escape
from this. As this amount is unaccounted, drivers find it really difficult to convince the
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Seths about incidents as there is no proof. Seths argue that drivers could easily lie about
an incident and snatch the amount. Further, seths claim that drivers steal goods and fuel
and sell them to make extra cash. Nobody trusts anyone and that seems to be the core
issue in the industry. Only a solution that ensures transparent data flow can solve this
trust issue (Fig. 2).

Fig. 2. Stakeholders and their challenges

Overloading of Trucks. In a reciprocal manner,mehtasmay collaborate with the client
to overload a truck with more weight than what is mentioned on the bill. Trucks are not
usually equipped with a gauge to measure the weight of cargo on the bed and thus drivers
would not know whether the truck is overloaded or not. For example, a consignment
might say that it is 15 tonnes on paper. But the company/mehtas can take advantage
of drivers and load the truck up to 15.5–16 tonnes. This will effectively affect fuel
consumption and drivers end up paying for the extra fuel. Most of the time drivers
ignore this extra amount as it may not exceed INR 500 per trip; however, considering
the fact that the company/ warehouse might be involved with a large number of trucks
makes one imagine the economic benefit that is gained. TheNational HighwayAuthority
of India (NHAI) is in the process of installing technology such as electronic weighing
machines at various toll stations to curb thismalpractice. However, this issue still persists
for trucks that do not take a route with such a toll booth (Fig. 3).
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Fig. 3. A truck driver getting his papers cleared from Ashish Bhai. Ashish Bhai (yellow shirt,
name changed), a mehta working for a transport company clearing the truck journal and passes
for a truck. The driver was patiently waiting beside him and he was convincing Ashish Bhai that
he lost some amount due to bribery. However, Ashish Bhai claims that the driver is to be blamed.
Ashish Bhai works for 5 companies and he earns 5000INR per day. In a day, he clears a minimum
of 3 trucks.”

Consignment Allocation and Lack of Centralized Information. The idea of a pre-
ferred consignment can be of two types – destination and the good carried. A destination
preference might be due to the driver being from a particular part of the country and
a trip to that part meaning that they will get to visit their family members. In terms
of preference of good carried, some drivers might not be willing to take glass or other
fragile items in small quantities as it does not allow them to load their truck with an
additional consignment due to the nature of the good involved.

After having registered with a transport agency and waiting at the yard, the driver
may face a possible challenge. For example, it is possible that some other transport
company might have a more favorable consignment that is not in the driver’s awareness.
While it is possible that one truck can be registered at more than one agency, with the
plethora of agencies present, it is simply impossible to have visibility into all of them
resulting in a lapse of smooth functioning of the sector.

Further, it is possible that a driver could get a preferred consignment from another
companybut as he is not registeredwith them, hewill not knowabout such a consignment;
this challenge of communication is quite rampant in this sector. These situations result
in financial loss in such a business where time is of utmost importance. This is an issue
faced by drivers who own their own trucks. Such private trucks would be registered with
only one or two transport companies and most of the time they would wait for 5–7 days
for a consignment. Some of the drivers had waited for more than 10 days (Fig. 4).
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Fig. 4. Truck consignment problem

Further, when registered with a transport agency, drivers have no information on how
many people have registered before or after them. This has given rise to practices like
mehtas and seths favoring their more acquainted drivers by giving them consignments
ahead of the queue. It is also due to this lack of accessible information and lack of
coordination among the transport agencies that the freight rates haven’t been able to keep
in touch with the level of increase in trip expenses to the point that they are artificial and
not a true reflection of a free-market [17, 18]. This is because, currently, if an agency
quotes higher prices, they will have difficulties in finding clients and hence the status
quo remains unchallenged. These artificially low prices are often manifested in the form
of lower income for those at the lower levels of the hierarchy or in the poor condition of
the trucks.

“truck operators, whether large or small, are “price takers” in the industry. Due to
tough competition and fragmentation, truck owners cannot dictate freight rates”
[14, p. 12].

5.4 Challenges on the Road – Burglary and Natural Calamities

There are occasions when trucks are robbed when the area they have parked is not safe
enough. There are also incidentswhere running truckswere looted by armedmercenaries
and because of the advantage in numbers, they could easily get away. Drivers pray for
their own lives, as they keep on driving the truck being looted. Drivers report having
faced random burglary in remote and isolated roads. This usually happens in ghats (hill
valleys), for example, in the Indian state of Madhya Pradesh and truckers are often
advised to pass through such regions as a fleet of trucks. One of the drivers described a
burglary that he faced. All he could do at that time was to keep on driving while thugs
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were stealing goods from a running truck. He was accompanied by his co-driver but they
were heavily outnumbered by the thugs.

Alongwith burglary, natural calamities also wreak havoc on trucking routes, truckers
had been stuck for 2–3 days on roads due to landslides which usually happen in the ghats
of Southern India as well as mountainous regions of northern India. Drivers would be
unaware of these natural calamities and without taking a bypass route they will head on
to the affected region and get trapped.

6 Discussion: Avenues for Sociotechnical Digital Transformation
in the Trucking Sector and Key Insights

The past sections highlighted some basic challenges in terms of lack of transparency,
power hierarchy, and flow of information. In this section, we present avenues of how
digitalization can ameliorate some basic challenges in this sector.

Business Generation. While the current system of registering with transport agencies
has to livewith the limitations of the reach of the agency, new-age services likeBlackBuck
(an uber-like platform for inter-city trucking), through digitization, are trying to expand
the pool within which one can look for trucks and also making it possible to find loads
for return trips as well. With this model where all demand is aggregated together, it is
also possible to merge smaller consignments and present them as a single consignment
to the trucker, eliminating the waiting time to achieve a full load. Apart from making it
easier to find orders, such services also facilitate a dynamic pricing model based on the
market [19]. This can help solve the issue of artificially low freight charges that are a
byproduct of the decentralized brokerage system where the owners do not have much of
a choice in negotiating prices. In addition, they facilitate the acquisition of payment or
insurance digitally.
Key Insight 1. In the future of the digitalization, artificial low freight rates can be com-
batted effectively through transparent technology. This avenue requires a conjoined
understanding (“joint optimization”) of socio-dynamics of business and technology.

Driver Well-Being. To help drivers from spending long periods away from home, tech
startup Rivigo has introduced the concept of driver relay that creates a network of ‘pit
stops’ across the country where drivers can be switched to ensure that they do not
spend more than 5–6 h straight behind the wheel and can return home within 24 h [20].
This would also increase the attractiveness of the profession of driving. While this is
primarily focused towards larger fleets, the pit stops thus created can serve as proper rest
or refreshment spots for drivers where they can even sleep properly when the truck is
parked safely without fear of burglary. The rise of digital payments can not only facilitate
getting insurance or receiving payment digitally, it can also ensure that the people in
the lower levels of the hierarchy get their fair share by eliminating the multiple levels
payment has to pass through currently.
Key Insight 2. The future of digitalization can only be ensured in the trucking sector,
if the social capital of the trucking sector is enhanced. This includes improvement in
well-being by creation of infrastructure which specifically focuses on work-rest services
that is linked to digital economics.
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Fleet Management. The arrival of GPS & smartphone-based tracking solutions has
brought in a lot of visibility to make it possible for the owner as well as the end customer
in terms of whether the shipment is on course for timely delivery. It also helps the owner
keep a check on over speeding, unwanted stoppage, or deviation from the designated
route. Further extending the use of GPS tracking, it would be possible to observewhether
drivers are driving long hours at a stretch. If this data is made public, it can help law
enforcement enforce regulations in this regard if necessary. Fuel cards (a kind of debit
card for fueling alone) that have been introduced some years ago are becoming more
commonplace and provide a fool-proofway to keep track of fuel expenses,which account
for up to 25–30% of total trip expenses [21], as compared to manual logging.

It is even possible today tomonitor for fuel theft by systems that continuouslymonitor
fuel levels and check for anomalies on their own. Currently, firms like Locus, FarEye are
working on generating optimized routes based on real-time traffic data that can ensure
faster pass-through in times of traffic congestion, road construction, and even accidents
or calamities, thereby saving time and fuel. Further, with the help of IoT sensors, it
would be possible to ensure the quality and quantity of shipment intact. For example,
a temperature sensor could monitor perishables, make auto-corrections [22] and trigger
an alert when not possible. A weight sensor can ensure that it is brought to the notice of
the driver and other stakeholders when contents are disturbed or removed, at unexpected
times Another possible area of intervention that can go along with route optimization is
optimizing where and how much fuel is to be filled along the route as fuel prices can
vary across states.
Key Insight 3. Transparency can be introduced in the system by digital services and
monitoring of key parameters involved in the functioning of the trucks as well as fleets.
In terms of the sociotechnical basis of driving, these include large-scale changes at
regulatory levels of the trucking sector, considered as a sociotechnical system.

Infrastructure. In recent times, the introduction of digital services at the policy level
such as Fastag (RFID based on-the-move toll transactions) and e-way bill (an electronic
bill that can be directly verified online by police at check posts) have facilitated hav-
ing lower stoppages before the trucks reach the destination [23]. This also reduces the
avenues for harassment or bribery. The boom in e-commerce has already created an
increased demand for trucking and warehousing. With large growth being predicted in
the ready-to-cook, ready-to-eat space, the demand for cold storages and trucks capable
of transporting them is predicted to increase aswell. At present, the amount of fresh fruits
and vegetables shipped via cold storage trucks is a meagre 4% as compared to 80–85%
in the USA [21]. This presents a new space for the average owner who currently deals
with only the ‘normal’ trucks.
Key Insight 4. The current changes in digitalization in India will bring about further
changes in terms of purchasing power of technology for the small-scale truck owner,
who currently focus on “normal” trucks. With the growth of digitalization newer form of
technology-enhanced trucks will be available at the grasp of the truck-owner. In the long-
run, this provides an understanding of adoption and diffusion of advanced technology
in the trucking sector.
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7 Conclusion

In this chapter, we have tried to understand the trucking sector in India as a sociotech-
nical system, by first addressing the current state with a bottom-up viewpoint. This was
achieved through an ethnographic study that highlighted challenges related to the flow of
information, lack of transparency, along with the social hierarchical setup of the sector.
Based on these insights, we presented current and future avenues for digitalization in
this sector.
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Abstract. The recent infusion of digital platforms into different aspects of inno-
vation and entrepreneurship has supported digital entrepreneurship; however, the
altered entrepreneurial processes are yet to be explored. This chapter aims to
explore the role of digital platforms as external enablers in the entrepreneurial
processes. It focuses on digital platform-based startups of Pakistan and draws on
entrepreneurial bricolage theory to understand the enabling external resources.
The authors followed multiple qualitative case study approach and collected data
through semi-structured interviews from six startups operating solely on digital
platforms, 1) XYLEXA, 2) Toycycle, 3) PaakHealth, 4) DadaJee.com, 5) Qur-
bani App and 6) PriceOye. The findings show that entrepreneurial process is a
continuous process. Digital platforms have made entrepreneurial processes less
bounded i.e., the products and services keep on evolving even after they have
been endorsed to the end user. Moreover, platform-based startups having lim-
ited resources can pass through the entire entrepreneurial process by combining
available resources efficiently and effectively. Entrepreneurial bricolage helps as
a catalyst in successfully developing and exploiting the opportunity with existing
resources.

Keywords: Digital platforms · Entrepreneurial processes · Digital
entrepreneurship · Entrepreneurial bricolage theory · External enablers

1 Introduction

The entrepreneurial literature has considerably paid attention to the entrepreneurial pro-
cesses, the discovery and exploitationof entrepreneurial opportunities and the role of con-
cerned individuals (Shane and Venkataraman 2000; Srinivasan and Venkatraman 2018).
A key emphasis has been on understanding the nature and sources of uncertainty that
underlie entrepreneurial pursuits and the ways by which entrepreneurial actions unfold
during such uncertainty (McKelvie et al. 2011; Nambisan 2016). However, the recent
infusion of digital platforms into different facets of innovation and entrepreneurship has
transformed the nature of uncertainty inherent in the entrepreneurial processes and the
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ways of dealing with such uncertainty (McKelvie et al. 2011; Srinivisan and Venkatara-
man 2018). It attracts the scholars ‘attention towards an emerging research direction
at the intersection of digital platforms and entrepreneurship i.e., digital entrepreneur-
ship, which considers digital platforms and their distinctive features in influencing
entrepreneurial pursuits. The digital platforms are enabling numerous entrepreneurial
opportunities that are breeding a new generation of startups (Du et al. 2017). Digi-
tal platforms have not only shaped the entrepreneurial processes (opportunity gener-
ation, opportunity development and opportunity exploitation) but have also brought
changes in innovation, competences, control, financing, institutions and ecosystems.
Digital entrepreneurship includes transforming existing businesses or new ventures with
the help of digital technologies which then serve as a catalyst for social and economic
development. It is viewed as a vital pillar for development in the digital economy (Shen
et al. 2015).

Businesses operating on digital platforms are quite different from the traditional
businesses in terms of building trust, governance, resources and entrepreneurial pro-
cesses. The study explores this through the theoretical lens of entrepreneurial bricolage
which explains how entrepreneurship can be done through minimal resources (Baker
and Nelson 2005; Garud et al. 2003; Phillips and Tracey 2007; William et al. 2011;
Guo et al. 2015; Steininger 2019). Entrepreneurial bricolage can be a feasible path for
platform-based startups or SMEs, having limited resources, to help in facilitation of
entrepreneurial processes.

Even though, a considerable number of entrepreneurs and businesses are using dig-
ital platforms to tap the opportunities, research is still at nascent stage (Gregoire and
Shepherd 2012; Shen et al. 2015). This knowledge gap in understanding the novel usage
of digital platforms by entrepreneurs has been highlighted in several review articles (Kiss
et al. 2012; Mainela et al. 2014; Shepherd et al. 2015; Shen et al. 2015). von Briel et al.
(2018) also emphasized that the role of digital platforms in shaping the entrepreneurial
opportunities, decisions, actions and processes has largely been neglected in the exist-
ing literature. Furthermore, the scholars have acknowledged the need to bring more
discipline-specific theories into the interdisciplinary research stream of Information
Systems and Entrepreneurship (Steininger 2019). Thus, the authors’ choice of theory of
entrepreneurial bricolage to sensitize this research can enable the next stage of investi-
gations on the topic. Since many digital platform-based startups have started operating
in Pakistan and various SMEs are also shifting their businesses on platforms, the authors
found an interesting context to understand the characteristics of digital platforms and
how they play a crucial role in shaping the entrepreneurial processes.

1.1 Purpose and Objectives

The research explores the role of digital platforms as facilitators of various resources for
startups in the entire process of entrepreneurship. It also highlights the resource chal-
lenges that platform-based startups face in the execution and implementation of business
ideas. As consequence, potential implications of this research for startups operating on
digital platforms are discussed. The research focuses on the following research question:



132 H. Nassar and F. Malik

‘How do digital platforms act as external enablers in the entrepreneurial pro-
cesses?’

To find answers to this, the authors have conducted multiple qualitative case studies.
The authors selected six platform-based startups incubating in the National Science
and Technology Park (NSTP) Islamabad, Pakistan: 1) Toycycle, 2) XYLEXA, 3) Paak
Health, 4) PriceOye, 5) Qurbani App and 6) DadaJee.com.

2 Literature Review

2.1 Digital Platforms

Digital platforms provide an infrastructure to users (producers and consumers) to carry
out a wide range of activities, thus resulting in the formation of entire ecosystems for
creation and capturing of value (Kenney and Zysman 2015). They are a distinct type
of information technology artefact with distinct properties and are characterized as a
sociotechnical grouping which includes the technical elements of software and hardware
as well as the organizational processes and principles (Koskinen et al. 2021; De Reuver
et al. 2018). They are a shared and common set of services and architecture that pro-
vides help in hosting complementary offerings. For instance, iOS platform of Apple and
Android platform of Google allow apps to run on their respective smartphones (Nam-
bisan 2016). The success of digital platforms is based on the ecosystem in which the
platform is embedded. The digital platforms share three basic features: 1) technologi-
cally mediated, 2) enabling interaction between user groups, and 3) allowing user groups
to perform tasks (Koskinen et al. 2021; Cusumano et al. 2019; de Reuver et al. 2018).

Digital platforms help new startups to expand their specialization while offsetting
their production, marketing, and distribution abilities (Nambisan 2016). They can serve
to be infrastructure, marketplace and ecosystems at the same time i.e., Facebook and
Google are digital platforms which provide social media interaction and search but at
the same time, they also serve to be the platforms on which other platforms can be built.
Amazon, e-Bay and Etsy are some of the platforms that are existing as marketplace.
These diverse digital platforms are contributing to reorganizing of markets and value
generation (Kenney and Zysman 2015). They have flourished as engines of innovation
for other firms to build complementary products and services in the ecosystems like
PCs, video games, smartphones and newer webs orchestrated by Facebook, YouTube,
Twitter etc. Thus, success of such digital platforms is also dependent on important roles
of complementary innovators (Boudreau and Lakhani 2009; Srinivasan and Venkatra-
man 2018). Digital platforms can be made customizable, which are shared by many
companies within same or different industry and can also take the form of business com-
munity platforms, which are personalized for usage by all the members of a particular
business community (Markus and Loebbecke 2013).

Modular systems have led to the development of platform architectures that partition
the industry ecosystem into a stable platformand a complementary set ofmodules that are
encouraged to diverge and grow (Tiwana et al. 2010; Srinivasan and Venkatraman 2018).
Increasedmodularity of digital systems has released an extensivewave of entrepreneurial
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firms that innovate and launch modules (of compatible applications) to align with spe-
cific platform architectures. In digital platform settings, there is a strong interdependence
between entrepreneurial firms that launch specific modules and platform firms for whom
the modules are launched. Platform firms spend substantial resources to attract third-
party developers to their platforms. In order to get greater support from third-party
complementors, platform firms attempt to attract a significant number of users to their
platforms and, in the process, build a higher installed base which creates enticements for
entrepreneurs to introduce more complementary modules (Armstrong 2006; Evans and
Schmalensee 2008; Srinivasan and Venkatraman 2018). Digital platforms having large
user base is more valued by entrepreneurs as they offer the biggest potential market for
their complementary products (Venkatraman and Lee 2004; Srinivasan and Venkatra-
man 2018). They create indirect network effects (Cennamo and Santalo 2013; McIntyre
and Srinivasan 2017; Srinivasan and Venkatraman 2018) which is a foundation of com-
petition in digital platform settings. An entrepreneur’s choice to support the platform
is greatly influenced by the network effects for the platform. The presence of network
effects and installed base advantages are vital elements of success in platform industries
and often lead to the introduction of new platforms and new competitors (Venkatraman
and Lee 2004; Srinivasan and Venkatraman 2018).

Digital platforms have added various new functionalities which has changed the
overall environment, thus increasing competition and reforming the traditional organiza-
tional strategies and processes (Shen et al. 2015). Since there is rapid pace of technology
transformation in digital platforms and intense rivalry, the ability to distinguish one’s
offerings and rapid adaptation to technological change becomes necessary for success
and survival (Srinivasan and Venkatraman 2018). This has led to new ways of communi-
cating and collaborating with stakeholders, orchestrating resources and designing goods
and services (Markus and Loebecke 2013; Shen et al. 2015). They have restructured var-
ious parts of the global economy by altering organizational processes, resetting barriers
to entry, introducing more open communication and new ways of creating and capturing
value (Kenney and Zysman 2015). Resultantly, the entrepreneurial processes have been
reshaped.

2.2 Entrepreneurial Processes

The entrepreneurship process is an activity which processes the opportunities. It goes
through the process of opportunity generation (creation and discovery), opportunity
development and opportunity exploitation by attaining, assembling and deploying
resources with the objective to transform an opportunity into a viable venture and thus,
achieve success [see Fig. 1]. So, it becomes important to understand the nature of oppor-
tunities and how they enter and move up the entire entrepreneurial process in order
to achieve success. There have been recent arguments in literature by theorists for the
significance of opportunity as an explanatory concept (Shane 2000; Jeff et al. 2011).

Entrepreneurial opportunities are situations in which new products, services and
markets are introduced through new means and ends (Shane 2000; Jeff et al. 2011).
As depicted in Fig. 2, Shane (2000) has argued that the entrepreneurial process begins
with entrepreneurial opportunities which are discovered by an entrepreneur on the basis
of prior knowledge acquired through education, work experiences and personal events,
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Fig. 1. The entrepreneurial process (Jeff et al. 2011)

rather than through active search. Prior knowledge allows an entrepreneur to use tech-
nology in different markets, serve them in different ways and cater to different problems
by providing solutions. It also helps in exploitation of opportunity by selecting markets
and catering to customer needs and concerns.

However, some scholars are of the view that opportunities exist prior to the
entrepreneurial process, while some argue that opportunities are recognized or discov-
ered by entrepreneurs to start the process of entrepreneurship. When an entrepreneur
displays behaviors like recognizing, scanning, searching, discovering or constructing,
it leads to the emergence of opportunity generation. The entrepreneurial process moves
from opportunity generation to opportunity development when a decision is made by
the entrepreneur to commit time and effort to the opportunity so that it can be turned
into a viable venture. The development stage includes engaging entrepreneurs in inter-
nal search of their web of ‘knowledge corridors’ for information that is applicable to
that particular opportunity as well as scanning surrounding environment for available
resources which can provide aid in the exploitation of the opportunity. Entrepreneurs
require a catalyst for easy facilitation in their progression from opportunity generation to
opportunity development. This role of catalyst can be best served by bricolage as it allows
applying prior knowledge and orchestrating available resources which can greatly shape
the development of an opportunity and help an entrepreneur to progress. As the devel-
opment stage progresses, bricolage helps in strategy formation and allows entrepreneurs
to see novel resources which can be combined and applied immediately to a particular
situation on hand and move the venture to the exploitation phase. Having prior knowl-
edge of markets and customer needs and problems is crucial for the exploitation stage.
Inventories of existing resources is another important link between the development and
exploitation stage as it provides an entrepreneur with tangible means to prepare their
developed opportunities for exploitation (Jeff et al. 2011).

Previous studies on innovation and entrepreneurship as well as the present theo-
ries on product life cycle, architectural innovation and product development process
have assumed constant and discrete boundaries for ideas relating to new product or ser-
vice that underlie an entrepreneurial opportunity (Davidsson 2015; Short et al. 2010;
Nambisan 2016). However, infusion of digital technologies has made these boundaries
more permeable as the scope, attributes and value of product or service keep evolving
even after the idea has been endorsed. For instance, Tesla has introduced various new
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Fig. 2. Shane’s (2000) conceptual model of entrepreneurial process

functions and features in its cars even after they have been endorsed to the market,
simply by modifying digital artifacts or components. With digital technologies and plat-
forms, entrepreneurial processes have also become less bounded mainly in terms of their
temporal arrangement as they allow product ideas and business models to be formed,
endorsed, amended and restructured rapidly e.g., 3D printing (Ries 2011; Nambisan
2016). The scalability of digital platforms (e.g., cloud computing and mobile network-
ing) i.e., the capability to promptly increase performance at low cost and with ease,
also causes variations in entrepreneurial activities. For instance, Airbnb started with
its initial focus on meetings and events for which hotel space was required. Later, it
catered to the demand for affordable accommodation which the hotels were unable to
meet thus, rapidly scaling up its services enabled by cloud computing services. Thus,
digital technologies enable a greater level of fluidity and variability into entrepreneurial
processes. These changes in entrepreneurial processes enabled by digital platforms lead
to change in behaviors and actions of entrepreneurs in the digital arena. Digitalization
of entrepreneurial processes has also helped in breaking down the boundaries between
various phases along with bringing greater levels of unpredictability and nonlinearity
into how they fold (Nambisan 2016).

With traditional models and frameworks on entrepreneurship assuming fixed and
stable boundaries for an entrepreneurial opportunity, a more evolving stream in
entrepreneurship research presents alternate views regarding opportunity creation and
enactment that reflects fluid boundaries for entrepreneurial processes. For instance, the
perspective of ‘opportunity creation’ is of the view that opportunities are emergent, and
the entire creation process is evolutionary (Garud 2003; Nambisan 2016). Likewise, the
‘effectuation’ perspective suggests that the entrepreneur continuously re-evaluates all the
available means and shape the offering (Nambisan 2016; Saravsathy and Dew 2005).
These perspectives indicate that there are fluid boundaries with respect to entrepreneurial
processes.

Thus, it is concluded that alternative concepts and theories are necessary for integrat-
ing new ways of evaluation of entrepreneurial success and inform on all those factors
that are linked with progression of entrepreneurial processes. Digital platforms can play
a major role in shaping such liminal entrepreneurial processes (Nambisan 2016).
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2.3 Entrepreneurial Bricolage Theory

The concept of Bricolage was introduced in 1967 as “making do with whatever is at
hand” which remained undeveloped until it was revisited by Baker and Nelson (2005) in
the context of entrepreneurship. They created the “theory of entrepreneurial bricolage”
and introduced it as a type of resource that allows entrepreneurs to endure or even create
robust and growing firms despite scarce resources (Tindiwensi et al. 2020). The theory
of entrepreneurial bricolage originated from the discipline of anthropology (Yu et al.
2018) explaining how entrepreneurs can find their way using intuition and minimal
resources. This theory can help illuminate the dynamic business model development
processes of founders with scarce resources (Baker and Nelson 2005; Steininger 2018).
It is concerned with the application of unique combination of resources at hand to new
problems and opportunities (Baker and Nelson 2005; Yu et al. 2018). In other words,
entrepreneurs can build available resources in an innovative manner into new products
or services rather than merely accepting their current potential (Baker and Nelson 2005;
Yu et al. 2018). The theory involves extensive decision-making and combines thoughts
and actions (Fan et al. 2019). The theory of entrepreneurial bricolage has three important
features. The first feature involves action and active engagement with the problem to
assess whether an effective outcome can be generated from what is available at hand.
The second is combining and orchestrating resources in an innovative manner for new
applications rather than only using them for purposes for which they were originally
intended or used. The third is using available resources rather than looking for new
resources (Yu et al. 2018).

Most of the existing research on entrepreneurial bricolage theory has been done in
the context of SMEswhere resource scarcity is a common issue. SMEs are generally very
resilient, flexible and creative but their limited network and scarce resources pose to be
a great challenge for them. They have many unrecognized and under-utilized resources
(Di Domenico et al. 2010). With the help of this theory, SMEs can discover many
new prospects by taking advantage of these unrecognized and under-utilized resources
and overcoming difficulties in resource acquisition (Phillips and Tracey 2007; Guo et al.
2016;Yuet al. 2018). They can leveragebricolage to transform limitations and constraints
into opportunities, resolve catastrophes and lift boundaries (Hsiao et al. 2014; Hsiao,
Ou and Su 2017; Hsiao, Ou and Wu 2017; Fan et al. 2019). Since SMEs generally
need to make quick decisions, execution to find the right resources and combining
them to solve their prevailing problems is necessary (Baker and Nelson 2005; Hsiao,
Ou and Wu 2017; Fan et al. 2019). Entrepreneurial bricolage combines both resource-
based theory and dynamic capabilities theory to describe the effective arrangement of
resources. Entrepreneurial bricolage theory also complements with the resource-based
view (RBV). RBV is of the view that a firm can achieve competitive advantage if it
possesses resources that are rare, distinctive, and not easily imitated by competitors.
However, it may not be readily applicable in the context of SMEs as it is quite difficult for
startup SMEs to acquire novel strategic resources in open market. Thus, entrepreneurial
bricolage complements RBV by stating that apart from searching for external strategic
resources, SMEs can take benefit from existing under-utilized resources by combining
them in unique ways to achieve competitive advantage (Yu et al. 2018).
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Based on the nature of resources, entrepreneurial bricolage has been classified into
three types: input bricolage, market bricolage and institutional bricolage (Baker andNel-
son 2005; Desa and Basu 2013; Yu et al. 2018). (1) Input bricolage applies combinations
of physical (e.g.,materials) and human (e.g., labor and skillset) resources in an innovative
manner and apply them to new problems and opportunities. Due to the disadvantage of
being new and small, it becomes expensive for SMEs to seek and acquire new and costly
resources from stakeholders. This is where input bricolage allows combining available
resources which can prove to be beneficial for providing supporting infrastructure and
less expensive labor. This also lowers operational, management and marketing costs.
Input bricolage also increases operational efficiency when startups have very limited
financial resources or have to react instantaneously to the demands of their customers. It
helps platform-based startups in recombining available resources, creating unanticipated
products and improving sales performance by broadening the distribution channels, pro-
viding infinite shelf space and targeting new audience (Garud and Karnoe 2003; Yu et al.
2018). It also assists platform-based startups in expanding niche markets and creating
new market demand. (2) Market bricolage transforms existing network of entrepreneurs
(customers, friends, suppliers and competitors) to create new customers from the market
in which rivals operate. Existing networks are resources at hand for entrepreneurs and
successful entrepreneurs are those who fully utilize their existing networks to create new
markets. In platform businesses, many customers begin as or become friends. Suppli-
ers become customers and vice versa. Such shifts and expansion of roles deepens the
understanding of customer needs and receiving feedback from them which allows iter-
ating products at a low cost. Market bricolage enables digital platform-based startups
to broaden their product and service combinations at low cost through economies of
scale as they are often limited with storage capacity and small amount of available funds
which has a negative impact on market expansion. It also helps platform-based startups
in developing trust and committed relationships between business partners. Customers
formed through market bricolage are more likely to try new products and services, thus
leading to repeated purchases (Baker andNelson 2005; Garud andKarnoe 2003; Yu et al.
2018). (3) Institutional bricolage involves working around symbolic principles, rules and
norms to bring about an institutional change. There are three pillars of an institution i.e.,
regulative, normative and cognitive. Institutional bricolage comprises of two stages. The
first is to socially reconstruct the available resources which is possible only by being
unlocked from existing practices of using certain type of resources. The second stage
involves normalizing any institutional deviance in order to set up new institutions. There
is no intention violation of existing policies and rules on behalf of the entrepreneur.
Rather, platform-based startups are an emerging phenomenon so existing standards and
regulations do not prove to be sufficient for them. Institutional bricolage enhances the
acceptability of novel products by forming new institutions, rather than fitting into new
ones (Desa and Basu 2013; Baker et al. 2005; Yu et al. 2018).

3 Research Methodology

The authors adopted a qualitative multiple case study approach to investigate the role
of digital platforms in entrepreneurial processes of platform-based startups in Pakistan
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as it is context-based research (Gustafsson 2017). Considering the early stage of estab-
lishment of the startups, multiple case study approach was more suitable to develop an
in-depth understanding of the phenomena than a single case and to explore the answers
of ‘how’ questions for theory building. The evidence created from a multiple case study
is strong and reliable and similarities and contrasts can bemade.Moreover, this approach
creates a more convincing theory when the suggestions are intensely grounded in several
empirical evidence, thus allowing for a wider exploration of our research question and
theoretical evolution (Saunders et al. 2016).

The authors selected six digital platform-based startups ‘Toycycle’, ‘XYLEXA’,
‘PaakHealth’, ‘Qurbani App’, ‘DadaJee.com’ and ‘PriceOye’ incubating in Pakistan’s
National Science and Technology Park (NSTP). NSTP aims for stimulating innovation-
led economic growth of the country and the region and supporting emerging local startups
and SMEs that are seeking to develop and export diverse technology-based products and
services.

(1) Toycycle is an online platform for buying and selling of preowned items including
baby gear (strollers, highchairs, bouncers and carriers), clothes and toys (games,
puzzles, electronic toys and wooden toys). It provides full-service consignment
where toys and baby gear are picked from the owner’s place, sorted out and sold
on the platform. Once the items are sold, the owner gets paid.

(2) XYLEXA is an online platform for provision of diagnostic services to caregivers
usingAI and imageprocessing techniques. The platform serves as a decision support
system for radiologists by providing medical image diagnosis and disease and is
also involved in R&D for timely diagnosis of cancer.

(3) PaakHealth is an online platform for the provision of services related to setting
up appointments with doctors, hospitals, home delivery of prescribed medicines
ordered through their app and emergency portal for finding blood donors.

(4) Qurbani App is an online marketplace that facilitates the buying and selling of
animals by connecting farmers, mandi (market) owners, traders and vets on a single
platform. Their services include Sadqah, Aqiqa and Ijtimae Qurbani as well as
developing drones for the surveillance of livestock.

(5) DadaJee.com is an online B2B platform for selling a wide range of toys (cars, dolls,
helicopters etc.) in all materials.

(6) PriceOye is an e-commerce platform for price comparison and purchase of elec-
tronics products online. It aims in finding authentic, latest and lowest prices product
by catering to Pakistan’s 210 million consumers with a business model similar to
China’s JD.com.

In order tomaximize the flexibility of this research study, data collection and analysis
occurred simultaneously across 2 phases. The authors also established various mech-
anisms to ensure reliability and validity of our findings [See Table 1]. Phase 1 began
in October 2020 when the manager of NSTP provided support for obtaining access
to digital platform-based startups at NSTP. However, this phase was an introductory
phase focused on creating linkages with the digital startups and finalizing our research
sample. The next phase (phase 2) began in March 2021 in which the interviews with
the startups’ founders were conducted. All the six startups were at the post-incubation
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stage. The authors stopped aiming for more startups after the interviews started to repeat
themselves and failed to unveil more themes.

Table 1. Mechanisms to ensure reliability and validity

Mechanisms to Ensure Reliability Mechanisms to Ensure Validity 
 Ensured statement from one re-

spondent is supported by another 
respondent.   

 Studied Pakistan’s innova�on land-
scape and entrepreneurial ecosys-
tem in order to contextualize the 
findings. 

 Ensured that our study was sup-
ported by both interview data and 
exis�ng literature. 

The primary data was collected through informal chats and semi-structured inter-
views with founders, co-founders and employees of all the startups. Thirteen semi-
structured interviews were conducted from founders (8 interviews – all males), co-
founders (3 interviews – 2 males and 1 female) and employees (2 interviews – both
males) of the startups. Regarding interview procedures, all interviews started with open-
ended questions such as “What does your startup do?” and “How did you come up with
this platform-based idea?” Later, the interviews moved on to those questions that were
very focused and specific to our research question e.g., how they reshaped their prod-
ucts and services once they had been introduced to the end user. For resource enabling
perspective, our interview questions were focused on what technological, financial and
social network resource challenges were encountered and how were they overcome.
The interviews were analyzed in real-time. While the informants were busy answering
the initiated question, the authors jotted down main points of the informant’s response,
interpreted it, identified themes and then redirected questions around those themes.

All interviews were recorded with the permission and transcribed lately. Three inter-
views were in Urdu language had to be translated to English language while some
interviews were completely conducted in English. The transcriptions and translations
were thoroughly gone through several times in order to ensure their validity. The tran-
scriptions were readmultiple times for coding and thematic analysis. During the process,
the authors compared the interview data and prior literature to ensure that the study is
supported by both interview data and existing literature. When a new theme emerged but
data relevant to that theme was insufficient, a follow-up interview took place. This iter-
ation between data collection and follow-up interviews lasted about 4 months, until the
findings reached theoretical saturation, at which point the newly collected data failed to
reveal new or contradictory themes. The concepts of ICT and entrepreneurial bricolage
theory helped in making sense of the data. The themes were finalized after extensive
discussion within the team.
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4 Findings

This section summarizes the research findings in three themes to explain the role of
digital platforms as resource enabler in entrepreneurial processes.

4.1 Input Bricolage: Combining Internal and External Resources

Building a platform-based startup is challenging in Pakistan. The digital landscape of
Pakistan is still in the developing phase which leads to technological and its accep-
tance issues due to inadequate know-how of using technology. Apart from this, startups
also face the issue of resource scarcity due to limited resources in the beginning. But
maximum utilization of available internal and external resources helps them in easy
facilitation throughout the entire entrepreneurial process.

Majority of the respondent startups started with a subjectivist perspective. They
discovered and created opportunity through their personal knowledge rather than through
active search. They completely utilized their internal resources like skills, experience,
education, personal events and knowledge base for market selection and identifying
customers’ problems along with categorizing and evaluating information received from
the environment. This also helped them in identifying the use of technology in different
markets, serving a particular market in different ways and providing solutions to new
and different problems. Improvised resources were orchestrated for novel usage using
just-in-time strategy in order to reduce costs. Only two startups followed an objectivist
perspective by tapping unexplored opportunities and gaps which did not have close
linkage with their knowledge base. So, they had to adapt their knowledge and resources
according to them. As explained by one respondent with a subjectivist perspective:

‘Market research was very critical in the start as we had to get it right to let our
customers buy from us. However, I have been in this industry for about 16 years, so
I am already familiar with the market and I addressing potential customer voices
and concerns’ [R 3, XYLEXA Co-founder].

External resources were also acquired by startups from external stakeholders and
recombined for use. Those external resources included technological and financial
resources. Financial resource constraints were a huge challenge in the beginning for
most of the startups as they had developed viable prototypes but lacked the required
resources to turn it into a tangible product ready for commercialization. The financial
resource challenges were mainly overcome by financial bootstrapping, financial rounds
and funding received from accelerator programs. These accelerator programs were will-
ing to provide funding for new and ‘out of the box’ ideas in the country and since platform
concept is an emerging phenomenon in developing countries like Pakistan, these startups
were easily provided with adequate funding.

‘We started with bootstrapping in the beginning. Now since we are growing, we
have shifted our focus on financial rounds’ [R 6, Qurbani App Founder].

Another respondent also articulated this: ‘We raised two pre-seed rounds for this
financial challenge. As a result, nowwe are close to our break-even’ [R 4, Toycycle
Founder].



Role of Digital Platforms in Entrepreneurial Processes 141

Technological resource challenge was another big issue in the development of the
platform. Hiring appropriate developers and passing through the procedure of domain
registration was not an easy task. Moreover, the target user base of these startups was
not tech savvy, so it was a challenge in providing them with adequate training to operate
the apps. Language barrier was overcome by offering the feature of Urdu language on
the platform.

‘When we started our platform, we faced technological resource issues related to
domain and hosting registration, hiring skilled developers and contacting software
houses for provision of services. After that, we shifted to WhatsApp business
in which our website got blocked as we did not read technological terms and
conditions thoroughly. So, after this experience, we had to start all over again
which increased our cost’ [R 12, DadaJee.com Founder].

All these internal (knowledge base and skills) and external (financial and techno-
logical) resources were a necessity at the opportunity generation stage. While moving
forward towards the development stage, internal search of knowledge corridors and envi-
ronmental scanning was also important. Potential strategic alliances, personal contacts,
partnerships and joint ventures were needed to obtain the required R&D, manufacturing
and marketing capabilities and other related support and to gain quick access to vital
markets in which the startups had little or no experience.

‘We did partnerships with mobile payment and telecommunications companies to
get access to easy payments and with one non-profit organization for distribution
of our products on our platform’ [R 7, Qurbani App Founder].

Another respondent also highlighted this:

‘We did joint ventures to get hosting and technological support’ [R 13, Dada-
Jee.com Co-founder].

Due to their newness and smallness, it was very expensive for startups to seek and
acquire resources from their stakeholders. But with the startups operating on third-party
digital platforms, friends and family resources came in handy to lower the operational
costs by bringing in supportive infrastructure, less expensive labor and flexibility.

‘We brought in consultants who were relevant in areas of Artificial Intelligence
(AI) and Machine Learning to come in and help the team at different stages where
they get stuck. They were expensive resources, but we were able to negotiate a
very good package with them so that they can provide guidance to the team’ [R 2,
XYLEXA Co-founder].

The involvement of family and friends allowed these digital startups to explore
leveraging resources at hand and to increase the probability of creating new market
demand as quality and participation level of social network resource allows emerging
startups to make full use of the resources at hand. However, it was important to retain the
labor and every effort was made in order to retain them. As one respondent mentioned:
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‘In order to retain our employees,weoffered them trading, a goodworking environ-
ment, the interesting product that weweremaking and the cutting-edge technology
that we are using. We took care of our employees and gave them a chance to learn
and grow and not make empty promises to them. We are sitting in the same office,
working on the product and funding. So, they have seen the progress themselves
and they are committed to what we are doing’ [R 1, XYLEXA Founder].

4.2 Market Bricolage: Enhancing Customer Base and Building Trust

Market bricolage served as a catalyst in developing and exploiting opportunities. Func-
tion of the entire business network was changed; non-business relationships were
changed into business relationships and startups created new markets and new cus-
tomers by transforming their existing network of entrepreneurs i.e., customers, friends,
suppliers and competitors. Customers became friends, suppliers became customers and
vice versa.

‘We did partnerships with relevant suppliers and startups to enhance our customer
base’ [R 5, Toycycle Employee].

‘We created a new market by making sure that we have enough customers who
would be our referential customers who helped us grow and expand our system in
Pakistan and globally’ [R2, XYLEXA Co-founder].

Obtaining large user base was a challenge because advancement in digital tech-
nologies in Pakistan is still at an early stage, either because of adequate technological
knowledge or high costs. The startups initially started with referential customers but
when it came to enhancing customer base, the target market was hardly tech savvy. They
did not have much know-how in operating the apps and they were resistant to change.
Trainings had to be provided to them so that they can operate the app. Moreover, it was
ensured that the platform is user friendly and cheap in order to attract more customers.
Word-of-mouth also played a major role in attracting new user base.

‘Not a single hospital in Pakistan is using Computer Aided Diagnosis (CAD)
system. It is not that they do not know about it. It is just that they cannot afford it.
So, we had to make it very comparative in terms of price and entry where they do
not have to invest any dollars in capital investment. There is no expense, and they
only have to pay for what they use. So, we are creating a new market by making
sure that we have enough customers who would be our referential customers and
that will help us grow and expand our system in the hospitals of Pakistan and
globally’ [R 2, XYLEXA Co-founder].

Another respondent also reported:

‘Only 5 to 7% of our user base was educated. So, we had to offer local language on
our platform and make it user-friendly along with providing trainings to operate
app and instilling privacy and sense of security in our customers to retain and
expand our network’ [R 7, Qurbani App Founder].
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Such shifts and expansion of roles to transform the network facilitated in establishing
multiplex ties which deepen the understanding of customer needs and concerns and
allowed the platforms to iterate the products at lower costs. New products were iterated
after receiving feedback from end users. As platforms are virtual and geographically
dispersed, it becomes convenient to receive feedback from customers regarding the
product. Moreover, the network formed via market bricolage further helps iterate the
products at lower cost. Through digital platforms, it was easier to shape the offerings (i.e.,
the products and services) even after they had been introduced to the end users simply
by modifying digital artifacts or components. As customer requirements change with
time, entrepreneurship process becomes ongoing and continuous. This greatly helped in
retaining customers and attracting new ones. One respondent mentioned:

‘We generally go through a product management process. We have built a base
product; we have requirements coming in from customers whether they are related
to user experience or new functionality. We go through a standard release process.
We prioritize them and implement them’ [R 2, XYLEXA Co-founder].

Other respondents also commented:

‘We keep our eyes on whether our old product design is up to date and work-
ing properly, if we can improve our conversion and customer acquisition’ [R 4,
Toycycle Founder].

‘We modify our offerings everyday through continuous improvement. What is not
worthy is shelved’ [R 8, PriceOye Founder].

These emerging digital startups also faced low level of trust and governance issues as
well as less committed relationships between customers and business partners because
reputation and trust building take a lot of time and plays a crucial role at both commercial
and social levels. Particularly in the context of digital startups, it was very important to
establish trust and good reputation among customers as consumer behavior and purchase
decisions were relying greatly on electronic word of mouth. Since the startups had refer-
ential customers in the beginning and friends who were early adopters, this immensely
helped them in obtaining active transaction records of products with many favorable
and positive reviews to their profiles. Moreover, their transformed network formed via
market bricolage also voluntarily purchased new products and services, thus leading to
repeated purchases. Another trust building mechanism included products and services
going through an entire process of trial and error and receiving feedback from customers.
Based on this, startups went from concept to proof of concept and the Minimum Viable
Product (MVP) was released in the market. The needs and concerns of the customers
were received, and those customer feedbacks were incorporated in the beta product.

‘At this stage, it was very important to build trust. Since I had already been in the
industry for 16 years, so our customers were all referral customers. This helped us
in building trust among them comparatively easily’ [R 3, XYLEXA Co-founder].

Another respondent also demonstrated:
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‘We developed trust among users through communication, word of mouth and
mind reading. We also developed an effective helpline and feedback mechanism
which facilitated both sides of our platform. But overall, communication was the
key element in instilling trust among customers’ [R 6, Qurbani App Founder].

4.3 Institutional Bricolage: InstitutionalOrders and Institutional Transformation

Institutional bricolage helped the startups in socially reconstructing the available
resources by deferring from existing practices of using certain types of resources. Since
digital platforms are an emerging phenomenon in Pakistan, existing business standards
and regulationswere not fully sufficient in guiding the startups and supportive institutions
were not strong and efficient.

‘We had our first startup in theUS because the current market and existing business
regulations were not enough in Pakistan. But as the platform concept is growing
locally, more business rules and regulations are available now which are sufficient
for us’ [R 9, PriceOye Founder].

Legitimacy to existing structures and outcomes was more focused on stability. So,
normalization of institutional deviance was necessary for re-purposed resource combi-
nations and deployment practices to bring change and form new institutions. Startups
did not conform to cultural myths and symbols because it promotes the public legitimacy
necessary for organizational startup but deviates them in the development of goals and
actions that may not be their core technical mission. Considering the institutional orders,
the cultural and behavioral values differ with respect to religion, family, the bureaucratic
state, the capitalist market, democracy and community. However, it could not be stated
which norms were more salient than others because the startups were more centered in
one or more of the institutional orders than others.

PriceOye blended the market and corporation. The founders observed that the tra-
ditional e-commerce models like Daraz do not cater to all the gaps in the market. Their
research showed this demographic of Pakistan having the fastest growing middle-class
population who would be very inclined towards an idea of comparing prices of dif-
ferent products and purchasing them at an affordable rate. Their research also showed
the demographics of Pakistan and India are similar, so they went to India and later to
China to learn about their ecosystem and have a knowledge of their markets and corpo-
rations. From there, they implemented this idea which was similar to Indonesian startup
ecosystem. Thus, they transposed and blended practices from the market and corporate
management to create new ways to set e-commerce standards that focused on outcomes
and purchasing decisions of customers.

Similarly, Toycycle also blended the market and corporation. It was observed by
the founder that traditional marketplaces like Daraz and e-Bay do not offer full-service
consignment. Since the houses were very compact in the US and the babies outgrew
from the baby gear very quickly, it was troublesome to store the baby gear in the house.
So, he came up with the idea of full-service consignment where the item was picked
from the houses and sold on the platform. For this, he blended practices from the market
and corporation after observing and studying the US startups which were working on
the same idea.
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DadaJee.com blended family, market and corporation. The founder was working
as a corporate employee in his family’s trading business which focused only on local
markets. In this changing era, he recognized the need to make it digitized in order
to target a wider set of user base. For this, he began with collecting investment and
approaching accelerator programs but could not receive funding from them as they were
only interested in funding ‘out of the box’ idea. So, what he needed was a blend of family
capitalism with market and corporate management.

Qurbani App blended religion, community and corporation. With the past corporate
experience andpractices, the founder focusedon executing the ideawhichwas committed
to community values and ideology and sources of legitimacy of importance of faith in
the society.

PaakHealth segregated family and blended market and profession. The founder did
not follow the traditional family values but rather went for the idea in which he excelled.
He wanted to change the traditional mindset of his family and people in his area who
only believed in visiting local hakims (herbal medicine practitioners) for any kind of
treatment. He shifted from family capitalism to market and personal capitalism and
from status in household to status in market and profession. He shifted his sources of
legitimacy from unconditional loyalty to personal expertise.

This led to better positioning to garner resources by creating new and reconfigur-
ing institutions. Institutional bricolage helped the startups in implementing innovative
approaches to employ available resources. Individualized and customized services were
made available to the end users and open source was used to build components and add
new functionalities. These platform-based startups have become pioneers in their area
by introducing novel products in the market. As a result, the perception of people has
changed to some extent. They are adopting new technology-based products. The startups
have also experienced first-mover advantage.

5 Discussion and Conclusion

The study seeks tomake contribution to research and practice in digital entrepreneurship.
It offers novel insights into digital entrepreneurship literature by exploring role of digital
platforms as facilitators of various resources for startups.

The answer to the research question – “How digital platforms act as external enablers
in entrepreneurial processes?” has been examined with the help of entrepreneurial brico-
lage theory. Digital platforms serve to be infrastructure, marketplace and ecosystems
at the same time (Kenney and Zysman 2015). They help in continual updating of
entrepreneurial processes. Our findings concur with the literature that digital platforms
create fluid boundaries of the entire entrepreneurial process as the products and ser-
vices keep getting modified even after they have been introduced in the market and
to the end user. This is done through modification in digital artifacts or components
(Nambisan 2016).

The limited resources are an important challenge that almost all small startups face.
They have the required skillset, social network and creativity but are unable to have
access to costly new resources (Di Domenico et al. 2010). Having enough finances to
turn a viable prototype into a tangible product is a challenge for which funding from
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incubation and accelerator programs is needed. Combining available resources (internal
and external), indulging in partnerships and seeking help from the limited social network
can help in operationalization, improving sales performance and efficiency and creating
customers. Moreover, normalizing institutional deviance rather than legitimacy to exist-
ing structures and outcomes should also take place. Technological challenges are also
common in Pakistan where technology is still in its nascent stage. It is somewhat chal-
lenging to enhance platform user base in Pakistan as customers are at times less familiar
with the technology either because it is expensive or due to less adequate technological
knowledge. Making the technology comparative in terms of price point and entry and
allowing the customers to pay only for what they use can help platform-based startups in
overcoming technological resource challenges throughout the entrepreneurial process.

Startups in developing countries like Pakistan are more inclined towards operating
on digital platforms as it enables entrepreneurship even in resource constraint environ-
ment. Scarce resources are a huge challenge and people in developing countries tend
to have technology acceptance issues. However, combining available resources in an
effective manner and taking help from existing network of family and friends can help
in operationalizing the startups. Moreover, digital platforms charging customers only for
what they use becomes a major solution to cater to the technology acceptance issues and
enhancing user base. New business standards and regulations are also coming in place
to facilitate the operationalization of platform-based startups.

In this chapter, the authors attempt to bring the attention of IS scholars towards
exploring the interaction of digital platforms and entrepreneurial processes. It is the
right time to focus on digital entrepreneurship as the entire world is moving towards
digitization. In developing countries, startups and small enterprises can catalyst the
economic and social development. This initial level research identifies the need of future
research to unpack the various stages of entrepreneurial process from input, market
and institutional resources facilitated by digital platforms in developed and developing
countries. These theoretical and practical insights will not only contribute into emerging
literature of digital entrepreneurship but will also assist in flourishing the entrepreneurial
ecosystems in developing countries where resources are scarce.
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Abstract. Many technology projects are driven by (hidden) agendas
which prioritize the one or the other stakeholder or the technology itself,
thereby creating tensions and compromising important perspectives. In
the field of digital conservation and wildlife management, the focus has
often been on safeguarding wildlife (the lion), not incorporating socio-
economic factors of communities (the Omuhimba), by exploiting tech-
nologies concerned with wildlife data collection only (the drone). Con-
cerned with reconciling heterogeneous perspectives the authors present
the development and conceptualisation of an integrated wildlife monitor-
ing system in Southern Africa. The authors postulate that a community-
based co-design approach, grounded in the Ubuntu philosophy, leads to
novel and innovative technology designs embracing ecocentrism.
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1 Introduction

Many a time technology projects are driven by (hidden) agendas which prioritize
the one or the other stakeholder or the technology itself, thereby neglecting
important points of views and needs. In the field of digital conservation and
wildlife management, the focus has often been on safeguarding wildlife (the lion),
not incorporating socio-economic factors of communities (the Omuhimba), by
exploiting technologies concerned with wildlife data collection only (the drone).
The authors are concerned with reconciling those different viewpoints within an
integrated ecological approach.

Framed in an ecocentric paradigm, the authors postulate that a community-
based co-design (CBCD) approach, grounded in the Ubuntu philosophy consid-
ering local indigenous practices, leads to novel and innovative technology designs
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embracing multiple perspectives. Thus the objective of this chapter is to demon-
strate that a participatory approach, such as CBCD contributes towards a digital
transformation of indigenous communities in the global south, embracing eco-
centrism and yielding in novel locally situated technology developments.

In this chapter, the authors present a case study demonstrating the tensions
between communities, technologies and animals as well as the conceptualisation
and development of an integrated wildlife monitoring system in Southern Africa,
considering heterogeneous perspectives. The case study was part of a recently
concluded multinational and multidisciplinary project in Iona National Park
(Angola), and adjacent to the Skeleton Coast National Park in Namibia that
form part of Iona-Skeleton Coast Transfrontier Conservation Area (TFCA). The
project aimed “to strengthen cross-border ecosystem management and wildlife
protection through co-designing and implementing conservation monitoring tech-
nology with the park authorities and surrounding communities” [36].

2 Theoretical and Methodological Framing

Ecocentrism in alignment with African indigenous perspectives builds this case
studie’s theoretical frame deploying a community-based co-design methodology.

2.1 Ecocentrism

Ontologically, humanist approaches view design as an exclusively human endeav-
our, therefore amplifying human values and perceptions [58]. However, it is
imperative to think beyond anthropocentrism, and evaluate the inclusion of
other species [2] and objects, at least conceptually. The de-centring from the
human is referred to as posthumanism [18], rooted in the fundamental ecocen-
tric entanglements with the world [58].

Ecocentrism, as a philosophy, builds on the accentuation of non-human
nature, with specific emphasis on decision making diverging from an anthro-
pocentric stance [31,45]. Ecocentrism goes above the advocacy of living things,
as prescribed by biocentrism, to include the entire ecosystem and its abiotic
nature [31]. According to Payne [39], “ecocentrism provides a way into making
meaning of the many moral stances, value positionings and existential conditions
we ordinarily occupy or create as pedagogues, researchers, scholars and policy-
makers”. Mainstream technology design has not yet mastered the inclusion of
other beings [2]. Aspling [2] maintain that the involvement of nonhuman species
in technology design contexts leads to novel concepts and possibilities. To bask in
the current and future possibilities of ecocentrism, futuring is endorsed. Accord-
ing to Homan et al. [19], futuring is the active process of imagining the future,
in which we find a conglomerate of approaches that are concerned with “future
alternatives” [26]. Specifically, design futuring approaches seek to re-envision and
envision optimum futures and alternatives [26,32], including ecocentric futures.
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2.2 African Indigenous Perspectives

African philosophy accords itself with biocentrism and ecocentrism [16]. Indige-
nous worldviews are holistic, wherein all species are interconnected, as opposed
to an individualistic perspective that views the world in separate spectrums [3].
Indigenous communities place great emphasis on living harmoniously with the
environment [48]. This is articulated in the African philosophy of Ubuntu, a
word derived from the Nguni languages which means “humanness” [14], in its
wider sense. Ubuntu is well-known for the short phrase: Umuntu ngumuntu nga-
bantu which translates to “A person is not a person without other people” [33],
emphasizing the interconnectedness. Innately, Ubuntu is more than a word, it
is an African way of living, in kindness, harmony, consideration, respect, peace,
love and care - embedding sharing, altruism, social maturity and sensitivity,
virtuosity and striving for conciliation [29]. Thus, local indigenous communi-
ties have formed inseparable relationships with different species that inhabit the
same physical contexts as them [28]. As a result, indigenous communities have
gained an understanding of wildlife behaviour, phenology and abiotic indicators,
allowing for effective conservation and sustainable use of natural resources, and
organisation of ecological knowledge [1,15,25,57]. It is imperative to leverage
this indigenous knowledge and local expertise in the development of ecological
strategies, tools and technologies through the involvement of indigenous com-
munity members [25,34,69].

2.3 Community-Based Co-design

Community-based co-design (CBCD), conceptualised by Winschiers-Theophilus
et al. [63], is based and refined on empirical work with indigenous and
marginalised communities in Southern Africa [64], framed within an Afrocentric
research paradigm [35] and Ubuntu epistemology [54]. CBCD is methodologi-
cally derived from action research and participatory design. The fundamental
embodiment of CBCD is based on the established premise of co-creating locally
appropriate applications [64], enabling designers and stakeholders to work in
tandem as co-designers while developing solutions that address local challenges
[51].

CBCD focus on community values, and a realization that communities are
organised by protocols and culture. Any collaborative technology effort with a
community in the Global South necessitates a continuous negotiation of how
the collaboration must respect local views and values [62]. Kapuire et al. [23]
observe that Ubuntu values, such as togetherness and care are practised by local
African communities, and therefore can and should be incorporated into tech-
nology design processes simply by respecting and acknowledging communities
design inputs. Through embracing Ubuntu in CBCD, technology developers are
‘being participated’ by immersing in the community, following local and newly
negotiated protocols thereby incorporating local values and practices Winschiers-
Theophilus et al. [62]. Blake [4] further suggest a paradigm shift, integrating
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Ubuntu values in Software Engineering methods through allowing for and learn-
ing from unintended uses of software by communities. Ssozi-Mugarura et al.
[50], working on ICT enabled water management in Uganda stated: “CBCD has
offered us a basis for continuous engagement with communities to understand
their context, their needs and aspects in their environment that easily affect
technology adoption and use.” CBCD encompasses what Crabtree et al. [9] call
“invisible work”, where the respect for local protocols is essential to ensure col-
laboration and technology adoption [38]. Of significance in CBCD is the concept
of reciprocity [6], ensuring all stakeholder benefit from the participation. Rizzo
et al. [44] specifies how an approach such as CBCD facilitates an environment
where technology appropriation, in essence technology innovation, can occur, as
users are given a voice in design activities. CBCD has found many applications in
the technology and service sector [12], allowing for situated innovation practices.

3 Case Study Context

3.1 Communities

The majority of TFCA inhabitants are of the Ovahimba tribe. The Ovahimba
are semi-nomadic pastoralists who place emphasis on ownership of substantial
numbers of livestock. It is common practice for a patriarch in the Ovahimba com-
munity to own herds of more than a thousand goats and cattle. The Ovahimba
live in conservancies, which were gazetted by the Namibian government. Conser-
vancies are land zones implemented to enable the protection and growth of natu-
ral resources such as wildlife and plants [7]. Administration of the conservancies
is in the form of Community Based Natural Resource Management (CBNRM),
on the basis that communities who are dependent on natural resources for their
livelihoods are usually motivated to conserve such resources [22,69].

3.2 Tensions and Challenges

CBNRM has had ambivalent results, considering some communities have not
been able to fully comprehend the management of their conservancies [52].
The challenges include inconsistent and negligible data collection through an
array of tools and practices that are not intuitive. Additionally, limited tech-
nical skills, insufficient wildlife monitoring mechanisms, drought, illegal plant
and tree felling, encroachment, lack of diversified livelihood alternatives, dwin-
dling species populations, and primarily Human-Wildlife Conflict (HWC), fur-
ther escalate the diminution of wildlife and biodiversity populations [42,60,66].

Non-lethal methods such as translocation of animals, livestock guarding dogs
and herding are used to mitigate HWC [46]. However, such methods tend to be
one-sided and ineffective, as wildlife continue to suffer the obstructive conse-
quences of human growth and development [59]. Equally current policies have
not taken into consideration the perspectives, desires, capabilities, environment,
as well as previous and current undertakings of the affected communities [36].
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With an obvious conflict of habitats between wildlife and humans and the con-
sequent tensions in strategies prioritizing the one over the other, the authors
postulate that an ecocentric paradigm should be applied in the development of
technologies mitigating HWC.

3.3 Wildlife Monitoring

The task of wildlife protection is tedious, taxing, and requires tremendous human
effort together with computed oversight to be effective [56]. It requires system-
atic and effective monitoring, collection of data and responsiveness [30]. Specific
understanding of fundamental ecological factors such as animal habitat use, ani-
mal movement and activities, through wildlife monitoring and data collection, is
necessary to address HWC and other resounding environmental challenges that
persist, resulting in the preservation of endangered species [37].

However, there is a lack of monitoring methods that offer long term, real-
time and efficient data [27]. Traditional methods of monitoring usually require
researchers and game guards to walk extensive distances, to track animals and
collect desired data [37]. While monitoring technology such as camera traps
exist, they require exacting manual data collection [11]. Hence, for enhanced and
convenient use, wildlife monitoring systems should allow for a collective config-
uration and integration of technologies as per the needs, values and ecological
perspectives of conservationists [40]. .

3.4 Towards an Integrated Wildlife Monitoring System

The authors argue that an integrated wildlife monitoring system, needs to recon-
cile the aspects of protecting wildlife with socio-cultural practices of the commu-
nity as well as a sustainable deployment of appropriate technologies. Although,
the design actions described in this chapter appear anthropocentric, they were
framed within ecocentrism and Ubuntu recognizing interconnectedness of liv-
ing beings and their environment, including technologies. To this effect, Oku-
wonga was conceptualised and partially implemented. In the local indigenous
Otjiherero language, ‘Okuwonga’ means collection. Okuwonga is an integrated
digital wildlife monitoring and data collection system, which is comprised of a
custom digital data collection mobile application, known as Wildlife Activity
Recording (WAR) app, drones and camera traps. Okuwonga intends to facili-
tate and enable harmonious coexistence between local communities and wildlife
living in community-managed conservancies, therefore curtailing HWC. This is
achieved through the constant non-obstructive collection and dissemination of
wildlife data and continuous monitoring, providing insight and consciousness on
environmental patterns such as movement and presence of predators. In addition
to providing an empirical and fundamental premise onto which a rural digital sys-
tem can be established, the conceptualisation of Okuwonga provides a blueprint
on the integration and interface of mainstream and emerging technologies within
a rural indigenous space, focusing on the prioritisation of local community and
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wildlife peculiar use cases and the necessary appropriation of technology to fulfil
the use cases.

3.5 Development Approach

In the pursuit of appropriate and intuitive technological solutions for challenges
faced by communities that manage conservancies, the authors employ, affirm
and extend Community-Based Co-Design (CBCD) [64] as a design practice and
interface to stimulate and propel meaningful innovations. Local rural indigenous
communities, through CBCD, were involved in a series of technology design
and appropriation activities, transforming established yet inefficient practices
and processes, and informing design with their vivid and inestimable knowledge
and viewpoints. Their viewpoints, unconventional and novel, beget innovative
designs, concepts and use cases that broaden the applicability and successful
integration of mainstream and emerging technologies [55]. A revolving emphasis
is placed on how the intentional and coordinated involvement of indigenous rural
communities and their encompassing ecological views have invoked innovative
novel use cases that are explicit and appropriate for rural contexts. In practice,
the use cases offer technology developers insights, as they expand initial design
and use to actual rural end users [10,11,61].

4 Co-design of Okuwonga

The co-design activities begin with a contextual inquiry focusing on local prac-
tices and the human perspective, followed by the design of technology encom-
passing the aim of wildlife protection. The last step includes an exploratory
design of emerging technologies to complete the integrated system, Okuwonga
(Fig. 6) (Fig. 1).

4.1 The Omuhimba

Indigenous Communities in the TFCA have over time developed several conser-
vation practices partially influenced by their own indigenous practices, such as
game patrols. Game guards roam around a conservancy in search of any signs of
illegal activities or predator sightings [66]. They use a range of techniques to track
intruders and predators, such as inspecting footprints and paws, and detecting
animal carcasses either as traps or remains of a predator attack. Additionally,
herding is practiced, as a preventative measure practiced for livestock protection.
It is a treasured ancient custom dating millenniums, whereby herders stringently
supervise, guide and support livestock as it roams and grazes to prevent preda-
tory attacks [47]. Kraals are used as shelter and barriers to prevent livestock
from roaming unsupervised, in addition to shielding livestock from predators
[49]. There are instances, especially during droughts, where predators obtrude
local villages in search of prey. To this effect, they pose a danger to humans and
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Fig. 1. Okuwonga digital data collection and monitoring system

livestock. Hence, community members set up innocuous predator traps to lure
and capture predators [43].

As part of CBNRM, the government of Namibia runs yearly game counts,
which are routine wildlife censuses [53], in collaboration with the communities to
inform national strategies in regard to ecosystem management decisions. Regular
data is collected through paper event books, which the game guards carry and
complete to the best of their skills. Community members work alongside with
scientists as local para-ecologists, collecting and providing essential ecological
data, knowledge and insight, which the scientists would have found difficult to
otherwise discover [41]. It has been planned that the para-ecologists will be
compensated and recognised for their contributions, consequently creating an
alternative source of income. Simultaneously, the para-ecologists will observe,
record and preserve the data, and thereafter, pass it down to younger generations.

Furthermore considering that, an integration and automated analysis of all
data [56] is not readily available, local community members will do a first-level
analysis of the data collected through Okuwonga.

4.2 The Lion

Throughout the project, Muashekele et al. [36] co-designed with local game
guards the WAR app (Fig. 4). The app went through several iterations, start-
ing with its co-design, development and validation, until its subsequent deploy-
ment. The co-design endeavours were based on comprehending the context of the
conservancies in the TFCA by establishing the current conservation tools and
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practices, their advantages and demerits, as well as identifying appropriate alter-
natives. During a series of co-design workshops, the game guards, together with
the authors, outlined designs comprising features and functionality that ensure
the WAR app’s intuitiveness within its context of use. As reference points for
the designs, the game guards expounded their local conservation practices and
deliberated on their experiences with different applications such as WhatsApp.
The deliberations extended to the specific features and functions that the game
guards deem as necessary for a wildlife data collection tool. Thereafter, the fea-
tures were sketched on paper, offering the game guards a visual representation of
the WAR app. Features include custom icons, custom buttons, a camera module
and a voice recorder, necessitated by the low literacy rate and overall preference
of visual and audio among the game guards. The icons designed represent various
wildlife, activities and local practices, thus meaningful and aligned to the local
conservation practices and wildlife that the game guards are accustomed to. An
automated location tracker and date and time picker were also incorporated,
after the game guards detailed the challenges they faced reading conventional
maps, and identifying conventional date and time, which are auxiliary tools for
the use of the Event Book (Figs. 2 and 3).

Fig. 2. Co-designing WAR app Fig. 3. WAR app in use

The WAR app has been used in different scenarios; HWC incident recording,
encroachment, conservancy meetings, game patrols and predator sightings, with
specific focus on capturing scarce carnivores - lions, cheetahs, hyenas and leop-
ards. Imperatively, the game guards affirmed the above affordances as essential
in eradicating HWC. During use, the game guards affirmed the app’s appro-
priateness. Stating that it is their ‘memory’, as they store and reference what
they have seen through the app. Images taken with the app serve as evidence of
transgressions against wildlife, for which if there was no visual evidence would
have gone unpunished, which is a common occurrence in conservancies. The
app achieves additional pertinence through its instant data sharing and amal-
gamation abilities. The data is decisive for determining wildlife behaviour and
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phenology indicators, and fostering wildlife awareness and appreciation amongst
community members. In addition, it is used to intensify HWC warning and pre-
vention - for instance, altering the game guards about the presence of lions,
giving game guards enough time to enforce conflict preventative measures.

However, there are challenges associated with the synchronisation of the data
to the database. The WAR app currently requires an Internet connection for the
synchronisation to take place. This is challenging because the areas in which
the game guards are based have intermittent network connectivity, thus the
data is not frequently and timely synchronised to the database. Ergo, provisions
have recently been established in the form of community technology hubs with
satellite Internet, a data portal and rugged computers for the transfer and display
of WAR app data.

4.3 The Drone

Camera Traps. In the first phase of the project, camera traps, as an estab-
lished conservation monitoring technology that enables the collection of large
amounts of digital wildlife data remotely [68] were used. They capture footage
of wildlife in their natural habitat without human interference [41], reducing
wildlife inconvenience and exasperation, whilst extending post-human data col-
lection. Ergo, co-design activities with game guards were undertaken, whereby
contextual applications of camera traps were devised. The primary application,
as stated by the game guards, is the collection of wildlife data in strategic loca-
tions within conservancies. Given the limited number of camera traps that were
available, the game guards deliberated amongst themselves, extensively, to deter-
mine the locations that are appropriate for camera trap placement. Several loca-
tions were selected, based on the different experiences and knowledge of the game
guards regarding the primary locations of wildlife. Thereafter, camera traps were
installed in the selected locations. A set of camera traps were placed at the edge
of the main river separating Namibia and Angola, with the intention of continu-
ously recording wildlife and other occurrences at the river. Another set of camera
traps were placed at wildlife hot spots. The spots were selected due to the high
frequency of animals in those areas for water and feed. Also, the areas had lit-
tle human movement or interference, thus making them ideal for the placement
of camera traps. The game guards further specified where and how the camera
traps should be attached, to avoid meddling by wildlife and humans (Fig. 5).

Due to its omnipresence, the game guards view the camera trap as their
proxy. According to them, camera traps will conciliatory capture images of spo-
radic wildlife such as lions, hyenas and leopards, which would otherwise be dif-
ficult to do with traditional means. As well, the camera traps will cause caution
amongst encroachers, as they will be aware of the constant surveillance in a
conservancy. Therefore, reducing wildlife maltreatment and extermination.

Currently, the camera traps installed in the conservancies are not connected
to any wireless network, thus requiring game guards to manually retrieve data.
This is arduous because the camera traps are located many kilometres away from
the villages where game guards reside. Therefore, game guards have to walk for
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Fig. 4. Installing camera trap Fig. 5. Camera trap image

prolonged periods, amounting to several days, to collect the data on the camera
traps, risking predatory attack. Thus the idea of integrating a drone arose.

Drone Usage Scenarios. Ongoing improvements in unmanned aerial vehicles
(drones) have made them ideal tools to support conservation efforts [5]. An auto-
mated drone system offers conservationists and scientists a means of automating
and enhancing laborious and manual data collection processes [21]. Such sys-
tems provide new prospects for the ecocentric study of habitat and behaviour of
species [37]. Thus, it can be argued that drones can be used to enable the com-
prehension of native wildlife and surrounding ecosystems, leading to enhanced
conservation and resource management efforts [21].

A series of co-design workshops, during which game guards designed the
integration of a drone into the TFCA, proffered a data collection and transfer
process as part of Okuwonga. First, the game guards and community members
flew a drone in order to familiarise themselves with its functionality and possible
use. Thereafter, they had focus group discussions, together with the authors, in
order to determine the possible use cases of the drone. The primary use cases
identified were wildlife monitoring, surveillance and data collection by captur-
ing aerial footage during patrols and game counts. It was advanced that the
drone presents an opportunity to create new patrol and game count routes as
the drone can carry out surveillance and monitor in areas which are deemed
most appropriate but difficult to navigate by foot or vehicle. According to the
game guards, drone-enabled monitoring will produce new forms of data that
offer an elevated ecocentric viewpoint regarding wildlife movement and possible
encroachment activities.

Last, the game guards and the authors outlined a future drone protocol,
which prescribes how the drone will be used in relation to other technologies,
specifically the camera trap. The protocol encompasses a drone attached with a
Raspberry Pi microcomputer that creates an ad-hoc network for the transfer of
data from a camera trap to the microcomputer for temporary storage. First, a
drone will fly to the location of a specific camera trap. Thereafter, the camera
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trap will connect to the network broadcast created by the microcomputer. Upon
successful connection, a script to commence data transfer and other maintenance
tasks will be executed automatically, compensating for the intermittent Internet
connection. Second, the drone will fly to a community technology hub, where
servers, a data portal and computers for data storage will be hosted for data
extraction, processing and transfer. The data will then be assessed by community
members and replicated to cloud servers to enable remote access by different
stakeholders such as the Ministry of Environment, conservation scientists, NGOs
and law enforcement agencies for further action.

Fig. 6. Game guards and community members flying drone

5 Community-based Co-design as an Innovation Enabler

Previous applications of CBCD have demonstrated its methodological strength
in creating innovative technologies, such as the secret sign language app with a
Penan community in Borneo [67], the augmented reality mementos with a rural
San community in Namibia [65], or a crowd sourcing tool with an Ovahimba com-
munity in Namibia [8]. CBCD prioritises technology improvements and appro-
priation activities, ultimately leading to innovative products with higher product
quality and enhanced relevance [13,24]. Based on the premises of participatory
design, when indigenous rural communities are involved, they infuse their own
local practices and values into the design of the technology. It is thus at the
intersection of cultures and epistemologies, within a specific design context, that
novel and unique ideas and technology concepts are created as enabled through
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CBCD. This epitomises the creation of innovation ‘through new combinations
of knowledge’ as accented by Hooli et al. [20].

In the case study presented, Okuwonga encompasses indigenous perspectives
as much as an ecocentric approach, thereby representing a unique and novel
solution. Its use cases are novel and anomalous, as they prescribe and align
mainstream technology into a rural context, expanding initial design and use.
They conform to the established delineation of innovation, which emphasises
new or improved products and processes [17]. Key was the close collaboration
and number of co-design sessions held over a period of three years, whereby all
stakeholders learned about each others perspectives as well as explored, phys-
ically and conceptually, possible usages of technologies. Ubuntu was not only
guiding design interactions in terms of emphasising interrelations as design part-
ners but also influenced the design outcome in terms of creating a solution which
reconciles positions of humans, animals and technology.

In the pre-design sessions, local communities delineated and reflected on their
own CBNRM challenges. In collaboration with the authors possible solutions
were co-designed and in a number of cycles prototyped and re-designed until
a workable solution was developed [36]. Thereby the local community mem-
bers acquired technical as well as design skills which amalgamated with their
indigenous knowledge and practices resulted in very mature design contribu-
tions, incorporating their holistic worldview. The Ovahimba’s indigenous incli-
nation to ecosystem interconnectedness, communities advocated for technologies
to be used to benefit nonhuman species. Hence, during the CBCD sessions, game
guards placed particular emphasis on the consideration of wildlife’s essentiality.

6 Conclusion

In this chapter the authors presented a case study demonstrating that CBCD
enabled the design of a complex, novel and unique integrated wildlife manage-
ment system, which reconciled three different perspectives, namely the commu-
nities’, the wildlife’s and the technologies’. Framed in ecocentrism, integrating
indigenous perspectives and following the ubuntu philosophy, joint co-design and
exploration sessions were carried out emphasizing connectedness. The authors
argue that CBCD is an innovation practice which promotes digital transforma-
tion of Global South communities in their own terms, embracing local practices
and epistemologies.
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1 Introduction

Digital transformation refers to the changes that occurwithin a sociotechnical ecosystem,
when the processes that used to occur in an analogous manner must be adapted or
reinvented to fit the digital world. This transformation differs from mere digitization
in that it is not only the physical materiality that changes, but it is the meaningful
human activity that re-shaped. Digital transformation occurs in as infrastructuring (Star
and Ruhleder 1996), which is, not as something on which a system operates, but as the
invisible sociotechnical structures that allow the system to work. Digital transformations
occur on organized socio-technical practices, which are in continuous evolution and that
can growand articulatewith other infrastructures, according to community interests. This
transformation can even revitalize political positions that were previously weakened, or
even disappeared, due to social, economic, and political changes.

During the year 2020, at the height of the confusion caused by the Covid-19 pan-
demic, we carried out an innovation process with the Experimental Theater of Cali, seek-
ing to provide a solution, from digital transformation to the problem of the impediment
of face-to-face attendance of spectators in theaters and public stages. This infrastructur-
ing process in the specific field of the performing arts, not only evidenced the tensions
between the mere change of material support and a true digital transformation, but also
led to a deep ontological reflection of the social function of the Experimental Theater of
Cali. This resulted in a review of the original postulates of the group that, based on the
ideas of Bertolt Brecht, consider the theater as a determining factor of social change,
which is fundamentally articulated with other social forces such as political movements,
labor unions, theater groups and independent media.

In this article we offer an account about the process that was carried out throughout
the semester, between September and December 2020. We seek to investigate the possi-
bilities of digital transformation in an eminently analog medium such as theater, where
the infrastructure can vary according to the specific context of operation, in this case the
Latin American theater. Our work produced two different proposals, each one aligned
to a different concept of infrastructure. The first proposal emphasized the infrastructure
as the relationships between spectators and actors through staging, whilst reconsidering
the function of the body, space and time of traditional theater. This proposal, based on
the digital reconfiguration of the elements of the staging, was rejected by the group for
distorting their artistic activity. The second proposal, understands the theater infrastruc-
ture as an agent of social change as Bertolt Brecht stated in the 1930, and was based on
the articulation of the theater through digital media with the local political ecosystem.
It was approved by the group for revitalizing its role as an agent of change.

This article reflects on the possible infrastructure approaches and the ontological
conflicts that digital transformation can bring with it, when carried out in contexts with
a strong analog tradition.

2 Literature Review

Although the literature that deals specifically with Digital Transformation as a field
of action and its application in theater is not extensive (Aebischer and Nicholas 2020;
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Boyle 2016), there are numerous theorists who have dealt with the relationship between
theater and Information and Communication Technologies. Non face-to-face and the
use of digital technologies present ontological conflicts with the theatrical act (Phe-
lan 1993; Auslander 1999), and in turn, enable new aesthetic approaches that relate it
to perspectives of the interconnected and networked post-human body (Gianacci 2012).
This body unfolds synchronously or asynchronously in virtual or real multidimensional
spaces, tipping the balance towards transmedia, over the traditions of the performing
arts (Causey 2016). These approaches can be seen more clearly if they are compared to
canonical texts such as Anne Ubersfeld’s Theatrical Semiotics (1989), which proposes
four dimensions for the analysis of theatre: body, object, space and time.

Regarding the subject of the body and its real or animated representation, Furniss
(1998) proposed unifying photographic representation and animated representation in
the same category. In the same way as Kaplin (1999), who proposed the unification of
the human character, puppet and drawing in the same category according to the distance
of the controller on the image.

However, it is in the now classic approaches of Bertolt Brecht (1966) regarding
innovation, where we can find a possible answer about the relationship between theater
and digital transformation, since the playwriter redirects the gaze from the pure theatrical
form, towards the effect that the theatrical apparatus produces in society. This approach
has been carefully observed by Boyle (2016), to propose that theatrical innovation must
focus on the impact that it may have on the social system, rather than on the change in
the artistic form that might be expected.

On the contrary, the literature on digital transformation applied to other sectors is
extensive. The ontological collision in theater and digital transformation can be under-
stood as the fundamental changes that the use of new technologies brings to orga-
nizations: changes in the values and characteristics of the end result, changes in the
organizational structure that produces them, and changes in the financial structure that
supports this new configuration (Hess et al. 2016). A tendency to develop taxonomies
of the components of digital transformation can be found right here. Reis et al. (2018)
categorize the definitions of digital transformations around the concepts of technology,
organization, or society, in similar manner to Henriette et al. (2015), who categorize it
around business models, operational processes and user experience. Contrary to these,
there are points of view from Hess et al. (2016), that propose four strategic dimensions:
technology, product, structure, and finance, Flórez-Aristizábal et al. (2019) focused on
four fundamental technological aspects of digital transformation: the internet of things,
social media, cloud storage and mobile devices.

Undoubtedly, these sociotechnical approaches could be observed from Bowker’s
framework (1994), who referred to this type of reinterpretation of sociotechnical systems
as infrastructural investments, which can be understood as keen observations about
changing contexts that a community took for granted. Star explains it from the point of
view of the Gestalt between figure and background, withdrawing the gaze from things
or people individually as causes, emphasizing their relational aspect, thus even inverting
historical explanations about events that were taken for granted. Similarly, Leigh-Star
(Star and Ruhleder 1994; Star and Ruhleder 1996; Star and Bowker 2006) extensively
considers the perspectives of the concept of infrastructure.
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When referring to sociotechnical relations and rediscoveries of human and non-
human actants in information chains, it is inevitable to refer to the canonical texts of the
Actor Network theory of Latour (2008) and Law (2004), whose application has been
tested in fields as dissimilar as architecture, management, E-learning, finance, etc.

Finally, the equally classic text by Lev Manovich “The Language of New Media”
(1998), without losing its validity, continues to propose taxonomic and referential bases
to address the converging processes of digital transformation with solid perspectives.
Such as?

2.1 The Experimental Theater of Cali

The Experimental Theater of Cali was born in 1955, as a result of the rupture of its
founder Enrique Buenaventura with the then financing government entities that opposed
his political positions, as expressed on stage. Notoriously influenced by the postulates
of Bertolt Brecht, the Experimental Theater of Cali was characterized by a deep inter-
est in fundamentally relating their work to the people, whilst being an agent for the
promotion of critical thought and social change. Its growth occurred within the general
framework of the NewColombian Theater movement, an artistic and political movement
that brought together countless professional, university, and school theater groups. This
movement was articulated with labor unions and political movements, characteristic
of the hectic Latin American 60s and 70s. In collaboration with other members of the
movement, such as La Candelaria theater in Bogotá, the group developed the Method
for Collective Creation, which sought horizontal participation of the members of the
theater company, opposing the bourgeois vision of the director/omnipotent author that
characterized theater from the nineteenth century. During the decades of the 60s and
70s, the Experimental Theater of Cali achieved worldwide notoriety and has since been
widely studied by theorists from all over the world. The Experimental Theater of Cali
maintains its respect and notoriety intact, even though, stylistically, they remain far from
new trends in vogue and from the massive audiences that once filled its room.

2.2 The Method for Collective Creation

For a good understanding of the second digital transformation proposal, it is necessary to
specify the method for collective creation published by the founder of the Experimental
Theater of Cali, Enrique Buenaventura, and Jacqueline Vidal, who’s the current director
of the group. By collecting the initiatives and processes that several of the directors
and actors had been using since the 1960’s, the method for collective creation was pub-
lished in 1972, and subsequently modified throughout the years. This method, following
approaches articulated between semiotics, epic theater, and Marxism, sought the decon-
struction of the author’s rhetoric in thework, seeking a deeper analysis of the relationship
between the work and its context. It aimed at allowing the horizontal participation of
the theatrical group and the spectators in the writing of the rhetoric. The former during
the staging, and the latter through forums organized after the performance. The group
wanted to provide an infrastructure and become a dynamic and living agent of critique
and social change, rooted in, and articulated to the context where the work was being
produced.



From Staging to Social Protagonism 169

Fig. 1. This is how Experimental Theater of Cali understands how the social forces interact in a
play.

As can be seen on Fig. 1, the method was based on the investigation of the social
context in which the work was inscribed, using dialectical materialism as a tool (dis-
tributed by thematic commissions among the members of the group), with the purpose
of identifying the forces in conflict represented in each of the scenes and in the total
fable of the text. By using improvisation through analogies and the permanent dialogue
of the group, the theater, supported by research methods based on dialectical material-
ism, explored how to allow themselves to analyze the rhetoric and the context of the
work. Key to this, was to remain open to the permanent transformation of the end result
through dialogue with viewers after the performances. The method sought, in the words
of Enrique Buenaventura, to bring knowledge and a critical stance to the public with
the best level of entertainment possible, and became a form of permanent interactive
dialogue between society and its conflicts through dramaturgy (Fig. 2).

Fig. 2. The Experimental Theater of Cali understands itself as a dialogical vehicle between the
social material that’s included in their work and the spectators.

3 Methodology

For this research, an ethnographic design strategy based on non-participatory observation
was used. The purpose was to understand the ETC as a social system, including their
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knowledge, practices, beliefs, ideas and meanings (McLeod and Thompson 2009). The
group was initially invited to a session to experiment with motion capture, 3D animation
andvirtual reality technologies andgather their impressions of it.After this, thefieldwork
was distributed in weekly visits to the theater headquarters for a period of approximately
two months. We observed the collective work dynamics, their personal relationships,
hierarchies, methods, and general attitude towards the group itself and the audience that
attended their shows.

Then, 8 semi-structured interviews were conducted with 7 members and the director
of the theater group. The questions were related to the historical relationship between
ETC and the local context, the methodology of collective creation, and the acting tech-
nique as applied to it. These questions aimed at providing a clear profile about the vision
and identity of the group. All these experiences were systematized according to the three
categories - body, space, and time - proposed byAnneUbersfeld (AÑO?), and and served
as the basis for configuring the range of possibilities for the digital transformation of the
staging, or the aesthetic and narrative aspects that crystalize on stage during a play.

For the second proposal, which sought to identify the network of actants articulated
throughout the history of the Experimental Theater of Cali, it was necessary to review the
extensive archive that the theater maintains, which includes costume sketches, character
designs, drafts of the plays, news, and abundant reviews and bibliographical references.
In the sameway, two series of interviews were conducted with six experts not only on the
theatrical subject but specifically on the trajectory of the ETC inColombia and theworld.
Some of them are active actors, some of them retired actors, two of them were members
of the ETC during the 70s and 90s respectively. All of them, without exception, are
dedicated to teaching theater research. Using Latour’s Actor Network Theory (cita) as a
theoretical basis, the interview and archive material were systematized into categories of
physical space, cultural institution, social association, or political movement, and served
as the basis for the second proposal of digital transformation through the re-articulation
of the ETC with current peer actant networks.

4 Proposals

As previously mentioned, the group was approached during the period of August–
December 2020, amid the Covid-19 crisis, in order to find a solution that would solve
the impediment of face-to-face presence of spectators in theaters of Colombia and the
whole world. For both proposals, the definitions of infrastructure by Star and Ruhleder
(1996), which they understand as the relationships between organized practices that
remain invisible until the moment of rupture. In this case, evidently, the rupture is the
impossibility of people presence in the theater. The first proposal considered the infras-
tructure as a dynamic relationship between the narrative and aesthetic components as
displayed in the play. The second proposal, which expanded on the first one, considered
the infrastructure as network, including academic, social, institutional, and independent
actants, linked by social and political mobilization in relation to theatrical content as
research and communication agents.
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4.1 First Proposal

Anne Ubersfeld (1989) considers four categories to analyze the elements of theater, and
we start from that basis to carry out the first proposal. These elements are character,
object, time and space. If we observe these four elements from the perspective of the
dimensions of infrastructure proposed by Star (Star and Ruhleder 1996), it can be said
that theater is embedded in a series of conventions and practices as old as humanity itself.
These conventions are based on ontological approaches as ‘natural’ as the space-time or
body-movement units. Theater is thus assumed as a narrative ritual, which takes place
when face-to-face conditions are present. In turn, the absence of any of these elements
challenges the theatrical nature of a play.

Fig. 3. As understood by ETC, theater has a synchronic and face-to-face nature, as seen in this
figure.

As can be seen in Fig. 3, the theater represents a unity of space-time and body that
implies the joint function of synchronic action and human presence. The breakdown of
this unit, as a consequence of the impossibility of sharing the same space between the

Fig. 4. Synchronic and non-face-to-face theater
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public and the actors, implies a series of possible solutions, which keep some aspects of
the theatrical nature active while others are permanently lost.

The first solution is based on working on different spaces at the same time (Fig. 4),
that is to say, amore non-face-to-face synchronous play, such as a live transmission of the
play. The second solution proposes different space, different time, like the projection of a
film (Fig. 5). Evidently, the mediation in both cases transforms the free movement of the
theatrical spectator’s gaze into the characteristic “forced” gaze of the cinematographic
frame and assemblage that Vertov promulgated in 1922.

Fig. 5. Asynchronic and non-face-to-face theater

Contrary to what happens with time and space, character and object become a single
category. Since 1998, Maureen Furniss anticipated the discussions that are growing day
by day with digital transformation and proposed to eliminate the distinction between
photographic image and artificial image, proposing a continuum between them that
was developed in terms of iconicity according to its similarity with the real referent.
Stephen Kaplin (1999) also anticipated the same context by proposing a taxonomy of the
characters based on the distance between the puppet controller and the represented object
or puppet, the humanbodybeing thefirst categoryof this taxonomy in the that the distance
between controller and object was equal to zero. This taxonomy allows indistinctly
including living, inert, digital and analogue objects such as puppets, animated characters
and shadows, in addition to the sources of movement like motion capture technology
and animatronics, as well as allowing the grouping of face-to-face and non-face-to-face
techniques (Fig. 6).

To tackle the problem of the spectator’s gaze, it was proposed that 360 recording
devices could work to develop a stage around a stationary or mobile center that could be
controlled by the public, either by manual control devices, such as a mouse, or by virtual
reality devices such as head mounted displays. Likewise, it was proposed that body and
space, in addition to the option of recording the real image, could be represented by
means of three-dimensional models that were controlled through the motion capture
device (Fig. 7).
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Fig. 6. Continuum that exists between the actor that works with its body vs. the one that works
with virtual objects.

Fig. 7. Capture motion lab at Universidad Autónoma de Occidente, Colombia.

The proposal materialized searching to starting a narrative project of collective cre-
ation, which could integrate the group of actors with the group of designers and pro-
grammers, based on three possible technological platforms, which sought to dialogue
with three essential dimensions of the performing arts: body, space, and time:

• 360 video in animation and motion capture, not synchronous with the viewer.
• 360 video of the actors on stage using HMD devices, which were not synchronous
with the viewer.

• Streaming of interaction between real or virtual actors made through motion capture,
synchronous with the viewer.

This innovation proposalwas rejected by the group, arguing that theater happens only
in the physical and shared presence of the actor and the spectator. Theater, as declared
by the group, is a single unit that blends body, space and time. Therefore, the proposal
wasn’t an actual solution, not even temporary, for the problem of the closing of theaters.
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Its director, faced with this proposal, reflected on the urgency of accessing the public
during the pandemic, concluding that the digital transformation should aim to recover
the public, not only away from the pandemic, but also increasingly absent from theaters,
compared to the years of maximum activity. This meant a change of route for the digital
transformation project, since the obstacle to overcome was no longer the regulatory
consequences of the pandemic, but a sociocultural condition that indistinctly affects the
performing arts in Latin America and the world.

4.2 Second Proposal

The ETC works through a doubly dialogical way: it establishes the dialogue of the
company with the text and the posterior dialogue of the public with the company. This
way ofworking consists of a deep deconstructive investigation of the play and its context,
which seeks to highlight the social, political, and economic conflicts that intervene in
the formal elaboration of the narrative and visual aspects of the play.

In this second proposal, the theater was considered as a center of thought and agent
of social change and, therefore, an infrastructure that articulated dramaturgy with social,
academic, and political organizations. Thus, considering the Actor Network Theory
(Law 2004) as the monitoring of information along a chain of actants, in addition to
interviews with experts in the history of ETC and the extensive bibliography available,
mapping was carried out of controversies surrounding the theatrical text that occurred
at the moment of greatest impact of the ETC, at the beginning of the 70s. In this way, in
addition to the theater audience, a network ofmediators was identifiedwhowere not only
receivers of the theatrical text but also a permanent source of feedback of information and
criticism, who formed a rhizome through which the information came and went towards
the dramaturgical text, thus forming an ecosystem of critical thought that articulated art
with society (Fig. 8).

Fig. 8. ETC is an articulated actant that engages unions, political movements, student groups,
and theater festivals.

It is not the purpose of this book chapter to give an account of the causes for which
this social ecosystem disappeared due to the weakening, mutation or extinction of some
of these actants, but nevertheless it is necessary to realize that its reconfiguration left the
ETC in a state of isolation (Piedrahita).
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There is an intersection between the investigative, social and interactive activities
typical of the specific dynamics of the ETC and the new independent digital journalistic
media, increasingly strengthened and valued in digital networks. New digital media are
characterized by hypertextuality, interactivity, and multimediality (Varela 2005). Some
of these, offer a horizontal relationship with citizens capable of communicating, acting,
and leading virtual communities to create and promote social movements. All these
characteristics have similarities with the mission and vision of the ETC.

It was proposed to strengthen the ETC’s network work through a combination of
journalistic editorial, graphic design and digital marketing, which makes the investiga-
tive material of the works in repertoire available to the user and establishes a critical
dialogue between social matter, the theatrical group and the users, in such a way that
the play maintains its nature and the investigative and social derivative functions as an
independent product with simultaneous artistic and social positioning purposes. This
proposal is best explained through the storyboard.

4.3 Storyboard

Auser prospect is browsing. The usualwebsites of this user are opposition journalism
and opinion sites.

Whether through advertising or an advertorial, a graphic appears alluding to the
premiere of an upcoming ETC play. This graph seeks to reflect similarities between the
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contents raised in the work and the current events that this type of portal usually deals
with.

Upon entering the link we find the transmedia content of the work, organized around
the investigative file that took it to the stage (seeking to generate interest in assisting
the user physically close to the theater and interest in users in the opposite condition),
as well as editorials in charge of the director and its members in which they relate the
national news with the content of the work in function. In addition to this, it is found
that the page contains a fascinating database of the investigations of her plays, as well
as an animated audiovisual with the biography of the master Buenaventura.

In addition to the above, the people who attend the play, whose profile is usually
associated with interest in current social and political issues, are told during the dialogue
after the show that there is extra material available online, such as talks by the group
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with experts and researchers, bibliography, images of trials etc. They are also told that
there is a digital space for discussion and contributions to the content of the work.

From the digital and direct comments that the play recieves, the group will make
reflections, whose discussions and processes will be shown online and will be staged as
reworkings.

In the end, the statistical data of the evolution of the work should remain and will
become part of the group’s repository file.

The digital transformation proposal was reconfigured in expanding the scope of the
dialogue between the group and its viewers, opening new channels of opinion through
websites, social networks, and digital communication platforms. It also included pro-
viding free public access to the research archive, the plays in the teams’ repertoire and
the historical works that remain archived in the cabinets of ETC’s headquarters. More-
over, the proposal sought to position the social media representation of the company at
the same level as other independent opinion sites that currently carry out the tasks that
face-to-face meetings and the written press did during the political turmoil of the 1960s
and 1970s. In other words, the aim was to expand accessibility and dialogue between the
public and the company, allowing access to its research and processes, and to position
the company as a center for current critical thought expressed through art.

This proposal was presented to the ETC and was received with excitement and
approval by the group. The change in attitude was diametric and evident. They felt



178 J. M. A. Guzmán et al.

represented by the idea, which reflects the historical spirit of the group, and understood
the intention of recovering political space. The only caveat was to keep the balance
between politics and art, since, in the words of the director, they are first and foremost
artists.

5 Discussion

5.1 Third Level Problems

The rejection of the first proposal led us to a reflection based on the so-called Third Level
Problems. Susan Leigh-Star (Star and Ruhleder 1996), following Bateson’s (1972) three
levels of communication, distinguishes three levels of problems and discontinuities in
information hierarchies. Level one refers to the problemsof expertise, and level two refers
to procedural clashes, and level three refers to disputes between schools of thought and
paradigms that can lead to ontological incompatibility. In this case we face a third level
problem, in which the ontological definition of theater for the ETC differs diametrically
from the forms proposed by innovation based on information technologies.

Although there are numerous authors who work with new technological forms and
there are numerous theatrical companies that experiment with animation, animatronics,
streaming and video, Star tells us that although it is possible that the participants of an
infrastructure can develop tools that allow communication through these paradigmatic
walls, it will be difficult for the participants to identify a clear reward for it. And this is
perhaps the case for the ETC: in not finding a clear utility or reward in the development of
activities that, from their point of view, have nothing to do with their field, they logically
prefer to reject them.

This reflection led us to consider the integration of the specific human needs of the
project, in this case the emotions and purposes of the group of artists, their relationship
with the dramaturgical tradition, and its relationship with the user experience (Pedersen
2020), seeking to break with conceptual boundaries that could be leading us towards
a hasty solution focused on technology and not a mature solution focused on human
values (Zinder and Yunatova 2016). That is why we took on the task of understanding
the tradition of the ETC, of investigating its value network throughout its 60 years of
existence, with the purpose of understanding the circumstances that elevated it and the
changes in the context that made it the group lost connection with mass audiences. In
other words, the framework of the infrastructure was reconsidered and expanded from a
formal relationship between text-staging and audience in the room, to an infrastructure
of training, dialogue, distribution and return of knowledge through dramatic form.

Infrastructural investment
It was found that during its beginnings, within the framework of the great movement

of the New Theater, the ETC was articulated with a network of professional, university
and college theater groups, festivals and labor unions, all in the context of social mobi-
lization and political change, lined up to produce a huge cultural and political impact
that was recognized nationally and internationally throughout the 60s and 70s. However,
political, artistic and economic changes of globalization weakened and disappeared not
only the New Theater movement, that lead to more commercial professional forms of
performing arts that nurtured the 1980s and 1990s, but also the entire political movement
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already mentioned (Piedrahita 1996). The ETC, along with a few small groups, stayed
out of this transformation, and has continued for 60 years with the ideology of culture
and commitment, facing both artistic and political detractors. In other words, it was
found that the infrastructure that supported the theatrical proposal of the ETC gradually
vanished throughout the 1980s and 1990s, causing it to lose its validity and artistic and
political influence beyond the small local circle.

Bowker et al. (2009) tells us that the past cannot be defined and that we are always
looking at it in the light of new developments in the present. Therefore, the definition
of the standards, categories and technologies that converge in the infrastructures that
govern is an ethical act as much as a political act. Thus, the concept of infrastructural
investment, which seeks to make visible the activities that support the existence of an
infrastructure, is a doubly political act: it reveals an implicit view of the infrastructure
studied, and it will receive a new explicit view from the observer who interprets it.

A condition of all infrastructure is to be embedded in other infrastructures, be it
technological or social, and these have a spatial and temporal scope according to their
nature. For the Experimental Theater of Cali, the infrastructure encompasses not only
the context contained in the theater, but also extends to a network of social and polit-
ical action that links dialogue with communities, labor unions, and university groups
whose common goal is social change, and for which the play represents an effective
form of communication, but no less artistic for that, alien to the economic and political
hegemonies of the traditional mass media such as television, radio or cinema.

The infrastructural investment made to the ETC’s value network revealed to us not
only the mistake we were in looking through technology new formal and syntactic
aspects to experiment with the group, but also that this technology sought an approach
with anonymous mass audiences interested in playful entertainment, leaving aside the
political aspects that the ETC has dealt with throughout its history.

Bertolt Brecht, who is among the great influences of the ETC, had already reflected
on the value of innovation (1966). Brecht lamented that the artists’ efforts to bring the
opera genre up to date consisted in renewing its methods of staging, since this type
of innovation only succeeded in nurturing institutions that had become obsolete. The
German playwright considered that innovation should entail a fundamental change in
the theatrical institution’s function, and that even if revolutionary works were written,
they would have no effect if the theatrical apparatus owned the artists and not the other
way around. In other words, exclusively creative innovation of the theatrical apparatus
could little do for social change. Brecht called for innovations that would press for
changes, that would attack the base of the theatrical apparatus so that it would fulfill its
function as a revolutionary catalyst (Boyle 2016). Thus, following Brecht’s postulates
of innovation, in line with the innovation perspective of the ETC, it became clear that
digital transformation had to be related to the impact on the social apparatus that the ETC
could have, rather than a massive search of spectators eager for technological novelties
and formal dazzle.

5.2 Data Bases and Algorithms

When carefully observing both proposals, it is inevitable to think of the similarities
with the approaches of Manovich (1998), who says that although modernity, through
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the novel, cinema, and theater, privilege the narrative form, the new media privilege the
database, the latter understood as the set of total information that enables the user to
create the form from their actions carried out through an algorithm. What the second
proposal presents can be understood as an exposition of the data base with aesthetic and
political ends.Also, according toManovich, since the theatrical formwould remain intact
in its analogical and face-to-face aspect, he raises the need to ask about the aesthetics
of the database: Is it a list of hyperlinks? Is it a political editorial? Is it an infographical
elaboration of the research? Is it all the above in amultimedia piece of content?Whatever
the answer, what is proposed from the point of view of digital marketing is to reach the
niche of consumers who are looking for artistic content with marked social and political
characteristics, and from the historical point of view a repositioning of the ETC against
the rhizome of actants of the events of social criticism and formation of the state of
opinion.

Thus, the digital transformation at the ETC is configured in a double life of the
theater infrastructure: a face-to-face life that happens at the theater headquarters and on
company tours,which shows the visible form, the algorithm if youwill, of an investigative
process that seeks to question social dynamics, and that implies the movement of the
spectator to be appreciated. And a virtual life in which the database is given shape,
whose infrastructure covers a space-time range superior to the face-to-face form, with
its own specific aesthetic dynamics that, paradoxically, implies the configuration of an
alternative and completely new group of work that, in permanent contact with the base
group, must give shape to this new dimension of the theatrical infrastructure.

5.3 Conclusions

If we compare this proposalwith other forms of digital transformation in theater (Kapsala
2018; Aebischer and Nicholas 2020), that impact the stage and the dramaturgy itself,
we clearly see how in our proposal we concentrate in keeping intact the ontological
nature of the theatrical act, transforming the articulation between the theater group, its
political postulates, and the context in which it acts. This, for a group of designers,
represents an infrastructural investment, and for the group of playwrights represents
a renovation of their fundamental pillars, as are the postulates of Bertolt Brecht. We
can consider the insight of similarities between Brecht’s concept of “apparatus” and
Bowker’s “infrastructure” as the innovation that made the proposal possible.

However, following this line, it is also evident that the group must come into contact
with the current issues of the independent information networks, just as they did with
the issues of interest of university groups and labor unions, their public goal, through-
out the 60s and 70s. Thus, it would be possible to recover a public base interested in
simultaneously cultural and committed theater, which is currently dispersed and atom-
ized, and which seeks information and political structures that were previously available
institutionally through unions and theater organizations.

In addition, practical and procedural concerns arise. The implementation of the pro-
posal requires, following the canon of digital transformation, changes in the organi-
zational and financial structure of the group. Not only is it urgent to obtain computer
equipment and audiovisual software, but also the training or permanent hiring of at least
one graphic designer who must become a fundamental part of theatrical activities. In the
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same way, the constant advice of a web manager that enhances the digital articulations
between the group and the digital context to permanently position it as an artistic and
political protagonist, must be considered among the new budget sections.

Surely it will initially be difficult to convince the direction of the group that the
sacrifice of one part of the budget will bring great benefits. But once this happens, this
measure will be quickly standardized.
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