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Inclusive innovation refers to the improvement of living conditions and creation of employment opportunities for the poor
through the development or co-creation of new products, services, processes and business models aimed at resource poor
communities. Based on an empirical study of 15 university-led inclusive innovation projects in the Western Cape Province
in South Africa, using an inductive approach we apply an analytical framework that serves two purposes (1) to describe our
empirical findings and (2) to develop a broader research agenda that identifies a number of key research questions on the
role of inclusive innovation projects in developing countries, and ways of addressing those questions in future studies. The
empirical findings reveal a wide variety of university departments and individual staff members engaging with low-income
user groups or entrepreneurs to (co-)create, launch or operate inclusive innovations. Our analysis shows that unravelling the
various structural components and functions can provide interesting new insights into the workings of inclusive innovation
systems. The findings of our study illustrate the complexity of the subject matter and the urgent need for a ‘system of
innovation components’ approach to enhance our understanding of inclusive innovation projects and to develop
appropriate methodologies for measuring their impacts.

Keywords: Inclusive innovation, inclusive systems of innovation, University R&D and community engagement, South
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Introduction and problem statement

The pitfalls of capitalism are well documented, as are
trends such as the concentration of capital within an unfet-
tered capitalist system and the resulting perpetuation of
inequalities. In this vein, innovation has been associated
with economic growth (Leontief 1950; Hagedoorn 1996;
Fagerberg 2003), but also with inequality. Although not
necessarily the only factor linked to inequality, innovation
may play a role through a range of political, economic and
social processes associated with the innovation process
(Cozzens and Kaplinsky 2009).

Alternative models of innovation have been high-
lighted as a promising mechanism through which to stimu-
late growth and specifically improve the living conditions
of those whose incomes are lowest. Two major approaches
of activity can be identified in the literature in this regard.
Firstly, there is the approach where low income markets
may benefit from cheaper products with the process of
innovation redefined to have efficacy. This tends to be a
top-down process with ‘[i]nclusion ... a process of mana-
ging and directing innovation undertaken by those exter-
nal to the context of consumption’ (Foster and Heeks
2014, 2; Walsh, Kress, and Beyerchen 2005; Prahalad
2012). Secondly, a more developmental perspective has
emerged where a range of activities on the micro-level
has been identified. In this perspective, innovation is
seen as a bottom-up and emergent process which tends
to be localized (Cozzens and Sutz 2012; Foster and
Heeks 2013b, 2014).

There exists quite significant conceptual diversity
within the latter perspective of innovation and its role in

inclusive development with terminology such as ‘inno-
vation for inclusive development’ (Paunov 2013; Santiago
2014), ‘innovation for social inclusion’ (Dagnino 2012),
‘inclusive innovation’ and ‘innovation for inclusive
growth’ (George, McGahan, and Prabhu 2012). In short,
these conceptualizations of the innovation model gener-
ally imply that the goal is to ensure that the poor may
benefit from and be integrated more firmly in the inno-
vation process (Kaplinsky and Morris 2002; Heeks,
Foster, and Nugroho 2014). For the purpose of this
paper, we make use of the term ‘inclusive innovation’
and adopt the following definition: ‘Inclusive innovation
is the means by which new goods and services are devel-
oped for and by marginal groups (the poor, women,
the disabled, ethnic minorities, etc.)’ (Foster and Heeks
2015, 2).

While inclusive innovation has been widely acknowl-
edged for its potential, research about it is still in its
infancy. A range of authors has attempted to define research
agendas in order to support and direct future research
efforts (Cozzens and Sutz 2012; George, McGahan, and
Prabhu 2012; Foster and Heeks 2013b; Heeks, Foster,
and Nugroho 2014). Of particular interest is the agenda
mapped out by Foster and Heeks (2013b) where a focus
on the stakeholder, systems and research process level are
proposed. Here specific attention is paid to the actors in
the system, and the role they may play, to understand the
inclusive innovation process, required infrastructure,
good practice, scale and evaluation.

Also of interest to the development of a research
agenda for inclusive innovation are the suggestions that
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have been made, especially by Kuhlmann and Rip (2015)
who argue for certain major changes in approaches to the
development and implementation of science, technology
and innovation (STI) policy. With reference to earlier
works, most notably von Hippel’s (2005) democratized
innovation and Malerba’s (2007) observations of co-
invention, Kuhlmann and Rip (2015) argue that these
phenomena are evidence of a new regime of ‘collective
experimentation’ that transcends a traditional technol-
ogy-push model. This ‘new regime of innovation’ is
driven through societal concern regarding certain issues
or the desire to achieve certain societal goals. Here the
trend to define ‘challenge-driven’ innovation is specifi-
cally referred to — an approach where R&D and innovation
funding is arranged in response to pull-factors, i.e.
societies’ greatest challenges, instead of predominantly
having a focus on a technology push and developing tech-
nologies (Rip, Joly, and Callon 2010).

Kuhlmann and Rip’s (2015) suggestion has also been
made in the context of our study (which is the Higher Edu-
cation Sector in the Western Cape province of South
Africa) where the concept of a ‘Grand Societal Exper-
iment” was proposed. This province is in an interesting
position as it has, inter alia, a relatively sophisticated
economy and financial sector, good universities and a
large number of local and multinational corporations that
co-exist in a setting along with a majority of the population
that is largely excluded from economic activity, living in
poverty and desperation.

In line with these stated possibilities, significant
knowledge gaps can be identified as far as the understand-
ing of inclusive innovation in the sub-Saharan context is
concerned. As new knowledge and advanced skills
increasingly drive economic development, universities
are assumed not only to be critical sources for learning
and innovation for firms in developed economies, but
also for integrating the excluded and poor in innovation
systems in developing country contexts (Brundenius,
Lundvall, and Sutz 2009; Halme, Lindeman, and Linna
2012). A fair amount of attention has been given to
related concepts such as the ‘developmental university’
(Kezar 2005; Brundenius, Lundvall, and Sutz 2009;
Cloete, Bailey, and Pillay 2011; Makhanya 2014),
engaged scholarship (Van de Ven 2006; Mathiassen and
Nielsen 2008; Furco 2010), and the role of the African uni-
versity in development and institutional capacity and
infrastructure for knowledge utilization (Brundenius,
Lundvall, and Sutz 2009; Cloete, Bailey, and Pillay
2011; Sehoole and Knight 2013) . A significant body of
knowledge has emerged from the university-community
partnership perspective, which considers factors such as
the role and nature of partners and partnership, channels
of information exchange and the role of interactive learn-
ing spaces (Kruss and Moeketsi 2005; Kruss 2006; Kruss,
Adeoti, and Nabudere 2012; Kruss et al. 2015; Petersen
et al. 2016). An outcome of the UNIID Africa Project
entitled ‘Linking University and Marginalised Commu-
nities’ makes significant progress through an exploratory
research project on four in-depth case studies towards
developing an innovation for inclusive development
research agenda. Factors considered were the nature of

the innovation; drivers of interaction and participation;
organizational arrangements and interface structures
and enablers and constraints; the flow of knowledge
and skills; the nature and extent of community partici-
pation and outcomes and benefits (Kruss and Gastrow
2015).

Despite the advances made in these abovementioned
studies, little evidence exists to support the development
of contextually appropriate policies that may drive the
transformation of innovation systems in a developing
country context. The literature on inclusive innovation
systems is sparse, particularly in terms of exploring what
such systems may look like and in applying such concep-
tualizations to local contexts. (see the section entitled “The
analytical framework’) (Petersen et al. 2016).

We therefore aim to contribute to addressing this
knowledge gap by exploring a range of themes in this
paper, around university-supported or university-led tech-
nology-based inclusive innovation projects (referred to as
‘UTIIs’ from now on). The main aim of this analysis is to
uncover key characteristics of such projects and to build
on that towards an analytical framework to guide future
research. The idea behind this is also to explore the idea
of how new forms of innovation policies may be created
in the African context, specifically to assist in the
transformation of the Higher Education Sector (HES) in
generating behaviours that will enable collective
problem-solving in response to sub-Saharan Africa’s
greatest challenges.

The following section describes the methodological
approach that was followed, after which the analytical fra-
mework for organizing and interpreting our findings is
presented.

Methodology

The authors have taken an inductive research approach,
starting out with an exploratory study of technology-
based inclusive innovations with significant university
involvement. This means that the study is not statistically
significant within the (unknown) total portfolio of research
programmes taking place in the universities included in
this study since the goal of the study was to include as
many projects as possible that qualify and to develop an
exploratory, empirical study that would reveal important
generic characteristics.

Prioritizing the university perspective in this first
study, our structured interviews were conducted only
with (senior) academics and principal investigators of
these UTIIs.

Projects were selected after desk research was com-
pleted to scan for suitable UTII programmes or projects.
A total of 46 possible programmes were identified from
four universities in the region: 16 at the University of
Cape Town (UCT); six at Stellenbosch University (SU);
20 at Cape Peninsula University of Technology (CPUT),
and four at the University of the Western Cape (UWC).
After a further sifting process involving communication
with university representatives the number of projects
was narrowed down to 15 projects, each of which satisfied
the following selection criteria:

« Technology is a core component of the innovation;
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« The university researcher and/or community-based inno-
vator(s) aim to create opportunities that enhance social
and economic wellbeing for disenfranchised members
of society;

» One or more university representatives (faculty, students,
administrators) play a key role in the project, notably a
lead role in the combination of resources and possibly
a key role in value chain integration (without them, it
is likely that the project would not have happened or
that it would have looked very different).

A questionnaire was developed and piloted in February

2014 and then sent out in March 2014. Reponses were

received from 15 projects by the end of April 2014. The

study included a diversity of projects: those with or
without active engagement of local resource-poor commu-
nities, as well as some in their early stages, some at more
advanced stages, and others that were complete. Although
not necessarily representative, the mix of projects was
deemed sufficiently large and broad to provide a range
of UTIIs that could be used to identify the main differ-
ences and common characteristics among projects.

The key questions that were posed to the university
researchers and academics were:

e What are the UTII project objectives and goals?

* Which institutional actors are involved?

» What are the key operational characteristics of their UTII
project?

Follow-up semi-structured interviews were conducted

with seven individuals from the four universities, which

included interviews with six principle investigators as
well as a staff member of a Technology Transfer Office.

The interviews were conducted based on issues from

the surveys to gain a deeper understanding of project

characteristics and contextual factors. The content analysis
of the transcripts focused on distinctive features of each
project, as informed by the project’s main research
questions.

Table 1 provides descriptions of the projects included
in the study.

The analytical framework

Expanding on Foster and Heeks’ (2013) definition of
inclusive innovation, we now proceed to adopt the inno-
vation systems perspective as the analytical framework

for this study’s findings. The general goal is to arrive at
a practical framework through which complex, relational
systems can be analyzed and through which systems-
level problems can be identified, with the aim of formulat-
ing policy-level suggestions and recommendations (Smits
and Kuhlmann 2004; Wieczorek and Hekkert 2012).

An innovation system generally comprises a range of
interconnected ‘structural’ components: actors, inno-
vation, institutions, interactions and infrastructure. The
components-based analytical framework of innovation
systems devotes its attention mainly to dynamic inter-
relationships among those components (Rucker and Trah
2007), which may help identify missing actors or insti-
tutions, or assess the quality and capabilities of specific
system components. Adopting this framework may
provide recommendations for systemic instruments
through which the operation of the system, as a whole,
can be modified and improved (see Table 2).

The traditional application of the ‘national innovation
systems’ (NIS) framework, especially the OECD-adopted
NSI model, has, however, been criticized for falling short
in a developing country context. This is mainly because it
introduces and implements a descriptive and simplified
conceptualization of innovation, which tends to ignore
socio-political landscapes and the global context, and is
reductionist in its focus on economic growth (Delvenne
and Thoreau 2012). Nevertheless, some authors have
argued that the NIS framework is useful in a developing
country context, although it needs to (a) more explicitly
integrate activities and functions beyond adaptation and
adoption; (b) focus on the process of learning and the
development of capabilities through which knowledge
can be developed for the local context (Kraemer-Mbula
and Wamae 2010; Wamae 2010).

In light of the above, we now return to Kuhlmann and
Rip’s (2015) notion of a ‘new regime of innovation’ and
link that to the suggestions made by Foster and Heeks’s
(2013b) to amend the components-based approach of
innovation systems to also include inclusive innovation
objectives. Here some interesting possibilities may exist
in terms of creating a new form of innovation system
where ‘collective experimentation’ can take place more
readily and where more proof-of-concept inclusive inno-
vation projects and programmes can be stimulated.

Table 1: Description of university-led technology-based inclusive innovation projects included in this study

Project Description

#1 A mobile phone application for collecting and sharing water quality information

#2 Real-time video solutions for lowbandwidth environments

#3 The implementation and testing of a waste-based energy generation system

#4 A web- and mobile based administration system for home-based care

#5 A mobile phone health risk assessment application

#6 A mobile phone application giving healthcare practitioners easy access to South African emergency guidelines

#7 Urban planning for informal community, including re-blocking, breaking down and rebuilding shacks & upgrading shacks
#8 Multi-purpose water platforms for informal settlements

#9 A low cost fire detecting and an early warning system for urban informal settlements.

#10 A fencing material that is “unstealable’ (i.e. cannot be used for fuel, contains no metal — taken for recycling), cheap and safe.
#11 Solution for last mile telephone connectivity for rural areas in South Africa

#12 A solar-based mobile power station

#13 An automated, mobile phone-based treatment adherence support solution

#14 An affordable, energy-efficient and owner building-based housing solution

#15 A simple and safe water purification solution
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Such initiatives will need to involve ‘new constella-
tions of actors’ in the innovation process, drawing on
the existing capacity of a mostly sophisticated economy
and the traditional innovation system actors but also
need to include some non-traditional actors (Foster and
Heeks 2013b). These actors will have to engage in new
forms of ‘collaborative learning’ and knowledge pro-
duction which will require novel approaches to STI policy.

The traditional firm-focused ‘top-down’ innovation
frameworks will have to be augmented (and re-aligned
to Kuhlmann and Rip’s ‘pull factors’ approach) while con-
sidering how community-driven ‘bottom-up’ processes
could be supported (Kuhlmann and Rip 2015). As lizuka
(2013) proposes, it is about shifting the innovation
system’s aim from enhancing the productivity of the firm
to solving how a better quality of life for all may be
achieved. The process of emergence and self-organization
is central to the process and therefore the framework needs
to allow for consideration of activities from the bottom-up,
ensuring the inclusion of not only macro- but also micro-
level activities — especially as far as learning and knowl-
edge production are concerned (lizuka 2013).

Kuhlman and Rip’s notion raises some suggestions
regarding leveraging non-traditional actors, the develop-
ment of new capacities in new and traditional actors, and
the development of various ‘spaces’ (physical and other-
wise) as well as communication and transfer mechanisms
through which these actors may engage constructively and
in a productive way (Kuhlmann and Rip 2015). Here the
centrality of knowledge and know-how networks is also
accentuated with the inclusion of non-traditional actors,
the blurring of institutional and social boundaries and
the inclusion of multiple dimensions of knowledge cre-
ation, development and diffusion (lizuka 2013).

Indeed, within this context, a small but growing
number of studies have adopted ‘systems level’ frame-
works to collect and analyze empirical information on
inclusive innovation (and its alternative forms), notably
studies on innovation platforms (Swaans et al. 2014),
cluster innovation (Voeten 2013), user-producer inter-
action (Foster and Heeks 2013a), grassroots innovation
(Smith, Fressoli, and Thomas 2014) and frugal innovation
(Soni and Krishnan 2014). In their discussion of the rel-
evance of a resource-based view for inclusive innovation
studies, George, McGahan, and Prabhu (2012) define
resources as physical capital, knowledge, partnerships,
organizational capabilities and property rights, all of
which are aligned with the key components of the inno-
vation systems perspective.

In order to clearly link up with the ideas and suggestions
by Kuhlmann and Rip (2015), our proposal for considering
the UTII projects was to understand the nature of such pro-
jects and to start developing an overarching analytical fra-
mework to meaningfully describe the UTII projects in this
study. We argue that the components-based approach suf-
fices in this respect, specifically since it does address the
key components of the inclusive innovation process, a
new constellation of actors, the new regime for interaction,
and new capabilities and institutions.

Drawing on the work of Foster and Heeks (2013a, b,
2015) we present the main differences between traditional

innovation systems and the (still theoretical) attributes of
inclusive innovation systems. Although in practice inno-
vation systems are not likely to be purely either ‘tra-
ditional’ (such as NIS) or ‘inclusive’, it is useful to
consider the additional aspects to be integrated if inclusive
innovation objectives may be included. We add the actor’s
perspective (i.e. the higher education system) for our
analysis to this (see Table 2). next section discusses and
describes the individual UTII projects and presents find-
ings from our research study against this framework.

Analysis

The nature of inclusive innovation at universities

Our exploration of technology-based inclusive inno-
vations at universities in the Western Cape gave us some
preliminary insight into the nature of such innovations.
One aspect that defined these inclusive innovations
was the intention behind them. In some cases, inclusive
innovation was first and foremost a vehicle for student
education. In others, it was primarily a platform for aca-
demic research. Some projects foregrounded community
outreach — the third university mission — but always with
an element of education and/or research.

Two other aspects that emerged from the data were
the types and degrees of innovation. As for types, our
sample consists of product or service innovations,
process innovations, and combinations of those. Kruss
and Gastrow (2015) argue that the distinction between
product/service and process innovation may be too sim-
plistic for informal settings. In our study, the distinction
helped draw attention to the fact that quite a few projects
involved product/service as well as process innovations.
The combination of different types of innovation is poss-
ibly what helps to produce solutions suitable for these
complex environments.

In terms of degrees of innovation, our findings support
the point made by other inclusive innovation scholars
around the relative prominence of incremental innovation
and low-tech solutions (Cheng and Bradley, 2014; Kruss
and Gastrow, 2015). The majority of projects in our
study showed a modest degree of new technical knowl-
edge. Innovation was more a matter of the context in
which the technology was applied and how it was made
suitable for this context. A good example is the fence
developed for a low-income setting. The researcher
involved identified possible ways to provide a preschool
with low-cost fencing that would not be at risk to be
stolen or vandalized, i.e. used as fuel (such as wood
used for heating), had no scrap metal value (such as
steel or wire which could easily be stolen) and the material
would not block visibility (which might hide criminal
activity in the area). While the technology (i.e. materials)
existed already, new thinking was required to create a sol-
ution that was suitable. In other words, existing technical
competency had to be combined with new contextual
knowledge — and this is where the innovation resided. If
we take this somewhat broader definition of innovation,
a typology like Henderson and Clark (1990)’s framework
of incremental, modular, architectural and radical inno-
vation can have relevance for research on inclusive
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Table 2: Highly selective comparative analysis of traditional and inclusive innovations systems based on the components-based approach
(draws inter alia on Foster and Heeks. 2013b, 2015)

Component  Traditional innovation systems Inclusive innovation systems Higher Education sector considerations
Goal Focused on macro-level and Socio-economic focus with some focus  Enhancing the presence of university in
business sector on the micro-level and improving supporting or leading inclusive innovation
livelihoods and quality of life system
Actors Often higher income markets, Often includes lower income Non-traditional actors included; new roles
formal sector participants, strong participants, also informal sector of actors in the system; type of partners;
role for intermediaries participation; traditionally big focus on  competences and capabilities; community
demand stimulation but increasingly also leadership engagement
other aspects of the value chain
Innovation ~ Growth oriented innovation; Often incremental and focus on Type of innovation; business models;
often supply-driven; located in diffusion; focus on solving local sustainability and scaling-up; synergies
all parts of production processes problems or meeting local demand; and conflicting interests between
inclusion of marginalised in innovation  university core missions
process; reverse engineering also plays
important role
Learning Learning by doing through Contextualised learning, focus on Type of ideas and skills; type of (co-)
production and implementation;  diffusion and needs; learning about creation processes and knowledge use;
Profit maximization goals social processes, process of inclusion absorptive capacity by users; knowledge
and formulation; guided by inclusive brokerage systems; intermediaries and
development related goals learning spaces
Interaction  Often formalised and contract- Needs to be open and socialised and Type of processes and mechanisms; level
based include participants along value chain and nature of engagement; collaborative
networks and partnerships; interactive
learning spaces; student education;
teaching/training of community members
Institutions  Traditional hard (laws, Complex mix of informal and formal, Intellectual property rights, laws and

regulations, standards) and soft
institutions including trust;
regulation

requirement for spaces to engage and
build trust with new constellations of
actors; regulatory environment crucial
for allowing new approaches to
traditional activities

regulations; ICT facilities; university
policies and initiatives on societal
engagement and local entrepreneurship;
university incentive and reward systems

for researchers; government subsidy
systems and support systems

innovation. The fencing solution would qualify as an
incremental innovation in this framework.

The water purification solution project would be an
example of a modular innovation, which Henderson and
Clark define as ’...innovation that only changes the
core design concepts of a technology...” (1990: 12). The
aim of this project was to develop clay pots that could
purify water in a simple and safe way. The technology
that was developed would transform the use of the pots,
but their look and feel (‘architecture’) would remain the
same.

The concept of modular innovation also proves rel-
evant for some of the process innovations in our sample.
In the health risk assessment application project, a
paper-based risk assessment tool was replaced by a
mobile phone application to test its impact on the training
of community health workers and the health screening
process in a low-resource setting (Surka et al. 2014).
Bringing in mobile technology to improve a process
while leaving the overall structure of the process intact
characterized other projects in our sample as well.

Henderson and Clark (1990, 11) describe architectural
innovation as ‘... the reconfiguration of an established
system to link together existing components in a new
way’. An example of architectural innovative in our
study are the multi-purpose water platforms developed
by faculty and students at a university’s department of
architecture. In the Imizamo Yethu community where
the platforms were built, an estimated 9464 households

make use of shared toilets and taps, with a service ratio
of 61:1 households per toilet and 394:3 households per
tap. The aim of the washing platforms project was to
provide more dignified places for water collection,
spaces for the washing of clothes and the integration of
these with shared toilet facilities. The platforms also
serve as social gathering spaces and clean areas for chil-
dren to play (Water Platforms, Imizamo Yethu, Hout
Bay (South Africa) 2013).

The combination of existing components (taps and
toilets) created value for the community (social cohesion,
safety).

A few projects in our sample can be classified as
radical innovations, which involves °...introducing a
new concept that departs in a significant way from past
practice’(Henderson and Clark 1990: 9). Prahalad posits
that the Bottom of the Pyramid (BoP) markets are a new
source of radical innovation, as the characteristics of
these markets force people to °...rethink the very
source, the focus and the processes of innovation’ (Praha-
lad 2012, 6). The fire detector device was developed by a
faculty-student team at one of the university’s engineering
faculties in response to the need for a suitable fire detection
technology for townships is an illustrative example. Here
the very concept of fire detection had to be rethought as
available technologies are very sensitive to smoke, which
make them less suitable for a township environment."

Another example of a radical innovation is the real-
time video solution for low-bandwidth environments
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Table 3: UTIIs included in pilot study by innovation type and degree

Process Combination

» Emergency guidelines

e [T-based home care system

* Mobile health risk assessment app

Product/service
Incremental o Suitable fence
¢ Sustainable housing
Modular
Architectural e Multi-purpose water platforms
o Settlement urban planning
Radical o Last mile voice & data solution

e Water quality reporting app
¢ Mobile-based health treatment app

» Fire detection device
* Solar based mobile power statrion

e Low-bandwidth video solution

developed by a team of researchers at a university electri-
cal engineering department, which offers a completely
new technology to a previously excluded market. The pro-
ject’s commercial spin-off company, uses the platform to
new markets and to give smaller content providers
access to these markets.

Innovations such as this, which open up markets and
have the potential to move ‘up market’ to change the
rules of the game in higher income segments, have been
called disruptive innovations (Christensen et al. 2006;
Hwang and Christensen 2008).

Table 3 provides an overview of the UTIIs categorized
according to type and degree of innovation.> The majority
of the cases we looked at are examples of relatively
simple solutions from a technological point of view.
However, these solutions can be sophisticated in terms
of their design for inclusiveness. The mobile phone-
based health treatment adherence solution provides a
good example. The software platforms used are open
source (i.e. low cost) and widely available, easy to custo-
mize and suitable for use by non-technical staff (Bobrow
et al. 2014).

The extent to which innovations are useful in contexts,
or have ‘contextual quality’, requires deep knowledge of
such contexts (Nakata and Weidner 2012; Prahalad
2012; Mitchell and McGahan 2014). The data from our
pilot study, while preliminary, indicate that this is the
case in all these UTII projects, irrespective of the degree
of innovation either in terms of technical novelty or their
social dimensions.

Actors and innovators

If we consider the innovator to be © ... the person or organ-
izational unit responsible for combining the factors
necessary ... °, where factors refer to ‘... different types
of knowledge, capabilities, skills and resources’ (Fager-
berg 2006, 3), the innovators in most of our cases are uni-
versity students and research staff. Our sample included
some projects that were an integral (compulsory) part of
the course curriculum and, as such, were the work of
entire student cohorts. The majority of student work on
inclusive innovation projects, however, was done as indi-
vidual senior year projects, Master theses or PhD theses. In
a few cases the students were the inventors. More often,
however, it was faculty who came up with the idea for
inclusive innovation or helped to channel the idea into
the university. These academics emerge as key catalysts

of inclusive innovation in our pilot study, including
through their supervision of students’ contributions.

The involvement of the end-user in innovation pro-
cesses has been put forward as an important part of suc-
cessful innovation (Ansari, Munir, and Gregg 2012;
McGahan, Rezaie, and Cole 2014; Soman, Stein, and
Wong 2014). Members of under-resourced (local) commu-
nities have been acknowledged as innovators in their own
right (Prahalad 2012; Cheng and Bradley 2014; Soman,
Stein, and Wong 2014), and as key contributors to inno-
vation through the insights they provide into end-user
needs and contextual nuances (Ansari, Munir, and Gregg
2012; McGahan, Rezaie, and Cole 2014). As we focused
on innovations coming out of universities, these pure
‘grassroots innovations’ were left outside of the scope of
this study.

Community members were, to varying degrees, part of
the innovation process in most of our selected UTII pro-
jects. However, only in a few projects were they actively
involved in design and, as such, able to make a direct con-
tribution to innovation. The home care application, devel-
oped in a collaborative effort between students and
community care takers, is an example. A participatory
design approach was also used in student projects at an
industrial design department:

A user-centric design philosophy is conducive to co-
creation in inclusive innovation, which in this case may
have been reinforced by the fact that a relatively large
number of students and faculty staff from the university
come from under-resourced communities themselves.
The relationship between university innovators’ back-
ground and their approach to inclusive innovation
should be explored further.?

While low-income populations’ contribution to design
is more the exception than the rule for the projects in our
sample, end-users were involved in the innovation devel-
opment and implementation phases. Figure 1 gives an
indication of end-user involvement for those projects
where this information was available.

When we look more closely at our information on
project drivers and degree of novel knowledge and
know-how, the level of resources at the university
emerges as a potential moderator. The size of the academic
resource base available to a project, and the quality of
those resources (taking level of education as a proxy),
seems to be related to the degree of novelty. The suitable
fence project, which we see as an incremental innovation,
was the thesis work of one student. The low bandwidth
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Design

Emergency guidelines application

Development

Mobile-based home care administration solution

Urban planning solution for informal settlement

i
i
i Last mile telephone connectivity solution for rural areas

Health risk assessment app

Fire detecting device for informal settlements

Mobile-based health treatment adherence solution
Water quality reporting application

Multi-purpose water platforms

Implementation

Sustainable housing solution

Affordable water
purification solution

i Biogas projects

Real-time, low bandwidth
video solutions

Solar-based mobile power station
]

Figure 1: Community involvement in inclusive innovation.

video solution project, on the other hand, which was
defined as a radical innovation, had a much more substan-
tial resource base of one PhD student and four Master’s
students — supervised by two professors — as well as exter-
nal sources of expertise. Some of the education-based pro-
jects, such as the fire detector device and the last mile
telephone connectivity projects, had different students
involved over time, each representing an opportunity for
knowledge contribution to the project.

Interaction and partnerships

We argue that if the input provided by community
members is critical to an innovation’s ultimate success,
these community partners should be considered ‘co-inno-
vators’ even if they are not the orchestrators of the inno-
vation process. This interpretation fits the notion that
inclusive innovation is a process in which multiple
actors collaborate in an innovation eco-system to make
change happen (Prahalad 2012), a process where one or
more partners — in our projects generally the university
representative(s) — act as the ‘value chain integrator’
(Mitchell and Mcgahan 2014).

All UTII projects in our sample involve formal or
informal institutional partnerships between the university
and partner organizations, either other universities (local
or international), communities, government institutions,
NGOs or for-profit business companies. George,
McGahan, and Prabhu (2012) argue that networks of
relationships between actors contribute to the ability of
individuals to achieve success. They make special
mention of the potential value of networks in resource-
limited contexts. Prahalad (2012) discusses partnerships

as an essential part of innovation in low-income
markets. These partnerships serve as enablers in multiple
ways (capital, advice, access and other valuable
resources), of which sufficient university and/or donor
funding — discussed earlier — is one of the most important
organizational conditions (Kruss and Gastrow 2015). The
bulk of funding comes in the form of monetary contri-
butions. We observed one example of in-kind funding,
in the last mile telephone connectivity, where systems
for access to power and a backup system were located at
the head office of a partnering NGO.

Partnerships are also a way to access expertise. In line
with the study by Petersen et al. (2016), interactive learn-
ing opportunities play an important role in the process
taking place in formal and informal settings. Powell
et al. (1996) argue that ‘networks of learning’ are the
locus of innovation when sources of expertise are widely
dispersed. In the projects in our sample, community
members and community-based institutions were the
main partners of choice for social and contextual knowl-
edge. For example, in the mobile-based health treatment
adherence project, researchers from the local university
and a European university worked together with staff
from a local health centre to develop the solution. The
home care mobile app developers worked closely with
community care givers to design a suitable care data
mobile phone application. Networks of learning can also
involve access to experience in the particular area of inno-
vation, as was the case in the biogas project. The univer-
sity in the Western Cape sought collaboration with a
department of physics at another South African university,
which had developed some expertise in applying the
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technology in rural settings In the water quality reporting
app project,the university team brought their experience
from a previous project into the innovation process.

Burt (2005) and Petersen et al. (2016) argue that
people whose networks bridge different groups have
access to a broader diversity of information and are able
to move knowledge from one group to the other, thereby
driving creativity and new ideas. In our study, university
faculties fulfilled this ‘brokerage’ role within their UTII
project(s). There are several examples in our UTII projects
of different students or student groups working on parts of
the project over time, with a university faculty member
ensuring continuity by transferring knowledge between
consecutive project members. A final observation with
regard to networks of learning involves the role of incuba-
tors and other innovation platforms at universities, such as
one university’s tech incubator and another’s electronic
database with projects. The existence of such shared phys-
ical and/or virtual infrastructures creates ties between pro-
jects, facilitating the diffusion of knowledge.

In their discussion of the role of universities in regional
economic development, Nelles, Bramwell, and Wolfe
(2005) use the notion of ‘innovation as a social process’
in which users and producers learn from each other
through regular interaction. The involvement of end-users
in the innovation process is seen as part of what makes
inclusive innovation ‘inclusive’ (George, McGahan, and
Prabhu 2012). We mentioned in the previous section that
end-users were only involved as co-designers of products
or processes in a few projects in our study (notably the nar-
rative around co-design and co-creation at in particular, one
of the universities in our sample). It was more common for
university innovators to consult end-users at certain points
in time during the design and development process than
in the final stages and real-life implementation. The
degree to which end-users are part of the inclusive inno-
vation process is likely to have an impact on how much
knowledge and know-how is exchanged and transferred
between the university and the community, and the type
of knowledge/know-how involved. When people work
closely together, trust can develop. If end-users are able
to influence design, they are also more likely to have a
sense of ownership over the innovation, which could posi-
tively influence innovation adoption and use. Finally, as
mentioned before, their input can be expected to increase
the chance of the innovative technology being suitable for
the context for which it is designed.

Community members might also be involved as pro-
duction partners. In the fire detecting device project, the
product’s casing was made by community members.
This adds economic value to the innovation’s social
value, not only by creating an opportunity for people to
earn income, but also by giving them practical skills. Part-
nering with community members on the supply side can
also facilitate access of the innovations to the marketplace,
as is illustrated by the last mile telephone connectivity
project: the proposed network will be installed by the
locals, after being trained in basics of wireless networking,
VoIP, dimensioning of solar system, and the billing system
as a way to increase local buy-in of the network
(Roro et al. 2012).

Knowledge and learning

In all projects reviewed, knowledge was a key part of what
university representatives contributed to the innovation
process. As this study was specifically focused on technol-
ogy-based innovations, it implies that much of this knowl-
edge was technical know-how and embedded in the
innovation itself. This is one ‘demand driven’ way in
which the innovation creates value for low-income or
resource-deprived communities — by enabling the devel-
opment of a technical solution that addresses a need.
The direct transfer of knowledge and know-how to com-
munity members, to empower them in their role of co-
designer, co-producer or consumer, helps engage commu-
nities in interactive learning trajectories. In the urban plan-
ning project, community members gained knowledge
about urban planning and building processes, and
learned how to organize and mobilize themselves.
Another example is the health risk assessment app
project, in which community health workers were taught
how to measure cardiovascular risk using a mobile
phone application.

An understanding of the social and cultural context in
which the innovation is to be used is a second type of
knowledge needed in inclusive innovation processes.*
The three main sources of this type of ‘social knowledge’
were community leaders, representatives and community
end-users, as well as NGOs involved in that particular
community. NGOs usually served as an intermediate,
offering the university students or researchers the opportu-
nity to build on and extend an already established relation-
ship with members of the community.

The ability of innovation partners to incorporate and
use external knowledge and know-how is critical, and is
often referred to as ‘absorptive capacity’ within the tra-
ditional NIS-type innovation models. Relevant prior
knowledge determines the absorptive capacity of an
organization or unit or, in our case, an innovative UTII
project. It is what allows the project’s decision makers to
recognize the value and applicability of the UTIL. Some
of the projects were standalone ‘ad hoc’ UTIIs; others
were linked into ‘innovation-hub’ infrastructures As the
data indicate, this is not necessarily a guarantee for
success in terms of smooth implementation or creation
of socio-economic impacts, but it could provide easier
access to relevant prior experiences and thus add to the
ability to absorb new knowledge. Learning processes are
usually cumulative. Consequently, projects undertaken
as standalone, one-off initiatives, are likely to benefit
less from existing external sources than projects firmly
embedded in a support structures or with relatively long
timeframes. Although by no means conclusive, the
results of our first study give the impression that many pro-
jects were being driven by individual university staff at
their own discretion. If these individuals are involved in
multiple projects over time, their ability to acquire, incor-
porate and transfer knowledge will add to the absorptive
capacity in these projects and related infrastructures.

The ultimate success of an inclusive innovation project
often depends on the creativity, ingenuity and persistence
of key individuals. In addition to learning and knowledge-
sharing capabilities, innovation scholars have argued that
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the ability to inspire others and gain their commitment
‘... by actively and enthusiastically promoting [the inno-
vation’s] progress through the critical stages’ (Achillade-
lis, Jervis, and Robertson 1971, 14, quoted in Howell
and Higgins 1990) positively affects innovation perform-
ance. The person bringing these qualities into the inno-
vation process has been referred to as a ‘project
champion’. The champions in our UTII projects were
often university faculty who had been instrumental in
their project’s origination and then became project
leaders ensuring its continuation. This is important, for
example, when various students contribute to the project
over time. When a student leaves the project, the cham-
pion can help keep the momentum going and minimize
‘knowledge leaks’. In innovation literature, a distinction
is made between champions ‘formally appointed’ and
‘emergent informal’ champions. Contextual factors, such
as the level of decentralization of decision-making auth-
ority, have been said to be a potential influence on the
role and impact of innovation champions.

Economic factors

Property rights

Intellectual property rights, as legal privileges, are usually
considered in the context of commercial technology devel-
opment and university-industry partnerships (Henderson,
Jaffe, and Trajtenberg 1998; Mazzoleni and Nelson
2007). The economic and commercial notion of exclusive
rights to particular resources seems to be at odds with the
objective of social development, which is about providing
people with as much access to resources as needed. There
are some projects in our study in which intellectual prop-
erty rights play a crucial role. The fire detector software
code is copyright protected and the team has applied for
patents, with the help of the university’s technology trans-
fer office. The project has spun off into a company through
which the innovation is being commercialized. In the case
of the real-time, low-bandwidth video solution project,
where the university researchers contributed to intellectual
property, a license was provided to an outside entrepreneur
for its commercialization (Barnard 2012). In these cases,
the social impact of the innovation is realized primarily
through its use. The opposite happens as well, where inno-
vators give non-owners free access to their intellectual
property. The water quality reporting app team applied

an open source approach to the part of the project they
were responsible for. It was funded by a large NGO.
The health risk app was developed using an open source
platform, through which mobile health innovations are
created and shared with a community of m-health innova-
tors and users across the globe. Social value is realized
through the use of these innovations, but potentially also
through their development and manufacturing/delivery
when learning is shared freely.

This does not mean that an open source strategy is
necessarily superior in terms of inclusive innovation per-
formance. Commercialization requires the application of
business principles. The fire detector device team leader
mentioned that having to write a business plan to obtain uni-
versity seed funding made the team aware of aspects they
had not yet considered. As referred to earlier in this
paper, the lead faculty involved in a university’s innovation
hub mentioned that a clear business model or business case
would have been of value to projects she discussed in the
interview. More research is needed to understand what
makes university innovators choose a commercialization
versus an open source/development strategy, and how this
decision impacts on the innovation process and perform-
ance (implementation, use, scalability). While patents
have been used as an indicator of commercial technological
innovation (Archibugi 1992), the study of inclusive inno-
vation will require broader indicators to accommodate for
processes with a developmental focus.

Economics

In terms of project funding on our UTIIs, there is a divide
between projects that are relatively well funded and those
done on a shoestring. Research-driven innovations in our
study are often the former, while most of the education-
based projects fall within the shoestring category.

There is an example of university seed funding, but
sizeable funding mostly comes from government research
funding agencies like the Technological Innovation
Agency and the National Research Foundation, intergo-
vernmental organizations and non-governmental organiz-
ations. Universities may be cash-strapped, especially in
an emerging economy such as South Africa, but are eli-
gible to funding UTII projects to support social and econ-
omic development in their role as research partners in
inclusive innovation. While the majority of survey

Table 4: UTII projects by university missions and inclusive innovation regime

Hybrid Commercialisation

Real-time, low-bandwidth
video solutions

Solar-based mobile
detector
Real-time, low-bandwidth

video solutions
Solar-based mobile

Developmental
Student Mobile-based home care admin solution, multi-purpose
education water platform; affordable water purification solution; urban power station; fire
planning solution; sustainable housing solution; last mile
telephone connectivity solution; water reporting app; health
risk assessment app
Academic Health risk assessment app; mobile-based health treatment
research adherence solution
Community Last mile telephone connectivity solution; water quality
engagement reporting app; suitable fencing solution; health risk

assessment app; mobile-based health treatment adherence

power station; fire
detector

solution; multi-purpose water platform; affordable water
purification solution; urban planning solution; sustainable

housing solution
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Table 5: UTII research agenda framework

Component

Themes of importance extracted from our project

Innovation

Actors

Interaction

Knowledge and learning

Infrastructure
(Knowledge, Physical and
Financial)

Institutions

The nature, drivers, strategies and innovation processes:

 Types of innovations (product, service, process, new markets, new input factors,
new production techniques, organisational innovations, business model);

¢ Nature of innovation (incremental, modular, architectural and radical, -
recombinant)

« Strategies for the innovation process (developmental, hybrid, commercialisation)

e Product characteristics and adaptation to local infrastructure and context;

» Manufacturing and distribution (delivery and distribution, localised collaborative
value chains);

 Business development (managing eco-systems, scaling up and diffusion).

The institutional background, incentives, resources and capabilities of contributors:

 The role, range and presence of actors involved in the process (university,
knowledge brokers, intermediaries, cooperatives, NGOs);

« Capabilities / competence of actors (e.g. knowledge, partnering, communication,
technology, management, marketing, manufacturing, lobbying);

The major focus for interaction is the nature of partners, engagement and

partnerships:

« Inclusiveness to be considered at level of networks and level of individual contacts;

« Level of inclusiveness and nature of engagement, level of engagement and
inclusiveness;

e Modes of and mechanisms for organisation of community interaction e.g.
cooperatives.

o Capabilities in the linkages and partnerships for forming networks of learning, and
sustaining partnerships;

¢ Roles, forms and nature of partnerships as enabler

The role of knowledge and learning play a central role in inclusive innovation

projects and we therefore suggest future work to be focused on:

 Role of actors in the knowledge development and learning process;

¢ The mechanisms for knowledge development and learning and refinement of ideas
and projects

 Types and forms of knowledge e.g. technological, business, tacit and codified
knowledge

» Management of, drivers, types and forms of the development of knowledge e.g.
“co-creation”

 Developing and characterising capability to learn and adapt through e.g. absorptive
capacities in actors;

Infrastructural components are important within innovation studies and we therefore

suggest future work to be focused on:

» Innovation platforms and learning spaces

* Management and organisation infrastructure (project management expertise,

cooperatives, clusters, M&E );

» Knowledge infrastructure (expertise, know-how, strategic information);

* Physical infrastructure (connectivity, roads, water electricity);

* Financial infrastructure (funding availability of seed funding, mechanisms to

support access to funding, grants, micro-financing).

In order to design a process that is not extractive but seeks for the engagement to

increase in value and depth over time, we propose that the following is considered:

¢ Intellectual Property (IP) and models of ownership

» The development of trust between teams and communities (social capital)

« Co-creation models of knowledge and implications for IP ownership

* Organising the UTII projects and engagement with community (cooperatives,
church, community centre etc.)

respondents indicated that their project received financial
support from the university, it was not necessarily a
large amount of money nor easy to obtain. For example,
in the urban planning solution project, getting funding
was perceived to be a struggle and the small amount even-
tually received from the university critical to the project
happening. Even though our empirical data are not

conclusive, it is worth noting that all projects with a sub-
stantial budget came out of one university, while the pro-
jects from one of the other three universities had relatively
limited financial resources. According to a faculty member
from this university who was involved in a few of these
projects, limited resources are dedicated to fundraising
and marketing at her institution, requiring her to work
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harder for funding and partnerships than faculty at better
resourced and networked universities in the region. She
linked availability of resources to the likelihood of
project implementation. A colleague of hers also makes
this connection. In his opinion, the funding and university
structure needed to implement projects does not exist.

With lack of funding getting in the way of project
implementation, it is important to understand what it
takes for inclusive innovators at universities to secure
financial resources and how institutional factors such as
reputation and innovation structures influence this process.

Given these economic constraints, pricing and product
cost management are important considerations in most
projects in our sample. The developers of the fire detector
decided on a maximum price for their product based on
interviews with potential users, which then became a
product development parameter. Like the mobile-based
health treatment adherence solution project team, the last
mile telephone connectivity project leaders used low-
cost technology and open source software to allow for
the development of the system on a relatively small
budget. Low set-up costs also facilitate replication of the
innovation.

Discussion

Based on our findings, we can distinguish three dominant
‘inclusive innovation ‘regimes’:® ‘developmental’, ‘com-
mercialization’, and a combination or hybrid of both.
Developmental regimes are traditionally the domain of
non-profit and intergovernmental organizations, whereas
commercialization is traditionally the focus of for-profit
business enterprises. Where development and profit
meet, social entrepreneurs are at work. These entrepre-
neurs can be associated with, or employed by, public
sector organizations (such as academic entrepreneurs) or
active in private non-profit organizations.

Inclusive innovations at the four universities in our
sample follow any of these three regimes. In some UTII
projects, the strategy is more premeditated and targeted,
while in others, they are more ad hoc and evolve over
time. It is at this stage still unclear which conditions
shape and drive the different strategies and which pathways
lead to successful innovation with positive impacts on the
community. In a next phase of the research, the authors
could further investigate the relation between the drivers
behind inclusive innovation, the likelihood of its implemen-
tation and the socio-economic impact through its use.

The inclusive innovation strategies and multiple uni-
versity missions (teaching and training, research and
science, knowledge transfer and community engagement
can be organized in a matrix as presented in Table 4).

Further research is needed to assess the external
impacts of UTII projects and related innovation regimes.
A more formal approach to impact assessment (IA)
allows for structured learning and identification of good
practices. A fully fledged IA should incorporate the analy-
sis of key inputs, project implementation processes, and
environmental factors that affect the level of innovative-
ness, innovation adoption and usage. For this we need to
create a broader analytical framework and research
agenda for understanding and surveying UTII projects in

general. Adopting our ‘system of innovation components’
approach, these research themes are numerous and varied
(see Table 5). Our follow-up project, focusing on UTII
impact measurement and classification, will be the first
study to test and apply this comprehensive framework.
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Science, Technology and Innovation Policy, Stellenbosch Uni-
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Notes

1. Francois Petousis quoted in Turner (2013, August 5).

2. As disruptive innovation refers to market-related perform-
ance rather than degree of innovation, it is excluded from
this overview.

3. Research questionnaire (2014).

4. The degree of new technical knowledge associated with the
innovation (e.g. incremental, modular, architectural, radical)
does not necessarily correlate with the degree of new social
knowledge. The successful implementation of a low-tech
innovation may require a high level of new social
knowledge.

5. Interestingly, the water test kits developed elsewhere in the
research consortium were taken to market, but
unsuccessfully.

6. We define a ‘technological innovation regime’ as a fairly
stable configuration of mechanisms and goals, which are
based on institutionalized patterns of innovation practices
and knowledge diffusion processes.
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