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Abstract

From the evaluation literature related to research and innovation policy, calls have long been
made for improved evaluation processes especially where projects and programmes may be
evaluated from a systems perspective. Drawing on the literature of innovation systems and in-
novation for inclusive development (14ID) this research proposes a state-of-the-art analysis frame-
work, which can be used to evaluate University-driven Technology-based Innovation for Inclusive
Development (UTI4ID) projects. In particular, this framework draws on 16 exploratory case studies
of UTI4ID that leads to the development of typologies that can be used in future UTI4ID evalua-
tions to better guide such efforts. We thus not only show that advances in the 141D literature
provides an ideal starting point for complexity cognisant evaluations, but also contribute an end-
to-end framework to support such evaluations and populate a detailed guide for future UTI4ID
projects.
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1. Introduction and background

Innovation is widely considered a key driver of economic growth. At
the same time, although certainly not the only factors, innovation
and technology have been identified as major contributors to in-
equality through a complex network of political, economic, and so-
cial processes (Foster and Heeks 2013a). Hence, a burgeoning body
of literature investigates how innovation processes and systems may
be adapted to support more inclusive growth. This is referred to as
‘social innovation’, ‘inclusive innovation’, ‘innovation for inclusive
growth’ (George, Mcgahan and Prabhu 2012), and ‘innovation for
inclusive development’ (I4ID; Paunov 2013). These alternative in-
novation models regard marginalized communities not only as po-
tential customers but also as business partners to be included in the
innovation process so that they may ultimately benefit economically
from the resulting innovations (George, Mcgahan and Prabhu
2012). In this article, we use the term ‘Innovation for Inclusive
Development’ (I4ID) which can be defined as the improvement of
living conditions and the creation of employment opportunities for
poor and marginalized communities through the development of

new products, services, processes, and business models specifically
aimed at these communities (Kaplinsky and Morris 2001; Heeks,
Foster and Nugroho 2014).

I4ID projects have their genesis in different contexts and are ini-
tiated by different actors—in this regard a small-scale research pilot
project was launched in 2014 to investigate the dynamics of univer-
sity involvement in I4ID in a developing country such as South
Africa (Grobbelaar, Schiller and de wet 2017; Grobbelaar, Tijssen
and Dijksterhuis 2017). The study focused specifically on
University-driven projects that developed/used technology focused
innovations to bring about inclusive development (referred to as
University-driven Technology-based Innovation for Inclusive
Development (UTI4ID) projects in this article). The study’s conclu-
sions were presented in the form of a research agenda to highlight
further research focus areas. The authors suggested further research
in UTI4ID on inter alia: (1) drivers, strategies, and innovation proc-
esses; (2) roles and capabilities of a wide range of actors that partici-
pate in the process; (3) the infrastructures required to support
UTI4ID; (4) institutional factors such as intellectual property, the
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process of co-creation and engagement with communities. Finally, it
was also concluded that apart from exploring these dynamics, fur-
ther research is needed to assess how these factors collectively con-
tribute to UTI4ID generating successful external outcomes. In
particular, a need was identified for a more formal approach to as-
sess such outcomes and how such an approach will allow for struc-
tured learning and identification of good practices for similar
projects in future. This article presents the follow-up work and is a
first study to test and apply this comprehensive framework.

In this article, we therefore aim to contribute to the growing field
of I4ID and I4ID project evaluation—with a focus on UTI4ID. First,
we highlight the merits of using the innovation system (IS), and
Innovation for Inclusive Development Systems (I4IDS) analysis ap-
proach as a foundation for assessing I4ID projects—something that
has not received much attention in the evaluation literature to date.
Second, we develop a best practice 14ID evaluation framework
based on the IS and I4IDS literature, the concept of capital develop-
ment and the well-known logic framework. Finally, we explore the
use of the framework in the context of university-driven technology-
based innovation for inclusive development (UTI4ID) projects. In
particular, we apply the proposed framework to the evaluation of
16 UTI4ID projects to gain novel insights regarding the nature of
UTI4D projects.

2. Problem statement

Authors such as Patton (2010) have long been advocating the inclu-
sion of complexity in systems evaluations. From an evaluation per-
spective, complexity theory in social sciences deals with how
complexity is generated through diverse actors that may hold differ-
ent goals and have access to specific resources (Carol 1998).
However, complexity theory remains a disparate field where little
coherence exists in how to deal with complexity (Walton 2016).
Within this context, there has been an increasing trend towards the
use of developmental evaluations (Jolley 2014; Milley et al. 2018).
Developmental evaluation seeks to guide evaluations of emergent
and dynamic realities in complex environments. It acknowledges
that behaviours are driven by learning, evolution and development
(Tilley and Pawson 2000). Hence, the concepts of non-linearity;
emergence; adaptation; uncertainty; change in dynamical systems;
and coevolution become important.

There is evidence that evaluation approaches have been widened
to include complexity principles (Milley et al. 2018). A key example
here is the UK’s Department for International Development’s
(DFID) broadening of their range of impact evaluations to evaluate
systems considering the role of complex interactions in the systems
within which interventions take place (Garbarino and Holland
2009; Stern et al. 2012).

It is from this perspective of complexity and systems evaluation
that we specifically consider innovation. It is widely acknowledged
that the development and implementation of innovations occur
within a socio-cultural context (Mondal, Kamp and Pachova 2010).
Freeman (1987) defined innovation systems (ISs) as ‘networks of
institutions, public or private, whose activities and interactions initi-
ate, import, modify and diffuse new technologies’. The IS frame-
work is used to define how actors and institutions work in
partnership to exchange knowledge to develop, produce, and diffuse
innovations. It is also a framework through which the complex
interactions between elements are acknowledged as well as the

Inputs Activities »  Outputs Outcome

Figure 1. The logic framework serving as a basis for the UTI4ID evaluation
framework.

feedback loops and non-linear behaviour that exists as a result of
various actors’ activities in these systems (Lundvall 1992; Wieczorek
and Hekkert 2012).

There is a large evaluation literature on traditional ISs which
includes the exploration of various indicators related to innovation
performance on a systems level (Stenberg, Gustafsson and
Marklund 1996; Edquist et al. 2018), the role of universities
(Bolling and Eriksson 2016), and a large amount of studies on re-
search impact (e.g. Snowball and Shackleton 2018; Temple et al.
2018). However, there is a limited evaluation literature on I4ID
with most existing studies focusing on agriculture (Temple et al.
2018; Weiffhuhn, Helming and Ferretti 2017). Certainly, utilizing
I4ID from a systems and complexity perspective especially in devel-
oping country contexts is still completely underexplored (Botha,
Grobbelaar and Bam 2016; Grobbelaar, Schiller and de wet 2017;
Grobbelaar, Tijssen and Dijksterhuis 2017; van der Merwe and
Grobbelaar 2018; van der Merwe, Grobbelaar and Bam 2019).

This article thus aims to present the development of a systems
framework to guide the evaluation of I4ID projects, with a focus on
UTI4ID projects in developing countries. One of the most prolific
basic evaluation methodologies is the logic framework, which con-
sists of four main steps: inputs, activities, outputs and outcomes (See
Figure 1). By utilizing the familiar input>activities>>outputs> out-
comes structure of the logic framework the authors provide evalu-
ation practitioners with a systematic approach to help develop
program theories and formative and summative evaluations using a
familiar setup and aligned with established funder requirements for
project documentation. The contribution of this article is that the
authors utilize a systems approach and aim to open up and explore
the ‘activities’ section to view innovation from a complex systems
perspective to assist the evaluation of I4ID projects. The authors
also develop typologies for the outputs and outcomes aspect that
will serve as a guide to assist evaluators to explore the various out-
puts and outcomes that may be generated through UTI4ID projects
in particular. Specifically, we classify the outcomes of UTI4ID proj-
ects from the perspective of capitals created.

3. Methodology

The methodology followed to achieve these objectives were based
on an established grounded theory-based approach aimed at the de-
velopment of conceptual frameworks for complex social and multi-
disciplinary phenomena linked to various bodies of knowledge
(Jabareen 2009). The framework development process followed
consists of four main stages namely: (1) Stage 1—Theoretical
grounding; (2) Stage 2—Framework development; (3) Stage 3—
Exploratory case studies, and (4) Stage 4—Integrated evaluation
framework. Table 1 lists all the steps associated with each stage, the
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Table 1. Description of research methodology

How the step is performed in this article

evaluate the impact of project
focused on improving I41D.

Steps Objective of steps
Theoretical Literature review on core con-
grounding cepts of IS.
Framework Develop a generic evaluation ap-

development proach based on the state-of-

the-art [4IDS frameworks.

Exploratory case
studies: a ies, illustrate the application of

the framework and develop

typologies bottom-up to sup-

port the population of the

grounded typ-
ology construc-
tion process

framework. 2. Develop output and outcome

Evaluate the state of the art of litera-
ture with respect to using ISs to

Unpack the structure of the extended
component-function framework
tailored for I4ID impact
evaluation.

By way of exploratory case stud- 1. Identify the components and

functions present within UTI4ID

projects from the sample.

Identify systemic problems and

design systemic instruments.

In Section 4, the authors present the litera-
ture that pertains to the evaluation of ISs.
The article introduces the component-
function approach as an appropriate base-
line approach.

Section 5, the extended framework’s core
steps are described and mapped out.

Section 6 introduces the case studies. These
case studies are conducted to gain insights
into the specific components and func-
tions present within UTI4ID projects.
This is done in order to tailor the frame-
work specifically for UTI4ID projects.

typologies from the UTI4ID proj-
ects in the sample.

Conclusion: inte-
grated evalu-
ation flect on its implications.

Present the integrated UTT4ID
evaluation framework and re-

framework

Present the integrated framework.
Evaluate the implications of the
developed framework for evalu-
ation practitioners.

In Section 7 the output and outcome typolo-
gies are combined with the component-
function framework in order to construct
an UTI4ID evaluation framework.

objectives of each step and indicates where in the article this object-
ive is presented.

After developing the generic analysis framework, exploratory
case studies were conducted to construct typologies for the purpose
of mapping out various aspects of the evaluation framework as ex-
tensively as possible for UTI4ID projects (Kluge 2000). The typolo-
gies are developed through an empirically grounded approach from
the bottom-up based on in-depth interviews with the project leaders
of 16 UTI4ID projects. Finally, the constructed types are described
in-depth and depicted, by reference to their attributes and possible
causal links (Kluge 2000). This provides insights regarding the typ-
ical dynamics of UTI4ID projects and also illustrates how the frame-
work might be applied to other I4ID environments.

Due to the geographic location of the authors, the selection of
UTI4ID projects was confined to the four public research univer-
sities in the Cape Town and Stellenbosch environment namely, the
University of Cape Town (UCT); Stellenbosch University (SU); Cape
Peninsula University of Technology (CPUT); and the University of
the Western Cape (UWC).

We started with a list of 5 projects identified during a pilot pro-
ject and sourced a further 11 UTI4ID projects from an internet
search on innovation projects at the four universities to arrive at a
total of 16 implemented innovations for our study. Table 2 provides
an overview of the projects in our sample.

4. Theoretical grounding

Apart from the well-established logic model, the framework we
developed draws from three core concepts from literature. First, the
component-functions approach to IS analysis and its adaptation to
enable Innovation for Inclusive Development Systems (I4IDS) evalu-
ation i.e. how traditional IS approaches have been adapted to enable
I4IDS analysis. Second, a key aspect of the component-functions ap-
proach focussing on systemic instruments. Last, the classification of

outcomes as capitals. Each of these are described in turn in the fol-
lowing sections.

4.11S frameworks: the component—functions approach
Innovation models have evolved from linear technology-push and
technology-pull conceptualizations (Godin 2006) to models that ac-
knowledge complex behaviours along with the importance of under-
standing the interactions between actors and feedback loops that
may exist (Fagerberg, Mowery and Nelson 2005). This has given
rise to the concept of ‘Innovation Systems’ which is prevalent in in-
novation and economic development thinking and practice (Edquist
and Hommen 1999). Although the IS approach was originally
applied to the national level it has evolved to also include other
dimensions such as regional innovation system, sectoral innovation
system, and technological innovation system (TISs). Of particular
interest to this article is the TIS framework which focuses on under-
standing the interrelationships between technologies, actors, net-
works, and institutions and in doing so, seeks to answer how an
innovation system around a particular technology ‘functions’
(Carlsson and Stankiewicz 1991; Bergek et al. 2015).

Two dominant approaches within the TIS domain are the
components-based approach and the functions-based approach. The
components-based approach is focused on the core components
such as actors, interactions, knowledge and learning, innovation,
institutions, and infrastructure (Rucker and Trah 2007). The com-
ponents are acknowledged to shape how the system is performing
and how actors act; it is useful to help identify the presence or qual-
ity of components but has been criticized to result in analysis that is
quite static and only useful for post hoc analysis (Hekkert et al.
2007; Bergek et al. 2008).

Functional analysis emerged as a complementary approach to
solely focussing on the components of the system (Lamprinopoulou
et al. 2014). The function-based approach assists to explore the
activities and functions that the system needs to perform for the IS
to achieve its goals i.e. innovations are developed and diffused
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Table 2. UTI4ID projects

Project Description University

Al Design and construction of structural interventions in rural communities in SA. So far, they have built a roof-cov- CPUT
ered gathering space for a school and water platforms.

A2 Incorporated service learning into a module that entails community mapping. The students and community partici- CPUT

pate in the mapping of the informal settlement.

B1 SU Department of Aquaculture developed small-scale trout farming process that provided opportunity for farm SU

workers to start their own trout farms without the ownership of land being a primary prerequisite.
B2 Point-of-use microfiltration system for production of clean water. The devices are cost effective and uses gravita- SU
tional force instead of external energy sources for filtration.

B3 Explore the use of technological support for school learners who require human readers during tests and examina- SU
tions, learners with reading disorders. The project replaced human readers with MP3 players that contained a

pre-recording of the tests.

B4 The development and implementation of a generic development platform that enables any individual to easily de- SU
velop individual therapy software (tools) for autism spectrum disorders, without resorting to extensive software
development.

BS The Research Centre is a collaborative research centre that consists of researchers from the university as well as co- SU
researchers from the marginalized community. The centre executes several informal settlements upgrading
projects.

B6 This project explores alternative access to classroom teaching by exploring e-learning to promote inclusivity of stu- SU
dents who have special learning needs that could be met by attending class ‘outside’ of the physical classroom.

B7 An intervention which seeks uses SU Telematics Division’s interactive satellite platform to provide supplementary SU
support for learners in underperforming schools, especially in rural communities of SA.

C1 This project focuses on the fishery sector. It is a mobile phone application that allows the fishing community to com- UCT
municate and share data with scientists and vice versa.

C2 Developed affordable heart valves to treat rheumatic heart disease with heart-valve surgery. UCT

C3 This project developed and implemented a device that detects a change in temperature within a shack and sets off a UCT

network alert to protect against fires.

C4 This project developed a mobile retinal camera to screen for diabetic vision impairment. It provides a cost-effective UCT

alternative to traditional methodologies.

CSs The design and construction of water platforms in a rural community in SA. These platforms provide cleaner, more UCT

efficient and safer water collection areas. The platforms are used for water collection and clothes washing.
D1 This project looks at healthcare communication. Sign support is mobile phone application that allows the pharma- uwcC
cist to ‘speak’ to a deaf patient, where without assistive technology they would not be able to communicate with

each other.

D2 The design and development of a business case and mesh network in a remote rural community as a cost-effective UwC

alternative to traditional mobile networks.

(Hekkert et al. 2007). The functions refer to key processes in an IS
that support structural components. Seven system functions are pre-
velent in the IS literature: [F1] knowledge development; [F2] know-
ledge diffusion/dissemination; [F3] entrepreneurial activities; [F4]
influence on the direction of search; [F5] market formation; [Fé6]
guidance of search; and [F7] creation of legitimacy (Suurs 2009;
Wieczorek and Hekkert 2012), The functional approach allows for
identifying blocking mechanisms that hinder the development and
diffusion of innovations (Bergek et al. 2008; Blum, Bening and
Schmidt 2015). Here the focus is on the achievement of activities
and the non-linearity of the system as functions are interdependent
along with multiple interactions between functions (Jacobsson and
Johnson 2000). Several authors have argued that the functional ana-
lysis should be coupled with component analysis as functions cannot
be altered without altering structural components—this approach is
thus followed in this article (van der Merwe and Grobbelaar 2018).
As a next step and as far as developing an evaluation tool that
makes use of the component-functions analysis approach, we con-
sider the applicability of the TIS framework in an I4ID context.
Foster and Heeks (2013b) explores whether/how the TIS should be
modified to attain a framework for Innovation for Inclusive
Development Systems (I4IDS) analysis. An I4IDS will have a differ-
ent goal than the traditional TIS in that it will have to develop and

diffuse innovations aimed at resource-poor individuals or groups in
order to present a positive contribution to improved life conditions
and upward mobility (George, Mcgahan and Prabhu 2012).

A range of authors has expanded the TIS functions to I4IDS,
each one of these functions support I4ID processes (See Table 3)
(Hekkert et al. 2007; Bergek et al. 2008; Rip et al. 20105 van der
Hilst 2012; Grobbelaar, Gwynne-Evans and Brent 2016; Van Der
Merwe and Grobbelaar 2016). In interest of space, we illustratively
discuss Function 1: Entrepreneurial activities. This function is trad-
itionally aimed at engaging traditional IS actors (typically busi-
nesses, government, and universities) to exploit possible business
opportunities by leveraging off system components such as develop-
ing and sharing relevant knowledge of the innovation, developing
relationships and linkages (often regulated through formal con-
tracts), and create markets for the innovation. Within an I4IDS, this
means that this function needs to be expanded and actors engaged
with in this process need to be more inclusive, business opportunities
need to be created for marginalized individuals. This has a range of
implications for the kinds of engagement mechanisms, new business
models, and the articulation of demand.

Although in practice ISs are not likely to be purely traditional or
purely inclusive, it is insightful to consider the additional aspects to
be integrated in the framework for alignment with I4ID principles in
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Table 3. Functions of IS in the context of 14IDS

Function

How should these functions be refocused for 14IDS?

F1: Entrepreneurial activities

Involvement with and entry of marginalized individuals in entrepreneurial aspect, new actors involved in business

planning, novel business models are required for sustainable engagement of marginalized.

F2: Knowledge development

This will entail new sources of knowledge, focus of knowledge development towards inclusivity concerns, research

capacity development in non-traditional actors, new types of research collaborations, a ‘new commons’ through

new considerations for IP protection.
F3: Knowledge exchange

Engaging with non-traditional actors will have implications for how knowledge dissemination takes place: i.e. the

development of capacity for dissemination in new actors, exploring the implications of absorptive capacity in
various actors, new dissemination methods.

F4: Guidance of search

Focus of considering opportunities e.g. inclusion of development concern in policies, recognition of constraints in

planning, and support for strategic knowledge development.

F5: Market formation
markets?
Fé6: Resource mobilization
141D.
F7: Creation of legitimacy

How can innovations as a result of I4ID be made to become market-ready, gaining access to existing and new
Access to capital, access and development of human resources and appropriate financing and business models for

Commitment, engagement with community — ensure legitimacy and sustainability of relationships.

the University context. The suggestion is that the focus of each com-
ponent from the traditional ISs perspective should be adjusted to in-
corporate a new ‘constellation of actors” which (in the case of this
article) means lower income communities to be included in the in-
novation process. This may entail for instance to engage traditional
actors (e.g. universities) to embark on non-traditional activities
(coordinating innovation platforms in a community) and to engage
non-traditional actors in the innovation process (e.g. impoverished
community members). Table 4 specifically evaluates how the
adapted I4IDS perspective relates to the higher education sector
draws on, inter alia (Foster and Heeks 2013b, 2015; Grobbelaar,
Schiller and de wet 2017; Grobbelaar, Tijssen and Dijksterhuis
2017).

4.2 Systemic instruments

Systemic problems refer to factors that inhibit the development of
ISs (Hekkert, Negro, Heimeriks and Harmsen 2011). Several
authors such as Carlsson et al. (2002) and Woolthuis, Lankhuizen
and Gilsing (2005) argue that useful explanations for why an innov-
ation system performs a function properly can be found by analyz-
ing the system components. Wieczorek and Hekkert (2012) outlined
two helpful perspectives: (1) whether the components are present or
absent, and (2) whether there is a problem with the properties such
as their capabilities or quality. They summarized a list of systemic
problems from literature and conceptualized a set of systemic prob-
lem categories. These are summarized in Table 5.

Systemic instruments are tools that aim to improve the function-
ing of a system by solving systemic problems caused by components
within the system. These systemic instruments aim to accomplish a
set of goals. These goals are linked to the types of systemic weakness
it is aimed at addressing. Table 5 draws on Foster and Heeks
(2013b), Grobbelaar, Gwynne-Evans and Brent (2016), and
Grobbelaar, Schiller and de wet (2017), Grobbelaar Tijssen and
Dijksterhuis (2017) and provides an overview of such instruments
linked to the problems they aim to address. Several of the systemic
instruments centre on the notion of improving dialogue, vision, and
strategy development, experimentation and the articulation of de-
mand (van Mierlo et al. 2010).

4.3 Classifying outcomes as capitals

When considering the outcomes of projects, it is possible to classify
such outcomes in terms of the human capabilities and capital that is
developed (Sen 1997). In particular, Bebbington (1999) introduced
five capitals (produced, human, natural, social, and cultural) as a
means of improving interventions to ensure they resonate with the
ways people make a living. These capitals are not only resources to
be used, but provide people with the capability to engage with and
change the world around them (Bebbington 1999). ‘Capitals’ can be
defined as any type of resource that can produce other resources and
when a resource is invested, it becomes a capital. A more recent in-
stantiation of the capitals framework can be found in the work of
Emery and Flora (2006), called the Community Capitals
Framework (CCF). In their work, Emery and Flora (2006) find that
increasing stocks of specific assets is insufficient, indeed an increase
in the flow of assets that build stock in additional capitals is required
to improve community capacity. They identify seven capitals,

namely:

* Natural capital: Assets that abide in a particular location.

* Cultural capital: Reflects the way people ‘know the world’ and
act within it.

* Human capital: Human skills, capabilities, and knowledge.

* Social capital: Connections within communities, networks, and
the sense of belonging.

* Political capital: The ability to voice needs and have influence to
achieve certain aims.

¢ Financial capital: Money.

® Built capital: Infrastructure and tangible buildings in a

community.

More recent studies have also acknowledged the CCF’s growing
uptake in the study of development (Fernando and Goreham 2018)
and community project evaluation (Hale and Carolan 2018). We
align with this research by adopting the seven capitals to analyze de-
velopment. Furthermore, given our study’s context of UTI4ID proj-
ects, we add to these capitals two more capitals relevant from a
university perspective—‘academic capital’—which relates to all aca-
demic related outcomes; and ‘business capital’ with relates to the es-
tablishment of spin-out businesses/corporations.
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Table 4. Evaluation of how 14IDS aspects relate to higher education sector (UTI4ID)

Component Innovation for inclusive development systems Higher education sector considerations

Goal Socio-economic focus with some focus on the micro-level and Enhancing the presence of university in supporting or lead-
improving livelihoods and quality of life ing I4IDS.

Actors Often includes lower income participants, also informal sector Non-traditional actors included; new roles of actors in the
participation; traditionally big focus on demand stimulation system; type of partners; competences and capabilities;
but increasingly also other aspects of the value chain community leadership engagement

Innovation Often incremental and focus on diffusion; focus on solving Type of innovation; business models; sustainability and
local problems or meeting local demand; inclusion of margi- scaling-up; synergies and conflicting interests between
nalized in innovation process; reverse engineering also plays university core missions
important role

Learning Contextualized learning, focus on diffusion and needs; learning Type of ideas and skills; type of (co-) creation processes
about social processes, process of inclusion and formulation; and knowledge use; absorptive capacity by users; know-
guided by inclusive development related goals ledge brokerage systems; intermediaries and learning

spaces

Interaction Needs to be open and socialized and include a wide range of Type of processes and mechanisms; level and nature of en-
participants along the value chain gagement; collaborative networks and partnerships;

interactive learning spaces; student education; teaching/
training of community members

Institutions Complex mix of informal and formal; requirement for spaces Intellectual property rights, laws and regulations; ICT

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

to traditional activities

facilities; university policies and initiatives on societal en-
gagement and local entrepreneurship; university incen-
tive and reward systems for researchers; government
subsidy systems and support systems

Furthermore, we adopt a general classification of socio-
economic impact (referred to as ‘outcomes’ in our study) found in
literature, namely, ‘market’ and ‘non-market’ outcomes. Market-
based outcomes can be measured in terms of market related outputs
such as increased income or employment created in a marginalized
community. Non-market-based outcomes cannot be measured in
monetary terms, rather these are rooted in social interactions and
networks (McMahon 2009). We thus evaluate the identified capitals
along both of these dimensions to ensure the full extent of the capi-
tals are considered.

5. Towards a framework

This section describes the development of the evaluation framework.
In alignment with several studies that have utilized the component-
function approach, our framework consists of three overarching
steps. These are outlined in Figure 2. Step 1 integrates the input (in
this case, systemic instrument) and activities (functions) parts of the
logic framework (while also identifying the components and func-
tional problems), while the output and outcomes parts of the logic
framework are separated in subsequent steps as in the traditional
framework.

With specific focus on Step 1, the analysis starts by identifying
the components of the system (Step 1.1). This is followed by the
coupled component-function analysis (Step 1.2) which entails ques-
tions to enable systems performance analysis. Step 1.3 entails the
identification of system failures. These failures inhibit/block learning
and innovation by actors and can be classified based on the type of
failure (presence or capacity). These failures are linked to system
components. These blocking mechanisms can then be overcome by
identifying the goals of systemic instruments (Step 1.4) and by
means of systemic instruments that aim to influence the components
and connections within a system to strengthen the performance of
functions (Step 1.5). The Steps 1.2 to 1.5 of the analytical

framework can therefore be summarized as shown in Table 6, with
more detail regarding the evaluation questions for Step 1.2 pre-
sented in Table 7.

It is important to note that these categories do not suggest that
for a system to perform effectively all these types of structures have
to be present. It simply serves as a useful theoretical typology that
can be applied to the assessment of systemic problems. This is then
useful to allow for uncovering the emergent activities and barriers to
the creation of new innovations and the diffusion of them. Common
outputs and outcomes for UTI4D projects are developed through
the exploratory case studies. These are presented in the following
section.

6. Exploratory case studies: a grounded typology
construction process

Exploratory case studies of 16 projects were completed to (1) ex-
plore the use of the component-function approach as an UTI4ID
project evaluation approach and to inductively populate the system-
ic problems and instruments typology (Step 1 of the Framework)
and (2) inductively identify outputs and outcomes of these projects
in order to construct a typology for Steps 2 and 3 of the Framework
(as outlined in Figure 2).

6.1 Component-function analysis (Step 1 of the
framework)

The component-function framework was applied to the 16 projects
introduced in the methodology section. This process followed the
five stages shown in Figure 2.

6.1.1 Step 1.1: Identify components.

It is important to identify the structural elements within the UTI4ID
projects before the functional assessment is undertaken, as a func-
tion can only be improved by changing one or more of the structural
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Table 5. Systemic problems and instruments

Structure Conceptualized sys- Goal of systemic instruments Examples of systemic instruments
temic problem types
Actors: Presence Focus on the participation of several actors, espe- Focus groups; feedback sessions; workshops; new
cially lower income/marginalized actors to im- types of partnerships; interactive actor involve-
prove quality of life and living conditions. ment techniques; venture capital.
Capabilities Create spaces where actor capabilities can be Training and education sessions; workshops; pilot
improved to provide them with opportunities. projects; focus groups; feedback sessions;
roadmaps
Interactions: Presence Stimulate and induce interaction that is open and Innovation platforms; collaborative research pro-
socialized including both formal and informal grammes; conferences; Bridging institutions
actors. (community liaison, local NGO).

Quality Block ties that are either too strong or too weak. Training and education sessions; workshops; pilot
projects; focus groups; feedback sessions; pro-
gramme assessment and monitoring.

Institutions: Presence Stimulate the presence of formal and informal insti- ~Memorandum/agreement; obligations; articulation
tutions that create a space that stimulates engage- of commitment; measures taken to build
ment and fosters trust with a new constellation of awareness.
actors.

Capacity Do not allow institutions to be too weak; monitored ~Agreements; regulations; principles; norms;

environment that allows new approaches standards.
opposed to traditional activities.

Infrastructure:  Presence Stimulate and induce the presence of different infra- Knowledge and financial infrastructure needs to be
structures that are contextualized and focussed put in place in order to construct a business
on diffusion and meeting specific needs. model; access to capital through grants/loans/

funding; various business models.
Quality Make sure that the infrastructure is of acceptable Grant loans/funding to incentivize UTI4ID project

quality—in line with inclusive development

and to employ full time staff members.

goals.

N/ Sswep2: Step 3: i

Step 1: Component-Function Analysis
\ Output Outcome
1.1 Identify Typology Typology
components
1:,\{3;:15“ 1.2 Component-
instruments function analysis 2. Outputs 3. Outcomes

1.4. Goals of
systemic
instruments

1.3. ID Systemic
problems

Figure 2. Proposed framework structure.

elements of the UTI4ID projects. We briefly describe the innovation
system components and their capabilities as encountered in the
UTI4ID projects.

6.1.1.1 Actors and relations. Using the framework outline developed
in Section 6 we researched the actors involved and their contribu-
tions to the innovation. The main focus of relations that emerged
from our case studies was on the nature of engagement and partner-
ships as enablers, the level to which the community was ‘included’
and the mechanisms of community interaction.

Each project in our sample is driven by a project champion.
Similar to what was found in the study by Grobbelaar, Tijssen and
Dijksterhuis (2017) we also found that in most cases the project
champion is an academic dedicated to the advancement of develop-
ment and equality. Student involvement was usually related to the
completion of their theses or course work (PhD, Masters, or Under
Graduate projects). Projects A1 (Design and construction of struc-
tural interventions) and A2 (Incorporated service learning into a
module that entails community mapping) for instance formed part
of a course syllabus where students were expected to design, develop
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Table 6. Component-functions analytical framework adapted from Wieczorek and Hekkert (2012)

Step 1.2: Functional dy-
namics analyzed (absent,

Step 1.3: Reason for
functional dynamics
weak, too strong, etc.)

Step 1.4: Goal of systemic
instruments

Step 1.5: Systemic instruments

Systemic problems are identified
by exploring components, their
capabilities and intensity/presence

For each systems function
indicators are devel-
oped to guide function
evaluation (see

Table 7)

F1: Entrepreneurial Actor problems Presence?
activities
F2: Knowledge
development
F3: Knowledge diffusion
F4: Guidance of search Capability?
F5: Market formation
F6: Mobilization of
resources Interactions problems Presence?
F7: Creation of
legitimacy
Capacity?
Institutions problems Presence?
Intensity?
Infrastructure problems Presence?
Quality?

Evaluation questions for estab-
lishing systemic instrument
goals

1. Are we encouraging and
organizing involvement of a
wide variety of influential
actors?

2. Are we establishing spaces and
methods for actor capability
development?

3. Are we motivating interaction
opportunities between diverse
actors?

4. Are we avoiding networks that
are either too strong or too
weak for the specific
requirements?

“

. Do we have appropriate pres-
ence of (hard and soft) institu-
tions for the specific
innovation in focus?

N

. Are we avoiding institutions
being either too strong or too
weak for the specific
requirement?

. Do we have adequate physical,
financial and knowledge

~N

infrastructure?

8. Are we effective at ensuring in-
frastructure quality to be
sufficient?

Design systemic instruments

Focus groups; feedback sessions;
workshops.

New types of partnerships.
Interactive actor involvement
techniques.

Training and education sessions;
workshops; pilot projects; focus
groups; feedback sessions.
Innovation platforms; collabora-
tive research programmes;
conferences.

Bridging institutions (community
liaison and local NGO).
Training and education sessions;
workshops; pilot projects; focus
groups; feedback sessions.
Programme assessment and
monitoring.

Presence of (hard and soft) insti-
tutions the specific innovation in
focus.

Avoid institutions being either
too strong or too weak for the
specific requirement.

Motivate physical, financial, and
knowledge infrastructure.

Ensure infrastructure quality to
be sufficient.

and implement I4ID interventions. In two projects C3 (the develop-
ment and implementation of a device that detects a change in tem-
perature within a shack and sets off a network alert to protect
against fires) the students were the inventors and project champions.
The implementation of their innovation was supervised by a lectur-
er/member of faculty.

All of the UTI4ID projects in our sample were made up of both
formal and informal partnerships between the project team (univer-
sity) and other partners. Partnerships served as enablers by contribu-
ting in different ways. We found that other departments from the
same university of the UTI4ID project mostly participate in co-
research, i.e. the departments work together to enable the project.
Other South African and international universities participate by
sharing knowledge. The local (marginalized) communities allow the
projects to be implemented in their communities and then provide
feedback on the project. Most of the contributions from govern-
ment, businesses, and NGO’s were made in terms of funding.

Another important contribution from NGOs and local munici-
palities was pre-established relationships with the marginalized

community members. In several of the projects in our sample (A1,
B2, C1, D1, and D2) a member from the local NGO/municipality
would serve as a community liaison that would communicate with
the community on behalf of the project team. Three of these projects
listed working through an NGO that has a pre-established relation-
ship as a critical success factor as it decreases the time required to
gain trust and increases the chance of acceptance of the innovation.

One of the main focus points under ‘Relations’ is the level of in-
clusiveness and the nature of engagement with the marginalized
community. We divided the degree of community involvement into
three categories based on whether they were included in the design,
development, or implementation phase of the innovation. We found
that all the projects provided an innovation that was implemented
and ‘consumed’ by the marginalized communities. Only three of the
projects included the community in the Design phase and six in the
Development phase.

6.1.1.2 Infrastructure. As suggested by the framework we focused
on knowledge infrastructure, financial infrastructure, and
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Table 7. Analyzing functional performance of the 14IDS (extended from Hekkert et al. 2007; Bergek 2008; van der Hilst 2012; Wieczorek and

Hekkert 2012)

Function

Indicators

Prompting questions—to characterize the effective performance of functions

F1: Entrepreneurial
activity.

F2: Knowledge
development.

F3: Knowledge diffu-
sion/dissemination

F4: Guidance of
search

F5: Market formation

F6: Mobilization of
resources

F7: Creation of
legitimacy

Entrepreneurship models
Project champion

Involvement of marginalized

Businesses
Experimentation

Sources and process of know-
ledge development

Knowledge infrastructure

Research collaboration
Focus of diffusion

Partnerships
Space for dissemination

Targets

Recognised constraints
Belief in growth potential
Institutional infrastructure
Market- readiness

Access to capital
Platform or stand-alone
Public spending

Group confidence
Commitment
Partnership forming

Business plan assessment

Resistance to change

What model of entrepreneurship is engaged in (entrants or incumbent firms)?

What are the roles that the project champion fulfil?Are other functions (not fulfilled by pro-
ject champion) delegated to other actors and to whom?

When and how is the marginalized group involved in entrepreneurial activity as far as inven-
tion, design, development, production, distribution, or use?

Are there businesses involved, and what is the extent of involvement?

How and through what means is experimentation of the innovation and its application con-
ducted (tests/pilots)?

What and who are involved in the process of knowledge development?Did the process in-
clude the marginalized group? How did learning take place? (learning-by-doing, learning-
by-interaction, and learning-by-using)

Is the expertise, know-how and strategic information that is available sufficient? Considering
various types of knowledge (technological, business, tacit and codified)—what needs to be
better understood to make this innovation successful?

To what extent is there collaboration between the different users of knowledge? To what ex-
tent do various actors have access to requisite sources of knowledge?

Is the focus of diffusion top-down or bottom-up? Is knowledge diffusions aimed at benefiting
the marginalized group? Is knowledge development and diffusion demand-driven?

Are there knowledge partnerships forming between various actors?

Is there activity around creating spaces and places for knowledge dissemination (workshops,
focus groups, etc.)

Which targets are being set regarding the use of the technology, are they realistic, are there
strategies in place to meet these targets?

What are the main constraints that inhibit or block the success of the project?

Does the project team have a belief in the growth potential of the solution? Is there any ar-
ticulation of interest from marginalized community? How is this included in the pro-
gramme vision and strategy?

Are there incentives to promote market formation (favourable tax regimes, environmental
standards etc.)? Are there collaborative organizations and infrastructures to support [4ID?

Any existence of incentives for [4ID? Is the project creating spaces for innovations to become
market-ready?

Does the project have access to capital? Where does this come from? Is the funding
sustainable?

Is the project part of an innovation platform where resources can be pooled from?

What share of the project budget is spent on public spending?

Does the project and its output have a good reputation with the users of the product/service
(quality, on-time, etc.)?

Does the project show commitment to the advancement of the marginalized group? Are there
formal agreements/ memorandums set up that dictate the commitment of various role play-
ers and the University?

Are there partnerships forming? (government, NGO’s etc.)? Is this sustainable?

Is there confidence in the business aspects of the intervention i.e. has the business plan been
assessed?

Is there resistance to change from the marginalized community?

management infrastructure. A key function of the university repre-
sentatives in all of the projects in our sample was their knowledge
contributions. They were the actors responsible for the technical
know-how and expertise required to develop the technological
innovations.

We observed a lack of institutionalization in our sample. Only 5
out of the 16 projects in our sample were embedded within an innov-
ation platform. Such a platform provides institutional backup that
promotes sustainability. If the project driver leaves, such a platform
could enable continuity of the project. It also provides a basis where
learning regarding ‘what works and what does not’ can be transferred
to new projects or students that become part of existing projects,
therefore increasing the absorptive capacity of the UTI4ID project.

All of the projects in our sample were dependent on funding
from the university or other sources. Five of the projects were
hybrids (i.e. combination of developmental/non-for-profit and for-
profit) and aiming to become for-profit project (i.e. self-sustainable),
but none have reached that point yet.

6.1.1.3 Institutions. Institutions refer to cultures, norms and regula-
tions that influence both the actors in the system and the system as a
whole. Two specific ‘institutions’ explored in our study were (1)
open source versus commercial orientation and (2) the mechanism
of community engagement used by projects.

There exists a conflict between the social development objective
of ‘providing open access to all’ and the commercial and economic
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Table 8. Functional analysis of Project B6

Pressing area Indicators Explanation (functions) Score Total Solution/systemic instruments
Score (components)
F1: Entrepreneurial 1. Project champion Present 0 Include community earlier:
activity 2. Degree of community Marginalized commun- +1 workshops etc.
involvement ities not included in -1
3. Experimentation Design and Development 0
phases of the innovation
Moderate
F5: Market formation 1. Business models No business models in 0 Business models need to be
2. Sufficient human place -1 created in order to make
infrastructure Moderate 0 project sustainable.
3. Sufficient tech Present +1
infrastructure Moderate 0
4. Sufficient  financial
infrastructure
F6: Mobilization of 1. Access to capital Stand-alone projects, no -2 Relationships and networks
resources 2. Access to human, platform from which to -1 need to be formed in order
physical and financial pool resources. -1 to create innovation plat-

infrastructure
required

Stand-alone projects, no
platform from which to
pool resources.

forms where resources
such as knowledge and
equipment can be shared.

notion of obtaining select rights to certain resources such as intellec-
tual property (IP) rights’. We observed both cases within our sample.
Some projects such as C1 (A mobile phone application that allows
the fishing community to communicate and share data with scien-
tists and vice versa.) and A2 (Incorporated service learning into a
module that entails community mapping) made their intellectual
property available on an open source basis where anyone has access
to it. Project C1 (the fishery mobile application) for instance was
given free access to the Salesforce© platform on which the applica-
tion software was developed and project B6 (e-learning for students
with special needs) was entirely facilitated on an open source live
streaming service provided by Google called ‘Hangouts on Air’. In
these two examples technological innovation could be developed be-
cause resources such as knowledge, software, and platforms were
freely shared. In these projects social impact was brought about by
the use of the innovations themselves, but by also making these
innovations freely available to the public, their design and develop-
ment could also result in social impact. There were also projects in
which IP rights played a critical role, especially in terms of commer-
cialization. With the assistance and legal guidance of UCT’s
Research Contracts and Intellectual Property Services, Project C3
(the device that sends off an alarm when there is a fire in a shack)
obtained copy rights for their software codes and UCT owns the
technology patent. This project developed into a spin-off company
that now develops and sells/provides the fire detection devices. This
innovation leads to social impact once it has been implemented into
and used by a community.

We discovered two trends in the way that the UTI4ID projects in
our sample engaged with the marginalized community. In most of
the projects, the project champions were the ones who developed a
relationship with the community and were able to inspire and gain
the trust and commitment of the community. The second mechan-
ism used for community engagement was the use of intermediaries
or community liaisons to approach the community. This mechanism
reduced the time it took to gain trust and increased the adoption
rate of the innovation.

6.1.2 Steps 1.2: Component—function analysis.

The authors analyzed the system functions of the UTI4ID projects
by making use of a methodology defined by Hekkert et al. (2007).
For each function, we constructed a list of indicators from literature.
An evaluation was then done for each of the UTI4ID projects to de-
termine the presence of indicators. When an indicator is present, it is
postulated to have a positive contribution to the UTI4ID project suc-
cess and thus represents a positive score. Some indicators are, how-
ever, not present, and their absence is seen as a limiting factor
therefore the absence of an indicator is counted as a negative score.
All indicators are weighted the same. Each function has a highest
possible score. The positive and negative scores are added to each
other and the comparison between the result and highest possible
score for a specific function is used to identify areas for improve-
ment. This study classifies Absent to Weak as ‘not present’ (—1) and
Moderate to Strong as ‘present’ (+1) and indicators that are ‘moder-
ately present’ are classified as moderate and given a score of 0. We
argue that this is sufficient as the aim is to help the projects identify
the main problem areas (See first two columns of Table 8).

To illustrate this approach, we focus on one example, namely
project B6—which is a project from Stellenbosch University where
researchers have used technology to provide education to learners
with learning disabilities.

Table 8 below shows the three functions of project B6 that were
identified during the interview process as ‘problem areas’. The other
functions have a total score > 0 and have been omitted from the
table in the interest of saving space. We postulate in the framework
that the following three indicators positively contribute towards
Function 1: Entrepreneurial activity: (1) Project Champion, (2)
Degree of community involvement, and (3) Experimentation. When
mapping project B6 to these indicators we found:

1. There is a project champion present, a professor from the
University of Stellenbosch. This individual was responsible for
the vision of the project. The presence of the project champion
earns a positive score of +1.
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2. The community that the project was trying to reach, learners
and teachers from marginalized communities, were not included
in the design and development phases of the innovation. Since
this indicator was not met, it was awarded a negative score of —
1. During the interview the champion noted that adoption is one
of their key challenges, we believe that the ‘Degree of commu-
nity involvement” indicator could help to identify this as an area
for future consideration to encourage and facilitate the involve-
ment of end-users from the start. This may help them take own-
ership of innovations and improve adoption rates.

3. Entrepreneurial activity can be analyzed using the amount of
experiments conducted with the innovation. In project B6 a pilot
project was deployed to serve as ‘proof of concept’. Therefore,
some experimentation was done with a minimum viable innov-
ation in order to collect feedback and improve the innovation
but no extensive experimentation was done, therefore it is
awarded a score of 0.

When mapping the indicators for Function 5: Market Formation
in project B6 these are (1) Business model, (2) Sufficient human in-
frastructure, (3) Sufficient technology infrastructure, and (4)
Sufficient financial infrastructure we found:

1. For this case there was no business model in place, which indi-
cates that sustainability and scaling are not high priorities for
this project (there is no plan to fund the project after the pilot
phase which is funded by the university). The absence of a busi-
ness model therefore receives a score of —1.

2. The project has a champion and small team that are working to-
gether to design, develop, and implement the innovation. There
is a gap however in the human infrastructure of the end users.
This innovation requires a champion user from within the
marginalized community who will support the implementation
and provide feedback if there are challenges in using it. This in-
dicator is awarded a ‘moderately present’ score of 0.

3. The project has all the technical infrastructure it requires (hard-
ware, software, connectivity, etc.) and therefore receives a posi-
tive score of +1.

4. The pilot phase of the project is funded by the University of
Stellenbosch. The financial infrastructure is therefore currently
in place, but work will have to be done to ensure that this can be
maintained post the pilot phase. This indicator therefore receives
a moderate score of 0.

Based on the scores of these indicators this tool highlights the
lack of a business model as a systemic weakness and would urge
projects to ensure that the business model is developed in order to
plan for a sustainable and scalable project.

The third Function that was identified as a ‘problem area’ in pro-
ject B6 is Function 6: Mobilization of resources. The indicators from
literature that would contribute to the success of this function are
(1) access to capital and (2) access to infrastructure (human and
physical). Project B6 does not form part of a specific research group
or initiative within the University of Stellenbosch, it is a stand-alone
project that was started by the project champion. The downside of
this is that it does not form part of a platform from which it can
pool financial, human, and physical infrastructure. The project
therefore scored negatively on both access to capital and access to
infrastructure.

6.1.3 Step 1.3 to 1.5: Systemic problem identification and designed
systemic instrument typology for UTI4ID projects.

The value of the tool described above lies in identifying possible ab-
sence/weakness of an indicator. This can then be addressed through
systemic instruments linked to the components of that function. The
systemic problems therefore aim to explain the weak functional per-
formance and with the use of systemic problem categories and
instruments we could propose changes that need to be made to sys-
tem components in order to address the systemic weaknesses identi-
fied. Exploratory data analyses were done for each project in our
sample. Using the systemic instruments suggested during the explor-
ation of each project, a typology of systemic instruments shown in
Table 9 was constructed for the evaluation framework. We provide
a few examples of how this analysis was done below.

As an illustrative example, in Project B6’s case, we have identi-
fied that one of the functional problems is a lack of entrepreneurial
activity, here indicators help to identify the specific systemic prob-
lems for a project (e.g. the absence of the marginalized community
in design and development phase of the innovation). The suggested
systemic instruments that can be used to solve this particular prob-
lem are (1) identify a focus group within the community with which
to design, test implement the innovation. Host workshops and feed-
back sessions to get their input, (2) Consider new types of partner-
ships, for example in project B1 which aims to empower small scale
fish farmers, the academic staff partnered with farmers and their
farm workers by placing them on the steering committee of the pro-
ject and sharing profits. This model ensured the participation of the
farm worker as they were owners of the project, and (3)
Cooperative research programs and bridging institutions. An ex-
ample of where a bridging institution, specifically a community li-
aison was key to the involvement of the community was in project
A1 (Design and construction of structural interventions in rural
communities in SA) where the university staff connected with a com-
munity liaison (local NGO) to identify appropriate locations to im-
plement structural interventions and all communication with the
community was done through this NGO. This was very valuable be-
cause the community already trusted the NGO.

We used the interview transcripts from our 16 case studies and
theoretical framework in Table 6 to inductively populate the pos-
sible reasons for function weaknesses and suggest systemic instru-
ments that could address these weaknesses (See Table 9).

6.2 Constructing an output typology (Step 2 of the
framework)

There are several beneficiaries involved in the UTI4ID projects, each
with their own interests for participating, own set of inputs,
expected outputs, and outcomes. By considering the specific benefi-
ciaries separately, it is possible to identify failures not only in terms
of functionality but also in terms of the actor(s) affected by the
failure.

Four main beneficiaries were inductively identified from our
sample of UTI4ID projects. These are (1) the members of the
marginalized community—often the target group of the UTI4ID
project; (2) the academics/researchers—the university staff mem-
bers that drive the UTI4ID project (3) university students that are
involved in the projects and (4) the broader university enterprise
itself.
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Table 9. Steps 1.2 to 1.5—Functional analysis, systemic problem identification and designed systemic instrument typology for UTI4ID

projects

Step 1.2: Functional analysis

Function

Indicator

Step 1.3: Systemic
problems in functions
Systemic problem

Step 1.4: Goals of systemic
instruments
Systemic instrument goals

Step 1.5: Designed systemic
instruments
Systemic instrument

F1: Entrepreneurial

activity

F2: Knowledge
development

F3: Knowledge
dissemination

Community absent in de-
sign and development
phases.

Community unaware of
the intervention in early
phases.

Extent of experimentation
is limited.

No/weak interaction be-
tween community and
university project team.

The community is not
involved in the research
process.

No space/opportunities
created for knowledge
transfer.

* Actors:

® Presence

® Interactions:
® Presence

® Institutions:
® Presence

* Actors:
* Capabilities
® Interactions:

®  Quality

® Infrastructure:
®  Quality

* Actors:

® Presence
® Interactions:
® Presence

® Interactions:
® Presence
® Institutions:
® Presence

* Actors:

® Capabilities
® Interactions:
®  Quality

® Induce and stimulate the
participation of several
actors.

¢ Induce and stimulate
interactions between di-
verse actors.

® Stimulate the presence of
hard and soft institutions.

® Induce and stimulate the
participation of several
actors

®  Block or address ties that
are either too strong or
too weak.

® Make sure that the infra-
structure is of acceptable
quality.

® Induce and stimulate the
participation of several
actors.

® Stimulate and induce
interactions between di-
verse actors.

® Stimulate and induce
interactions between di-
verse actors.

® Stimulate the presence of
hard and soft institutions.

® Create spaces where actor
capabilities can be
improved.

® Block or address ties that
are either too strong or
too weak.

® Focus groups; feedback sessions;
workshops.

® Interactive actor involvement
techniques.

® New types of partnerships.

® Cooperative research pro-
grammes; feedback sessions;
bridging institutions (community
liaison, local NGO).

® Awareness campaigns; informa-
tion campaigns.

® Creating platforms for learning
and experimenting, such as:
training and education sessions;
pilot projects; focus groups; feed-
back sessions.

® Evaluation methods and tools;
forecasting; technology assess-
ments; pilots.

® Focus groups; feedback sessions;
workshops.

® New types of partnerships.

¢ Interactive actor involvement
techniques.

® Cooperative research pro-
grammes; feedback sessions;
bridging institutions (community
liaison, local NGO).

® Creating platforms for learning
and experimenting, such as:
training and education sessions;
pilot projects; focus groups; feed-
back sessions.

* Cooperative research pro-
grammes; feedback sessions;
bridging institutions (community
liaison, local NGO).

® Awareness campaigns; informa-
tion campaigns.

® Training and education sessions;
workshops; pilot projects; focus
groups; feedback sessions.

® Creating platforms for learning
and experimenting, such as:
training and education sessions;
pilot projects; focus groups; feed-
back sessions.

® Host demonstrations of technol-
ogy in order to transfer
knowledge.

® Creating platforms for learning
and experimenting, such as:
training and education sessions;
pilot projects; focus groups; feed-
back sessions.

(continued)
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Table 9. Continued

Step 1.2: Functional analysis

Step 1.3: Systemic Step 1.4: Goals of systemic

instruments

Step 1.5: Designed systemic

problems in functions instruments

Function Indicator Systemic problem Systemic instrument goals Systemic instrument

® Lack of meaningful inter- ® Interactions: ® Block or address ties that Bridging institutions (community
actions that could result ~ ® Quality are either too strong or liaison, local NGO).
in ‘learning-by- too weak. Management of interfaces.
interacting’. Creating platforms for learning

and experimenting, such as:
training and education sessions;
pilot projects; focus groups; feed-
back sessions.

* Knowledge dissemination ® Institutions: * Do not allow institutions Stimulate demand articulation:
is top-down and not de-  ® Quality to be too weak. bottom-up knowledge creation;
mand-driven; therefore, it co-creation models; training, in-
is not ‘inclusive’. formation and education

sessions.

® Weak partnerships * Interactions: ® Stimulate and induce Innovation platforms; collabora-
forming. ® Presence interactions between di- tive research programmes;

®  Quality verse actors. conferences.
® Block or address ties that Stimulate demand articulation:
are either too strong or bottom-up knowledge creation;
too weak. co-creation models; training, in-
formation and education
sessions.
Bridging institutions (community
liaison, local NGO).
Management of interfaces.
Creating platforms for learning
and experimenting, such as:
training and education sessions;
pilot projects; focus groups; feed-
back sessions.
F4: Guidance of ® Vague targets for theuse  ® Institutions: * Do not allow institutions Stimulate strategy and vision de-
search of technology, no M&E ~ ®  Quality to be too weak. velopment: bottom-up know-
conducted beyond ® Infrastructure: ® Make sure that the infra- ledge creation; co-creation
implementation. ®  Quality structure is of acceptable models; training, information

Marginalized community
show some interest, but
also vandalize the

Institutions:Presence

quality.

Stimulate the presence of

hard and soft institutions.

and education sessions.
Memorandum/agreement; obliga-
tions; articulation of
commitment.

Provide infrastructure for stra-
tegic intelligence.

Awareness campaigns; informa-
tion campaigns.

structures.
® Limited belief in growth ~ ® Infrastructure: ® Make sure that the infra- Trend studies; programme moni-
potential. ®  Quality structure is of acceptable toring methods and tools; sur-
¢ Institutions: quality. veys; questionnaires.
® DPresence ® Stimulate the presence of Awareness campaigns; informa-
hard and soft institutions. tion campaigns.
® Lack of awareness of the ® Institutions: ® Stimulate the presence of Awareness campaigns; informa-
innovation amongst the ~ ® Presence hard and soft institutions. tion campaigns.
members of marginalized
communities.
F5: Market formation ® No real incentive to pro- ® Interactions: ® Block or address ties that Stimulate demand articulation:
mote market formation. ~ ® Presence are either too strong or bottom-up knowledge creation;
* Infrastructure: too weak. co-creation models; training, in-
®  Quality ® Make sure that the infra- formation and education

structure is of acceptable
quality

sessions.
Grants/ loans/funding to incentiv-
ise UTI4ID projects.

(continued)
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Table 9. Continued

Step 1.2: Functional analysis

Function

Indicator

Step 1.3: Systemic
problems in functions
Systemic problem

Step 1.4: Goals of systemic
instruments
Systemic instrument goals

Step 1.5: Designed systemic
instruments
Systemic instrument

F6: Mobilization of .
resources

F7: Creation of .
legitimacy

Unsustainable source of
funding.

Lack of business plan
development.

Insufficient infrastructure
(human, technological,
financial)

Have to create a new
market.

Stand-alone project that
does not form part of an
innovation platform from
which it can pool
resources.

Unsustainable source of
funding.

No agreements/ memo-
randums that dictate the
university commitment to
the project, especially not
after implementation.
Some resistance to
change: the stakeholders
cannot fully utilise the
technology.

Weak partnerships
forming.

Infrastructure:

Presence

Infrastructure:

Presence
Quality

Infrastructure:

Presence
Quality

Institutions:
Presence

Interactions:
Presence

Infrastructure:

Presence

Institutions:
Presence

Quality

Actors:
Capabilities
Institutions:
Presence

Interactions:
Presence

Quality

Stimulate and induce the
presence of different
infrastructures.
Stimulate and induce the
presence of different
infrastructures.

Make sure that the infra-
structure is of acceptable
quality.

Stimulate and induce the
presence of different
infrastructures.

Make sure that the infra-
structure is of acceptable
quality.

Stimulate the presence of
hard and soft institutions.

Stimulate and induce
interactions between di-
verse actors.

Stimulate and induce the
presence of different
infrastructures.

Stimulate the presence of
hard and soft institutions.
Do not allow institutions
to be too weak.

Create spaces where actor
capabilities can be
improved.

Stimulate the presence of
hard and soft institutions.

Stimulate and induce
interactions between di-
verse actors.

Block or address ties that
are either too strong or
too weak.

Access to capital through grants/
loans/funding; various business
models.

Knowledge and financial infra-
structure needs to be put in place
in order to construct a business
model.

Access to capital through grants/
loans/funding; various business
models.

Grants/ loans/funding to incentiv-
ize UTI4ID project and to employ
full time staff members.

Awareness campaigns to create
demand (market) for these type
of projects in marginalized
communities.

Innovation platforms; collabora-
tive research programmes;
conferences.

Access to capital through grants/
loans/funding; various business
models.
Memorandum/agreement; obliga-
tions; articulation of
commitment.

Training and education sessions;
workshops; pilot projects; focus
groups; feedback sessions.

Host demonstrations of technol-
ogy in order to transfer
knowledge.

Awareness campaigns; informa-
tion campaigns.

Innovation platforms; collabora-
tive research programmes;
conferences.

Stimulate demand articulation:
bottom-up knowledge creation;
co-creation models; training, in-
formation and education
sessions.

Bridging institutions (community
liaison, local NGO).
Management of interfaces.
Creating platforms for learning
and experimenting, such as:
training and education sessions;
pilot projects; focus groups; feed-
back sessions.
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Table 10. Output typology

Marginalized community

Academics/researchers

Students University

Output typology Access to information, alternative
modes of education (more inclu-
sive), built interventions, clean
water and sanitation, designs, elec-
tronic communication, employ-

publications

ment opportunities, improved
nutritional status, inclusive medic-
al treatment, increased income per
capita, more practical layout of
settlement, skills/capabilities

Awards, Conference presen-
tations, Masters project,
PhDs project, and

Conference presentations,
Masters, PhDs, publica-
tions, practical experience,
and course credits

Awards, Conference presen-
tations, Masters, PhDs,
publications, good reputa-
tion, and CSR

Interview transcripts were iteratively synthesized to construct an
exploratory typology of outputs for each beneficiary group from the
projects in our sample. The resulting typology is presented in
Table 10. The Output Typology can be used when evaluating a pro-
ject. The goal is to compare whether each of the beneficiary groups
present in a project are getting advantageous outputs. By comparing
a project’s outputs to the typology, specific outputs that are applic-
able but not present can be identified.

One project that represent all four beneficiaries is project B2
which entailed the development and implementation of a point-of-
use microfiltration system for production of clean water. In this pro-
ject, the target group are communities who do not have access to
clean drinking water with the output they receive being clean water.
A professor from the department of chemical engineering was the
project champion and had several students who were doing research
on different parts of the project for their masters or PhD thesis. Both
the academic and the students benefitted from the research because
the case study can be used to publish articles, validate their innov-
ation and pass their degrees. Last, the university benefits from the
research when the findings of this project are presented at conferen-
ces, articles are published, and students graduate their master’s and
PhD degrees.

6.3 Construction of outcome typology (Step 3 of
framework)

Drawing on what was discussed in the literature review in Section 4,
the ‘capitals’ approach was utilized.

For example, Project A1 entailed the design and construction of
structural interventions in rural communities in South Africa. So far,
they have built a roof-covered gathering space for a school and
water platforms. When asked about the outcomes that the project
team monitor and are aware of, we found that they all fall under the
‘Market column’, but it was clear from the interview that they have
several unintended non-market related outcomes that are positively
contributing towards all four the beneficiaries. Focusing on built
capital, the market related outcome was that there are new buildings
and water and sanitation. The unintended non-market outcome of
the water platforms was that the community started using these
spaces for community gatherings because it created a safe and cohe-
sive environment.

Another example is Project C1 (mobile application that allows
the fishing community to communicate and share data with scien-
tists and vice versa). Intended outcomes for the marginalized com-
munity included access to electronic communication in order to
share knowledge between fishermen and scientists (Built Capital.)

The project champion noted that one positive outcome they did not
foresee was that fishermen started using the application to commu-
nicate with each other. The buyers of the fish would frequently com-
pare the fishermen’s prices and in doing so forced each fisherman to
decrease their prices. With the use of this application, the fishermen
started working together to agree to a universal price that everyone
would charge and in doing so they could no longer be exploited.
This outcome falls under the non-market related Cultural, Social,
and Human capital outcome categories. Trust and democracy were
established between the fishermen, and knowledge was diffused be-
yond the initial intent of the project.

The Outcome Typology presented in Table 11 serves as a frame-
work to classify outcomes in order to understand the effect that a
project has had on a marginalized community. The value of this typ-
ology is to help projects identify and classify their outcomes. During
the interviews we found that many projects are aware of and moni-
tor the market related outcomes, but it is also important for them to
recognise the non-market related outcomes (that can be both benefi-
cial or detrimental to target audiences).

The value of constructing this typology therefore not only lies in
classifying the outcomes that a project is aware of but also in investi-
gating what other unintended outcomes the project could be having.

7. In conclusion: an integrated evaluation
framework

Based on recent advances in the IS and I4ID literature, this research
proposed a state-of-the-art analysis framework, for evaluating the
outcomes of UTI4ID projects. In particular, this framework drew
from 16 exploratory case studies of UTI4ID and through an empiric-
ally based grounded theory methodology, typologies are developed
that can guide future UTI4ID evaluations. We thus show that advan-
ces in the I4ID literature provides an ideal starting point for com-
plexity cognisant evaluations, but also contribute a framework to
support such evaluations and populate a detailed guide for future
UTI4ID projects. This also lays the foundation for future work that
can further extend, validate, and refine the developed framework
for other evaluation application contexts.

We provide a synthesized view of the integrated evaluation
framework. The evaluator who wants to apply the framework to
evaluate an UTI4ID project will do so in three steps (1) follow the
methodology to guide the evaluation of the project components and
functioning; (2) explore the outputs of the projects against the typ-
ology of project outputs for each beneficiary, and (3) explore the
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Table 11. UTI4ID projects outcome typology

Market

Non-market

Built capital

Cultural capitals

Human capital

Social capital
Political capital
Financial capital
Academic capital

Business capital

Water and sanitation; buildings; machinery; roads; elec-
tronic communication systems

Jobs created; employability of graduated university
students

Corporate social responsibility (CSR)

Funding; grants and loans; investments; higher earnings/
cost savings

Publications; conference presentations; R&D partnerships;
degrees; research; invention

Established businesses/corporations

Contribution to regional governance and planning; cohesive
and secure environments; improved health care facilities/
treatment

Language; festivals; shared identityGreater cultural tolerance
and enhanced democracy

Investments in people; learning, education, experiences, leader-
ship development; improved health; improved safety; faster
and wider diffusion of new knowledge

Sense of belonging; trust; networksCommunity capacity
building

The ability to influence the distribution of resources; voice;
power; connections

Faster and wider diffusion of new knowledge; networks

Step 1: Component-Function Analysis 7 ™~
[ Step2: Step 3:
Output Outcome
L1: 1D 1.2: Component- 1.3-5: ID System problems and Tvpology Typology
Components function analysis Design systemic instruments
* F1: Entreprencunal i
activity *  Built capital
. F2 TS ! ;
*  Actors :" '?m“ ledge Actors Presence/Capabilities « Marginalised +  Human capital
_‘;“ “P'“‘t ':'] community
*  Interactions FJ: Anowledge Presence/ Quality +  Social capital
diffusion +  Academics
+  Infrastructure ' I"-l-irt-lhmdunw o Infrastructure Presence’ Quality +  Political capital
;“ ‘“_ . +  Students
« Institutions I-'" Market Institutions Presence’ Quality +  Financial capital
ormation *  University
*  F6: Mobilisation of ’ P
iR Academic capital
*  F7: Creat f
e *  Business capital
legitimacy

Figure 3. The integrated UTI4ID evaluation framework.

project outcomes against the typology of project outcomes. The cul-
mination of these steps is presented in Figure 3.

The framework developed in this article may help evaluators to
deal with complexity characteristics by acknowledging expert and
lay input to the program theory and logic models, and by recogniz-
ing the adaptive, dynamic, and emergent nature of the initiative.
The evaluation framework therefore provides a useful basis to con-
ceptualize and develop initiatives. It is however necessary to have a
consultative approach to ensure that the framework may be also be
used to facilitate shared learning between project participants.
Through the typologies, the framework will allow the evaluator to
develop ideas around who to engage and get feedback from regard-
ing actors, system function, outputs, and outcomes. This also allows

the evaluator to explore causal assumptions regarding certain system
failures.

Through taking a systems perspective the framework acknowl-
edges that the system evaluation is more than sum of its compo-
nents. The framework also provides a bottom-up approach to
explore how emergent behaviours may assist in how relationships,
interactions, and experience for different actors can be utilized—
here the I4IDS framework as basis for the analysis is particularly
useful. By drawing on the typologies developed, the evaluator may
also explore unintended and anticipated events.

By utilizing the component-functions approach and by consider-
ing systemic instruments as interventions the proposed framework
provides a novel way of dealing with non-linearity of interventions.
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It is also useful to help generate ideas how to respond to systemic
problems.

The framework may assist in identifying missing components
and suboptimal functioning of the system to reduce uncertainty
regarding outcomes while staying flexible around how to formulate
a response. The framework will assist in providing a structure
around who to engage, what they are contributing and why they be-
have the way they do.

This framework should be viewed as a ‘living document” and can
be adapted and amended as necessary by program staff. Limitations
of the framework is it stands is that it has been populated from 16
case studies in the context of the Western Cape of South Africa and
could therefore be expanded on in future. This can be done either by
exploring more cases of UTI4ID projects or by applying it to I4ID
initiatives more generally. In the latter case, especially the input out-
put and outcome typologies may have to be adjusted as the objec-
tives of these projects and also participants and beneficiaries may be
very different. The general approach however is still be regarded as
useful for a wider set of applications in the I4ID domain.
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