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ABSTRACT

Background: In 2008 South Africa launched a ten-year innovation plan to

transform the country’s economy from a resource-based to a knowledge-based
economy that is powered by emerging technological innovations. Years have gone
by and the country has not achieved its goal. Instead, the country’s economy has
continued shedding jobs, with poverty and inequality increasing while economic

growth declines.

Aim: To understand the determinants for emerging technological innovation in
South Africa by identifying the relationship that innovation funding, the National
System of Innovation (NSI), human capital and innovation policies have with the

emerging technology innovation performance of South Africa as a country.

Setting: The study was conducted on institutions that form part of the NSI in

Gauteng province. The range of institutions covered included the Innovation Hub,
private sector companies, public research organisations and higher education
institutions. A wide spectrum of professionals from the stated institutions was

invited to participate in the study.

Methods: We examined how independent variables related to innovation
funding, the NSI, human capital and innovation policies relate to emerging
technologies innovation performance. The Kruskal-Wallis test and Spearman’s
correlation analysis were used to detect associations or relationships between

these independent variables and innovation performance.

Results: The results indicated that the country’s emerging technologies
innovation performance cannot be determined by a single factor but is the
outcome of a combination of factors which, when working together, produce a
certain innovation performance in the country. The results also confirmed a strong
correlation between collaboration and investment in innovation activities or
infrastructure. In addition, collaboration also emerged as the highest benefit that
innovation policy provides. This confirms findings of previous studies which
showed that failure to connect to the right networks has a negative effect on

accessing finance and other forms of support for innovation activities and that the



interactions between actors in the NSI allow the flow of funds and knowledge
between actors as influenced and governed by various policies and instruments

put in place by the government

Conclusion: It is concluded that innovation funding, the NSI, human capital or
innovation policies alone do not determine the innovation performance of the
country, but certain combinations of these factors do. Future research should
determine the sets of combinations that are required for a country to achieve

elevated levels of innovation performance.

Keywords: Innovation Funding, National System of Innovation, Human Capital,
Innovation Policies, Innovation Performance, Emerging Technology Innovation,

Collaboration, and Networking

INTRODUCTION

South Africa, just like other emerging economies, lags behind developed
economies regarding income levels and living standards, and turning this situation
around will require countries in the emerging economies to increase their
knowledge output and R&D expenditures (Urban-Econ Development Economists,
2017; Department of Science and Technology, 2007).

In the quest for transforming its resource-based economy to being knowledge-
based, South Africa launched a ten-year innovation plan in 2008 that was aimed at
addressing the country’s socioeconomic challenges of unemployment, poverty and
inequality (Department of Science & Technology, 2007). The ten-year innovation
plan was built on the foundation of South Africa’s National System of Innovation
(NSI), which comprises the government, universities, science councils, the private
sector, non-governmental organisations, and international performers and funders,
to help the country seize opportunities offered by emerging technological
innovation such as biotechnology, nanotechnology and the hydrogen economy in

fields such as advanced manufacturing, agriculture, information communication



technology, natural resources, health and energy (Baatjies, 2013; Department of
Science and Technology, 2007; Urban-Econ Development Economists, 2017).
This is consistent with the opportunities that the future world will provide in areas
such as digital technologies, biotechnologies, advanced manufacturing, and

energy and environmental technologies (OECD, 2016).

The future world in the fourth industrial revolution will change the way people live
and work, putting some of the high-skills jobs at risk of extinction due to artificial
intelligence, robotics, nanotechnology and other socio-economic factors replacing
humans in the workplace (Schwab, 2016; Adao, 2016; World Economic Forum
[WEF], 2017). South Africa’s failure to transform its economy from resource-based

to knowledge-based may worsen its unemployment, poverty and inequality.

Despite having such an impressive ten-year innovation plan, South Africa
continues shedding jobs, with poverty and inequality increasing and economic
growth declining (Industrial Development Corporation [IDC], 2017).

The failure of the ten-year innovation plan to transform the economy from a
resource-based to a knowledge-based economy that is driven by emerging
technological innovation has prompted the need to understand the determinants

for emerging technological innovation in South Africa.

Therefore, the problem statement for the research is to identify the main

determinants for emerging technological innovation in South Africa.
To address the research problem, the study will have to identify the following:

e The impact that Innovation Funding has on emerging technological

innovation performance in South Africa

e The relationship that the NSI has with emerging technological innovation

performance in South Africa

e The relationship that Human capital has with emerging technological

innovation performance in South Africa, and



e The influence that Innovation Policies have on emerging technological

innovation performance in South Africa.

The study will seek to understand the determinants for emerging technological
innovation in South Africa by identifying the relationship that innovation funding,
the National System of Innovation (NSI), human capital and innovation policies
have with the emerging technology innovation performance of South Africa as a

country.

Literature review and propositions

In the knowledge-based economies, innovation is proving to be much more
important than the conventional primary factors of production such as land,
physical capital, or labour in creating national economic growth and development
(Tseng, 2009).

A country failing to innovate may not be able to withstand competition in the
market place. Innovation is needed to help the country to overcome barriers to
entry and maintain competitiveness. It is for this reason this research examines

determinants for emerging technological innovation in South Africa.

Therefore, the literature review for this research will cover the theoretical base on
innovation funding, NSI, innovation Human Capital and innovation policy which are
the four constructs applicable for addressing the research problem statement.

Innovation funding

Finance and corporate governance systems form part of the key elements in the
NSI and the characteristics of the shareholders and financiers influence the
relative and absolute innovation levels in the country (Tylecote, 2007). The
protectionism and risk aversion behaviours of the funders inhibit innovation as
funders avoid uncertainty and high expenses associated with disruptive
innovations by channelling their financial support to safer incremental innovations

that do not disrupt the status quo (Chalmers, 2013).

A mixed funding model consisting of government and private sector funders is

therefore needed to counteract the bias against disruptive innovation by private



funders. Government funding of disruptive innovation can help in reducing
uncertainty and the high cost associated with disruptive innovation activities,
making development and implementation of such innovation affordable to the

private sector (Reiljan & Paltser, 2015).

Governments and private sector innovation funders tend to be protectionists and
risk averse during periods of economic downturn and respond by reducing
spending on R&D and innovation activities because innovation is known to
increase expenditure with little or no return in the short term (Schmitt, 2005). A
paradigm shift is required that will view investing in innovation activities such as
intellectual or knowledge infrastructure as a viable option for getting out of periods
of economic downturn (Etzkowitz & Etzkowitz, 2017). Such thinking can assist in
transforming the country’s economy from a resource or manufacturing-based to a

knowledge-based economy (Etzkowitz & Etzkowitz, 2017).

Countries that are leading in science and technology R&D, such as Japan,
respond to economic downturn by increasing their investment in R&D and

restructuring their science and technology policy and institutions (Yoshida, 2001).

In periods of economic downturn when tax revenues and the cost of borrowing are
low, governments can use debt instruments, such as selling of bonds, to fund R&D

and other innovation activities (Etzkowitz & Etzkowitz, 2017).

There are direct and indirect instruments that governments use to fund innovations
in the private sector. Direct instruments such as subsidies have a positive impact
on innovation performance and indirect instruments such as tax benefits have
been found to provide a stronger stimulus for innovation activities than direct
subsidies, even though they do not motivate enterprises to initiate new R&D
projects (Reiljan & Paltser, 2015). State funding agencies are good channels used
by government to provide seed money for funding high-risk projects with potential
to attract new venture capital in the future (McCann et al., 2011).

The South African government, in particular, has established a number of
agencies that support innovation activities in the country with funding, such as the

Technology and Human Resources for Industry Programme (THRIP), the



Innovation Fund, and Innovation Funding and Pre-commercialisation Support
(IFPCS) (Letseka, 2005; Urban-Econ Development Economists, 2017).

It is important to have the right and healthy networks for sourcing investments for
innovation activities. According to Lettice and Parekh (2010), as cited in Chalmers
(2013), failure to connect to the right networks has a negative effect on accessing
both finance and other forms of support for innovation activities. The failure to
adequately engage funders results in low investment in innovations (Tylecote,
2007).

There are other creative ways of funding innovations, such as letting users pay
additional premiums for products or services now to fund technological innovations
aimed at providing them with benefits in the future (Schmitt, 2005). Innovation
firms operating in countries where there is less support and structure to enable
innovations have a competitive disadvantage compared to those in countries
where there are resources, personnel and funding for innovation (Simon et al.,
2002 as cited in Griffiths & Kickul, 2008), and countries that are leading in
innovation invest significantly on R&D (Griffiths & Kickul, 2008).

Therefore, based on the findings of the literature review about innovation funding,
the following propositions can be made:

Proposition 1

The character of the funders affects the relative and absolute innovation levels of
the country.

Proposition 2

The level of R&D funding is an important determinant of the innovation
performance and, consequently, the emerging technological innovation

performance in the country.

National System of Innovation

The National System of Innovation (NSI) is often made up of institutions such as
government, universities, public research organisations and the private sector.

Innovation systems help to understand and manage the innovation process



(Jenson, Leith, Doyle, West, & Miles, 2016a). They consist of elements and
relationships that interact in the production, diffusion and use of new economically
useful knowledge (Lundvall, 1992 as cited in Godin, 2009). The performance of
innovation systems is dependent on the relationship between actors in the
systems (Godin, 2009).

In an era where innovation can no longer be viewed as an outcome of isolated
entrepreneurial genius, but is a systematic and complex social process involving
people in different roles (Arocena & Sutz, 2000 as cited in Lucio-Arias, 2006) and
as a result of collective endeavours and complex systematic interactions
(Landabaso, 2014), the creation and strengthening of multiple and reciprocal
linkages among the various actors in the innovation process is important
(Etzkowitz & Leydesdorff, 1997 as cited in Lucio-Arias, 2006). Success in
innovation requires the organisation to use external resources, internal resources
and internal capabiliies (Mas-Verdu, Ortiz-Miranda, & Garcia-Alvarez-Coque,
2016), and organisations that have established relationships with other
organisations have been found to be more innovative (Ahuja, 2000; Powell et al.,
1996 as cited in Poorkavoos, Duan, Edwards, & Ramanathan, 2016). Enriching
and expanding internal and external networks helps in increasing and broadening
the organisation’s knowledge base and commercial potential, but organisations
without internal capabilities for innovation are unable to benefit from the superior
network position (O'Connor, 2009).

Networking relationships can be formal relationships that are based on contractual
agreements or informal ones such as engagement among employees of different
organisations which can be very difficult to capture (Poorkavoos et al., 2016).
Interactions between institutions in the NSI allow the flow of funds and knowledge
between institutions as influenced and governed by various policies and

instruments put in place by the government (Kahn & Blankley, 2005).

Innovation is frequently seen as the result of an extensive network collaboration of
actors with their external agents such as suppliers, partners and customers
(Chesbrough, 2003 as cited in Mas-Verdu et al., 2016). Although previous studies
indicated that there is no linear relationship between the intensity of cooperation

and innovation outcomes, there are particular advantages of collaboration such as



market diversification, cross-fertilisation of knowledge, access to new external
sources of information and savings derived from shared costs on various

innovation activities (Mas-Verdu et al., 2016).

University—Industry collaborations produce innovation success that gives rise to
product radicalness and enhanced organisational competitiveness (Gassmann &
Enkel, 2004 as cited in Moon, Mariadoss, & Johnson, 2017). In some instances it
IS necessary to create intermediate institutions between universities and industries
to improve relationships and interactions, which can help to provide feedback
mechanisms for communicating the needs of business to the universities (Lucio-
Arias, 2006). Blau (2010) indicated that successful innovation does not depend on
government and universities alone, but also on the strength of the internal
structures and processes in the organisation, which include a team of independent
thinkers with time to experiment, formal processes for testing and approving ideas,
and collaboration with suppliers, customers and other outsiders.

Innovation clusters create a dynamic environment that connects innovation
thinkers with resources and venture capitalists. They also allow small firms with
the ability to generate ideas to intermingle with larger firms that have access to
capital and the ability to scale up and grow ideas. Physical proximity created
through clusters catalyses innovation by allowing dynamic thinkers and

entrepreneurs to collaborate (Holden, 2011).

In developing countries, most of the cooperation in innovation happens through
non-research and development innovation activities such as engineering and
design, training, technical assistance, and information and product testing. Such
cooperation relationships are formed with partners in the vertical and horizontal
axis, with vertical axis partners representing suppliers and clients and horizontal
axis partners representing competitors, universities, laboratories and other public
organisations of science and technology (Fernandez Sastre, Vera, & Eduardo,
2017).

Several lenses can be used to analyse and understand innovation systems.
Jenson, Leith, Doyle, West, and Miles (2016b) suggest the use of structural theory

with its five conditions that affect innovation performance - infrastructure,



interactions, capability of actors, and market factors — and functional theory with its
seven conditions that affect innovation performance - entrepreneurial
experimentation, knowledge development, knowledge dissemination, direction of
research, market formation, provision of resources, and gaining of technology

acceptance.

Siyanbola, Olaopa and Hassan (2013) suggest the use of institutional and process
lenses to analyse innovation systems, where universities are seen as more than
just teaching and basic research institutions but as being involved in innovative
applied research that can lead to wealth creation and entrepreneurial activities;
where government is seen as providers of an enabling environment for successful
innovation through regulations, tax incentives and other support mechanism; and
where industry is seen as exploiters of government opportunities and research
results from knowledge-based institutions to produce innovation. In analysing
innovation systems as a process, the performance and maturity of the NSI can be
measured by studying input indicators such as number of R&D personnel and/or
output indicators such as the number of co-publications or patents (Seidel, Miller,
Kocker, & Filho, 2013), but these performance indicators are not sufficient to
measure the performance of the NSI. There is a need for measures that can
reflect the efficiency and effectiveness of the NSI in producing, diffusing and using

economically useful knowledge (Lundvall, 1992 as cited in Godin, 2009).

In their study, Jenson et al. (2016b) concluded that innovation failures that are not
random in nature can be addressed through policy and managerial interventions
because failure of structural parameters normally requires policy interventions and

failure in functional conditions often requires managerial action.

In 2005 the South African NSI consisted of a large private sector inclusive of
wholly and partially state-owned enterprises, the government sector inclusive of
eight major science councils, and 36 higher education institutions (HEIs) (Kahn &
Blankley, 2005).

Based on the reviewed literature on NSI, the following propositions can be made:



Proposition 3

Strong networks and collaborations among actors in the NSI have a positive effect
on the innovation output of the country if the country has strong internal innovation
capabilities.

Proposition 4

The success of the country in innovation depends on the internal capabilities of

that country to use both its internal and external resources.

Human capital

As national economies move from being resource to being innovation driven,
countries will have to embark on more sophisticated human resource development
(HRD) strategies that will put human capital development (HCD) and people at the
centre of strategic capital investment to support the new economic trajectories of
the 215t century (Osman-Gani, 2004).

Innovation depends on the knowledge, expertise, and commitment of the human
capital involved in the innovation process (Chen & Huang, 2009), but capitalism by
its nature accelerates the process of obsolescence of products, knowledge and
expertise (Pineda, 2003 as cited in Lucio-Arias, 2006), leading to continuous
demand for new products, new knowledge and new expertise. Thus to support the
sustainability of the NSI, the education of young people, the feedstock for
innovation human capital, should be addressed according to the demand of the
economy (Lucio-Arias, 2006). The ways in which innovation human capital is
generated, developed or acquired and utilised must respond to the evolving global

circumstances and conditions (Turpin, Woolley, & Marceau, 2010).

“The knowledge embedded in the human capital is an enabler for the
enhancement of distinctive competitiveness and the discovery of innovation
opportunities” (Hansen, 1999; Grant, 1996; Wright et al., 2001 as cited in Chen &
Huang, 2009, p. 106). A high level of human capital involvement and participation
is required in the innovation process since the production of creative ideas and

enhancement of innovation performance depends on the ability and motivation of
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the human capital (Damanpour, 1991; Hurley and Hult, 1998 as cited in Chen &
Huang, 2009).

The innovation process has both uncertainty and variability. It therefore requires
creative human capital with flexibility, a high appetite for risk, and tolerance for
uncertainty and ambiguity (Madsen & Ulhoi, 2005 as cited in Chen & Huang,
2009).

Human resource assets have three components: competence, attitude and
intellectual agility, and human resource competence can further be divided into
skills and knowledge (Roos, Roos, Dragonetti, & Edvinsson, 1997 as cited in
O’Connor, Roos, & Vickers-Willis, 2007). The two key components of human
capital assets, knowledge and skills, are acquired through general education and
training respectively (Huo, 2009). Competence in innovation covers a range of
skills such as creativity, opportunity recognition, and specific skills in some
technical disciplines. Attitudes, in the context of innovation, include negative
behaviours that can create barriers to innovation such as conservatism, conformity
and risk-avoidance (Neely & Hii, 1998 as cited in O’Connor et al., 2007). Lastly,
intellectual agility refers to the “ability to use the knowledge and skills, build on it,
apply it in a practical context and increase it through further learning” (Roos et al.,
1997, p. 39 as cited in O’Connor et al., 2007, p. 539).

Breakthrough innovation requires deep customer insight to ensure that new
products, services, or business models address the unmet needs of the customers
in a way that cannot be done through traditional approaches (Weigel & Goffin,
2015). This requires that the organisations build capabilities to generate customer
insights, convert those insights into innovative solutions, and initiate projects
based on those solutions (Weigel & Goffin, 2015). Success in innovation requires
a shift from a knowledge-push approach in which scientists and engineers come
up with ideas and push them to the market, to a demand-pull system where
industry and users play an active role in the development of market-oriented
innovation (Blau, 2008).

Three distinct competencies are necessary for breakthrough innovation to occur:

discovery, incubation and acceleration (O'Connor, 2009), with discovery focusing

11



on creation and identification of opportunities that may have major impact in the
marketplace, incubation focusing on experimentation with the technology and
business concepts or models to get to a demonstrated model of a new business
that brings breakthrough value to the market and the organisation, and lastly, with
acceleration, which can be defined as the competency of being able to develop

critical mass.

Human capital is important to enhance organisational absorptive capacity for
knowledge and to facilitate technology and knowledge transfer as part of the
innovation process (Frenz & Oughton, 2006 as cited in Beynon, Jones &
Pickernell, 2016). Hence, the knowledge and skills embedded in human capital are
often seen as a precondition for achieving high innovation performance in the
country (De Jong & Vermeulen, 2006). Therefore, formal education and/or training
program for developing human capital to keep up their knowledge and skill levels
is important for achieving high innovation performance (Romijn & Albaladejo, 2002
as cited in De Jong & Vermeulen, 2006). According to Parziale and Scotti (2016,
p. 2), “a good level of education among the population is a precondition for the
constitution of the human capital in the country”. This further emphasises the need
for education in HCD to enhance innovation performance. Scholars largely share
the common understanding that the education level promotes innovation and this
can contribute to economic development (Parziale & Scotti, 2016). Other scholars
argue that regions with low levels of tertiary education can still achieve high
innovation outcomes provided that they have high levels of collaboration among
small and medium enterprises and public investment in R&D (Mas-Verdu et al.,
2016). Having said that, it should be remembered that collaboration alone does
not lead to high innovation outcomes, but only creates an enabling environment for

high innovation outcomes to be achieved.

The national HCD strategy should be integrated with the economic and national
strategies of the country. Some of the features of a good HCD policy are that it
should be based on tripartite cooperation of employers, unions and government. In
addition, it should have a multidepartment approach encompassing all relevant
government departments (Osman-Gani, 2004). The success of such a policy is

dependent on the commitment from tripartite parties and a network of government

12



departments, and leadership farsightedness is important in directing the human
capital development policy (Osman-Gani, 2004).

In the current era, where the flow of migrants between countries is linked to the
transfer of skills, talent and knowledge, the NSI needs to find ways to optimise the
gains on innovation human capital derived from the mobility of the highly-skilled
personnel in the global skills pool (Turpin et al.,, 2010). It is in this era where
mobility rather than migration provides the most important conduit for the flow of
skills and knowledge. It has therefore become essential for small economies to
better manage the inward and outward flows of science and technology human
capital to build a sustainable NSI. In today’s boundaryless operating environment,
the notion of the NSI is rapidly losing its meaning because both skilled resources
and knowledge can move anywhere around the world without any boundaries.
There is a need for local players to connect globally to global talents, companies
and research organisations (Blau, 2008).

The human resource functions must fully participate in the development of training
programs and career paths to support the innovation culture in organisations
(Gobble, 2016). There must be a shift to managing human capital in a manner that
supports long-term business goals. Science, technology and innovation human
capital capacity building is no longer only about retaining or gaining scientific
personnel but is also about accessing their networks as they move in and out of
countries throughout their careers (Turpin et al., 2010). Thus, innovation policy
instruments should go beyond emphasising education and immigration as the
primary means for expanding the national skills base and start exploiting the long-
term mobility of scientific and technical specialists to build the national innovation

human capacity.

“The most successful corporate innovation strategies are those that mainly focus

on people and human capital” (Gobble, 2016, p. 1).

It is important to build the human capital capability and capacity because the
country’s innovation output is dependent on the number of researchers in the
targeted field of innovation and the critical mass of high-tech workers in an
economy (Griffiths & Kickul, 2008). Greater effort should be placed on finding,

13



engaging and incentivising key innovation talent by promoting and rewarding

entrepreneurship and risk taking (Gobble, 2016).

Both the innovation capacity and capability of the country are necessary to
achieve its desired innovation objectives. The innovation capability of the country
iIs a function of how best it utilises its resource and transformation assets to
achieve desired innovation objectives. According to Calantone, Cavusgil and Zhao
(2002) and Ngo and O’Cass (2013) as cited in Wang and Dass (2017, p. 127),
innovation capability can be defined as the “ability to generate, accept and
implement new ideas, processes, products, or services” for the attainment of the
desired innovation objectives such as economic success. Figure 1 shows a
conceptual framework to illustrate the relationship between the innovation capacity

and innovation capability of the country.

Early stage of Innovation Capacity building program

Resource Assets Contributors to Transformative Assets
Human Relational Organizational Physical Monetary
Assets Assets Assets Assets Assets

Low Under No culture, MNo allocated No funds
awareness developed systems, space or allocated for
and skills in internal and processes or equipment for investment in

innovation external procedures for experiments innovation
relationships innovation infrastructure

Late stage of Innovation Capacity bu

ilding program

Resource Assets Contributors to Transformative Assets
Human Relational Organizational Physical Monetary
Assets Assets Assets Assets Assets

High Regular Well established Space and Funds
innovation collaboration culture and equipment allocated and
awareness through utilization of allocated and invested in

and skills internal and systems, fully utilized innovation
distributed external processes and for infrastructure

across org. relationships procedures for experiments and project
innovation development

Figure 1: Asset characteristics and growth in innovation capacity

Source: O'Connor, Roos, & Vickers-Willis, 2007.
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The innovation potential of any organisation depends on the internal resources of
that organisation and the ability of the organisation to combine internal capacities
with the resources found in the external environment (Mas-Verdu et al., 2016). The
national innovation capacity produces and commercialises products, services and
processes innovations which are determined by the country’s infrastructure, NSI,
and the existing interconnectivity (Furman et al., 2002 as cited in Beynon et al.,
2016).

According to research, there are various ways of developing innovation
capabilities, including: investing in R&D, obtaining knowledge from multiple
stakeholders, developing a market/learning-oriented culture, and encouraging

knowledge sharing among various stakeholders (Wang & Dass, 2017, p. 127).

Leadership, as part of the human assets, does have an influence on innovation
performance. According to Curado, Mufioz-Pascual and Galende (2018), leaders
with higher training levels are better able to take risks, analyse the environment, or
make changes towards enhancing innovation performance. Leaders’ training
levels reduce the risk of their resistance to new systems, and are seen as a
possible moderator with limited influence on the relations between the antecedents

of innovation performance and innovation performance (Curado et al., 2018).

Leadership innovativeness and relative orientation — exploration or exploitation —
influence the type of innovation outcome that can be achieved (Wang & Dass,
2017). Leaders with exploration orientation are likely to foster the search for new
ideas and technologies, encourage risk taking, and discover new opportunities
(Wang & Dass, 2017). Exploitation-orientated leaders, on the other hand, focus
more on discovering opportunities using the available resources and the
innovation implementation process (Wang & Dass, 2017). Leadership
innovativeness refers to the extent to which leaders have favourable attitudes
toward innovation and are willing to take risks by investing resources in innovation
activities (Wang & Dass, 2017). Leadership innovativeness has a positive effect on
the innovation and financial performance of organisations, and leadership relative
to exploration-orientation plays a mediating role in the relationship between

leadership innovativeness and innovation performance (Wang & Dass, 2017).
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Proposition 5

Innovation human capital competence, attitude, intellectual agility and leadership
innovativeness have a positive relationship with the innovation performance of the

country.

Innovation policies

Policy, in general, can be regarded as an intention, a pronouncement or a general
plan of action adopted by a particular institution to solve a certain problem, counter
a threat or pursue certain objectives (Akindele & Olaopa, 1997; Agagu, 2001;
Agagu, 2010 as cited in Siyanbola et al., 2013). Innovation policy can be defined
as a set of actions intended to raise the quantity and efficiency of innovative
activities (Rodriguez & Montalvo, 2007). Innovation policy should extend beyond
stimulating key industrial activities to being a mechanism for addressing pressing

societal challenges through social entrepreneurship (Pages, 2010).

Innovation policies are more generic than science, technology and research
policies, and may include non-technological aspects such as organisational
learning and commercialisation (Rodriguez & Montalvo, 2007). Political ideologies
and economic circumstances have an influence on innovation policies and they
cannot be ignored, but should rather be managed in a way that will encourage

innovation in the country (Pages, 2010).

The key political and general aims of innovation policies are to drive structural
economic change and develop the innovation capability of the economy (Isaksen,
Normann, & Spilling, 2017).

Innovation policies are multidimensional and can be framed to cover
supranational, national, regional, sectorial and technological aspects in their
scope. They can also be multifaceted and wide ranging, covering initiatives in
areas such as science, education, research, technology development, and
industrial modernisation, and also overlap with industrial, environmental, labour,

and social sectors (Rodriguez & Montalvo, 2007).

There are two types of innovation policy framework, general and specific policy

frameworks, which can be applied to create an innovation-friendly environment.
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The latter is a place-based innovation policy focusing on developing industries and
regions based on their specific capabilities and characteristics. The specific policy
framework is developed or adopted based on the informed assessment of regional
needs and opportunities because regions differ significantly in size and structure
(Isaksen et al., 2017).

The general innovation policy framework is a place-neutral type of innovation
policy. This type of policy framework is regarded as simplistic and tangible
because it includes instruments such as the provision of physical infrastructure,
grants for universities and research institutions, talent exchange program, spinoffs,
start-ups, entrepreneurial support, networking support, and various types of tax
deduction schemes for R&D (Isaksen et al., 2017). This type of policy framework
does not adapt to differences in local industrial structures, innovation capability
and innovations. Hence, they are incapable of making the most of the variation in
potential across places (Isaksen et al., 2017).

Innovation policy should be an outcome of interactions and collaborations among
the institutional players within the NSI rather than being a prescription from either

government or industry (Siyanbola et al., 2013).

Regional policies need to focus on fostering local entrepreneurship and innovation,
and they must be realistic, taking into account the nature of the regional institution,
and appropriate for the regional context. Hence, to create an efficient NSI, sound
regional or place-based innovation policies that are developed using a bottom-up
approach rather than a one-size-fits-all or top-down national sectorial approach will
be required (Landabaso, 2014).

Innovation policy must ensure the consistent and harmonious functioning of the
NSI by formally and informally mediating the linkages between enterprises,
organisations and institutions involved in innovations (Reiljan & Paltser, 2015).
The quality of the innovation policy is measured by its ability to encourage
institutions forming part of the NSI to collaborate and network effectively, and
exploit in full the opportunities for wealth and job creation through R&D and
innovation (Siyanbola et al., 2013). These effective networks, collaboration and
cooperation among the private sector, public research organisations and HEIs
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create channels for the scientific knowledge to find its way to the market where
economic value is created (Martin, Pahor, & Jakli¢, 2015). The free circulation of
scientific knowledge, ideas and human capital uplifts the scientific and innovation

competitiveness of the country (Blau, 2010).

The research generated by universities and public research organisations should
be connected to the industry in order to generate solutions for the economic,
technological and social problems in society by creating new companies, adopting
and marketing new technologies, generating technology-based exports and
improving productivity in the country (Martin et al., 2015). Therefore, innovation
policy should enhance innovation in the country by focusing on both expanding
innovation in the identified technology areas, also referred to as “smart

specialisation” areas, and building identified critical network connections.

Effective innovation policies target the real economy and focus on creating
sustainable jobs by developing and maintaining a healthy and productive balance
between competition and cooperation in an interconnected society faced with
complex challenges of climate and resource constraints in a global world (Sachs,
2012 as cited in Landabaso, 2014). Such policies improve the relevance and
uptake of public research by the private sector.

The paradigm in which firms both compete and cooperate in the innovation
process within the same market is only possible if their actions lead to higher
quality, technology and value added in the products, services or processes that
can result in individual firms’ economic success. It is less feasible in cases where
firms have competitive advantages that are based on marginal or opportunity costs

driven mainly by low labour costs (Landabaso, 2014).

During innovation policy formulation, special consideration should be given to
analysing and understanding the trade flows of the region or country to discover
opportunities for interregional, intercontinental or international cooperation and
complementation. This helps in ensuring that the innovation policy fully exploits the
opportunities presented by understanding the centrality and connectivity of the

regions (Landabaso, 2014).
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One of the pitfalls for developing countries is their over-reliance on multinational
corporations rather than on locally-owned firms to deliver new ideas and
technological innovations (Blau, 2010). This puts the developing countries at risk
because multinational corporations can relocate at any time as they continue to
search for lower-cost markets. Often the research networks for these multinational
corporations are linked to their parent companies, making exchange of knowledge
and experience with various actors in host countries exceedingly rare. Therefore,
to be successful, developing countries need the right mix of policies and
investments for research and innovation. These countries need to take deliberate
and organised action to support their top scientists and to create scientific centres

of excellence (Blau, 2010).

Innovation policy should integrate innovation-related components found in several
other fields of policy into one coherent and comprehensive whole (Reiljan &
Paltser, 2015). This should help to effectively manage the innovation activities of
the country. If the innovation policy is not in congruence with other policies in the
country, the innovation system can be negatively impacted because
implementation of innovation activities could be hindered and the desired outcome
of economic growth, increased productivity or competitiveness might not be
achieved (Reiljan & Paltser, 2015).

Good governance, underpinned by transparency, responsibility, accountability,
stakeholder participation and responsiveness to the social needs of the country
plays a central role in the establishment and successful implementation of a good
policy (Siyanbola et al., 2013). More transparency, accountability and
inclusiveness is required to maximise mobilisation, engagement and participation
of relevant stakeholders, within the innovation system, during effective innovation

policy formulation (Landabaso, 2014).

Proposition 6

Innovation policy affects innovation output of the country positively by encouraging
high levels of collaboration in the NSI and investment in R&D and other innovation

activities in the country.
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Literature review conclusion

Innovation funding, the NSI, human capital and innovation policies do influence the
innovation performance of the country. Although the country’s innovation
performance is not dependent on individual factors acting in isolation, it is a
product of a combination of factors coming together in a coordinated manner. To
elaborate on this point, we customised and used the framework of asset
characteristics and growth in innovation capacity by O’Connor et al. (2007) shown

in Figure 2 for our application.

The country’s innovation performance is dependent on its internal resources
(resource assets and transformation assets) and its ability to combine its internal
resources with the resources found in the external environment. The primary
function of the NSI, in this context, is to establish healthy linkages, networks and
relationships, so that there can be a smooth flow of knowledge, funds, technology
and other resources to support the innovation process; there are interactions
among innovation actors, institutions and infrastructure; and there can be healthy
collaboration and cooperation among stakeholders. Therefore, the NSI alone
cannot determine the innovation performance of the country; however, it can
create an enabling environment for high innovation performance to be achieved. It
is when the NSI is combined with other factors such as strong human,
organisational, physical and monetary assets that high innovation output can be

achieved.
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Figure 2: Innovation capacity and capability relationship
Source: O'Connor et al., 2007.

Innovation policy can be defined as a set of actions intended to raise the quantity
and efficiency of innovative activities (Rodriguez & Montalvo, 2007) in the country.
It therefore is obvious that a good innovation policy would create a set of actions
required to address any weaknesses diagnosed in the innovation capacity and
capabilities of the country while encouraging exploitation of internal strength and
opportunities in the market place. The quality of the innovation policy is measured
by its ability to encourage institutions forming part of the NSI to collaborate and
network effectively, and exploit in full the opportunities for wealth and job creation
through R&D and innovation (Siyanbola et al., 2013). Innovation policy creates
structure, order and some level of certainty, and it is this structured coordination in
the innovation eco-system that creates an enabling environment for long-term
investment in innovation. Innovation policy, just like the NSI, cannot determine the
innovation performance of the country; it can only create an enabling environment
for innovation performance by encouraging collaboration and investment in R&D
and innovation. Innovation policy helps to align and coordinate innovation efforts

throughout the assets (i.e. resource and transformative assets).

It is the internal strength of the country regarding its human, relational,

organisational, physical and monetary assets that makes it appealing to external
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investors. Private funders are often protectionists and risk averse and would do all
they can to remove uncertainty and expenses associated with disruptive
innovations by channelling their financial support to safer incremental innovations
(Chalmers, 2013).

To prevent this investor bias on innovation funding, a mixed funding model
encompassing both government and private sector is needed. Government
support is needed to decrease the uncertainty in the private sector associated with
funding of disruptive innovation activities, so that the private sector can afford the

cost of developing and implementing such innovations (Reiljan & Paltser, 2015).

The character of the funders for innovation activities affects the relative and

absolute innovation output in the country (Tylecote, 2007).

The innovation process demands knowledge, expertise, and commitment from the
country’s human capital. It requires creative individuals who are flexible, have high
appetite for risk and are tolerant of uncertainty and ambiguity (Chen & Huang,
2009).

Human capital is a key enabler for enhancing distinctive competitiveness and
creating innovation opportunities (Chen & Huang, 2009). Both knowledge and
skills are embedded in the human assets of the country. The country can
compensate for low levels of tertiary education in its human assets by creating
high levels of collaboration among small and medium enterprises and public
investment in R&D (Mas-Verdu et al., 2016).

It has been asserted that although South Africa has made great strides in
developing policies, legislations, institutions, and other support measures to
develop skilled human resources in science, engineering and technology; to
increase collaboration in research and technology development among HEls,
industry and government; to promote and support the NSI; and to support the
development of small, medium-sized and micro-scale enterprises, the country
needs to address the lack of seed investment in new technologies to establish
technology-based companies; incubation support for young entrepreneurs and
new technology-based businesses; and venture capital investment and company-
building skills (Van der Walt & Blankley, 1999). In short, South Africa needs to
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address the shortage of entrepreneurs and venture capitalists with the expertise to
build companies.

In conclusion, from the literature search it is clear that the country’s innovation
performance cannot be determined by a single factor but is the outcome of a
combination of factors working together to produce a certain innovation
performance in the country. The question that may need to be answered in future
studies is: what is the combination of factors that will produce optimal innovation

performance for South Africa?

RESEARCH METHODS, DESIGN, DELIMITATIONS AND
ASSUMPTIONS

This study used a non-experimental research method where existing
circumstances, without attempting to manipulate controlled variables, were used to
describe any existing relations (Page & Meyer, 2005). This was expected to assist
in determining the relationship between innovation and the independent variables
related to the four constructs being studied: innovation funding, the NSI, human
capital, and innovation policies.

In non-experimental research, it is important to understand the variables being
studied and the best statistical method to use in explaining the relationships
among those variables to be able to generate acceptable conclusions (Welman,
Kruger, & Mitchell, 2005). Hence so much time and effort were invested in the
literature review to gain better understanding of the study variables. Descriptive
statistics were used to analyse the quantitative data collected in the study.
Descriptive measures are particularly useful for comparing the response pattern
for different groups or different questions (Page & Meyer, 2005).

Although we had initially thought that the study would use both qualitative and
guantitative approaches to enhance the depth and the breadth of our findings,
economic and time constraint limitations made it impractical, resulting in a

guantitative approach only, which was cheaper yet still time consuming.

The quantitative approach provides the hard facts and numbers required for

analysing the relations among variables within the scope of the research (Page &
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Meyer, 2005). The qualitative approach would have been used to qualify the
meaning of the hard facts and numbers acquired through the quantitative
approach. This was important, because in this research we wanted to show
whether there is any association between innovation performance and the
independent variables related to the four identified study constructs and also
understand the nature of such relationships.

Although the study was ultimately aimed at identifying determinants for emerging
technology innovations in South Africa, it will be difficult, if not impossible, to define
a complete sampling frame for such a complex population. Actors in emerging
technology innovations are spread all over the country, with some being private
individuals, making it very difficult to define the total population in the country with
certainty. According Kahn and Blankley (2005), most of the innovations activities in
South Africa were concentrated inland in the province of Gauteng, with smaller
regional clusters in the Western Cape and KwaZulu-Natal. It has been assumed
that due to the complex nature of emerging technology innovations, such activities
will require the involvement of formal institutions that are part of the NSI; hence the
decision to confine the study within the province of Gauteng and focus on
institutions that form part of the NSI in Gauteng.

Therefore, the research sample consists of institutions that are part of the NSI in
Gauteng province, including institutions such as the Innovation Hub, private sector
companies from the Innovation Hub database, public research institutions, higher
education institutions and other Gauteng private sector companies involved in

emerging technology innovations.

The disadvantage of the selected research population is that it does not include all
innovation actors located in Gauteng and this makes the sampling frame invalid.
This clearly shows how difficult it is to practically define a sampling frame that will
include the entire population of Gauteng innovation actors. Without a properly
defined complete sampling frame, it would be impossible to use probability
samples in our research and hence our research findings would not be

generalisable to the entire population of innovation actors in Gauteng.
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Although the topic of our research looks at emerging technology innovation at
country level, the findings of this research may not be generalised to the entire
country (target population) where the research hypothesis applies because
statistical model only permits generalisation to the experimentally accessible
population from which a random sample has actually been obtained. The
experimentally accessible population for this research only covered selected
institutions based in Gauteng province. Efforts were made to randomly sample
respondents within the selected institutions so that the research findings can be

generalised to all those selected institutions.

In general, the conclusions reached through non-experimental studies have less
internal validity as compared to those reached through experimental and quasi-
experimental research (Welman et al., 2005). To improve internal validity of this
research, efforts were made to ensure that measurement instruments are clearly
worded and easy to understand without ambiguity and experimenter effect was
avoided by using an online survey which helped in preventing influence of

respondents by the researcher.

Total reliability is achieved when instruments used in the research provides
identical repeated results related to some constant factor every time when the
same test is repeated on the same sample (Page & Meyer, 2005). To enhance the
reliability of this research, the research instrument used was designed with certain

guestions that checked consistency in the responses.

According to Page and Meyer (2005), the best data-collection method is the one
that can ensure that the data collected is capable of answering the research
questions efficiently and accurately. Effort was put at ensuring that questions on
the survey questionnaire are clear and relevant to the research questions, and are

not ambiguous.

If the appropriate research variables have been defined from the research
guestions and these research variables are translated appropriately to relate
directly to the questions that are framed in the survey tool for the research
participants, then the chosen research methodological approach should be
appropriate for the study.
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The advantage with the chosen approach is that it allows the relationships
between the identified variables to be examined within the limited available time
for the study and in a cost-effective manner. The disadvantage is that we would

not be able to establish any causal relationship between variables.

An online survey questionnaire, which is a non-interactive method of collecting the

data, was used to collect the data for this study.

Although innovation infrastructure plays a foundation role in supporting emerging
technology innovation in a country, for this study we assumed innovation
infrastructure to be a fixed variable because South Africa as compared to other
developing nations in Africa, especially in urban areas, has a world class
innovation infrastructure. Therefore, infrastructure support for emerging technology

innovation has been treated as a given.

The study will be confined to Gauteng province which is regarded as the
innovation hub for the country and we assume that respondents in this province

will reflect the national perspectives and experiences.

RESULTS

The sample for this study was made up of 40 respondents from various fields and
occupations. All respondents were from organisations that form part of the
emerging technology innovation eco-system within Gauteng. Table 1 gives a

summary of the sample characteristics.

Frequency Percent
Engineer 15 37.5
Scientist 4 10.0
CEO 2 5.0
Bio-entrepreneur 1 2.5
Business person 1 2.5
Commercialisation Manager in research environment 1 2.5
Director 1 2.5
Executive 1 2.5
Incubation Manager for Wits University 1 2.5
Innovation Manager 1 2.5
IT 1 2.5
IT Management Consultant 1 2.5
Management Consultant 1 2.5
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Frequency Percent
Marketing Director 1 2.5
Programme Manager 1 2.5
R&D Manager 1 2.5
Research Manager 1 2.5
Sales Area Manager 1 2.5
Senior Marketer 1 2.5
Technopreneur 1 2.5

Table 1: Sample characteristics

Various organisations that are based in Gauteng were represented in the sample,

including institutions from the private sector, higher education, public research

organisations, and private research organisations. Figure 3 is a chart showing the

types of organisation represented in the study sample.
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Figure 3: Types of organisation

30%

Other

Most of the respondents in the sample were from the digital technologies

innovation space. Figure 4 shows a chart with the fields of emerging technology

innovations represented in the sample.
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Figure 4: Fields of emerging technology innovation

In this study, the number of registered patents (Poorkavoos et al., 2016; Seidel et
al., 2013) and commercialised technologies (Moon et al., 2017) were used as an
output measure of innovation performance. Innovation performance was therefore
computed by adding the number of patents registered and number of innovation
projects commercialised in the last ten years. Table 2 shows the total number of
patents registered and innovation projects commercialised in the last ten years.

Descriptive Statistics

N Minimum Maximum Mean Std.
Deviation

Number of patents registered or assisted to
be register in the last 10 years 3 0 150 10 29-993
Number of products, services or process
innovation projects commercialised or 35 0 200 18 37.821
assisted to commercialise in the last 10 years
Innovation performance 35 .00 200.00 28 52.431

Table 2: Innovation performance

According to the study results the average number of patents registered in the last
ten years for the sample was ten and the average innovation projects
commercialised in the last ten years for the sample was 18. This resulted in a total
average innovation performance output of 28 for the sample. The study tested the
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relationship between innovation performance, regarded as the dependent variable,

and independent variables listed in Table 3.

Variable Option Frequency Percent
They are risk averse 19 47.5%
Which of the following characteristics They are risk takers 9 22.5%
best describe the character of your They are protectionists 3 7.5%
funders? They are adventurous 7 17.5%
Not indicated 2 5.0%
0% 7 17.5%
0% - 5% 9 22.5%
What percentagg of the 9v§rall sale:s 506 - 10% 4 10.0%
revenue or total income is invested into
e N 10% - 20% 4 10.0%
R&D activities in your organisation?
Above 20% 15 37.5%
Not indicated 1 2.5%
What is the i oon fundi 100 % privately funded 15 37.5%
at is the innovation funding structure - ;
L g Mixed funding model 20 50.0%
of your organisation?
100 % government funded 5 12.5%
Government subsidies 5 12.5%
Which of the government funding Government grants 15 37.5%
mechanisms has had the most impact on | None 18 45.0%
innovation activities in your organisation? | Government tender contracts 1 2.5%
Varied in my unit 1 2.5%
None 9 22.5%
o Seldom 2 5.0%
How often do.es yqur organlsat!on Sometimes 6 15.0%
collaborate with Higher Education
e Often 6 15.0%
Institutions?
Very often 16 40.0%
Not indicated 1 2.5%
None 10 25.0%
Seldom 4 10.0%
How often do.es your .orgamsatlon Sometimes 11 27 5%
collaborate with Public Research
s Often 15.0%
Organisations?
Very often 20.0%
Not indicated 1 2.5%
None 15 37.5%
o Seldom 8 20.0%
Hol\leofte: doi;ypogr (;rg:msatlo}? Sometimes 4 10.0%
collaborate wi rivate Researc
. Often 9 22.5%
Organisations?
Very often 3 7.5%
Not indicated 1 2.5%
How often does your organisation None 7 17.5%
collaborate with Private Sector Seldom 5 12.5%
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Variable Option Frequency Percent
Institutions? Sometimes 9 22.5%
Often 14 35.0%
Very often 5 12.5%
Not at all 20 50.0%
Seldom 7 17.5%
How often does your organisatic.m use Sometimes - 17 5%
patents developed by others to innovate?
Often 4 10.0%
Very often 2 5.0%
Not at all 4 10.0%
How often does your organisation share | Seldom 8 20.0%
information, knowledge and technology Sometimes 9 22.5%
with other players in the industry? Often 10 25 0%
Very often 9 22.5%
Matric 10.0%
What is the average level of qualification | Diploma 9 22.5%
for employees in your organisation? Degree 12 30.0%
Postgraduate degree 15 37.5%
Matric 2.5%
What is the average qualification level for | Diploma 4 10.0%
leaders in your organisation? Degree 10 25.0%
Postgraduate degree 25 62.5%
Which of the following characteristics They are risk averse 11 27.5%
best describe the character of the They are risk takers 22.5%
majority of the employees in your They are protectionists 15.0%
organisation? They are adventurous 14 35.0%
A great deal 14 35.0%
:ow ml:ch of theirI kr;owledgetand skills A lot 15 37.5%
o employees a 0 suppor
innova?io\r: in yO?JF: zrgani;ﬁion? A moderate amount o 22.5%
A little 5.0%
They are risk averse 8 20.0%
Which of the following characteristics They are risk takers 11 27.5%
best represents the character of the They are protectionists 3 7.5%
leadership They are adventurous 17 42.5%
Not Indicated 1 2.5%
i A
Improved investment on R&D 7 17.5%
What benefits has your organisation improved investment on
derived from the country’s innovation innovation activities and/or 8 20.0%
policies? infrastructure
Reduced uncertainty and risk 4 10.0%
No benefits at all 17 42.5%

Table 3: Other variables
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Prior to analysing the results, tests for measurement scale validity and reliability
were conducted. Exploratory factor analysis was used to assess the validity of the
collaboration construct which had four items measured using a five-point Likert
scale. The results showed that factor analysis was feasible, with a Kaiser-Meyer-
Olkin Measure of Sampling Adequacy (KMO) value of 0.625, which is higher than
the minimum acceptable value of 0.5, confirming that the sample was good
enough to run factor analysis. The Bartlett's Test of Sphericity was significant,
which indicates that the items within the scale were correlated and thus factor

analysis was feasible.

The factor analysis results indicated that the collaboration construct retained one
factor which explained the 54.283% of variation in the original four items. All four
items loaded highly onto the retained factor with the minimum factor loading being
0.630, which is higher than the minimum acceptable value of 0.4. Thus, the

collaboration construct is valid.

Reliability tests were done on the collaboration construct using the Cronbach’s
Alpha and the tests gave a Cronbach’s Alpha of 0.710, which is slightly higher
than the minimum acceptable value of 0.7. Although is on the borderline, the
results mean that the four items on the collaboration scale can be grouped
together to form a summated scale. The summated scale was computed using the

average ratings of collaboration with the various institutions.

A normality test was conducted using Kolmogorov-Smirnov and Shapiro-Wilk tests
to assess whether the dependent variable, innovation performance, is normally
distributed. Both the Kolmogorov-Smirnov test and the Shapiro-Wilk test gave p-
values (sig) of less than 0.05, indicating that innovation performance is not
normally distributed. Hence, hypothesis/proposition testing was done using non-

parametric tests.

Proposition 1

The character of the funders affects the relative and absolute innovation levels of

the country.

31



The Kruskal-Wallis test was conducted to assess whether the characteristics that
best describe the character of the funder have an impact on the innovation

performance.

The results show a chi-square value of 3.733 and a p-value of 0.292. Since the p-
value is greater than 0.05, it means that there is no relationship between the
characteristics that best describe the character of the funder and innovation

performance.

The Kruskal-Wallis test was also conducted to assess whether the innovation

funding structure of an organisation has an impact on the innovation performance.

The results gave a chi-square value of 0.042 and a p-value of 0.979. Since the p-
value is greater than 0.05, it means that there is no relationship between the

innovation funding structure of an organisation and innovation performance.

The Kruskal-Wallis test was also conducted to assess whether the government

funding mechanism has an impact on the innovation performance.

The results show a chi-square value of 0.794 and a p-value of 0.373. Since the p-
value is greater than 0.05, it means that there is no relationship between the

government funding mechanism and innovation performance.

Therefore, based on the three sub-propositions, it can be concluded that there is
no relationship between the character of the funders and the relative and absolute

innovation levels in the country.

Proposition 2

The level of R&D funding is an important determinant of the innovation
performance and consequently the emerging technology innovation performance

in the country.

The Kruskal-Wallis test was conducted to assess whether the level of R&D funding
is an important determinant of the innovation performance and consequently the

emerging technology innovation performance in the country. The results gave a p-

32



value of 0.106 (p-value > 0.05). This shows that the level of R&D funding is not an

important determinant of the innovation performance.

Proposition 3

Strong networks and collaborations among actors in the NSI have a positive effect
on the innovation output of the country if the country has strong internal innovation

capabilities.

Spearman’s correlation analysis was conducted to assess whether strong
networks and collaborations among actors in the NSI have a positive effect on the
innovation output of the country. The analysis results reveal that there is no
relationship between innovation performance and collaboration (r= - 0.021, p-value

> 0.05) since the p-value is greater than 0.05.

Proposition 4

The success of the country in innovation depends on the internal capabilities of

that country to use both its internal and external resources.

Spearman’s correlation analysis was conducted to assess whether the success of
the country in innovation depends on the internal capabilities of that country to use

both its internal and external resources.

The results show that innovation performance does not depend on frequency of
sharing information, knowledge and technology with other players in the industry

since the p-value is greater than 0.05 (r = 0.077, p-value > 0.05).

The Kruskal-Wallis Test was conducted to assess whether the innovation
performance is dependent on the average qualification level of employees in an

organisation.

The results show that innovation performance does not depend on the average

qualification level of employees in an organisation since the p-value (0,144)>0.05.
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Proposition 5: Innovation human capital competence, attitude, intellectual agility
and leadership innovativeness have a positive relationship with the innovation

performance of the country.

The Kruskal-Wallis Tests were conducted to assess whether innovation human
capital competence, attitude, intellectual agility and leadership innovativeness
have a positive relationship with the innovation performance of the country.

The tests reveal that there is no significant difference in innovation performance by
average level of qualification for leaders in the organisation since the results show

a p-value > 0.05 (p-value = 0.256).

The results of the Kruskal-Wallis Tests show that there is no significant difference
in innovation performance based on characteristics that best describe the majority

of the employees in the organisation since p-value>0.05 (p-value = 0.736).

The results of the Kruskal-Wallis Tests show that there is no significant difference
in innovation performance based on knowledge and skills employees apply to

support innovation since the p-value>0.05 (p-value=0.129).

The Kruskal-Wallis Tests Results reveal that there is no significant difference in
innovation performance based on the character of the leadership in the
organisation since the p-value>0.05 (p-value = 0.120). Therefore, the test results
indicate that the innovation performance does not depend on the innovation
human capital competence, attitude, intellectual agility and leadership

innovativeness in the organisation.

Proposition 6

Innovation policy affects innovation output of the country positively by encouraging
high levels of collaboration in the NSI and investment in R&D and other innovation

activities in the country.

Each variable was coded as 1 if the benefit was selected and O if the benefit was

not selected in the survey questionnaire. Four innovation policy benefits were
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tested in the survey. Spearman’s correlation was conducted between benefits of

innovation policy and innovation performance.

The analysis results indicate that there is no correlation between innovation
performance and each of the innovation policy benefits tested during the study:
improved networking and collaboration (r=0.189, p-value>0.05), improved
investment on R&D (r=0.142, p-value>0.05), improved investment on innovation
activities and/or infrastructure (r=0.106, p-value>0.05), and reduced uncertainty

and risk (r=0.15, p-value>0.05) since the p-values are greater than 0.05.

We further conducted Spearman’s correlation between benefits of innovation
policy and collaboration. Each variable was coded as 1 if the benefit was selected

and O if the benefit was not selected.

The results show that there is a positive and significant correlation between
collaboration and improved investment on innovation activities and/or

infrastructure (r = 0.451, p-value = 0.01) since the p-value was less than 0.05.

However, there was no correlation between collaboration and each of the
following: improved networking and collaboration (r = 0.002, p-value > 0.05),
improved investment on R&D (r = 0.275, p-value > 0.05), and reduced uncertainty
and risk (r = 0.225, p-value > 0.05) since the p-values are greater than 0.05.

Most respondents indicated that innovation policy has improved networking and
collaboration. The analysis above also shows that there is a positive and
significant correlation between collaboration and improved investment on
innovation activities and/or infrastructure. This is an important finding because it
implies that although there is no correlation between innovation policy and
innovation performance, innovation policy can help boost investment in innovation
activities and/or infrastructure by creating an environment where there is more

collaboration within the innovation eco-system.

DISCUSSION

The study showed that neither the character of the funders, innovation funding

structure nor government funding mechanisms have a relationship with the
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innovation performance of the country. It further showed that the level of R&D

funding is not an important determinant of innovation performance.

No significant relationship was found between innovation performance and
collaboration. No relationship was identified between sharing of information,
knowledge and technology with other players and innovation performance. Hence
no confirmation was found to prove that innovation performance is dependent on

the internal capability of the country to use its internal and external resources.

The results confirmed that there was no significant difference in innovation
performance that could be associated with qualification levels of employees and
leaders in the organisation, the character of employees and leaders in the
organisation, or the use of knowledge and skills by the employees in the
organisation. No proof was found to suggest that innovation performance is
dependent on innovation human capital competence, attitude, and intellectual
agility or leadership innovativeness. Results showed no evidence that strong
networks, collaboration and strong internal innovation capabilities lead to

innovation performance.

No significant relationship was found between innovation policy benefits and
innovation performance, hence there is no proof to suggest any association

between innovation policy and innovation performance in the country.

The study failed to prove the existence of any association between innovation
performance and the independent variables that were studied. The results showed
that none of the four constructs covered in this study — innovation funding, the NSI,
innovation human capital, and innovation policy — has strong correlation with
innovation performance. A country can lack any of the four constructs and still

perform well in innovations.

The research results confirmed a strong correlation between collaboration and
investment in innovation activities or infrastructure. Collaboration also emerged as
the highest benefit that innovation policy provides. This finding supports the
findings of previous studies which showed that failure to connect to the right
networks has a negative effect on accessing finance and other forms of support for
innovation activities and that the interactions between actors in the NSI allow the
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flows of funds and knowledge between actors as influenced and governed by
various policies and instruments put in place by the government (Chalmers, 2013;
Kahn & Blankley, 2005).

CONCLUSION

The research findings confirmed the existence of a strong correlation between
collaboration and investment in innovation activities or infrastructure. The results
also showed collaboration as the highest benefit that innovation policy provides.
Therefore, based on these results, innovation policy instruments can be used to
influence innovation funding by increasing levels of collaboration. Strong
collaboration is a reflection of healthy levels of interactions among actors in the
NSI. This finding highlight the influence that innovation policy instruments have on
NSI and innovation funding. Although there is no proof to suggest any association
between innovation policy and innovation performance in the country, innovation
policy instruments can be used to improve collaboration which will, as a
consequence, have a positive influence on investment in innovation activities or

infrastructure in the country.

The research findings could be an indication that the country’s innovation
performance cannot be determined by a single factor, but is the outcome of a
combination of factors which, when working together, produce a certain innovation
performance in the country. We therefore suggest that further study be done with a
bigger sample to confirm our results and that a fuzzy set qualitative comparative
analysis be used to identify possible multiple sets of combinations of the study
constructs — innovation funding, the NSI, innovation human capital, and innovation
policy — that may causally relate to the innovation performance of the country
(South Africa).
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