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ABSTRACT
Commercialisation of intellectual property, also known as technology transfer, is the process of
transferring scientific research findings from university to market for the purpose of further
development, economic growth and social impact. Standing at the frontier of knowledge,
universities can create valuable commercial innovations. The World Economic Forum
emphasised the vital role universities play in growing efficiency and human capacity, resulting in
global competitiveness. Consequently, university technology transfer and commercialisation have
become a matter of substantial public interest.
Acknowledging the importance of university technology transfer, South Africa has emphasised
the need for cultivating and increasing innovation outputs through efforts to transform the country
into a knowledge-economy. Government implemented several initiatives resonating South
Africa’s innovation intent. The implementation of the Intellectual Property Rights from Publicly
Financed Research Act (51 of 2008) and establishment of technology transfer offices across
universities in South Africa serves as a practical example of efforts undertaken by government.
While South Africa has made progress in efforts to transform into a knowledge economy, a
number of challenges remain in terms of its innovation capacity, with specific reference to
commercialisation activity of Intellectual Property (IP) at university level. Research have indicated
that low commercialisation activity can be ascribed to commercialisation barriers experienced by
universities. These barriers prevent university-based innovation from progressing into the
marketplace for the benefit of the economy, universities, and society.
The research objective of this study was therefore to identify and determine the commercialisation
barriers experienced by South African universities. This included the prioritisation of the barriers
and exploration of possible solutions (that may assist government and university policy makers in
their efforts) to improve innovation capacity.
The mixed methods approach was used to achieve the abovementioned objectives, through
employing a questionnaire and semi-structured interviews as measuring instruments. The validity
and reliability were confirmed through utilising the factor analysis and Cronbach alpha methods.
Additional statistical analysis included ANOVA to determine the variance across the factors
measured and regression to estimate the casual relationship among variables.
The ANOVA results concluded that all the groups perceive and rated barriers differently; this was
further confirmed by one of the interview respondents, mentioning commercialisation differs
across environments. The regression performed showed that most of the factors identified from
the factor analysis were interrelated.
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The factor analysis grouped the questions from the questionnaire into factor groups. By ranking
these factor groups according to their mean values, the largest barriers could be identified. The
highest measured barriers (factors) are: university red tape (factor11), funding barriers (factor 4),
entrepreneurial orientation (factor 6) and University- Industry (U-I) disconnect (factor 1). Followed
by the questionnaire, interviews were conducted with five experts. These experts have an average
of 26 years’ experience in commercialisation amongst them. All the interviewees indicated that
commercialisation barriers are part of a larger underlying problem within the value chain/system.
The barriers highlighted by most of the interviewees were: U-I disconnect (irrelevant research),
lack of entrepreneurial spirit, red tape at universities and lack of Venture Capital (VC) funding.
Comparing the results of the questionnaire and interviews together with the literature findings,
some interesting similarities emerged. There was a clear pattern amongst the highest rated/most
relevant barriers from the questionnaire, interviews and literature. The barriers extracted and
ranked were U-I collaboration, university red tape, entrepreneurial spirit and VC funding.
As motivational speaker Hilary Hinton stated, “The first step in solving a problem is recognising
there is one”.
Therefore, the above barriers provide the ideal starting point to solve challenges pertaining to IP
commercialisation at selected universities in South Africa. Barriers are perceived differently
amongst Technology Transfer Offices (TTOs), researchers and industry, consequently all roleplayers need to be actively involved in identifying common commercialisation solutions and solve
identified barriers through a joint effort.
Keywords: Technology transfer, intellectual property, university commercialisation, university
entrepreneurship, research commercialisation.
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ABBREVIATIONS
Abbreviation

Description

ANOVA

Analysis of Variance

AUTM

Association of University Technology Managers

BRICS

Brazil Russia India China South Africa

DST

Department of Science and Technology

DTI

Department of Trade and Industry

GDP

Gross Domestic Product

i.e.

Id Est

IDC

Industrial Development Corporation

IP

Intellectual Property

IPAP

Industrial Policy Action Plan

IPR

Intellectual Property Rights

NDP

National Development Plan

NIPMO

National Intellectual Property Management Office

PCA

Principal Components Analysis

PCT

Patent Cooperation Treaty

PWC

PricewaterhouseCoopers

R&D

Research and Development

SAVCA

Southern Africa Venture Capital Association

SPSS

Statistical Package for the Social Sciences

TIA

Technology Innovation Agency

TT

Technology Transfer

TTO

Technology Transfer Office

TTOs

Technology Transfer Offices

U.S.

United States

U-I

University-Industry

UNESCO

The United Nations Educational Scientific and Cultural Organization

VC

Venture Capital

WIPO

World Intellectual Property Organisation
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CHAPTER 1: NATURE AND SCOPE OF THE STUDY
1.1

Introduction

Intellectual property (IP) is defined by the World Intellectual Property Organisation (WIPO) as any
creation born of human intellect with value in the marketplace (WIPO, 2012). It is generally known
that the number of registered intellectual property in a country is used as an indicator for both the
extent of innovation and the current and future economic growth potential (Ryu & Han, 2012:103).
Commercialisation of IP, also known as technology transfer, can be defined as the process of
transferring scientific research findings from one organisation to another (i.e. laboratory to market)
for the purpose of further development, economic growth and social impact. This process involves
identifying new technologies, protecting these technologies through registering IP and developing
commercialisation strategies to market and license to existing businesses or through creating a
new enterprise to commercialise the inventions (AUTM, 2017). Commercialisation is the
connection of innovation and entrepreneurship, which includes activities that bridge the gap
between economic value creation and economic value realisation (Simelane, 2013:41).
Standing at the frontier of knowledge, university researchers can create valuable commercial
innovations. According to the World Economic Forum’s Global Competitiveness Report (Schwab
& Sala-i-Martin, 2017:31) universities play a vital role in increasing efficiency and human capacity,
resulting in global competitiveness. An illustration of this vital role can be made by considering
the following two examples. Firstly, Professor Richard Silverman from North Western University,
based in the United States (U.S.), Illinois, created Lyrica (the compound for pain medication,
licensed to Pfizer) the top-selling drug in 2014, with $5 billion in global sales (Hvide & Jones,
2016:46). Secondly, Stanford graduate students Sergey Brin and Larry Page established the
start-up company Google. Google revolutionised internet search and became the second largest
company in the world by market value in 2017 (Guzman & Stern, 2015:608). Given the above
examples, and many others, university technology transfer and commercialisation have become
a matter of substantial public interest (Dincer, 2017:9).
Similarly, in attempting to strengthen its global position, South Africa has embraced the need for
cultivating and increasing innovation outputs through efforts to transform the country into a
knowledge-economy (DST, 2016:87). The National Development Plan (NDP) vision,
acknowledges innovation as the primary driver of technological growth, holding the promise of
higher living standards for the people of South Africa (NDP, 2012:4). The Industrial Policy Action
Plan (IPAP) recognises commercialisation (which translates IP into products, processes and
services) to make a tangible impact on the South African economy through job creation and
increased exports (DTI, 2017:14).
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Furthermore, in South Africa the Department of Science and Technology (DST) strives to provide
a framework of enabling policies and interventions through its technology innovation programme.
Practical examples of such policies can be found in the 1996 White paper on Science and
Technology, the 2002 National Research Strategy and the 2007 Ten-year Innovation Plan. These
policies are implemented along the entire innovation value chain, to endorse the protection and
utilisation of IP, technology transfer and commercialisation at universities. The translation of
research results leads to the improvement of society’s living standards and increased economic
growth (DST, 2016:4).
Resonating South Africa’s innovation intent, government implemented the Intellectual Property
Rights from Publicly Financed Research Act (51 of 2008) (IPR Act) (SA, 2008) which came into
effect on 2 August 2010 (Ncube et al., 2014:284). This legislation aims to facilitate academicbased commercialisation by providing universities with a clear legal framework. The act was
partially inspired and similarly based on the United States Bayh-Dole Act of 1980 (Hvide & Jones,
2016:46). The IPR Act’s stated objective is, “intellectual property emanating from publicly financed
research and development is identified, protected, utilised and commercialised for the benefit of
the people of the Republic, whether it be for social, economic, military or other benefit” (Hill,
2014:841). The act obliges universities to evaluate, record and report on IP emanating from
publicly financed research and its benefits to society, to improve the quality of life of South African
citizens directly or indirectly (NIPMO, 2014:21).
Another important outcome of the IPR Act was the establishment of the National Intellectual
Property Management Office (NIPMO), which has the mandate to oversee the implementation of
the legislation on behalf of the South African Government. NIPMO is also required to provide
support towards the establishment and development of technology transfer capacity at South
African universities.
Technology transfer practises in South Africa can still be seen as emerging when compared
internationally, but has managed to gather momentum through the above mentioned government
initiatives and efforts (Alessandrini et al., 2013:211). However, while the country has made
progress in efforts to transform into a knowledge economy, a number of challenges remain in
terms of its innovation capacity, with specific reference to commercialisation activity of IP at
university level (Alessandrini et al., 2013:206). Limited commercialisation activity at universities
can be ascribed to barriers hindering the commercialisation process. Kumar et al. (2015:541)
further indicated that barriers to technology transfer, may also be viewed as opportunities for
intervention, so that inventions may reach their full potential.

2

1.2

Problem statement

There exists barriers that impede the effective and efficient commercialisation of research, and
prevents university-based innovation from progressing into the marketplace for the benefit of the
economy, universities, and society (Vanderford & Marcinkowski, 2015:6).
Global data has shown that even developed economies that produce high quality scientific
research have poor ability to commercialise such research outputs (Rojas et al., 2014:112). This
commercialisation barrier phenomenon has long been recognised with IP commercialisation at
universities globally (Bozeman et al., 2015:48).
In South Africa, between 2008 and 2014, dedicated technology transfer offices at universities
have grown from 5 to 22, indicating positive progress made by NIPMO (NIPMO, 2014:29). In this
same time period universities experienced steady growth in terms of invention disclosures, patent
applications and commercialisation activity (NIPMO, 2014:29). In 2014 a total of 216 patents were
filed between 22 university institutions in South Africa (NIPMO, 2014:30).
Notwithstanding the increases in invention disclosures, the conversion rate of potential IP into
patentable, and later successful commercialised outputs in South Africa, appears to remain
modest (Alessandrini et al., 2013:211). The most recent Innovation Survey found that 65.4% of
South African institutions were involved in innovation activities, of which only 27.2% were able to
successfully bring their innovations to market (Gault, 2013:301). Research done by Bansi
(2016:2) investigated the reasons for the current low commercialisation rate of innovations at
South African universities. The research findings of the study concludes that the low
commercialisation rate can be ascribed to commercialisation barriers experienced by universities
(Bansi, 2016:359).
This study set out to identify these so-called barriers. Therefore, the primary research question
is as follows: Which barriers prevents and obstructs the commercialisation of intellectual property
at selected universities in South Africa?
The South African government recognises the importance of innovation and technology in the
Industrial Policy Action Plan (IPAP) and the National Development Plan (NDP) to drive job
creation, social- and economic growth. Given this additional government support there remains
commercialisation barriers. This study aims to identify these barriers so that government and
universities can adapt their strategy and policies accordingly. A proposed solution to the
commercialisation barriers currently faced by universities can resolve economic challenges in
South Africa such as high unemployment rates and the current trade deficit (Borysiewicz,
2012:111).
3

1.3

Objectives of the study

1.3.1

Primary objective

The primary objective of this research is to identify and determine the barriers that prevent South
African universities to commercialise registered IP. The research findings obtained from this study
can assist university technology transfer practitioners, industry and government to develop
workable solutions, to resolve commercialisation challenges currently experienced by
universities.
1.3.2

Secondary objectives

Originating from the primary objective, the secondary objectives of this study is to:
I.

prioritise barriers hindering effective commercialisation, which will assist practitioners
toward directing mitigation efforts to make the technology transfer process effective and
fruitful;

II.

provide research findings (evidence) that may assist government and university policy
makers as effective policy making requires evidence;

III.
1.4

Possible solutions to resolve the identified commercialisation barriers.
Scope of the study

The study will focus on the technology transfer function, also known as commercialisation, where
intellectual property is transferred from research findings to commercial outputs. This process is
hindered by commercialisation barriers; the scope of the study will set out to identify the barriers
most relevant to South African university institutions.
1.5

Research methodology

The research methodology of this study consists of a literature study and an empirical study.
1.5.1

Literature study

The literature study begins by providing the reader with background information on the history
and role of technology transfer and the commercialisation process followed by universities. The
definition of successful commercialisation is also explored within the literature to provide the
reader with context to understand how it is measured. This sets the scene for the reader to
understand the background, functioning and flow of the IP commercialisation process at
universities, which will simplify the understanding of barrier relevance and influence on the subject
matter.
4

The focus of the literature study then shifts to determine South Africa’s position and performance
of Technology Transfer (TT) systems within the global context. Benchmarking assists in
identifying areas of intervention and form an understanding of the underlying factors that pose as
barriers. South Africa’s global position is illustrated by comparing it to a selection of other
countries in terms of specific TT indicators extracted from existing databases.
The final part of the literature study focuses specifically on barriers to commercialisation of
intellectual property, experienced by universities globally. The most persistent barriers (recurring
in most studies) in the literature was prioritised and grouped within the literature study to form a
better understanding of the influence of each barrier on the commercialisation process.
1.5.2

Empirical study

The empirical study is carried out by using a mixed methods approach, combining quantitative
and qualitative research. This method applies both qualitative and quantitative strategies to
investigate different aspects and then merge them together (Bryman & Bell, 2014:112).
Firstly, based on the literature study a questionnaire is developed and tested for validity to ensure
the design, structure and quality of the survey is correct. After the validation process required
changes to the survey was implemented (if necessary).
Secondly, the validated survey is distributed to professionals involved with university
commercialisation, measuring their experience and views of the commercialisation barriers most
applicable within the South African context.
Thirdly, qualitative interviews with technology transfer experts is held to firstly provide further
insight into the aspects investigated through the questionnaire, and secondly to identify additional
aspects not addressed by the questionnaire.
The survey and interview findings are compared against each other to determine the most
relevant barriers within the South African context and to possibly identify areas of intervention.
1.6

Limitations of the study

In view of the scope and time allowed for a mini-dissertation, the research is limited to
commercialisation barriers at selected universities in South Africa. Future research based on a
higher number of respondents could generate more appropriate results, and enrich research
findings.
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1.7

Layout of the study

Figure 1-1:

Layout of the study

Figure 1-1 above illustrates the layout of this study. As seen above, Chapter 1 describes the
background, context and approach for the proposed research study. The introduction provides
insightful background on the research topic and emphasise the relevance thereof. The problem
statement is formulated and the research objectives, research methods, and limitations are
specified. Chapter 2 firstly provides background information on the history and role of technology
transfer; secondly it benchmarks South Africa’s position and performance of TT systems within
the global context; and thirdly gives an overview of the literature on barriers to commercialisation.
A quantitative and qualitative research approach can be found in the empirical study (Chapter 3).
Finally, Chapter 4 concludes with recommendations.
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CHAPTER 2: LITERATURE REVIEW
2.1

Introduction

The literature study starts with exploring the history and role of technology transfer, in particular
the rationale behind the existence of technology transfer at universities. The intention is to
provide the reader with historical context of when technology transfer came into existence, and
how it evolved in recent years.
The commercialisation process followed by Technology Transfer Offices (TTOs) is described
through providing a visual representation. This briefly explains the typical progression stages of
commercialisation, and how barriers could influence the process flow of commercialisation efforts.
Successful commercialisation is defined and measured differently across universities.
Different views found within the literature are compared and discussed to form a better
understanding of what is regarded as successful commercialisation and how this is measured. It
is fundamental to understand successful commercialisation and its measurement, before barriers
can be recognised, identified and understood in the study.
The focus then shifts to the performance and position of South Africa within the innovation
landscape globally. This is done by benchmarking South Africa against selected middle income
countries with similar attributes and comparing commercialisation indicators. This provides the
reader with context of how well South Africa is performing and its position within the broader
innovation landscape. This information serves as the backbone, to identify and compare
commercialisation barriers from the literature across specific countries.
Lastly an extensive literature study was undertaken to identify commercialisation barriers
experienced by different universities internationally. The most persistent barriers (recurring in
most studies) identified from the literature were categorised in subgroups to simplify interpretation.
Identification and grouping of the commercialisation barriers later supports the development of
this dissertation’s questionnaire, aiming to identify the most relevant barriers preventing
commercialisation at selected South African universities. Identifying and addressing
commercialisation barriers, can serve as an intervention to facilitate future technology transfer
success.
2.2

The history and role of Technology transfer

The United States (U.S.) were the pioneers in the establishment of Technology Transfer Offices
(TTOs) with implementing the Bayh-Dole Act in 1980. Success stories of U.S. TTOs closing the
7

gap between science and industry encouraged other countries and universities to also establish
TTOs (Loise & Stevens, 2010:7). Today the majority of countries including South Africa have
adopted legislation similar to that of the Bayh-Dole Act to unlock the potential benefits IP
commercialisation has to offer. The emergence of university TTOs are closely related to the
compliance with government legislation concerning university technology transfer, and university
motivation towards economic development (So et al., 2014:202).
Prior to the Bayh-Dole Act American universities were hesitant to become directly involved in
patenting and licensing activities in an effort to avoid criticism of damaging open science.
Subsequently patenting and licensing operations were outsourced to third parties managing and
administering IP operations. Since the inception of the Bayh-Dole Act in 1980, which allowed
universities to obtain the IP rights resulting from publicly financed research, U.S. universities
became directly involved by establishing internal TTOs (Loise & Stevens, 2010:4). The number
of university TTOs in the U.S. have grown rapidly, and IP activities increased at an astonishing
pace in the 1990s. The number of patents issued to U.S. universities from 1979 continued to
double every five years, and licensing revenue increased with 215%, between 1991 and 1997
(Barro & Fernández, 2016:26). Influenced by the successes of U.S. universities, countries such
as Japan, France, U.K., Italy and Germany soon followed by adopting IP policies similar to that
of the Bayh-Dole Act, and building TTO capacity at university institutions (Hemel & Ouellette,
2017:283).
The role of a TTO is to represent the university in the management of IP emanating from publicly
financed research outputs. The TTO also acts as a dual intermediary, between the university
and researchers on the one end, and between university and industry on the other (Breznitz &
Etzkowitz, 2017:43). In addition to being intermediaries, university TTOs further act as facilitators
to preserve and increase the value of university IP and to protect university IPR (Woodell & Smith,
2017:296).
The rationale behind TTO establishment is linked to the changing university environment, where
government requires the strengthening of university-industry (U-I) technology transfer and
universities are motivated to pursue economic returns. In addition to normal research and
education activities government expect universities to fulfil the added objective of economic
contribution to society (Siegel & Wright, 2015:4). Universities in turn seek economic returns to
compensate for declining government funding support and to generate additional financial
revenue that may arise from IP commercialisation (Audretsch et al., 2014:304).
This IP commercialisation process mentioned is discussed in more detail in the following section
(section 2.3).
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2.3

The commercialisation process

Technology commercialisation can be defined as the process of moving knowledge and
discoveries from the university to the general public. This can transpire through academic
publications, educating and training students, exchanges at conferences and connections with
industry (Kassicieh & Radosevich, 2013:4). For the purposes of this study, technology
commercialisation refers to the licensing of technology to industry and the creation of new
technology-based companies for the benefit of the community, government, university and the
country.
Dmitriev et al. (2014:306) define technology commercialisation as the process of taking an idea
to market and unlock financial value, which normally occurs through developing a new product or
service, licensing or creating a start-up company. The technology commercialisation process
includes a range of activities that transfers academic discoveries into the public domain
(Breznitz & Etzkowitz, 2017:12). Universities have a duty to ensure that new science applications,
discoveries and inventions lead to useful products and services to the public (Huang et al.,
2017:6249). At the heart of technology commercialisation is innovation, which refers to
incremental changes in the way in which products are produced, business is conducted and
thinking within an organisation (Simelane, 2013:40).
Commercialisation of technology is a multi-stage process involving several stakeholders,
namely researchers, faculties, technology transfer intermediaries, funders and industry. The
process is not necessarily linear, as University-Industry links can exist from the beginning or
may arise at any stage, from project start through to final development (Zuniga & Correa, 2013:2).
To facilitate technology commercialisation success many barriers needs to be overcome and
changes must occur. For change to transpire technology managers must have a clear
understanding of the basic stages involved in the technology commercialisation process
(Trzmielak & Grzegorczyk, 2014:168). Figure 2-1 below outlines the process of technology
commercialisation at universities as gathered and summarised from the literature (Audretsch et
al., 2014:107; Bradley et al., 2013:120; Breznitz & Etzkowitz, 2017:104; Calcagnini & Favaretto,
2016:69; Mowery et al., 2015:126; O’kane et al., 2015:421; Razak & Murray, 2017:312).
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Figure 2-1:

The university commercialisation process

Source: Author’s own diagram composition

Each of the stages in the commercialisation process (in Figure2-1) are discussed in the following
sections (section 2.3.1 to 2.3.10).
2.3.1

Research

Research activities such as observations, experiments and scientific exploration often lead to new
discoveries and inventions (Weckowska, 2015:64). An invention may comprise any commercially
useful machine, software, novel compound, and composition or any new or useful improvement
of the same. In many cases, multiple researchers may have contributed to the creation of one
invention (Weckowska, 2015:64).
2.3.2

Invention disclosure

The invention disclosure is a confidential document, which fully describes the new aspects of the
invention, including the critical solution it provides and its advantages and benefits over existing
10

technologies. The invention disclosure is the first step initiating the formal university
commercialisation process (Chang et al., 2017:531).
2.3.3

Technology assessment

Technology assessment involves reviewing and processing new invention disclosures to
determine their scientific uniqueness and market potential (Thursby & Berbari, 2016:56). The
TTO reviews the novelty of the invention, search for competing technologies, conduct IP searches
to determine the likelihood of protection and perform a market analysis to determine the market
potential of the product or service (Thursby & Berbari, 2016:56).
Based on the information gathered, a decision on whether to continue the commercialisation
process will be made. Decisions against continuing may be ascribed to issues such as
unpatentability of the IP or limited business potential (Razak & Murray, 2017:312). If the IP shows
potential, the evaluation process will guide the commercialisation strategy on whether to focus on
licensing to an existing company or creating a new start-up company (2017:312).
Inventions are most likely to accomplish commercialisation success when strong in three main
areas: (1) technology, (2) IP, and (3) commercial potential (Manap et al., 2017:919).
2.3.4

Intellectual property protection

The IP protection process begins with the filing of a patent application with the relevant patent
office. Filing patents requires time and financial resources as applications could take several
years to be successfully granted and to maintain patents, requires further financial support. Other
forms of IP protection include copyright, design registrations, trademarks, plant breeder- and
database rights (Fang et al., 2017:2447).
An invention must be novel, non-obvious, and useful to be patentable. Novel means the invention
must be demonstrably different from already existing ideas, inventions or products, also referred
to as prior art (Stim, 2016:17). Non-Obviousness specifies that the invention should not be
obvious to a person of ordinary skill in the field. Non-obviousness is demonstrated by showing
that implementing the invention yields new and unexpected results (Stim, 2016:17). Usefulness
suggests the invention must have some utility, application, or be an improvement on existing
products and/or technologies (Stim, 2016:17).
2.3.5

Product development

Even though the invention is still at concept phase, product development is necessary to
demonstrate proof of concept. This requires researchers at universities to design and build
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functional prototypes that can be used in the marketing process to commercialise the technology
(Eppinger & Ulrich, 2015:12).
2.3.6

Marketing

TTOs craft marketing strategies that describes the IP and articulates the value proposition the
invention offers the prospective market. The IP is then promoted by TTOs through identifying
and making contact with industry partners with the suitable profile of expertise, resources, and
business networks to bring the technology successfully to market (Bradley et al., 2013:571).
2.3.7

Licensing

Licensing occurs when the IP owner grants permission that allows another party to act under all
or some of the owners’ rights. Usually commercial rights are offered in return for financial or other
benefits (Dratler, 2017:6). License agreements are in writing and describe the rights and
responsibilities related to the use and exploitation of the IP. TTO license agreements generally
stipulate that the licensee must diligently pursue to commercialise the IP for the benefit of the
public. The agreement further makes provision for a reasonable return to the TTO in return for
the IP rights (Dratler, 2017:6).
A licensee is selected on its ability to commercialise the technology for the benefit of the general
public. In some cases, an established business with experience in similar technologies and
markets is the preferred option. In other circumstances, the focus and intensity of a start-up
company is a better suited option (Carayannis et al., 2015:11).
2.3.8

Start-up company creation

Establishing a start-up company is an alternative to licensing the IP to an existing business. Startup company creation is a new business entity registered with the goal to commercialise university
IP (Shih & Waluszewski, 2017:255). In many cases TTOs or universities will own an equity share
in the new company in exchange for the IP contribution. In some cases inventors are directly
involved with the company or serve on a consultation basis (Shih & Waluszewski, 2017:255).
2.3.9

Commercialisation revenue

TTOs receive income from licenses through earning royalties paid by industry. Alternatively
TTOs earn dividends through holding equity in start-up companies and can also earn revenue
by selling its share interest in the company (Miller et al., 2014:285). The TTO distributes revenue
to the respective inventors, departments and faculty according to the applicable university policy
(Miller et al., 2014:285).
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2.3.10 Re-investment in research
Revenue derived from commercialisation is shared and re-invested throughout the university.
This collectively support the promotion of next generation research and innovators (Miller et al.,
2014:265).
It is not only important to understand the process of technology commercialisation at universities,
but also to have a better understanding of how to measure successful commercialisation. Section
2.4 follows with an overview of the metrics for success.
2.4

Technology commercialisation, metrics for success

It is internationally known that innovation is linked to economic growth. The actual measurement
of innovation and the extended impact and value derived through the processes of technology
transfer remains vague. University technology managers are under growing pressure to quantify
a positive economic return for the funding contributions and resources devoted to the technology
transfer function. This stresses the need for better defined metrics, to measure the “success” of
university technology transfer and commercialisation efforts (Gil et al., 2017:91).
Patent data such as patent applications, national and internationally granted patents and
trademarks have historically been used as a measure of general success in innovation. Evidence
suggests that patents and patent applications can be used to explore economic impact,
technological change and the relationship between the two. Even though patents are good
indicators of new technology creation, they are unable to measure the value of such
technologies, and therefore may not be the most appropriate measure of innovation output
(Woodell & Smith, 2017:301).
According to Barro and Fernández (2016:133), Grimpe et al. (2017:14), Rojas et al. (2014:112)
as well as Ryu and Han (2012:78) the majority of TTOs measures performance through:


the number of IP disclosures,



the number of IP applications,



the number of licensing contracts,



the revenue derived from licencing,



the number of start-up companies, and



The number of joint ventures.

Tseng and Raudensky (2014:99) challenged the above measurement approach, and stated that
university technology transfer needs to be undertaken for good reasons, apart from the possibility
of earning income. In areas such as health sciences, appropriate IP protection arising from
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research is important to ensure the benefits are available to society. The primary objective of
university technology transfer should not be to generate income.
Another widely used proxy for university technology transfer performance measurement is the
total license income earned per annum as a percentage of the total Research and Development
(R&D) expenditure. License income as a percentage of R&D expenditure is often referred to, as
the return from an investment in technology. This concept only represents the economic form of
return, where the benefits to society are often far more important than any financial return
universities might earn (Kergroach et al., 2017:19). The difficulty, is that universities carries the
costs of undertaking technology transfer, the benefits in contrast, might be enjoyed by the wider
society, or even other countries (Kergroach et al., 2017:19).
According to Etzkowitz and Göktepe-Hultén (2016:85) university technology transfer success
should rather be expressed in terms of parameters such as the social impact in terms of
improved quality of life, health and safety. It should not be expressed in terms of economic
impact through jobs created, increased exports and tax revenue. In the past, too much emphasis
has been assigned to the role of income generation and IP outputs in defining university success
in commercialisation. Universities, industry, government, and non-profits should develop a new
consensus on metrics that appropriately and accurately reflect the impact of university
technology transfer to local, regional, and national economies (Berg, 2017:119).
Globally there are significant efforts underway to identify new measures of economic and
societal contributions to regional economies. The Association of University Technology Managers
(AUTM) started “The better world report”, which shares success stories where technology
commercialisation impacts, changes and improves lives (Roessner et al., 2013:32). The
Association of Public and Land-grant Universities found that new measures of technology
commercialisation can also influence or determine institutional behaviours at universities, industry
and government (Roessner et al., 2013:32).
South Africa is in line with the growing international efforts to identify new metrics for innovation
and technology commercialisation success. South African universities unanimously agreed that
the current units of measure, namely commercialisation income and patent output, are not
adequate measures of success of technology transfer activities (NIPMO, 2014:23). Technology
commercialisation success should rather be measured on the basis of (1) employment creation;
(2) reduction in poverty and mortality; (3) long-term economic benefits; (4) measures of social
impact on communities; and (5) accessible technology based products and services (NIPMO,
2014:24). The above metrics were also identified as better suited in a developing world setting
such as South Africa (Alessandrini et al., 2013:213).
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The above literature illustrates how countries around the world view and measure technology
commercialisation success differently. This is important to understand and consider when
benchmarking countries against each other to determine their commercialisation position. Section
2.5 below positions South Africa against other comparable countries; the success definition above
plays a central role in this benchmarking process.
2.5

Benchmarking South Africa’s position globally

Through using technology commercialisation indicators benchmarked across specific countries,
South Africa’s global position can be better understood. This also contributes to form a deeper
understanding of potential commercialisation barriers within the innovation value chain, when
indicators are compared against other countries. In order to benchmark South Africa’s position
globally a variety of indicators were selected from numerous sources (see section 2.5.1).
Furthermore, specific countries are also selected (see section 2.5.2) to determine South Africa’s
global position (see section 2.5.3).
2.5.1

Indicator selection

Table 2-1 below present the indicators selected from numerous sources for the benchmarking
process. Each indicator measures a unique aspect per country, which can be translated into
countries’ efforts and focus towards technology commercialisation.
Table 2-1:

Author constructed table from databases.

Indicator

Description

Reference

Mandatory TTO

Governments impose laws on universities to establish

(Zuniga,

creation

TTOs to perform technology commercialisation activities

2011:168)

Law/Policy

Policy frameworks enabling universities to own IP rights

(So et al.,

over inventions resulting from government funded

2014:41)

research and to commercialise technology
Inventor

Incentive policies/structures for researchers such as

(Khan,

incentives

royalty sharing and/or participation in spinout companies

2017:65)

World

The 2017 World Competitiveness Ranking presents the

(IMD,

Competitiveness overall rankings for 63 economies. Countries are ranked
Ranking

from the most to the least competitive taking the
following aspects into consideration for this study:


Ease of starting a business



Funding for technological development



Venture capital
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2017:46-148)

World

The 2016 World Intellectual Property Indicators report,

(WIPO,

Intellectual

publishes developments that shaped the global IP

2016:9)

Property

system in 2015.The number of IP filing activity by

Indicators

country is presented

WIPO statistics

The information extracted from this database included

database



Patent applications by top fields of technology



Top applicants for Patent Cooperation Treaty

(WIPO, 2017)

(PCT) filings
UNESCO

The information extracted from this database serves as

(UNESCO,

statistics

indicators for R&D activity through the investment made

2017)

database

by countries
Gross domestic expenditure on R&D as a percentage of
GDP

World Bank Data The latest 2015 World Bank data indicates the following

(WorldBank,

Indicators

2017)

important measures related to technology
commercialisation:


2.5.2

Income received from IP transactions

Country selection

According to Vivarelli (2014:123) the limited impact of science on economic development in
middle income countries can be explained by governmental policy and strategy focus. Firstly,
basic economic needs such as health and poverty have traditionally placed science and
technology as second order priorities. Secondly, the technology transfer needs and conditions
vary amongst middle income countries as they are a diverse group of countries. In middle
income countries the foundations of the necessary elements for technology transfer exist, but
are weakly articulated. Amidst the weak articulation, technology transfer capability in middle
income countries, especially Brazil, Russia, India, China and South Africa (BRICS) managed to
improve during the past decade (Vivarelli, 2014:123).
Middle income countries differ in their research and technological competences, governance of
research systems, level of economic development and innovation culture (Freitas et al.,
2013:443). As countries develop their research capabilities, increase their level of development
and improve the general conditions for innovation, the fostering of technology transfer becomes
increasingly important (Freitas et al., 2013:443).
Increased emphasis has been placed on promoting technology transfer at universities in both
developed and developing countries. University patent filings in middle income countries have
grown rapidly, from 768 in 2010 to 2914 in 2015 (Breznitz & Etzkowitz, 2017:111). Patenting by
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universities in middle income countries mirrors technology trends in high-income countries.
Pharmaceuticals, measurement technologies, organic fine chemistry and biotechnology, are the
main technology areas in patent filings by these advanced economies and middle income
countries (Breznitz & Etzkowitz, 2017:111).
For the purpose of this study South Africa is benchmarked against other middle income countries
that similarly implements legislation comparable to that of the Bayh-Dole Act. The World Bank
defines middle income countries as fast emerging economies, and cluster countries together
through their individual per capita gross national income (World Bank, 2010).
For the country selection, the BRICS countries as well as other middle income countries is
selected. The BRICS countries consisting of Brazil, Russia, India, China and South Africa, are all
middle income countries and implement IP legislation similar to that of the Bayh-Dole Act. The
BRICS members are all fast growing developing economies, where university technology
commercialisation and creating a knowledge economy are important strategic priorities (Patra &
Muchie, 2017:1). Due to the large gap in terms of GDP and population statistics between South
Africa and the other BRIC countries, additional middle income countries are also included to
ensure accurate benchmarking. The countries selected with comparable GDP and population
statistics to South Africa are Argentina, Mexico and Malaysia of which all similarly implement IP
legislation. Section 2.5.3 provides the detailed table and discussion of South Africa’s global
position, by using the selected indicators and countries identified above.
2.5.3

Benchmarking South Africa by using the selected indicators and countries

Table 2.2 presents the technology commercialisation indicators of the selected middle income
countries, which allows one to determine South Africa’s global position in terms of technology
commercialisation.
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Table 2-2:

Benchmarking South Africa’s global position.

Indicators
Brazil
1. TTO creation at
universities
2. Law/Policy

3. Inventor
incentives
4. Ease of starting a
business 9.
5. Funding for
technological
development
6. Venture capital
7.IP filings (patents)
8. Patent
applications field of
technology
9. Number of
publicly funded
institutions in the
top 10 applicants for
PCT filings
10. R&D as % of GDP
11. Income received
from IP transactions
($)

India

Not mandatory,
but encouraged
1998 Decree
and
2003 Revision
of the Patent
Law

Not mandatory,
but encouraged
Utilisation of
Public Funded
Intellectual
Property Bill
2008

Not mandatory,
but encouraged
2002 Measures
for Intellectual
Property Made
under
Government
Funding

Mandatory

No

Mandatory

Mandatory

2008 IP from
Publicly
Financed R&D
Act.

At least 30% of
licensing income

Varies according
to revenue value

At least 20% of
licensing income

2009 Intellectual
Property
Commercialisation
Policy for
R&D Projects
Funded by the
Government of
Malaysia
Varies according
to revenue value

Federal Law of
Labour and
Innovation Law
of 2010

No

1995 Law of
Patents of
Invention and
Utility Models
(Joint
ownership by
the university
&CONICET).
up to 50%
(patent law)

62/63
countries
57/63
countries

18/63 countries

59/63 countries

55/63 countries

56/63 countries

53/63 countries

47/63 countries

44/63 countries

34/63 countries

20/63 countries

51/63 countries

60/63
countries
56/63
countries

15/63 countries

53/63 countries

54 /63
countries
6554
Civil
engineering
Transport
Medical tech

58/63 countries

22/63 countries

27/63 countries

47/63 countries

10/63 countries

44/63 countries

33 792
Food chemistry
Medical tech
Measurement

23 946
Computer tech
Pharmaceuticals
Fine chemistry

2076
Civil engineering
Chemical
engineering
Handling

2299
Computer tech
Semiconductors
Civil engineering

2508
Pharmaceuticals
Civil engineering
Medical tech

4

0

2

1 010 448
Digital
communication
Electrical
machinery,
Computer tech
0

5

55/63
countries
889
Pharmaceutic
als
Medical tech
Special
machines
1

4

4

1.17
650 (million)

1.09
547 (million)

0.63
466 (million)

2.02
1,1 (billion)

0.72
109 (million)

0.59
171 (million)

1.30
92 (million)

0.54
161 (million)

Mandatory
1996 Patent
Law (Law
9279)
1998 Law on
Industrial
Property (Art.
93):
5% to 33% of
revenue

China

Countries
South Africa

Russia
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Argentina

Malaysia

Mexico

Up to 70% of
income

When analysing the metrics and countries in Table 2-2, a clear relationship exists between the
countries that have mandatory TTO (see row 1), Law/Policy (see row 2) and the number of
publicly funded institutions in the top 10 applicants for PCT filings (see row 9). Brazil, South Africa,
Mexico and Malaysia all have four or more universities, filing the highest number of PCT
applications in their respective countries (see row 9). This can be a clear indication, that
mandatory TTO creation (see row 1) promotes IP filing (see row 7) and commercialisation
growth. Another interesting relation between all these countries, were that civil engineering had
the most IP applications per technology field (see row 8). This might indicate the role of TTOs
supporting government strategy, as many middle income countries prioritise infrastructure
development. It can also be that government provides more research funding in this field, which
leads to increased IP development.
Furthermore, there is an association between the establishment year of the IP legislation (see
row 2) and IP filing activity per country (see row 7). Countries such as South Africa, Mexico and
Malaysia all established their legislation between 2008 and 2010, and their IP filing activity
compares very closely.
There also exists a relationship between IP registration (see row7) and income received from IP
commercialisation (see row 11). The graph below (Figure 2-2) compares the two metrics amongst
all countries from Table 2-2 above. This clearly shows that investment and effort from TTOs
towards increased IP registration leads to increased revenue generation.
Figure 2-2:

Relationship between IP registration and income.
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Argentina

Figure 2-2 above show that when benchmarking South Africa against the other countries average
IP registrations and income generated, South Africa’s performance is substandard. This could
be an indication of barriers influencing the commercialisation process of university IP.
On the remaining indicators South Africa’s performance is relatively in line with other countries.
South Africa’s research and design spending as a percentage of GDP (see row 10) compares
well with that of other nations. South Africa’s business (row 4), funding (row 5) and venture capital
metrics (row 6) are below average compared to the benchmark countries. This might indicate the
need for prioritising these aspects to improve overall performance.
Figure 2-3:

South Africa compared on three selected metrics.

South Africa benchmarked against selected
countries
30
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20
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5
0
Ease of business creation

Technology development funding

Country avarages

Venture capital funding

South Africa's performance

Benchmarking technology transfer indicators (rows 4 to 6 in Table 2-2) and examining the data
of Figure 2-3 can be used to understand the outcomes of promoting technology transfer across
countries and the possible implications that barriers might have on commercialisation efforts.
South Africa performs below the country averages when measuring ease of business creation,
technology development funding and venture capital funding. All three areas can be identified
as areas that require improvement to increase South Africa’s performance. Technology
development funding is the indicator with the largest gap. This could possibly be seen as a barrier
that prevents successful commercialisation
From section 2.5 one can observe South Africa’s global position in terms of technology transfer
and commercialisation of IP. When benchmarked with other countries it is evident that there is
room for improvement. Underperformance can be countered and improved through identifying
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and addressing commercialisation barriers. Section 2.6 identifies possible barriers to
commercialise IP at universities from the literature.
2.6

Identifying barriers

Technology transfer is affected by several barriers that can be defined as; “limitations that
hampers the effective functioning of the technology transfer and research commercialisation
process” (Mazurkiewicz & Poteralska, 2017:458).
The research topic focused on technology transfer barriers created interest amongst several
researchers, as it is an important driver for economic and social development. The first studies
on barriers can be found in the 1950s and 1960s. These studies focussed on successful transfer
of technologies from scientific institutions to industry (Rogers, 1962:290). The majority of
publications on the specific topic of technology transfer barriers, actually date back to the 1970s
and 1980s (Jolly et al., 1978:1; Jung, 1980:23; Sharif, 1986:119). Most authors concentrated on
the relation between barriers and the economic and socio-political conditions of a specific country,
and the analysis was mostly limited to a specific domain (Mojaveri et al., 2011:280; Yazdani et
al., 2011:1602).
The technology transfer process varies in terms of barriers hindering the commercialisation
process, furthermore these barriers differs across countries internationally (Gilsing et al.,
2011:638). Identifying relevant commercialisation barriers that may require intervention, can be
done through comparing literature findings with other countries where commercialisation are at
different stages (Kumar et al., 2015:538).
The literature findings of the following broad barrier categories are discussed in the following
subsections: Technology push (see section 2.6.1), university innovators (see section 2.6.2),
university-industry collaboration (see section 2.6.3), marketing (see section 2.6.4), university
Technology Transfer Offices (see section 2.6.5), government policy (see section 2.6.6), funding
(see section 2.6.7), incentives (see section 2.6.8), university environment (see section 2.6.9) and
entrepreneurship (see section 2.6.10).
2.6.1

Technology push

The technology transfer process generally involves two approaches, technology push or market
pull (Lee et al., 2012:16). Technology push occurs when commercialisation partners or new
markets are sought for previously developed or existing university IP. Industry and market forces
were not taken into consideration during the development of the technology, and consequently
the technology can be seen as pushed into the market or towards industry (Bansi, 2016:351).
On the other hand, when industries seek solutions for problems and universities develop IP
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solving industry and market needs, the technology will naturally be pulled towards the market
(Huizingh, 2011:2). Technology push results in prolonged commercialisation efforts and is
experienced as a barrier in the technology transfer process (Crespi et al., 2011:55).
The majority of universities start their search for commercialisation partners only after the filing
of patent applications (Gilsing et al., 2011:638). The patenting strategy is centred on general
recommendations to protect the technology in territories of leading countries only. No technical,
feasibility or business evaluations were performed, of the economic value of the patented
invention for different markets. These factors create a technology push condition, which acts as
a barrier in the commercialisation process (Mets et al., 2016:316).
Trzmielak and Grzegorczyk (2014:168) found that universities are not subjected to the rigors of
the market and innovations appear out of necessity, rather than market needs. Furthermore,
(Ansari et al., 2016:5) indicated that universities are unfamiliar and disconnected with the
commercial environment. The lack of a constructive applied research strategy in addition to the
disconnection with industry results in technology push of inventions into the marketplace (Ansari
et al., 2016:5).
2.6.2

University innovators

The successful licensing of IP is largely dependent on the inventor’s attitude towards IP
commercialisation (Dalmarco et al., 2011:159). Without the active involvement and buy-in from
the inventor in the technology transfer process it is difficult to commercialise. Collaboration
between university inventors and industry scientists (to conduct further research during the patent
review phase) are vital to achieve increased commercial success (Dalmarco et al., 2011:159).
Mazzarol and Reboud (2011:1) discovered when innovators are directly involved in the
commercialisation process the licencing output and success rates of spin-off companies are
higher. This is supported by research performed at U.S. universities indicating that two-thirds of
licenced inventions are at proof of concept and laboratory scale development stages, and requires
input from the researcher for technical expansion (Dechenaux et al., 2011:94). This emphasizes
that the role of university inventors during the technology transfer process is pivotal to achieve
successful commercialisation results (Bansi, 2016:351).
Unawareness of the benefits of IP among researchers often limits involvement in the
commercialisation process and serves as a barrier (Lubango & Pouris, 2010:241). Harman
(2010:69) found that inventors experience major tension between existing academic values and
new commercial agendas driven by university objectives. The focus of new commercial agendas
is centred on generating third stream income for universities to relieve financial pressures, which
in some cases might make academics feel as if their academic freedom is threatened.
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In many cases university innovators do not understand, that the development stage of their
inventions are too early for commercialisation and that further development is required
(Govindaraju, 2010:9). Another influential factor is having innovators who generate technology
with poor commercial potential or no market need. In the majority of situations inventors are
disconnected from industry, which leads to the development of irrelevant technology
(Govindaraju, 2010:9).
Technology transfer staff and licensing officers perceive inventions by inventors with a more
professional, groomed appearance to be more valuable to industry (Dolmans et al., 2016:4998).
This influence of physical appearance in the early stage of commercialisation is unwanted, as
the inventor is not in charge of the commercialisation efforts. This could result in valuable IP not
being commercialised due to this identified perception barrier of licencing officers (Dolmans et
al., 2016:4998).
2.6.3

University-Industry collaboration

University-industry (U-I) collaboration takes place when knowledge and technology transfer is
shared between academia and industry (Ansari et al., 2016:12). Collaboration between science
and industry is important for the success of innovation activities and ultimately for economic
growth, therefore U-I links have become a central focus of governments across the globe. This
collaboration stimulates innovation that transforms into economic development (Rajalo & Vadi,
2017:9). The absence of such U-I collaboration is one of the significant barriers facing the IP
commercialisation process (Ansari et al., 2016:12).
An operational mismatch exists between university and industry, where industry follow lean
processes, strict time deadlines and are sensitive to costs. Universities in turn has a medium to
long-term focus with a very different time dynamic than that of industry (Da Cunha Lemos &
Cario, 2017:16). The long-term time dynamic and administrative procedures of universities were
factors identified from the literature that constrains U-I collaboration (Bruneel et al., 2010:858).
(Harman, 2010:69) emphasised the cultural gap that exist between universities and industry,
and that industry often does not see the value of working with universities. Success is measured
differently in the university culture than in business (Dolmans et al., 2016:4998). The lack of
industry partnerships, interaction and collaboration were identified by researchers as one of
the most relevant collective factors that create barriers preventing commercialisation of university
developed IP (Vanderford & Marcinkowski, 2015:10).
The lack of communication networks between universities, industry, government, funders and
researchers prevents U-I collaboration that is supposed to lead to commercialisation (Ansari et
al., 2016:5). Alessandrini et al. (2013:212) revealed that inadequate interaction exists among
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universities, entrepreneurs and industry partners, and this can be resolved through opening
communication channels and building new networks.
Arza and Vazquez (2010:506) indicated the lack of business trust between university researchers
and industry serves as a barrier in the commercialisation process of IP. Industry is cautious of
university timeframes and if project deliverables will be completed as planned. Researchers in
turn are sceptic of financial commitments made by industry, as university R&D requires serious
long-term financial commitments (Foray & Lissoni, 2010:275). Despite widely reported concerns
over business trust between universities and industry, a trustful environment can be developed
for a successful collaboration. To improve trust, industry should actively engage in shared
governance with university partners and consider IP policies (Bstieler et al., 2015:120).
Weak linkages between universities and industry exist as universities fail to identify the relevant
technology demands of industry. It is imperative that universities demonstrate how research can
address industry demands through providing solutions (Azagra-Caro, 2011:501; Orozco & Ruiz,
2010:527). The increasing needs gap between innovation and commercialisation is a result of
the mismatch between university research focus and the requirements of industry (Bansi,
2016:351).
Increased engagement between universities and industry unavoidably raises the chances of new
commercial relationships formed between companies and university researchers (Patil et al.,
2015:12). The effectiveness of commercialisation is normally measured in the growth of such
relationships. Perceptions and suspicion that such relationships lead to conflict of interest must
be changed, as this unavoidably discourage U-I collaboration. University management and
policymakers must have an understanding that these relationships are necessary and
encourages the commercialisation of IP. Conflict of interest regulations can discourage
appropriate interaction between university and industry, influencing the ability and willingness
of such relationships with the result of hampering the commercialisation process (Patil et al.,
2015:12).
The potential benefits for industry working with universities are invaluable according to
PricewaterhouseCoopers (PWC) (Polska, 2013:1). A recent PWC report discovered that nearly
90% of companies that are innovative and active in R&D cooperate with universities in Poland
(2013:1). This clearly illustrates the importance of U-I collaboration acting as a catalyst for
companies to become increasingly innovative and active in R&D activities.
2.6.4

Marketing

The difficulty of marketing technology is often quoted as the cause for failure, preventing
successful commercialisation of university IP (Gliga & Evers, 2010:110). The most recent NIPMO
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report reflected that technology managers in South Africa experience marketing as a complex
process, and identified the marketing of IP propositions as a weakness (Harman, 2010:80). IP
creation at universities needs to be complemented with marketing strategies that effectively
transfers innovation into the marketplace (Gliga & Evers, 2010:108; Walshok & Shapiro, 2014:36).
Technology environments requires robust marketing capability due to short and fast changing
product life cycles (Gliga & Evers, 2010:112). Every technology requires a unique marketing
strategy as the product, market and customers are different from each other. The marketing
strategy is determined by the type of innovation (Mohr et al., 2009:86). Advanced marketing skill
is required to successfully market technology as it is a complex environment (Mohr, 2016:52).
For most products the market already exists, needs and wants are known and targeted with
specific offerings. The new product is positioned to replace the old one through being faster, better
and/or lower in cost (Yang & Gabrielsson, 2017:3). Technology marketing is much more
challenging, there is no existing market and one technology can generate several new
applications addressing new markets. This makes the segmentation, targeting and positioning
of the technology very complex as the decisions of who, what, where, why and how is unknown
(Fan et al., 2017:114). Technology markets is intangible and in most cases unknown as the
needs and wants cannot be defined making it difficult to segment the market prior to product
launch (2017:114).
The starting point of any successful marketing strategy is understanding the marketplace and
identifying the needs and wants of customers (Hossain & Yafooz, 2017:33). Universities have
to determine future markets and demand for technology not in existence to date for customers
who are unaware of them (Mohr, 2016:2).
Universities are faced with difficult decisions regarding marketing communications, price, product,
channels of distribution and how to deliver the intended value to customers. For new technology
developed the information on how value is defined and perceived by customers are often not
available, making design of marketing strategies increasingly difficult (Truong et al., 2017:89).
The process of developing successful marketing strategies is a complex process from planning
to implementation. The odds of commercialisation success for universities are maximised by a
combination of technology advantage and marketing capability (Gliga & Evers, 2010:104).
The process of listening to the market is very important as technology alone is not valuable
unless the value is unlocked through creating viable products and services. Neither first mover
advantage nor superior technology win, it is rather the technologies that find the correct
applications that succeed in commercialisation. This process where technology design is led by
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the information received from the market illustrates how organisations transforms towards
becoming market driven (Grimpe et al., 2017:361).
According to Homburg et al. (2017:227) the most successful organisations in technology
commercialisation managed to establish close integration between the technology function and
the marketing function.
2.6.5

University Technology Transfer Offices

A university’s technology transfer office (TTO) activities and productivity can be greatly increased
if it is properly organised and staffed (Trzmielak & Grzegorczyk, 2014:170). Research findings
identified the lack of manpower, technical skills and negotiation skills amongst TTOs were
insufficient to manage and monitor technology transfer activities (Alessandrini et al., 2013:205;
Ansari et al., 2016:12; Harman, 2010:69; Trzmielak & Grzegorczyk, 2014:168). Particular
reference was made to the size and experience of TTOs and that staff with industry experience
adds additional value to the technology commercialisation process (Zuniga, 2011:10).
TTOs also struggle to get funded both internally from universities and externally through
government with few exceptions (Harman, 2010:81; Zuniga, 2011:1). The costs involved with
setting up and maintaining an effective TTO needs to be traded off with the potential benefits it
can offer. In the majority of cases it takes time for funders to see return on investment from TTOs
(Macho-Stadler & Pérez-Castrillo, 2010:364).
The majority of TTOs encounter numerous difficulties, namely; the shortage of skilled staff,
availability of infrastructure and they are under-resourced. TTOs further do not have staff with
the relevant industry experience, the staff turnover rate is high and very few TTOs benefit from
revenue sharing models (Molina et al., 2011:204).
Retaining personnel remains a challenge for even the most experienced TTOs. Employees with
technology transfer experience are highly sought after by industry due to the increasing demand
for IP management and commercialisation skills (Póvoa & Rapini, 2010:147). For TTOs to retain
talented employees, attractive wages, career development opportunities and revenue sharing
incentives needs to be offered. This can only be done through policy making and providing
additional funding to TTOs. Government and universities needs to be patient as research shows
that it takes time for TTOs to generate returns and break even with costs (Póvoa & Rapini,
2010:147).
Wu et al. (2015:12) discovered that TTO service effectiveness influences the licensing of IP
positively. Trzmielak and Grzegorczyk (2014:172) indicated that even if universities have IP with
commercial potential, central university departments and TTOs are not adequately prepared to
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cooperate with industry. In many cases the explanation for the low commercialisation rate can be
ascribed to the absence of knowledge and capability of TTOs to execute the commercialisation
process (Bansi & Reddy, 2015:12). The technical difficulty of the technology transfer process
was also identified as a barrier for TTOs to implement commercialisation (Chen & McQueen,
2010:59).
When TTOs have a focus to shelve or terminate some projects, it leads to raising the buyer’s
beliefs of expected quality. This results in fewer but more valuable inventions being sold or
licensed at higher prices, this leads to increased income for TTOs (Macho-Stadler & PérezCastrillo, 2010:359).
2.6.6

Government policy

Several research studies have found that one of the major barriers preventing commercialisation
could be ascribed to the ineffectiveness of laws, policies and regulations instituted by
governments (Ansari et al., 2016:9; Bansi, 2016:351; Vanderford & Marcinkowski, 2015:61).
Policies on creation, registration and exploitation of IP rights together with policies addressing
public and social interests influence the commercialisation process. Some policies serves as a
catalyst that enhances the commercialisation process where others direly constrains all such
efforts (Crespi et al., 2010:55).
Innovation policy change is required to promote university and industry collaboration and fiscal
policy should be changed to reduce start-up creation risk on the base of university developed
R&D (Trzmielak & Grzegorczyk, 2014:171).
In many countries equity participation in new start-up companies are forbidden, whilst others
have policies limiting faculty involvement in commercial activities due to a possible conflict of
interest (Calcagnini & Favaretto, 2016:659). Additionally the use of government funded facilities
and infrastructure for commercial activity are discouraged through strict policies (Padilla-Pérez
& Gaudin, 2014:751). Sound policies and regulations are required to maintain good governance,
however research have indicated that many government policies have a negative effect on
entrepreneurship and innovation commercialisation at public universities (Calcagnini & Favaretto,
2016:659).
Governments often do not have a clear understanding of the risks and costs associated with
university technology commercialisation (Harman, 2010:72). Policies limiting the involvement of
researchers needs to be reviewed and changed to encourage an entrepreneurial environment
that will enhance research commercialisation (2010:72).
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2.6.7

Funding

There exists a direct correlation between the amount of investment towards R&D and the
innovation results of a country. In 2011 the United States (U.S.) was by far the largest investor in
R&D with an excess of 30% of the global market and was also the top R&D performer (Calcagnini
& Favaretto, 2016:660).
Universities are under severe financial stress due to economic conditions resulting in declining
government support, endowments and donations. This forces universities to strive towards
generating other streams of income that can relieve financial pressures. This creates a bottleneck
as the dependence on the technology transfer income generated increases, but still very little to
no investment goes towards the internal commercialisation function of universities (Patil et al.,
2015:3).
One of the greatest challenges facing university TTOs is the lack of funds to support
commercialisation activities. Both internal funding from universities and external funding from
industry and government was highlighted (Ansari et al., 2016:11; Vanderford & Marcinkowski,
2015:21). Specific reference was made to scarcity of early stage funding such as proof of concept
or seed funding for the commercialisation of technologies (Alessandrini et al., 2013:209; Harman,
2010:78; Patil et al., 2015:7). Research performed by Bansi (2016:352), indicated that the lack of
investment to establish start-up companies also serves as a barrier to university IP
commercialisation.
Bansi (2016:353) investigated the reasons for the low rate of commercialisation at South African
universities, and found limited access to funding as one of the main contributors for poor
commercialisation.
Since the Second World War Venture Capital (VC), has had a major impact on the world’s
economy. New innovations, technology and entrepreneurship fuels the engine of the modern
economy (Ayodeji, 2012:101). Technology transfer specialists are concerned about the lack of
available VC for new spin-out companies and IP developed. The cautiousness of universities
taking risks is the main reason VC companies do not invest in university IP. Further research on
the topic revealed that VC companies do not understand the value of university research
(Harman, 2010:73).
The Southern Africa Venture Capital Association (SAVCA) survey reported that universities do
not produce investable transactions. The main reason for the lack of investable transactions can
be ascribed to university research being academic output driven instead of market focussed
(SAVCA, 2015:24). This is worsened by the lack of commercialisation skills at universities as the
patents or technologies has no clear take to market strategy or the business model is unclear,
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leaving little to work with for VC investors. The SAVCA survey findings suggested that TTOs need
to bridge the gap between research and market needs to produce a larger number of market
ready deals. 89.9% of the survey respondents indicated they did not expect future deal flow
from universities (Póvoa & Rapini, 2010:154). VC serves as an important funding source for
university

technology transfer.

Limited

VC

investment

acts

as

a

barrier

making

commercialisation efforts increasingly difficult (Padilla-Meléndez et al., 2016:8).
2.6.8

Incentives

Numerous studies internationally identify the importance of an appropriate incentive structure to
encourage universities to market scientific research and development (Bansi, 2016; Da Cunha
Lemos & Cario, 2017; Zuniga, 2011).Universities should create more incentives for academia to
engage in commercial activities to stimulate technology transfer (Zuniga, 2011:2). Bansi
(2016:353) provided evidence that insufficient incentives prevent innovators from engaging in
technology transfer activities, which serves as a commercialisation barrier. University
researchers feels discontent as the financial compensation remains the same regardless of their
supplementary commercialisation efforts (2017:21).
Incentive barriers can be reduced through offering researchers performance based incentives
and by acknowledging commercialisation activities in the researchers’ work outputs.
Recognising inventor participation and contribution in the commercialisation process is vital for
further IP creation (Wu, 2010:212). Incentives offered to researchers may include: shares in
spinoff companies, inventor royalty payments, awards and credits in curricula. International
research found that royalty sharing and equity participation are proven incentive mechanisms
that encourages researcher participation in technology transfer activities (Baldini, 2010:113).
2.6.9

University environment

Universities recognising the role of inventors and including them in the licensing process
achieves increased commercialisation success (Sibanda, 2009:113). Furthermore, universities
that foster trustworthy relationships between the inventor and technology transfer specialists
leads to increased commercialisation performance (Wang & Guan, 2010:343). To the contrary
other empirical evidence suggests trust relationships between inventors and universities are
challenging as a result of culture differences, risk of disclosure and managerial complexity at
universities (Bansi, 2016:354).
The lack of knowledge regarding the benefits and opportunities of technology transfer among
university management limits commercialisation (Siegel & Wright, 2015:37). Inadequate
support from university senior management and commitment towards supporting IP
commercialisation, results in failure to encourage commercial activity at universities. Institutional
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bureaucratic regulations and an inefficient decision making systems when it comes to
technology transfer serves as a barrier (Luan et al., 2010:61). Ansari et al. (2016:5) further found
that weak communication, inflexibility of university management, distrust and bureaucracy
prevents commercialisation at universities.
The entrepreneurial, innovation and commercialisation culture generally begins with senior
management, when effectively applied it can generate third stream income and excel
contributions to economic growth (Bansi, 2016:355). University management must include
commercialisation within the broader strategy and ensure to clearly communicate this
envisioned strategy and the importance thereof to academia.
The absence of clear university objectives and policy creates tension between academic values
and new commercial agendas (Ansari et al., 2016:5). Researchers are uncertain if
commercialisation efforts are to generate university income or is driven by a real commitment to
extend university research to meet industry needs (Harman, 2010:78). Many researchers are also
unaware of the potential benefits of commercialising their research (Alessandrini et al.,
2013:208).
At many universities TTOs are not functioning optimally due to incorrect positioning within
university structures (Trzmielak & Grzegorczyk, 2014:172). University executive management
lack commercial experience and are unable to come to terms with the requirements or activities
of a commercial entity or deal negotiation. Additionally, some universities have the tendency to
overvalue IP, which ends many commercial transactions with industry. The above factors results
in slow-moving university approval processes, poor performance and bad commercial decisions
(Vincett, 2010:738).
University policies regarding IP and technology commercialisation may form part of a broader
governmental policy. In cases where universities have a clear technology transfer policy, it
legitimises the involvement of researchers in spin-off companies and external activities.
Technology transfer offices with a clear mission, combined with support and leadership by
university directives, fosters a friendly innovation and entrepreneurship environment (Vincett,
2010:741).
At several universities unfavourable career evaluation and advancement was identified as a
barrier to technology commercialisation (Trzmielak & Grzegorczyk, 2014:173). Within faculty,
publishing is preferred over patenting, this results in faculty time constraints when it comes to
commercialisation activities and the registration of IP (Vanderford & Marcinkowski, 2015:19).
Researchers within a faculty are risk averse and lack commercial and business knowledge,
additionally there exists no competitive environment within universities (2015:22).
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Cultures of trust, cooperation and partnership should be fostered at universities. Efforts in
overcoming barriers from university and management aspects will not improve the technology
transfer system without decisive action in management perceptions, innovation policy and
regulations at universities (Ansari et al., 2016:11; Trzmielak & Grzegorczyk, 2014:18).
2.6.10 Entrepreneurship
The majority of university researchers lack the entrepreneurial skill to commercialise
technologies, which in turn impacts innovation potential, the funding gap and viability of the
technology (Bansi, 2016:359). Entrepreneurial culture and skill does not come naturally to
academic researchers (Dalmarco et al., 2011:163). At most universities there is an absence of
entrepreneurial culture among scientists, and entrepreneurship are in some cases viewed as
unscientific (Harman, 2010:79; Vanderford & Marcinkowski, 2015:8).
Institutional constrains such as university policy stating no involvement in creating new
companies and employment rules, limits and prevents academic entrepreneurship (Zuniga,
2011:2). Universities with a clear technology transfer mission are able to build and create an
entrepreneurship environment. Academic entrepreneurship should be developed at universities
through providing sufficient infrastructure to support new entrepreneurs (Harman, 2010:67;
Vanderford & Marcinkowski, 2015:4).
Student entrepreneurship also plays a very important role in the technology transfer process.
Research findings suggest that graduate and post-doctoral students are critical contributors in
university spinoffs (Horta et al., 2016:808).
2.6.11 Barrier summary table
Table 2-3 provides a summary of the barriers found in the literature study in section 2.6,
grouped together under 10 main themes, where the barrier fits best. The occurrence rate of the
specific barrier group was counted to determine the number of times the trend featured within the
literature. This occurrence could illustrate the importance level of each barrier that was
researched in recent years relating to similar subject matters.
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Table 2-3:

Summary of barriers, authors and occurrences.

Barrier trends
grouped
Technology push

University innovators

University-Industry
collaboration

Marketing

University
Technology
Transfer Offices

Government policy

Funding

Incentives
University environment

Entrepreneurship

Reference

(Ansari et al., 2016; Bansi, 2016; Crespi et al., 2011; Huizingh,
2011; Lee et al., 2012; Mets et al., 2016; Trzmielak &
Grzegorczyk, 2014)
(Bansi, 2016; Dalmarco et al., 2011; Dechenaux et al., 2011;
Dolmans et al., 2016; Govindaraju, 2010; Harman, 2010;
Lubango & Pouris, 2010; Mazzarol & Reboud, 2011)
(Alessandrini et al., 2013; Ansari et al., 2016; Arza & Vazquez,
2010; Azagra-Caro, 2011; Bansi, 2016; Bruneel et al., 2010;
Bstieler et al., 2015; Da Cunha Lemos & Cario, 2017; Dolmans
et al., 2016; Foray & Lissoni, 2010; Harman, 2010; Orozco &
Ruiz, 2010; Patil et al., 2015; Polska, 2013; Rajalo & Vadi, 2017;
Vanderford & Marcinkowski, 2015)
(Fan et al., 2017; Gliga & Evers, 2010; Grimpe et al., 2017;
Harman, 2010; Homburg et al., 2017; Hossain & Yafooz, 2017;
Mohr, 2016; Mohr et al., 2009; Truong et al., 2017; Walshok &
Shapiro, 2014; Yang & Gabrielsson, 2017)
(Alessandrini et al., 2013; Ansari et al., 2016; Bansi & Reddy,
2015; Chen & McQueen, 2010; Harman, 2010; Macho-Stadler
& Pérez-Castrillo, 2010; Molina et al., 2011; Póvoa & Rapini,
2010; Trzmielak & Grzegorczyk, 2014; Wu et al., 2015; Zuniga,
2011)
(Ansari et al., 2016; Bansi, 2016; Calcagnini & Favaretto, 2016;
Crespi et al., 2011; Harman, 2010; Padilla-Pérez & Gaudin,
2014; Trzmielak & Grzegorczyk, 2014; Vanderford &
Marcinkowski, 2015)
(Alessandrini et al., 2013; Ansari et al., 2016; Ayodeji, 2012;
Bansi, 2016; Calcagnini & Favaretto, 2016; Harman, 2010;
Padilla-Meléndez et al., 2016; Patil et al., 2015; Póvoa & Rapini,
2010; Vanderford & Marcinkowski, 2015)
(Baldini, 2010; Bansi, 2016; Da Cunha Lemos & Cario, 2017;
Wu, 2010; Zuniga, 2011)
(Alessandrini et al., 2013; Ansari et al., 2016; Bansi, 2016;
Harman, 2010; Luan et al., 2010; Sibanda, 2009; Siegel &
Wright, 2015; Trzmielak & Grzegorczyk, 2014; Vanderford &
Marcinkowski, 2015; Vincett, 2010; Wang & Guan, 2010)
(Bansi, 2016; Dalmarco et al., 2011; Harman, 2010; Horta et al.,
2016; Vanderford & Marcinkowski, 2015; Zuniga, 2011; Zuniga
& Correa, 2013)

Frequency
rate in
literature
7

8

16

11

11

8

10

5
11

7

Figure 2-4 on the next page visually illustrates the occurrence rate of barriers as found in the
literature study and displayed in Table 2-3. U-I collaboration occurred 16 times in the literature
followed by marketing, university TTOs and the university environment occurring 11
instances. Incentives only occurred 5 times, this might indicate that the subject matter was not
deemed important by the authors or that it is not seen as a barrier of interest in the
commercialisation process of university IP.
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Figure 2-4:

Literature occurrence rate.

Barrier literature occurrence rate
Barrier strength

University Technology
Transfer Offices

Incentives

University-Industry
collaboration
16
14
12
10
8
6
4
2
0

University innovators

Marketing

Technology push

Entrepreneurship

University environment

Funding
Government policy

2.7

Summary

History indicated that the U.S. were the pioneers of TTO establishment at universities through
implementing the Bayh-Dole Act in 1980. Success stories of U.S. TTOs closing the gap between
university and industry, soon led other countries to follow through adopting similar acts and
establishing TTOs at universities. Today the majority of countries including South Africa have
implemented similar legislation to enjoy the benefits of IP commercialisation (Loise & Stevens,
2010:7; So et al., 2014:202).
The commercialisation process followed by universities is a multi-stage process involving
several stakeholders, namely: researchers, faculties, technology transfer intermediaries,
funders and industry. Technology managers must have a clear understanding of the basic stages
involved in the technology commercialisation process to identify barriers and for change to
transpire.
There is a need for better defined metrics, to measure the “success” of university
commercialisation efforts. The various proxies for university commercialisation success were
explored in section 2.4. South Africa is in agreement with international opinions that new metrics
for innovation and technology commercialisation success is required. A proposed measure for IP
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commercialisation success at South African universities should rather be (1) employment
creation; (2) reduction in poverty and mortality; (3) long-term economic benefits; (4)
measures of social impact on communities; and (5) accessible technology based products
and services. The above metrics were also identified as better suited in a developing world
setting such as South Africa (Alessandrini et al., 2013:213; NIPMO, 2014:24).
South Africa’s commercialisation position was determined through benchmarking metrics and
comparable countries in Table 2-2. The first observation was mandatory TTO & Law, relates
directly to the history literature (section 2.2), where So et al. (2014) indicated emergence of
university TTOs are closely related to the compliance with government legislation. Additionally,
Table 2-2 indicated that mandatory TTO creation promotes IP filing and commercialisation
growth. South Africa’s performance is substandard when benchmarked against the average IP
registrations and income generated of other countries. Ease of business creation, venture capital
funding and technology development funding (largest gap) were identified as areas that require
improvement to increase South Africa’s performance. Benchmarking technology transfer
indicators can be used to understand the outcomes of promoting technology transfer across
countries and the possible implications that barriers might have on commercialisation efforts.
University commercialisation is affected by several barriers that serves as limitations and hampers
the effective functioning of the technology transfer and research commercialisation process. The
literature study revealed 10 main themes under which the different barriers were grouped. The
U-I collaboration barrier had the highest occurrence rate within the literature. Which ironically is
in direct contrast with the findings of (Loise & Stevens, 2010), who indicated that U.S. TTOs in
1980 achieved success stories in closing the gap between university and industry. This might be
an indication that U-I relationships was a relevant topic in the 1980’s and still remains to be
relevant within the context of commercialisation today. The occurrence of U-I relationships was
followed by marketing, university TTOs and the university environment, all occurring 11
instances. Incentives only occurred 5 times, which could indicate that the subject matter was not
deemed important by researchers or that it is not seen as a barrier of interest in the
commercialisation process of university IP.
The commercialisation process and the metrics for success provided in this section provided
the needed background to form a better understanding of the barriers experienced in the
commercialisation process. The ten main barrier groups identified from the literature will
contribute towards the empirical research efforts of this study and to understand which barriers
are most relevant within the South African context.
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CHAPTER 3: EMPIRICAL STUDY
3.1

Introduction

The empirical section starts with describing the research approach taken to best answer the
objectives of this study. A brief description is provided explaining the research methodology and
the reason behind the selection of the specific techniques employed in this study. The data is
then statistically analysed and the results discussed.
3.2
3.2.1

Empirical research methodology
Research design

Three main approaches exist to conduct business research: quantitative, qualitative and mixed
methods (Sreejesh et al., 2014:27). Quantitative research is a systematic process that utilises
numerical data to acquire information to: define variables, scrutinise relationships among
variables and to determine cause-and-effect interactions between variables (Bryman & Bell,
2015:159). The primary aim of qualitative research is to obtain a better understanding of events
and actions undertaken by an organisation through a detailed explanation (Eriksson &
Kovalainen, 2015:4).
Mixed methods research is the process of collecting and analysing through using both qualitative
and quantitative data within an established method. The main benefit of the mixed methods
research approach is the simplicity with which findings are reconciled (Sekaran & Bougie,
2016:106)
This study applied both quantitative and qualitative research methodology approaches. The
quantitative study was performed first followed by the qualitative study to obtain deeper insight
into the barriers. The mixed methods approach was chosen to identify barriers in the
commercialisation process of university IP at South African universities. The research
instruments utilised included surveys in the form of a questionnaire and semi-structured
interviews. The sampling method used for the questionnaire was purposive sampling based
on respondents with the required background, experience and knowledge to successfully
complete the survey. For the interviews convenience sampling was used.
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3.2.2

Population and sampling

Bryman and Bell (2014:52) explained the population is the study object and can consist of
individuals, groups or organisations that conform to a selected set of specifications.
The population for this study included: industry, government, investors, IP&TTO managers,
researchers and university management. For this study the target population included
individuals with direct involvement in the commercialisation process at South African
universities.
Sampling in research normally utilises two techniques probability and non-probability sampling.
The distinctive difference between the sampling methods involves the basic assumption on the
nature of the population under study (Sreejesh et al., 2014:19). With probability sampling every
element has a chance of being selected. Non-probability sampling, assumes that there exists an
even distribution of characteristics amongst the population. Non-probability sampling techniques
consists of convenience sampling, judgemental sampling, quota sampling and snowball sampling
(Sreejesh et al., 2014:21). The convenience sampling technique involves a selection of
participants as they are easily accessible (Eriksson & Kovalainen, 2015:53).
A convenience sampling method (i.e. non-probability sampling) was used for the purposes of
this study. The questionnaire was distributed at the Innovation bridge event hosted in
Johannesburg (2017) by the Department of Science and Technology. This event invites
stakeholders directly involved within the South African commercialisation value chain and
includes: industry, government, investors, TTO managers, researchers and university
management (the target population). The questionnaire was also distributed electronically to a
list of TTO managers obtained from NIPMO and a self-developed database that includes industry,
investors, researchers and university management. In total 327 questionnaires were distributed
of which 125 were completed translating into a 38.22% response rate.
Purposive sampling relies on the judgement of the researcher when it comes to selecting the units
(Eriksson & Kovalainen, 2015:54). For the interview process of this study expert sampling was
selected, as knowledge from individuals that have particular expertise was required. A total of five
expert respondents were interviewed for this study, amongst them they had an average of 26
years’ experience relating directly to the commercialisation of university IP.
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3.2.3

Measuring instruments

3.2.3.1 Questionnaire
One of the two measuring instruments used for the data collection of this research was a
questionnaire (Bryman & Bell, 2015:364). The characteristics of any standard measuring
instrument must be valid, objective, suitable and viable (Sekaran & Bougie, 2016:113).
The questionnaire (refer to Annexure A) consisted of four sections namely: 1) introduction to the
study and survey instructions; 2) involvement in university commercialisation; 3) capacity of
involvement in university commercialisation and 4) the rating of commercialisation barriers. The
researcher relied on the analytical framework presented in the literature to design the
questionnaire investigating the barriers to commercialisation. The single dimension rating scale
was employed to rate the range of barriers. The questionnaire was distributed electronically via
email through using Google Forms®, that captures responses in real-time online. The
questionnaire was the main data collection instrument used in this research.
3.2.3.2 Semi-structured interviews
Interviews are conducted between an interviewer and respondent, and is recognised as a suitable
method to collect data (Bryman & Bell, 2015:478). The semi-structured interview method was
employed to collect data as it allows for flexibility.
The responses were captured through audio recording and taking notes, reviewed afterwards and
captured and summarised within the interview transcripts (Annexure I). This was the most
suitable method to gather data during the interview sessions and for the purpose of this study.
Complete recordings are available from the researcher.
The interview schedule (Annexure H) was developed with the research topic as the main focus,
but also allowed for flexibility where applicable. The intention was to explore if findings from the
interviews relate or vary compared to the literature and questionnaire data. The design enabled
new insight to emerge from the dialogue with no obligation to follow the pre-planned questions if
they were not relevant to that interviewee. The semi-structured interview allowed for flexibility
which was important for the study of the research question, additionally new unexpected insights
beyond the schedule was also discovered.
The experts selected for the interviews represented different stakeholders across the
commercialisation landscape. Experts were contacted to arrange a suitable date, time and venue,
followed by the interview conducted in person. The questions presented to the experts, attempted
to gain information concerning the barriers experienced in the commercialisation process of IP
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at universities in South Africa, and what possible solutions can be implemented to address these
barriers.
3.2.3.3 Pilot test
Pilot testing occurs when administering the research instrument under specific conditions prior to
the actual survey commencement. Pilot testing is a crucial step when using a questionnaire, it
affords the researcher the opportunity to amend the research instrument avoiding errors or
biasness (Dane, 2011:227). Reliability, validity and viability increases when the research
instrument is tested through the pilot process. Following the pilot test process reduces the
possibility of unreliable results and increases the quality of the study (Johnson & Christensen,
2008:26).
The pilot test for this study was conducted through selecting a homogenous representation of five
technology transfer specialists at selected universities. The selected individuals were excluded
from the main sample. The questionnaire was tested to determine if it is: clear, understandable
and whether responses are captured accurately. After the pilot study, the feedback highlighted
uncertainties pertaining to specific questions. The questionnaire was re-evaluated based on the
obtained feedback and the required changes were implemented to remove the identified
uncertainties. The pilot test also demonstrated that the questionnaire will produce useful data
from the participants. The pilot test process and the amendments made from the feedback
obtained, ensured that the questionnaire was accurate, reliable and trusted.
When administering interviews, the problems an interviewee may encounter are less evident and
can be corrected by the interviewer during the interview. Without leading the interviewee’s
response, the question can be rephrased by the interviewer (Sekaran & Bougie, 2016:113). For
the above reason it was not required to pilot test the interview schedule as possible problems
encountered during the interview can be clarified.
3.2.4

Statistical analysis

Analysis of data employing the multi-method approach separates the research findings making it
possible for the researcher to construct a collective snapshot of the subject (Sekaran & Bougie,
2016:106).
3.2.4.1 Quantitative
The questionnaire data of each response was captured on a Microsoft Excel spreadsheet (version
2013), and then coded to limit errors and ensure accurate analysis. Prior to exporting the data
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of the questionnaire into SPSS Version 24.0 it was required to prepare a codebook so that the
converted format is understandable and compatible with SPSS (Pallant, 2010:11).
The codebook was prepared through the following steps: (1) defining and labelling each of the
variables and (2) assigning numbers to every response (Pallant, 2010:13). A summary of the code
book is illustrated in Table 3-1 below.
Table 3-1:

Questionnaire codebook summary.
Variable

Involvement with the

SPSS variable name
ID_involve

Coding instructions
1 =No involvement

commercialisation of university

2 = Direct involvement

IP in South Africa

3 = Industrial involvement
4 = Indirect involvement

Please indicate your capacity of

ID_cap

1 = Business sector (Industry)

involvement

2 = No involvement
3 = Researcher
4 = Public sector (Government)
5 = IP Attorney
6 = Technology transfer
function
7 = University Management
8 = Investor

Rating of commercialisation

Unique variable

1 = No Barrier

barriers

name selected for

2 = Slight Barrier

each question – refer

3 = Moderate barrier

to Annexure B for the

4 = Severe barrier

complete codebook

5 = Complete barrier
6 = Not relevant

The above table 3-1 provides a brief summary of the codebook developed to transfer the
questionnaire data from Microsoft Excel to SPSS (for the detailed codebook that includes the
code names for all the barrier questions refer to Annexure B).
The analysis of the quantitative data was done through using computer software support (SPSS,
version 24.0). This allows for data to be analysed and presented in the most accurate and
appropriate format. Before analysing the data it was essential to check the data set for errors
through implementing a data screening and cleaning process (Pallant, 2010:43).
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This is very important as errors contained in the dataset can distort the results and can lead to
inaccurate analysis. The screening and cleaning of the data for this study was done in two steps:


Step 1: Checked for errors. All the variables were checked for any scores that might be out of
range.



Step 2: Finding the identified errors in the data file and correct or delete the error.

After checking all the variables for scores that might be out of range (step 1), we could not identify
any errors and therefore it was not required to find and correct any errors in the data file. We did
however encounter missing data under some of the barrier variables, where not all the
respondents answered all the questions. The missing data was inspected for systematic patterns
and the conclusion was that the occurrence of the missing data was random. For the statistical
analysis the missing data was replaced with the mean, where SPSS calculates the mean value
for all variables and gives every missing case this value.
The following process was then followed to present and analyse the quantitative data in SPSS:


Descriptive statistics presentation and discussion



Validity and reliability through employing the factor analysis and Cronbach alpha methods



ANOVA analysis to determine and discuss the variance across factors



Multiple regression analysis to estimate the casual relationship among variables

3.2.4.2 Qualitative
The process of qualitative research data analysis varies across studies as no general consensus
amongst researchers exist, to set approaches. Research textbooks in recent years identified and
proposed some general approaches that are common in analysing qualitative research (Eriksson
& Kovalainen, 2015:6).
The qualitative analysis of the interview responses was done through using the thematic analysis
method and the following steps were followed:


Interview responses were recorded on the schedule



All responses were reviewed to gain an initial sense of the data



Organised and reduced the data by developing colour codes



Identified, analysed and reported patterns within the data



Interpreting the data



Presenting the data in the form of descriptive analyses, tables and graphs
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Collective themes from the questionnaire and interview responses were identified, and a
comparative analysis was performed between the results obtained from the literature,
questionnaires and the interviews. This method of analysis provides flexibility as it can be
applied across research data to extract the most relevant research findings.
3.2.5

Anonymity and confidentiality

The anonymity and confidentiality of participants are essential to conduct ethical research.
Participants were assured by the researcher that all data will be kept confidential and will be
unidentifiable when the research is disseminated through reports, presentations or any other
forms. The research instruments did not collect any identifying information of the participants such
as names or contact information ensuring anonymity.
3.2.6

Ethical consideration

All the participants in this research study participated voluntarily and provided consent to partake
in the study, ensuring this research is valid and ethical. Participants were given the option to stop
with the answering of the questionnaire at any time, if they wish to do so. The researcher ensured
that the integrity of participants was respected at all times, adhering to research best practises.
Turnitin was also used to ensure the literature study complies with the prescribed ethical
requirements. Lastly the mini-dissertation complied with the ethical requirements of the NorthWest University.
3.2.7

Limitations of the study

There are several limitations associated with this study. Although the interviewees for the
qualitative portion of the research were chosen to represent the different stakeholders in the
commercialisation process, the opinions of the five respondents involved in the qualitative
research may not be representative of all the stakeholders involved in the university
commercialisation landscape in South Africa. Additionally, the findings may not be representative
of all the universities in South Africa as specific institutions may have been excluded, and the
results may or may not be capable of being generalized across universities. Commercialisation
barriers experienced by the participants outside of the data collection window may not have been
captured. Despite these limitations, the data obtained from this study, especially from the face-toface interviews, provide additional supplemental information that manages to realise the
envisaged research objectives.
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3.3

Empirical results and discussion

3.3.1

Quantitative analysis

3.3.1.1 Descriptive statistics
The questionnaire was distributed to the target population involved in the commercialisation
process. The capacity of involvement question in the survey intended to understand and
determine in which capacity the respondent answered the questionnaire. Figure 3-1 below
summarises the sample response rate per capacity of involvement in the commercialisation
process, with an overall response rate of 99.2%.
Figure 3-1:

The respondents’ capacity of involvement in commercialisation.

Capacity of involvement
1%
3% 3%
IP Attorney

3%
9%

No involvement
University Management
Investor

44%
15%

Public sector (Government)
Researcher
Business sector (Industry)
Technology transfer function
22%

Figure 3-1 above is important in distinguishing which groups completed the questionnaire and
how well each group was represented. 44% of the respondents were directly involved with the
technology transfer function at universities. The large representation of this group is perceived
as positive as they deal with commercialisation barriers on a daily basis in their profession. The
second largest representation (22%) was the business sector, this is also perceived as positive
as many of the barriers in the literature involve university-industry relations. Researchers
represented 15% of the groups and government 9%. The representation of the top four capacity
of involvement sample is very relevant when compared with the literature study findings
summarised in Table 2-3. Figure 3-2 below compares the group representation of the
questionnaire sample against the occurrence rate of barriers within the literature study, adjusted
to a percentage of the top four of each category.
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Figure 3-2:

Group involvement representation compared to literature findings.

Group involvement representation
compared with literature barriers (%)
University environment
University Technology Transfer Offices
Marketing
University-Industry collaboration
Public sector (Government)
Researcher
Business sector (Industry)

Technology transfer function
0

10

20

30

40

50

60

70

80

90

100

CALCULATED %
Group representation

Barrier occurance in literature study

When comparing the group representation of the questionnaire against the occurrence rate of
barriers in the literature study (Figure 3-2), a clear relationship transpires. U-I collaboration
occurred the most as barrier in the literature findings and this relates directly to the TT function,
industry, researchers and government groups represented in the sample that answered the
survey. This relationship between the literature barriers and the representation of the sample
shows that the sample collected from the statistical population are well represented and
relevant when compared to the literature findings.
The summary (Table 3-2) below, provides descriptive statistics and other information concerning
the commercialisation barrier variables contained within the questionnaire. Specific statistical
data such as the sample size, mean, standard deviation, skewness and kurtosis was
extracted for analysis. This statistical data was important to understand the characteristics and
distribution of each barrier distinctively compared to that of the complete sample.
From the output in Table 3-2 below the total respondents were 125 and some variables had
missing responses. After inspecting the data for systematic patterns, it was concluded that the
occurrence of missing data was random with no specific pattern. The missing data was replaced
with the mean, where SPSS calculates the mean value for every variable and gives every missing
case this value. The mean values are based on a five-point Likert scale basis.
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Descriptive statistics summary table.

Q4
Q5
Q6

Q7

Q8
Q9
Q10
Q11
Q12
Q13
Q14
Q15
Q16
Q17
Q18
Q19
Q20
Q21
Q22
Q23
Q24
Q25

44

1.278

0.036

-0.176

125
121

3.96
4.05

1.035
1.023

-0.629
-0.670

1.340
1.115

123

2.54

1.176

1.096

1.831

123

2.57

1.331

1.004

0.753

125

3.40

1.289

0.041

-0.253

125

3.53

1.013

-0.267

0.492

125

3.21

1.284

-0.119

-0.418

125

3.42

1.265

-0.166

-0.774

125
125
125

3.46
3.31
3.43

1.241
1.253
1.145

-0.309
-0.213
-0.190

-0.645
-0.565
-0.537

125
125
125
125

3.42
3.80
3.67
3.83

1.277
1.164
0.948
1.113

-0.069
-0.723
-0.219
-0.232

-0.661
-0.099
-0.338
-0.904

125

3.85

1.016

-0.719

-0.147

125

3.74

1.033

-0.252

-0.387

125

3.71

1.099

-0.369

-0.331

125

3.70

0.942

-0.196

0.177

123

3.56

1.095

-0.348

0.205

123

3.51

1.112

-0.104

-0.253

123

3.31

1.167

-0.501

-0.368

123

3.51

1.302

-0.163

-0.288

123

3.67

1.316

-0.282

-0.310

deviation

3.43

Std.

125

scale)

Kurtosis

Q2
Q3

Availability of seed funding (proof of concept
funding)
Availability of venture capital
Venture capital is available but not invested
towards university IP
The legislation: Intellectual Property Rights
Act of 2008
The enforcement of the Intellectual Property
Rights Act of 2008
Regulations preventing researchers to have
equity in start-up entities due to conflict of
interest
Government do not understand the risks and
costs involved in the commercialisation
process
Influence of university policies on research
commercialisation
Lack of clear university commercialisation
objectives
Inflexibility of university management
Lack of support from university management
Lack of understanding the benefits of
commercialisation for the university
Incorrect valuation of university IP
Slow-moving university approval processes
Slow product development processes
Lack of incentives for IP innovators
participating in the commercialisation process
Lack of entrepreneurial culture among
scientists
Absence of infrastructure to support new
entrepreneurs
Lack of entrepreneurs interested in university
IP
Lack of entrepreneur participation in the
commercialisation process of university IP
Lack of internal Technology Transfer office
funding (university)
Lack of external Technology Transfer office
funding (industry/government))
Lack of Technology Transfer staff with
industry experience
Technology Transfer staff turnover due to
better propositions from industry
Technology Transfer offices under staffed

Skewness

Q1

Mean

(Rating of commercialisation barriers)

N

Variable:

(5pt Likert

Table 3-2:

Q31
Q32
Q33
Q34
Q35
Q36
Q37
Q38
Q39
Q40
Q41
Q42

Highest Mean Scores
Lowest Mean Scores
Highest standard deviation
Lowest standard deviation
Skewness
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-0.267
-0.219
-0.540

-0.154
-0.840
-0.381

125
125

3.80
3.97

1.016
0.915

-0.431
-0.706

0.246
0.387

125
125

3.38
3.47

1.141
1.013

0.079
-0.207

-0.704
-0.335

125

3.30

1.225

0.002

-0.632

123

3.12

1.178

0.188

-0.416

123

3.46

1.065

-0.088

-0.605

123

3.39

1.259

0.428

-0.713

125

3.46

1.175

0.422

-0.582

125

3.70

0.992

-0.280

-0.100

123

3.75

1.083

0.047

-0.030

125

3.66

1.017

-0.761

0.441

125

3.48

1.161

-0.453

-0.818

125

3.48

1.133

0.050

-0.403

deviation

1.232
0.948
0.875

Std.

3.78
3.67
3.98

scale)

123
125
125

(5pt Likert

Kurtosis

Q29
Q30

Technology Transfer office under resourced
Universities not marketing IP effectively
Urgency differences that exists between
industry and universities
Research disconnected form industry needs
Lack of communication networks between
investors, industry practitioners, and
academics
Lack of trust between industry and universities
Industry often does not see the value working
with universities
University often does not see the value
working with industry
Development stage of inventions too early for
IP protection
Development stage of inventions too early for
commercialisation
No inventor participation in the
commercialisation process
Not enough inventor participation in the
commercialisation process
Inventions with limited commercial potential is
registered by universities
No market research is performed before
registering IP
Scientists' attitudes towards research
commercialisation
Tensions between academic values and the
new university commercial drive
Most universities only search for
commercialisation partners after the patenting
process

Skewness

Q26
Q27
Q28

Mean

(Rating of commercialisation barriers)

N

Variable:

Mean values
The mean for any sample is used to measure central tendency, indicating the average of the set
of data and is denoted as

𝑥̅ .

For this study the mean for every barrier was calculated and

summarised in Table 3-2 above. For the observed dataset the following questions yielded the
highest mean (𝑥̅ ) values when respondents rated the commercialisation barriers:


Q3 Venture capital is available but not invested towards university IP (𝑥̅ = 4.05)



Q28 Urgency differences that exists between industry and universities (𝑥̅ = 3.98)



Q30 Lack of communication networks amongst investors, industry practitioners, and
academics (𝑥̅ = 3.97)



Q2 Availability of venture capital (𝑥̅ = 3.96)



Q17 Lack of entrepreneurial culture among scientists (𝑥̅ = 3.85)

For the observed dataset the following questions yielded the lowest mean (𝑥̅ ) values when
respondents rated the commercialisation barriers:


Q33 University often does not see the value working with industry (𝑥̅ = 3.30)



Q8 Influence of university policies on research commercialisation (𝑥̅ = 3.21)



Q34 Development stage of inventions too early for IP protection (𝑥̅ = 3.12)



Q5 Enforcement of the Intellectual Property Rights Act (51 of 2008) (𝑥̅ = 2.57)



Q4 Legislation: Intellectual Property Rights Act of (51 of 2008) (𝑥̅ = 2.54)

The mean values above provide an accurate representation of respondent answers in rating
the commercialisation barriers, as it considers the average measures of the whole sample. The
questions above with the highest mean, may be considered to generally be the most prominent
individual barriers preventing commercialisation. The lowest mean values above can be
considered the least influential barriers in commercialisation rated by the respondents.
Standard deviation
The standard deviation of the questionnaire was also presented above in column 4 of Table 3-2.
The standard deviation provides an indication of how much the data vary from the mean. This
could indicate the most and least consistent questions where respondents were in agreement (or
not). The highest standard deviation value from the frequency in Table 3-2 above (highlighted in
green), was 1.331, at question 5 (The enforcement of the Intellectual Property Rights Act).
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Therefore, the respondents did not have similar observations and ratings for this barrier
(enforcement of the IP act). On the other hand, the lowest standard deviation value (highlighted
in purple) was 0.875 at question 28 (Urgency differences that exists between industry and
universities). A low standard deviation indicates that the variables are closely clustered around
the mean. Therefore, all the respondents observed and rated the barrier (urgency differences
between industry and university) relatively similar.
Skewness and kurtosis
Skewness and kurtosis provide information concerning the distribution of scores on the barrier
variables tested in the questionnaire. This distribution is important as the barrier variables will be
used in statistical techniques to compare groups (ANOVA).
The skewness values in Table 3-2 above provides an indication of the symmetry of the
distribution. All the barrier variables measured close to 0 indicating normal symmetry with the
exception of Q4 and Q5 relating to the IPR act. 11 of the variables displayed positive skewness
values, indicating scores are clustered around the low values. 31 of the variables displayed
negative skewness values, indicating the clustering of scores around the high values.
Kurtosis provides information on the tail weight of the distribution. 10 variables consisted of
positive kurtosis values (above 0), indicating distribution was clustered in the centre. 32 variables
consisted of kurtosis values below 0, indicating a distribution that was relatively flat. With the
sample size of this study (125), skewness will not make a substantive difference in the analysis.
Checking for outliers
The statistical techniques used in SPSS 24.0 are very sensitive to outliers. For this study the
histograms for each variable was inspected to check for possible outliers. The tails of the
distribution, displays data points relatively well grouped without any extremes. One isolated case
was question 29: values did drop away from the distribution, however the slopes remained even,
indicating there are no extreme outliers. After the inspection all the variables/questions were
retained in the data file.
3.3.1.2 Validity and reliability
Validity, can be defined as the extent to which the data collected truly reflects the phenomenon
studied (Bryman & Bell, 2015:520).
Content validity was used to measure the validity of the questionnaire in the research study.
Content validity evaluates the degree to which distinct items in the questionnaire represent the
construct being measured and that the full range of the construct is covered (Field, 2009:12).
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Content validity can be empirically assessed using principal components analysis (PCA). The
PCA (factor) analysis is a SPSS data reduction technique, which allows to condense a large set
of variables or scale items down to a smaller, more manageable number of factors. SPSS does
this through summarising the underlying patterns of correlation and looking for groups of closely
related items (Pallant, 2010:104).
This technique was used in this study as it aims to develop scales and measures to identify the
underlying structure (barriers), ideally aligned with the research objectives of this study. PCA
(factor) analysis was performed in SPSS version 24.0, using the observed dataset taking into
account Kaiser’s measure of sampling adequacy, percentage variation explained and the
variation of communalities.
Reliability, refers to the extent to which research findings would be the same if the research were
to be repeated at a later stage, or with a different sample of subjects (Bryman & Bell, 2015:540).
The consistency and accuracy of a questionnaire will determine if the same results are obtained
when employing the instrument repeatedly (Field, 2009:673). Several methods can be used to
test the reliability of a questionnaire. For this study internal consistency methods were utilised as
it offers the advantage to determine reliability using scores from a single testing session as
opposed to repeating the test (Pallant, 2010:97). The Cronbach’s alpha coefficient method was
the internal consistency technique used to estimate and determine reliability for this research
study.
3.3.1.2.1 Factor analysis
The 42 variables of the questionnaire were subjected to principal components analysis (PCA)
using SPSS 24.0. Prior to performing the PCA, the suitability of the data for factor analysis was
assessed. The Kaiser-Meyer-Olkin value was 0.6 in line with the recommended value of 0.6,
and Bartlett’s test of sphericity measured within the recommended value of p<0.05, which
indicated acceptable distribution to employ factor analysis. PCA revealed the presence of eleven
components with eigenvalues exceeding 1, explaining 70.25% of the collective variance. The
11 components meeting the eigenvalues were extracted from a pattern matrix (Annexure D). The
pattern was utilized to isolate the relevant factors as seen in Table 3-3 below. The factor
analysis reduced the 42 variables to 11 factor groups creating smaller more manageable groups.
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Table 3-3:

Factor isolation
Question

Factor 1: U-I disconnect
Lack of Technology Transfer staff with industry experience

Q 23

Lack of communication networks between investors, industry practitioners, and academics

Q 30

Research disconnected form industry needs

Q 29

Universities not marketing IP effectively

Q 27

University often does not see the value working with industry

Q 33

Urgency differences that exists between industry and universities

Q28

Lack of internal Technology Transfer office funding (university)

Q 21

Inventions with limited commercial potential is registered by universities

Q 38

Development stage of inventions too early for commercialisation

Q35

Factor 2: Uni not geared for commercialisation
Inflexibility of university management

Q 10

Lack of clear university commercialisation objectives

Q9

Lack of support from university management

Q 11

Lack of understanding the benefits of commercialisation for the university

Q 12

Tensions between academic values and the new university commercial drive

Q 41

Influence of university policies on research commercialisation

Q8

Scientists' attitudes towards research commercialisation

Q 40

Incorrect valuation of university IP

Q 13

Factor 3: Regulatory barriers
The legislation: Intellectual Property Rights Act of 2008

Q4

The enforcement of the Intellectual Property Rights Act of 2008

Q5

Regulations preventing researchers to have equity in start-up entities due to conflict of interest

Q6

Influence of university policies on research commercialisation

Q8

No market research is performed before registering IP

Q39

Factor 4: Funding barriers
Availability of venture capital

Q2

Venture capital is available but not invested towards university IP

Q3

Regulations preventing researchers to have equity in start-up entities due to conflict of interest

Q6

Availability of seed funding (proof of concept funding)

Q1

Factor 5: TTO resources
Lack of external Technology Transfer office funding (industry/government))

Q 22

Lack of internal Technology Transfer office funding (university)

Q 21

Technology Transfer staff turnover due to better propositions from industry

Q 24

Technology Transfer office under resourced

Q 26

Technology Transfer offices under staffed

Q 25

Factor 6 : Entrepreneurial orientation
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Development stage of inventions too early for commercialisation

Q 25

Incorrect valuation of university IP

Q 13

Lack of entrepreneur participation in the commercialisation process of university IP

Q 20

Lack of entrepreneurs interested in university IP

Q 19

Factor 7 : U-I value & trust relations
Development stage of inventions too early for commercialisation

Q 35

University often does not see the value working with industry

Q 33

Lack of trust between industry and universities

Q 31

Industry often does not see the value working with universities

Q32

Factor 8 : Innovation barriers
Most universities only search for commercialisation partners after the patenting process

Q 42

Lack of external Technology Transfer office funding (industry/government))

Q 22

Development stage of inventions too early for IP protection

Q 34

Inventions with limited commercial potential is registered by universities

Q 38

Absence of infrastructure to support new entrepreneurs

Q 18

Availability of seed funding (proof of concept funding)

Q1

Factor 9 : Transfer process
Lack of external Technology Transfer office funding (industry/government))

Q22

Development stage of inventions too early for IP protection

Q 34

Influence of university policies on research commercialisation

Q8

Government do not understand the risks and costs involved in the commercialisation process

Q7

Factor 10 : Inventor involvement
Tensions between academic values and the new university commercial drive

Q 41

Lack of incentives for IP innovators participating in the commercialisation process

Q 16

Most universities only search for commercialisation partners after the patenting process

Q 42

Slow product development processes

Q 15

Not enough inventor participation in the commercialisation process

Q 37

No inventor participation in the commercialisation process

Q 36

Factor 11 : University red tape
Lack of entrepreneurial culture among scientists

Q 17

Scientists' attitudes towards research commercialisation

Q 40

Lack of incentives for IP innovators participating in the commercialisation process

Q 16

Slow-moving university approval processes

Q 14

Lack of understanding the benefits of commercialisation for the university

Q 12

Slow product development processes

Q 15

No market research is performed before registering IP

Q 39

The data extraction method used with SPSS was PCA, and the rotation method used was Kaiser
Normalization. The rotation converged in 25 iterations ultimately resulting in 11 factors as seen
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above in Table 3-3. Each factor group was given a factor name to describe the variables in the
factor.
With the aid of the principal components analysis performed in SPSS it was determined that the
validity of the questionnaire is acceptable and that the factors permit an appropriate level of data
to be retained when analysing the factors only. The next step was to test for reliability through
utilising the Cronbach alpha method, on the respective factors extracted.
3.3.1.2.2 Cronbach’s alpha coefficient
The reliability of the data used in this study was determined by using the Cronbach Alpha test.
Reliability measures the degree of consistency of the questionnaire as well as test if similar
results are found when using instruments on the same group repeatedly (Pallant, 2010:97). The
Cronbach Alpha test was invented in 1951 when Lee Cronbach suggested determining the
reliability of a questionnaire by calculating the alpha coefficient (Cronbach et al., 1965:297). This
test is ideal for questionnaires that makes use of the Likert scale (Bryman & Bell, 2015:47). The
Cronbach’s alpha equation is provided below (Cronbach et al., 1965:301).

∝=

∑𝑘1 𝑆𝑖2
𝑘
[1 −
𝑘−1
𝑆𝑇2

Where:
∝ = Cronbach’s alpha coefficient
𝑘 = number of items in the analysis
𝑆𝑖 = item standard deviation
𝑆𝑇 = total standard deviation of all items in the construct
The inter-relatedness of the questions in the questionnaire was indicated by the value of the
Cronbach alpha’s coefficient (a value between 0 and 1). According to Field (2009:675), a
Cronbach alpha value greater than 0.7 is acceptable for ability type of tests. Table 3-4 below
displays the Cronbach’s Alpha values for the 11 different factor groups in this study. The first three
columns refer to the initial Cronbach’s alpha values, column 4 lists the questions (and factors)
deleted to form the final (last 2 columns) factors of this study.
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Factor groups: Cronbach’s Alpha.

Table 3-4:

Initial
Factors

Deletion

Cronbach's

N of

Alpha

Items

F1
F2

0.885
0.884

9
8

F3

0.712

5

F4

0.621

4

F5

0.860

5

F6

0.637

4

F7

0.762

4

F8

0.468

4

F9
F10

0.833
0.793

6
7

F11

0.725

5

Item deleted
_
_
Q6: Regulations preventing researchers to have
equity in start-up entities due to conflict of interest
Q1: Availability of seed funding (proof of concept
funding)
_
Q25: Development stage of inventions too early
for commercialisation
_
Due to the Cronbach's Alpha being very low (less
than 0.7), factor 8 were excluded from the study
_
_
Q39: No market research is performed before
registering IP

Final
Cronbach's

N of

Alpha

Items

0.885
0.884

9
8

0.719

4

0.741

3

0.860

5

0.773

4

0.762

4

deleted

deleted

0.833
0.821

6
6

0.725

5

From Table 3-4 above it is clear that, for example, question 1 was deleted from factor 4 to
improve the Cronbach’s alpha value from 0.621 to 0.741. It is also important to note that factor 8
was excluded (deleted) from further analysis as it has a low Cronbach’s alpha value. The rest of
the factor’s Cronbach alpha’s coefficients is greater than 0.7, therefore the questionnaire used to
test the remaining 10 factors can be regarded as reliable. Furthermore, the 10 factors can now
be used to analyse the barriers to commercialisation, and analysis on each specific question in
the questionnaire is no longer necessary.
3.3.1.3 ANOVA
The questionnaire was completed by eight different groups (capacity of involvement in
commercialisation). To measure whether these groups rated the different barriers the same or
if they observed the barriers differently, ANOVA analysis was used.
First, a one-way analysis of variance (one-way ANOVA) was estimated to establish if there is a
difference between and within groups. From the table in Annexure E the significant values
(p<0.05) indicate that there is a difference between groups at factor 1, 4, 6, 7, 10, 11. As one-way
ANOVA models only indicate if there is a difference, two-way ANOVA between groups estimates
to identify where the difference (between which groups) lies.
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Table 3-5 below provides a summary of the two-way ANOVA between groups. This table was
constructed using the results of the post-hoc detailed two-way ANOVA (see Annexure F). All the
values where the mean difference is significant in the table of Annexure F are listed in Table 3-5
below.
Table 3-5:

Two-way ANOVA between groups’ summary.

Groups (1-8) with significant differences:
1: Business sector
(Industry)
1: Business sector
(Industry)
1: Business sector
(Industry)
1: Business sector
(Industry)

vs.

2: No involvement

vs.

3: Researcher

vs.

4: Public sector/
Government
6: Technology transfer
function

2: No involvement
3: Researcher

vs.
vs.

vs.

3: Researcher
6: Technology transfer
function

Differ in terms of factor:
F1: U-I disconnect (3.3 vs. 4.6)
F4: Funding barriers (3.1 vs. 4.4)
F4: Funding barriers (3.1 vs. 3.8)
F7: U-I value & trust relations (2.8 vs.
3.7)
F1: U-I disconnect (3.3 vs. 3.8)
F4: Funding barriers (3.1 vs. 4.0)
F6: Entrepreneurial orientation (3.3
vs.3.9)
F7: U-I value & trust relations (2.8 vs.
3.6)
F10: Inventor involvement (3.2 vs 3.9)
F11: University red tape (3.3 vs. 4.1)
F1: U-I disconnect (4.6 vs. 3.1)
F1: U-I disconnect (3.1 vs. 3.8)
F6: Entrepreneurial orientation
(3.1vs.3.9)
F10: Inventor involvement (3.1 vs. 3.9)
F11: University red tape (3.5 vs. 4.1)

From Table 3-5 it is clear that the Business sector, Researchers, Technology transfer function,
and people with no involvement were the groups that rated the barriers differently. Therefore,
five of the eight groups rated the barriers differently. As seen from the one-way ANOVA results
these differences were present in six of the 11 factors, namely factor 1, 4, 6, 7, 10, 11. Moreover,
the Business sector observed factor 1 (the University and Industry disconnectedness) differently
(lower) from people with no involvement.
People in the business sector (group 1) also rated the funding barriers (factor 4) differently from
those people with no involvement (group 2), researchers (group3) as well as the technology
transfer group (group 6). Indicating that the perception of funding as a barrier differs greatly
between these groups and that the business sector perceives funding not to be a large barrier to
commercialisation.
From row 3 it is clear that the Government (group 4) perceives the barrier of the value and trust
relationship between University and Industry (factor 4) to be a larger barrier than what is perceived
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by the industry itself. Furthermore, the people in the business sector (group1) and those working
in TTOs, barrier ratings differs across a number of factors, namely; U-I disconnect (factor 1),
funding barriers (factor 4), entrepreneurial orientation (factor 6), U-I value & trust relations (factor
7), inventor involvement (factor 10) and university red tape (factor 11). Overall, the technology
transfer group rates the barriers higher, than the business sector.
Finally, the perceptions of barriers between researchers and technology transfer professionals
also differ in that technology transfer professionals rate barriers (factors 1,6,10 and 11) higher
than what researchers does. This may suggest that the professionals of TTOs have a better
understanding of the barriers as they deal with it on a daily basis.
3.3.1.4 Multiple regression
To further explore the different factor groups and determine if there are possible relationships
between them, multiple regression analysis was performed. The relationship amongst the 11
factors are determined by estimating multiple linear regressions of the general form:
𝐹1 = 𝛼 + 𝛽1 𝑓𝑎𝑐𝑡𝑜𝑟2 + 𝛽2 𝑓𝑎𝑐𝑡𝑜𝑟3 + 𝛽3 𝑓𝑎𝑐𝑡𝑜𝑟4 + 𝛽4 𝑓𝑎𝑐𝑡𝑜𝑟5 + 𝛽5 𝑓𝑎𝑐𝑡𝑜𝑟6 + 𝛽6 𝑓𝑎𝑐𝑡𝑜𝑟7 +
𝛽7 𝑓𝑎𝑐𝑡𝑜𝑟9 + 𝛽8 𝑓𝑎𝑐𝑡𝑜𝑟10 + 𝛽9 𝑓𝑎𝑐𝑡𝑜𝑟11 + 𝑢𝑖

(1)

Where:
𝐹1 – Mean factor 1-11
𝛼- Constant (y-intercept)
𝑓𝑎𝑐𝑡𝑜𝑟2 𝑡𝑜 11 – Mean factor 1-11
𝛽𝑖 – Relationship between the factors
𝜇𝑖𝑡 – Error term
To determine the relationship between the ten factors, ten different regressions were run, each
with a different factor as the dependent variable. Table 3-6 below summarise the results by
providing the beta (𝛽) values (with significance), constant values and R-squared of each of the
ten regressions, the significant values were highlighted within the table (for each individual
regression, refer to Annexure G).
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Table 3-6:
Reg
1.
2.

3.
4.
5.
6.
7.
8.
9.
10.

Multiple regression results summary.

Dependent variable
F1: U-I disconnect
F2: Uni not geared
for
commercialisation
F3: Regulatory
barriers
F4: Funding barriers
F5: TTO resources
F6: Entrepreneurial
orientation
F7: U-I value & trust
relations
F9: Transfer process
F10: Inventor
involvement
F11: University red
tape

constant
0.119

β1: F1

β2: F2
0.078

β3: F3
-0.037

β4: F4
0.069

β5: F5
0.122***

β6: F6
0.088

β7: F7
0.399***

β8: F9
0.208***

β9: F10
0.107

β10: F11
-0.031

Rsquare
0.71

-0.501

0.129

0.144

-0.157***

-0.116

0.103

-0.049

0.192**

-0.025

0.873***

0.659

0.935***

-0.096

0.227

0.101

-0.003

-0.161

-0.124

0.678***

0.040

-0.011

0.386

1.512***
-0.519

0.220
0.316***

-0.305***
-0.182

0.125
-0.003

0.108

0.133

-0.007
-0.019

-0.051
0.042

0.067
0.296***

-0.125
0.349***

0.535***
0.244

0.226
0.543

0.506

0.232

0.165

-0.164

-0.006

-0.020

0.135

0.106

0.010

0.394***

0.456

0.403

0.695***

-0.052

-0.084

-0.028

0.028

0.089

0.126

-0.032

0.080

0.575

0.447

0.254***

0.143

0.319***

0.026

0.139***

0.049

0.088

0.079

-0.228

0.606

-0.129

0.154

-0.022

0.023

-0.056

0.194***

0.006

-0.026

0.093

0.647***

0.653

0.663***

-0.022

0.375***

-0.003

0.118***

0.067

0.105***

0.032

-0.132
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0.317***

0.765

From Table 3-6 above it is clear that the R-squared of each regression is relatively good (with the
exception of regression 3 and 4), indicating that each model was a good fit. For example, in
regression 1, the R Square of 0.71 indicated that the overall model (regression1) explains 71%
of the variance. The results of each regression 1-10 is discussed below.


From regression 1 the results indicated that factor 1 (Disconnect and focus) is dependent
on TTOs being under resourced (factor 5), low levels of trust between the University &
Industry (factor 7), as well as limited inventor involvement (factor 9).



The results of regression 2 show that there is a relationship between the dependent
variable factor 2 (University not geared for commercialisation) and factor 4 (Funding
barriers), factor 9 (transfer process) as well as factor 11 (University red tape). The
relationship between factor 2 and 11 measures quite strong, with a significant beta of
0.873.



Regression 3 indicate that the variance of regulatory barriers (factor 3) can partially be
explained by the transfer process (factor 9), however this model has a low R Squared
indicating that the model is not a good fit.



Similarly, regression 4 also has a low R Squared. This regression show that funding
barriers are dependent on the University not being geared towards commercialisation
(factor 2) and University red tape (factor 11).



From the results of regression 5 it is clear that the variance in TTO resources (factor 5)
as a barrier to commercialisation can be explained by the disconnection between
University and industry (factor 1), the transfer process (factor 9), and the inventor
involvement (factor 10).



The entrepreneurial orientation (factor 6) is proven to be influenced by university red tape
(factor 11) in regression 6.



Whereas, regression 7 shows that the problem with University and Industry value and
trust relations can partially be explained by the disconnection between University and
Industry (factor 1).



By considering the results of regression 8, it is clear that the dependent variable of
Transfer process (factor 9) is influenced by U-I disconnect (factor 1), regulatory barriers
(factor 3) and TTO barriers (factor 4).



Furthermore, regression 9 indicates that inventor involvement (factor 10) is dependent
on TTO resources (factor 5) and University red tape (factor 11).



Finally, regression 10 show that university red tape (factor11) has a large dependence
on four other barriers, namely; university not geared for commercialisation (factor 2),
funding (factor 4), entrepreneurial orientation (factor 6) and inventor involvement (factor
10).
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Table 3-7 below illustrates the mean values per factor extracted from the factor analysis. This
provides some indication of the factors that measured the highest in the questionnaire.
Table 3-7:

Mean values per factor of the factor analysis.

Barrier ranking
1
2
3
4
5
6
7

Factor number
11
4
6
1
5
10
2

8
9
10

7
9
3

Factor name
University red tape
Funding barriers
Entrepreneurial orientation
U-I disconnect
TTO resources
Inventor involvement
Universities not geared towards
commercialisation
U-I value & trust relations
Transfer process
Regulatory barriers

Factor mean
3.718
3.699
3.623
3.605
3.604
3.564
3.422
3.397
3.346
3.100

From the above table the top four measured factors were university red tape (factor11), funding
barriers (factor 4), entrepreneurial orientation (factor 6) and U-I disconnect (factor 1). These
are the factors with the highest mean values as extracted by SPSS from the questionnaire. This
provides a very accurate analysis of the factors perceived by respondents as the most important
barriers present in the commercialisation process.
3.3.2

Qualitative analysis

3.3.3

Semi-structured interview analysis of results

After the collection of the questionnaire data, semi-structured interviews were conducted with
experienced and knowledgeable experts in the field of technology commercialisation within the
university environment. The intent of the interviews was to gain further insight to the barrier
aspects addressed in the questionnaire. And to explore any relations or differences between the
questionnaire and the views of the interviewees. Interviewees were asked what they view as
barriers and possible solutions to solve these barriers, Annexure H provides the complete
interview schedule that was followed. In total five interviews were conducted, amongst the
interviewees their average experience in the commercialisation environment was 26 years. The
interview questions were limited to allow for a short interview period, typically a duration of 30
minutes. Annexure I contains the complete transcripts of the answers provided by interviewees
per question. The barriers mentioned within the transcripts by each respondent was extracted
and summarised in Table 3-8 below. The barriers was then grouped through colour coding
similar barrier themes identified. The description of the colour codes are at the end of Table 3-8.
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Table 3-8:

Summary of interview barriers.
Question 2: In your opinion, what are the major barriers Question 3: In your opinion, what solutions are there to
preventing commercialisation of research findings/IP at overcome each of the major barriers you mentioned,

Respondent 1

Respondent 2

Respondent 3

South African Universities?

facing the commercialisation of research findings/IP?






















Barriers are part of a larger value chain problem
Fundamental research not relevant for the market/industry
Resources; knowledge and VC funding are barriers
Ineffectiveness of regulatory organisations (health) red tape.
Manufacturing sector under developed, needs a jumpstart
Mobile applications and financial technologies well
supported

Commercialisation barriers differs between universities
Barriers are a result of missing links within ecosystems
Ecosystem is not friendly for health sciences
Ecosystem does not support the manufacturing sector
Engineering/manufacturing not feeding from industry
ICT sectors and financial technologies well supported
Researchers create solutions with no match to industry
needs
VC type funding major barrier
The entrepreneurial attitudes of the South Africans serves as
a barrier
General problem ultimately leading to these barriers
experienced
Lack of entrepreneurial spirit show stopper for
commercialisation
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Fundamental development assumptions in the labs are
wrong
Have to get the fundamental science rigor in place,
training scientists with the end in mind
The promising projects needs full resources
multidisciplinary team (skill mix), in every project you need
to have a champion, who wears the yellow T-shirt?
Remove the red tape to increase the entrepreneurial spirit
Self-inflicted with policy
Research would require more engagement with industry,
address the shared needs
Develop relevant research that can be translated into
commercial products
Shift from coffee shop incubators to more technical
incubators
Buy-in from all levels universities, industry and
government
Fix entrepreneurship
Crisis (political and economic) force people to become
entrepreneurial
Create an environment that nurtures entrepreneurship.
Focus on entrepreneurship and improve in that area the
rest will follow

Question 2: In your opinion, what are the major barriers Question 3: In your opinion, what solutions are there to
preventing commercialisation of research findings/IP at overcome each of the major barriers you mentioned,

Respondent 4

South African Universities?

facing the commercialisation of research findings/IP?











Respondent 5

University management (commercialisation decisions)
Funding externally
The support towards new innovation is non-existent
(incubators, innovation parks)
Non-business environment at universities
Barriers occurs due to other factors that is not in place






Researchers develop solutions for problems we don't have

IP developed within the university environment that is totally
irrelevant within the industry context

 Information is a real barrier: disconnect between university
and industry due to information flow (poor communication)
 Market intelligence to be linked within networks
 The barriers experienced in commercialisation of university
IP are mainly due to a system problem, the system is not in
place to support commercialisation
Research not relevant for industry/ U-I collaboration
Barriers part of larger underlying value chain /system problem
VC funding barrier
Entrepreneurial spirit
Non-business environment at universities
Manufacturing & health sector
ICT & financial technology well supported
Lack of incubators
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Internal marketing
Create a business-friendly university environment
Improved networks in terms of adding value to
entrepreneurship
Important combination of universities and industry working
together to achieve a common commercialisation goal
(networks)
Change the success instruments government currently
use, through focussing on the relations between industry
and the university
Create a supportive environment within the university

Table 3-8 above provides a summary of interviewee responses, listing the most relevant barriers
and solutions extracted from the interviews. The summaries were then reviewed to highlight
communalities of the barriers and solutions listed by the respondents. The communalities
identified were color-coded per theme to be able to track the occurrence rate. Figure 3-3 below
reflects the barrier communalities that occurred amongst respondents from Table 3-8 above.
Figure 3-3:

Interview barrier communalities.

Barrier communalities between respondents
Barrier occurrence

ICT & financial technology
well supported

Barriers part of larger
underlying 5value chain
/system problem.
5
4,5
4
3,5
3
2,5
2
2
1,5
1
0,5
0

Research not relevant for
4 industry/ U-I collaboration

3

Manufacturing & health
4
sector

VC funding barrier

2
3
Lack of incubators

Entrepreneurial spirit

Figure 3-3 above illustrates the barrier communalities that occurred the most amongst the
interview respondents. Five interview respondents indicated that commercialisation barriers are
part of a larger underlying problem within the value chain/system. The problems occurring
within the value chain ultimately results in barriers preventing commercialisation. Interviewees
stated to solve commercialisation barriers, you have to start through reviewing the innovation
value chain/ system and solve those problems first.
One of the main underlying problems mentioned by (4) interview respondents were that
fundamental research performed by universities are not relevant to industry. This can be
ascribed to the lack of communication, disconnect between U-I, and research that is not aligned
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with industry needs. The possible solutions mentioned was to build networks between universities
and industry and to improve communication.
The manufacturing and health ecosystem were identified by interview respondents as under
supported in South Africa. Manufacturing innovation can play a major role in South Africa,
however this sector remains underdeveloped not “feeding” from industry. One interviewee
proposed to move away from coffee shop type incubators towards technical incubators as a
possible solution. The interviewee mentioned Sasol recently launched a technical incubator to
encourage innovation in the manufacturing sector, this is the ideal example of what needs to
happen. Another interviewee mentioned the ineffectiveness of regulatory organisations in the
health sector as a barrier leading to extended timelines to get a product to market. This in many
cases results in ventures moving offshore to be developed beyond the borders of South Africa.
Removing the red tape involved and fast-tracking the regulatory process could be the solution
to the challenges currently experienced in the health sector.
Three of the respondents also indicated the lack of entrepreneurial spirit as a barrier to
commercialisation. One of the respondents was quoted as saying “it is a show stopper for
commercialisation”. This could possibly be solved through creating an environment in and around
universities that nurtures entrepreneurship and additionally implementing entrepreneur training
from grassroots level (grade 1) in school. Another respondent mentioned that if red tape at
universities was to be removed it will unleash the much needed entrepreneurial spirit in the
commercialisation process.
Three respondents indicated lack of Venture Capital (VC) in South Africa as a barrier. The VC
firms in South Africa does not operate on the level of VC firms internationally, they avoid high-risk
investments and the majority of transactions involves established companies with a reputable
track record. The investment scope and criteria of VCs need to change to increase deal flow,
institutions such as the Industrial Development Corporation (IDC) can also increase their activity
in this area to facilitate growth.
From each of the interviews held relevant quotations were extracted in the exact words of the
respondents. Figure 3-4 below provides some insight into the views of each expert and the value
they added through this research process.
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Figure 3-4:

Respondent quotations.
"They have to get the fundamental science rigor in place, this
could be done through training scientists with the end in
mind."
-Respondent 1"The barriers experienced in commercialisation of university
IP are mainly due to a system problem, the system is not in
place to support commercialisation."
-Respondent 2-

"The lack of entrepreneurial spirit, is so to say, a show
stopper for commercialisation."
-Respondent 3-

"Networks are incredibly important, the combination of
universities and industry working together to achieve a
common commercialisation goal."
-Respondent 4"For IP to be commercialised you need to look and
understand the bigger engine, if you don't understand this
bigger engine then commercialisation won't make sense."
-Respondent 5-

The above quotations in Figure 3-4 extracted from the interviews provides a sense of the value
added and insight gained from the interview process. All the respondents were asked if the
barriers they mentioned during the interview were experienced the same and relevant 10 to15
years ago. The majority of respondents mentioned that South Africa has advanced significantly
over the past years making good progress in commercialisation. Previously organisations such
as the Technology Innovation Agency (TIA) and NIMPO did not exist, the capacity have
increased over the years. This is supported by findings in section 2.5 (benchmarking literature),
indicating that South Africa has made progress with commercialisation when benchmarked
against similar countries. Despite the progress and increased capacity some respondents stated
that we still fail at the commercialisation fundamentals, due to the larger underlying problem
within the value chain/system.
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3.4

Summary

This section started with describing the empirical research approach taken to best answer the
objectives of the study.
Validity and reliability was determined through employing factor analysis and Cronbach alpha
methods. The validity of the questionnaire was acceptable and the factors permit an appropriate
level of data to be retained when only analysing the factors. The Cronbach alpha’s
coefficients were greater than 0.7, therefore the questionnaire used to test the remaining 10
factors was regarded as reliable. From here the 10 factors were used to analyse the barriers to
commercialisation, and analysis on each specific question in the questionnaire was no longer
necessary.
The ANOVA analysis was utilized to determine and discuss the variance across factors. The
ANOVA concluded that most of the groups that answered the survey perceived barriers
differently. Compared with the other groups, the industry group rated barriers as less severe
when compared to the other groups. The perceptions of barriers between researchers and TTOs
also differ in that TTOs rate barriers (factors 1,6,10 and 11) higher than what researchers do. This
may suggest that the professionals of TTOs has a better understanding of the barriers as they
deal with them on a daily basis.
Furthermore, a multiple regression analysis was performed to estimate the casual relationship
among the factors. The regression analysis shows that most of the factors are interrelated with
each other and it is difficult isolate a specific factor. A good example to illustrate this is
University red tape (factor11), which has a large dependence on the four other barriers, namely;
University not geared for commercialisation (factor 2), funding (factor 4), entrepreneurial
orientation (factor 6) and inventor involvement (factor 10). By considering the mean values of
each factor, the top four measured factors were university red tape (factor11), funding
barriers (factor 4), entrepreneurial orientation (factor 6) and U-I disconnect (factor 1).
In total five interviews were conducted, amongst the interviewees, which had an average
experience of 26 years in the commercialisation environment. All the respondents indicated that
commercialisation barriers are part of a larger underlying problem within the value
chain/system. The problems occurring within the value chain ultimately results in barriers
preventing commercialisation. In order to solve commercialisation barriers, you have to inspect
the innovation value chain/ system and solve those problems first. One of the main underlying
problems mentioned by (4) respondents were that fundamental research performed by
universities are not relevant to industry. Some of the reasons for this are the: disconnect
between U-I, lack of communication and research that is not aligned with industry needs. Three
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of the respondents also indicated the lack of entrepreneurial spirit can be identified as a barrier
to commercialisation. This could possibly be solved through creating an environment around
universities that nurtures entrepreneurship and to implement entrepreneur training from
grassroots level. One respondent mentioned that if red tape at universities was to be removed
it will unleash entrepreneurial spirit. Three respondents indicated lack of VC in South Africa as a
barrier. VC firms in South Africa not operate on the level of VC firms internationally they avoid
high-risk investments and the majority of transactions involves existing companies. The
investment scope and criteria of VCs needs to change to increase deal flow, institutions such as
the Industrial IDC can also increase their activity in this space to facilitate growth.
When comparing the results of the quantitative survey with that of the qualitative interviews
some interesting comparisons can be drawn. First the ANOVA indicating that each respondent
group perceives barriers differently agrees with the statement made by one of the interviewees.
The respondent explained that each university environment and value chain is different and
therefore barriers differs across universities, regions and countries.
When comparing the top four factors (measured in terms of their mean values) with the barrier
occurrence in the interviews there are multiple similarities;


all respondents mentioned problems within the innovation value chain/ system this
relates directly with university red tape (factor11),



funding barriers (factor 4) relates directly to the opinion of three of the interview
respondents indicating a lack of VC as a barrier,



entrepreneurial orientation (factor 6) relates directly to the entrepreneurial spirit
barrier identified in the interviews,



Lastly U-I disconnect (factor 1) relates directly to university research that is not useful
to industry needs and this is as a result of disconnect and poor communication.

The above direct correlations between the questionnaire findings and the interviews held with
experts provides an excellent basis for identifying the relevant barriers to commercialisation at
South African universities.
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CHAPTER 4: CONCLUSIONS AND RECOMMENDATIONS
4.1

Introduction

The primary objective of this study was to identify and determine the barriers that prevent South
African universities to commercialise registered IP.
An in-depth literature review was performed in Chapter 2 to describe the commercialisation
process, metrics for commercialisation success, benchmarking South Africa’s commercialisation
position and to identify commercialisation barriers globally. The barriers that occurred most
frequently within the literature were highlighted to be used in the empirical study.
In Chapter 3 the empirical study was performed using the mixed methods approach of both
quantitative (questionnaire) and qualitative (semi-structured interviews) methods. The results
of the survey were given in Chapter 3. In an attempt to validate the questionnaire responses and
to gain further insight, several semi-structured interviews were conducted with experts in the field
of commercialisation. Additionally, the possible solutions to barriers experienced was also
explored during the interviews. The interviews and questionnaire results were discussed in
Chapter 3.
This final chapter will address the results presented in Chapter 3 and draw conclusions. The
conclusions will be followed by recommendations, from the insights gained from the study, to
assist TTOs, universities, industry and government to develop workable solutions to overcome
commercialisation barriers.
Lastly, the study was critically evaluated to determine if the primary and secondary objectives
from Chapter 1 were successfully realised, and suggestions were made for future research on
the topic.
4.2
4.2.1

Conclusions
Conclusions from the literature study

The literature review provided important insight as to what is regarded as technology
commercialisation metrics for success. South Africa joined the international debate in developing
new metrics for commercialisation success. It was proposed that commercialisation success in
South Africa should be measured on the basis of: (1) employment creation; (2) reduction in
poverty and mortality; (3) long-term economic benefits; (4) measures of social impact on
communities; and (5) accessible technology based products and services (NIPMO, 2014:28).
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South Africa’s global position in terms of technology commercialisation was benchmarked
against similar (middle income) countries through comparing selected metrics. Findings suggest
that TTO creation promotes commercialisation growth, and South Africa has done well with the
establishment of TTOs since the IPR act was imposed in 2008. The benchmarking further
revealed that South Africa performs below average in terms of venture capital funding when
compared to its peers. After benchmarking South Africa’s position globally, the focus of the study
then shifted to the identification of commercialisation barriers.
Multiple commercialisation barriers were discovered within the literature and grouped together
in themes. The themes that occurred most frequently in the literature was: U-I collaboration,
university TTOs, university environment and funding. All the barriers identified from the
literature was then incorporated in the questionnaire to measure which barriers are most relevant
within the South African context.
4.2.2

Conclusions from the empirical study

125 questionnaires were collected from respondents and their capacity of involvement in
commercialisation were (among others): technology transfer respondents (44%), industry (22%)
and researchers (15%). Validity and reliability was determined through employing the factor
analysis and Cronbach alpha methods. The validity of the questionnaire was acceptable, the
Cronbach alpha discarded one of the ten factors, regarding the remaining factors as reliable.
From here the statistical analysis were based on the ten factors extracted from the factor analysis
to execute the ANOVA and regression analysis.
The ANOVA analysis performed to determine the variance across factors concluded that all the
groups perceive barriers differently. TTO respondents rated barriers as more severe, whilst
industry and researchers rated the barriers less severe. This correlates directly with a response
from one of the interviews. The interviewee stated that each university environment and value
chain is different and therefore barriers differs across universities, and regions. The ANOVA was
followed by a multiple regression analysis to determine the casual relationship among variables.
The regression performed on the ten factors (identified from the factor analysis) showed that
most of the factors were interrelated. Therefore, it would be difficult to isolate an individual factor
as the only or most important barrier. However, through analysing the mean values of each
factor, the top four measured factors were university red tape (factor11), funding barriers
(factor 4), entrepreneurial orientation (factor 6) and U-I disconnect (factor 1).
The qualitative study involved five interviews conducted with interviewees, which had an average
experience of 26 years in the commercialisation environment. All the respondents indicated that
commercialisation barriers are part of a larger underlying problem within the value
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chain/system that needs to be solved first. Other major barriers mentioned by the interview
respondents were: research not relevant for industry/ U-I collaboration, VC funding barriers
and the lack of entrepreneurial spirit.
4.2.3

Overall conclusions

When comparing the literature findings with the results of the questionnaire and interviews
some interesting similarities emerged. The barriers that was most relevant with the highest
ratings were prioritised from the literature, questionnaire and interviews. These barriers are
displayed in Figure 4-1 below to visually illustrate the similarities. The fact that the barriers
correlate across instruments denotes the accuracy and relevance of the overall research
findings.
Figure 4-1:

Extracted summary of most relevant barriers.

Barrier summary extraction occurance %
Literature

Interviews

Questionnaire

U-I collaboration
100
80

60
40
20
VC funding

University red tape

0

Entrepreneurial spirit

The barriers extracted with the highest ratings from the literature, questionnaire and interviews
were grouped together under general themes. Figure 4-1 above provides a visual summary of the
most important barriers (as identified from this study) influencing the commercialisation of
university IP in South Africa. Of the four themes U-I collaboration seems to measure the highest
when the interview, questionnaire and literature data are considered.
U-I collaboration is a barrier as research generated at universities are not relevant/useful to
industry, referring to an overall disconnect between university and industry. This correlates
directly with the literature that indicated: weak linkages between universities and industry exist as
universities fail to identify the relevant technology demands of industry. It is imperative that
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universities demonstrate how research can address industry demands through providing
solutions (Azagra-Caro, 2011:501; Orozco & Ruiz, 2010:527). Several of the interviewees
mentioned the exact same disconnect between research and industry needs. The mean values
from the empirical section further confirmed U-I disconnect (factor 1) as one of the major barriers
identified from the questionnaire. Al the above verifies the U-I collaboration theme as a major
identified barrier from this study.
The second highest rated theme university red tape, refers to internal university functions such
as: slow product development, no market research, slow approval processes and lack of
incentives. This also links directly with the response provided by interviewee 4 that indicated
universities are not business friendly. Entrepreneurial spirit (the third highest rated theme)
refers to the lack of entrepreneurship on all levels: university, government, researchers and
industry. The quantitative study highlighted regression 6 which indicated that entrepreneurial
orientation (factor 6) is proven to be influenced by university red tape. This clearly indicates that
university red tape mentioned above also influences the entrepreneurial spirit at universities.
Finally, the VC funding barrier correlates with the findings of the benchmark literature study that
concluded South Africa performs below average in terms of venture capital funding. The literature
also reported that VCs in South Africa are of the opinion that universities do not produce
investable transactions. The main reason for the lack of investable transactions can be ascribed
to university research being academic output driven instead of market focussed (SAVCA,
2015:24). Further research on the topic revealed that VC companies do not understand the value
of university research (Harman, 2010:73).
The above mentioned themes combined from the literature, questionnaire and interview
findings provides a clear picture of the most important and relevant commercialisation barriers
discovered during this research study.
Part of the primary objective for this study was to identify possible solutions for the
commercialisation barriers identified. During the interviews respondents were asked to provide
proposed solutions for the barriers they mentioned (refer to appendix I). The prioritised barriers
as identified from Figure 4-1 were linked with the responses of interviewees to propose possible
solutions for the presented barriers. Table 4-1 below presents a summary of the extracted
information from the interviews that could be considered as solutions.
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Table 4-1:

Possible solutions extracted from the interviews.

Barrier

Interview extraction

U-I collaboration



Universities have to get the fundamental science rigor in place, training scientists with
the end in mind

University red tape



Identify and address the shared needs between university and industry



Communication and building networks between U-I



Buy-in from all levels (universities, industry and government)



Establish common commercialisation goals between universities and industry



Promising technology requires full resources: multidisciplinary team, skill mix and
every project needs to have a champion (who wears the yellow T-shirt?)



Universities are self-inflicted with policy, this needs to be addressed through policy
review



Internal marketing can remove the misconceptions of commercialisation.



The university system should become more business-friendly

Entrepreneurial



Create an environment that nurtures entrepreneurship

spirit



Remove red tape to increase the entrepreneurial spirit



Crisis (political and economic) could force people to become entrepreneurial



IDC should play a larger role in the VC space, setting the example by taking the lead



South African VCs should be less risk averse to increase deal flow

VC funding

Table 4-1 above summarises extracts from the interviews, mentioning solutions for the barriers
listed by interview respondents. The proposed solutions by interviewees may be relevant to
address the prioritised barriers, especially when their experience in commercialisation are
considered. As stated by all the interview respondents the commercialisation barriers in South
Africa are part of a larger value chain/system problem. Perhaps the prioritised barriers in Figure
4-1 is the best place to start solving the overall value chain/ system problem experienced in South
Africa.
4.3

Recommendations

Based on the conclusions discussed above the following recommendations are presented:
i.

The prioritised barriers identified from this study namely: U-I collaboration, university red
tape, entrepreneurial spirit and VC funding could provide the ideal starting point to solve
challenges pertaining to IP commercialisation at selected universities in South Africa.
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ii.

Barriers are perceived differently amongst TTOs, researchers and industry, therefore all
role-players need to be actively involved in identifying common commercialisation
solutions and solve identified barriers through a joint effort.

iii.

Communication between universities and industry needs to be improved to increase
collaboration that matches research with industry needs.

iv.

Universities should review their internal systems and processes to reduce red tape and
create a more conductive environment.

v.

The role, scope and risk appetite of VC in South Africa needs to be reconsidered.

vi.

Entrepreneurship requires additional support through creating a nurturing environment
in South Africa.

vii.

The type of barriers may vary across universities and regions, additional research will be
required to determine the most influential barriers per scenario, to develop targeted
solutions for these barriers.

4.4

Evaluation of the study

The study can be evaluated through critically reviewing if the primary and secondary objectives
as described in section 1.3 of Chapter 1 were successfully achieved.
4.4.1

Evaluation of the primary objective

The main objective of this research study was to identify and determine the barriers that prevent
South African universities to commercialise registered IP.
To achieve this objective an in-depth literature study was performed to firstly understand the
commercialisation history, process, success metrics and South Africa’s position when
benchmarked globally. The literature was then studied to identify relevant barriers in the IP
commercialisation process. The identified barriers were packaged into a questionnaire and the
responses was statistically analysed. Additionally, interviews were held with experts to gain
additional insight regarding the barriers relevant within the South African context and to compare
the findings. After this comprehensive process four main barrier groups were identified that
prevent South African universities to commercialise IP.
The research findings obtained from this study will assist university technology transfer
practitioners,

industry

and

government

to

develop

workable

solutions,

to

resolve

commercialisation challenges currently experienced by universities. Therefore it can be confirmed
that the primary objective of this study was achieved successfully.
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4.4.2

Evaluation of the secondary objectives

The secondary objectives of the study were:


prioritise barriers hindering effective commercialisation, which will assist practitioners
toward directing mitigation efforts to make the technology transfer process effective and
fruitful;



provide research findings (evidence) that may assist government and university policy
makers as effective policy making requires evidence;



Possible solutions to resolve the identified commercialisation barriers.

All the barriers identified was prioritised through extracting the barriers with the highest
occurrence and values across the literature, questionnaire and interviews. Four barriers were
prioritised and isolated as seen in Figure 4-1.
This research study provides sufficient evidence to assist policy makers in their efforts to make
informed decisions regarding commercialisation policy decisions.
Lastly, Table 4-1 and the recommendations of this study in section 4.1 can be harnessed as
possible solutions to resolve commercialisation barriers.
Considering the above, all the secondary objectives for the research study were achieved
successfully as intended.
4.5

Limitations of the study


In view of the scope and time allowed for a mini-dissertation, the research was limited to
commercialisation barriers at selected universities in South Africa.



The opinions expressed by the five respondents may not be representative of all the
stakeholders involved in the South African commercialisation landscape. Thus, the
findings may not be generalised across all universities in South Africa.



Future research based on a higher number of respondents could generate more
appropriate results, and enrich these conclusions.



Despite the above-mentioned limitations, the data obtained from this study, especially
from the face-to-face interviews, provided additional supplemental information that
enhances the research findings.

4.6

Suggestions for further research


The results of the ANOVA analysis performed in section 3.3.1, indicated that respondent
groups perceive barriers differently. This was confirmed by one of the interview
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respondents who stated barriers differs across universities and environments. Further
research can be conducted by focussing on a single university, including multiple
stakeholder groups that are directly involved with commercialisation at the specific
university. This targeted approach could possibly complement and enrich the findings of
this study.


Research exploring the commercialisation lessons learned across universities in South
Africa could guide the commercialisation community in crafting improved mitigation
strategies to avoid future pitfalls.



To perform research associating South Africa with countries who previously experienced
similar barriers, and to investigate how these countries solved the barriers.

4.7

General conclusion

As the primary objective, this study set out to identify the barriers that prevent South African
universities to commercialise registered IP.
The results of the quantitative and qualitative study identified and prioritised U-I collaboration,
university red tape, entrepreneurial spirit and VC funding as the barriers preventing South African
universities to commercialise IP. Proposed solutions were extracted from the interviews and
matched to each barrier. This could be considered by policy makers to improve commercialisation
at South African universities.
The primary and secondary objectives of the research study as described in section 1.3 was
critically evaluated. It was concluded that both the primary and secondary objectives of the study
was successfully achieved.
In the interest of future research, suggestions were made of possible further studies that can be
undertaken to add value to the topic of research commercialisation at universities.
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ANNEXURE A: RESEARCH QUESTIONAIRE
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ANNEXURE B: CODEBOOK
Variable
Involvement with the
commercialisation of university
IP in South Africa?

SPSS variable name
ID_involve

Please indicate your capacity of
involvement?

ID_cap

Rating of commercialisation barriers
Availability of seed funding (proof of seed_fund_avai
concept funding)
Availability of venture capital
ven_cap_avai
Venture capital is available but not
ven_cap_not_IP
invested towards university IP
The legislation: Intellectual Property IPR_act
Rights Act of 2008
The enforcement of the Intellectual
enf_IPR_act
Property Rights Act of 2008
Regulations preventing researchers equity_reg
to have equity in start-up entities
due to conflict of interest
Government do not understand the gov_risk
risks and costs involved in the
commercialisation process
Influence of university policies on
uni_policy
research commercialisation
Lack of clear university
uni_object
commercialisation objectives
Inflexibility of university
inflex_manag_
management
Lack of support from university
manag_sup
management
Lack of understanding the benefits
underst_beni
of commercialisation for the
university
Incorrect valuation of university IP
uni_IP_valuation
Slow-moving university approval
uni_appr_process
processes
Slow product development
uni_proddev_process
processes
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Coding instructions
1 =No involvement
2 = Direct involvement
3 = Industrial involvement
4 = Indirect involvement
1 = Business sector (Industry)
2 = No involvement
3 = Researcher
4 = Public sector (Government)
5 = IP Attorney
6 = Technology transfer function
7 = University Management
8 = Investor
1 = No Barrier
2 = Slight Barrier
3 = Moderate barrier
4 = Severe barrier
5 = Complete barrier
6 = Not relevant

Variable
Lack of incentives for IP innovators
participating in the
commercialisation process
Lack of entrepreneurial culture
among scientists
Absence of infrastructure to support
new entrepreneurs
Lack of entrepreneurs interested in
university IP
Lack of entrepreneur participation in
the commercialisation process of
university IP
Lack of internal Technology
Transfer office funding (university)
Lack of external Technology
Transfer office funding
(industry/government))
Lack of Technology Transfer staff
with industry experience
Technology Transfer staff turnover
due to beter propositions from
industry
Technology Transfer offices under
staffed
Technology Transfer office under
resourced
Universities not marketing IP
effectively
Urgency differences that exists
between industry and universities
Research disconnected form
industry needs
Lack of communication networks
between investors, industry
practitioners, and academics
Lack of trust between industry and
universities
Industry often does not see the
value working with universities
University often does not see the
value working with industry
Development stage of inventions
too early for IP protection
Development stage of inventions
too early for commercialisation
No inventor participation in the
commercialisation process

SPSS variable name
incentive_lack

entr_cult_lack
infra_supp_entr
uni_IP_entr_int
uni_IP_entr_part

TTO_fund_uni
TTO_fund_ind_gov

TTO_staff_lack_exp
TTO_staff_turnov

TTO_under_staffed
TTO_under_resource
d
uni_marketing_IP
uni_ind_diff
discon_res
communic_lack

trust_uni_ind
ind_value_uni
uni_value_ind
dev_stage_early_IP
dev_stage_early_com
m
no_inventor_partici_c
omm
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Coding instructions

Variable
Not enough inventor participation in
the commercialisation process
Inventions with limited commercial
potential is registered by universities
No market research is performed
before registering IP
Scientists' attitudes towards
research commercialisation
Tensions between academic values
and the new university commercial
drive
Most universities only search for
commercialisation partners after the
patenting process

SPSS variable name
low_inventor_partici_c
omm
lim_comm_potent
IP_before_mark_res
scient_attitude_comm
acad_val_comm_driv
e
comm_after_patent
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Coding instructions

ANNEXURE C: FREQUENCY TABLE

Q6

Q7

Q8

Q9
Q10
Q11
Q12

Q13
Q14
Q15
Q16

6

Total

Mean

Not
relevant

Q5

5

Complete
barrier

Q4

4

Severe
barrier

Q3

3

Moderate
barrier

Q2

Availability of seed funding
(proof of concept funding)
Availability of venture
capital
Venture capital is available
but not invested towards
university IP
The legislation: Intellectual
Property Rights Act of 2008
The enforcement of the
Intellectual Property Rights
Act of 2008
Regulations preventing
researchers to have equity in
start-up entities due to
conflict of interest
Government do not
understand the risks and
costs involved in the
commercialisation process
Influence of university
policies on research
commercialisation
Lack of clear university
commercialisation objectives
Inflexibility of university
management
Lack of support from
university management
Lack of understanding the
benefits of
commercialisation for the
university
Incorrect valuation of
university IP
Slow-moving university
approval processes
Slow product development
processes
Lack of incentives for IP
innovators participating in
the commercialisation
process

2

Slight
Barrier

Q1

1

No Barrier

Variable percentage (%)
Rating of commercialisation
barriers

8.0%

14.4%

26.4%

36.8%

6.4%

8.0%

125

3.43

3.2%

6.4%

10.4%

57.6%

16.0%

6.4%

125

3.96

3.3%

1.7%

19.8%

42.1%

28.1%

5.0%

121

4.05

17.9%

32.5%

39.0%

4.1%

1.6%

4.9%

123

2.54

21.1%

34.1%

26.0%

10.6%

1.6%

6.5%

123

2.57

9.6%

9.6%

37.6%

24.0%

12.8%

6.4%

125

3.40

4.8%

4.8%

40.8%

33.6%

14.4%

1.6%

125

3.53

14.4%

9.6%

34.4%

27.2%

11.2%

3.2%

125

3.21

8.0%

14.4%

32.0%

20.0%

24.0%

1.6%

125

3.42

8.0%

14.4%

25.6%

29.6%

20.8%

1.6%

125

3.46

11.2%

11.2%

33.6%

24.8%

17.6%

1.6%

125

3.31

4.8%

17.6%

26.4%

33.6%

16.0%

1.6%

125

3.43

8.0%

14.4%

32.8%

20.8%

20.8%

3.2%

125

3.42

4.8%

11.2%

15.2%

38.4%

28.8%

1.6%

125

3.80

1.6%

6.4%

37.6%

32.0%

22.4%

0.0%

125

3.67

0.0%

16.0%

20.0%

32.0%

28.8%

3.2%

125

3.83
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Q22

Q23

Q24

Q25
Q26
Q27
Q28

Q29
Q30

Q31
Q32

Q33

6

Total

Mean

Not
relevant

Q21

5

Complete
barrier

Q20

4

Severe
barrier

Q19

3

Moderate
barrier

Q18

Lack of entrepreneurial
culture among scientists
Absence of infrastructure to
support new entrepreneurs
Lack of entrepreneurs
interested in university IP
Lack of entrepreneur
participation in the
commercialisation process
of university IP
Lack of internal Technology
Transfer office funding
(university)
Lack of external Technology
Transfer office funding
(industry/government))
Lack of Technology
Transfer staff with industry
experience
Technology Transfer staff
turnover due to better
propositions from industry
Technology Transfer offices
under staffed
Technology Transfer office
under resourced
Universities not marketing
IP effectively
Urgency differences that
exists between industry and
universities
Research disconnected
form industry needs
Lack of communication
networks between investors,
industry practitioners, and
academics
Lack of trust between
industry and universities
Industry often does not see
the value working with
universities
University often does not
see the value working with
industry

2

Slight
Barrier

Q17

1

No Barrier

Variable percentage (%)
Rating of commercialisation
barriers

1.6%

11.2%

16.8%

41.6%

28.8%

0.0%

125

3.85

1.6%

9.6%

29.6%

33.6%

24.0%

1.6%

125

3.74

3.2%

9.6%

28.8%

31.2%

25.6%

1.6%

125

3.71

1.6%

6.4%

32.8%

40.0%

17.6%

1.6%

125

3.70

4.9%

11.4%

24.4%

44.7%

11.4%

3.3%

123

3.56

3.3%

16.3%

26.0%

38.2%

13.0%

3.3%

123

3.51

11.4%

8.1%

33.3%

32.5%

14.6%

0.0%

123

3.31

9.8%

8.1%

30.9%

30.1%

14.6%

6.5%

123

3.51

8.1%

9.8%

22.0%

35.8%

16.3%

8.1%

123

3.67

4.9%

9.8%

22.0%

37.4%

17.9%

8.1%

123

3.78

0.0%

12.8%

28.0%

38.4%

20.8%

0.0%

125

3.67

0.0%

6.4%

20.0%

43.2%

30.4%

0.0%

125

3.98

3.2%

3.2%

32.8%

33.6%

25.6%

1.6%

125

3.80

1.6%

3.2%

24.0%

39.2%

32.0%

0.0%

125

3.97

3.2%

20.8%

32.0%

24.8%

17.6%

1.6%

125

3.38

3.2%

11.2%

38.4%

29.6%

17.6%

0.0%

125

3.47

8.0%

16.0%

36.8%

18.4%

19.2%

1.6%

125

3.30
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Q39

Q40
Q41

Q42

6

Total

Mean

Not
relevant

Q38

5

Complete
barrier

Q37

4

Severe
barrier

Q36

3

Moderate
barrier

Q35

Development stage of
inventions too early for IP
protection
Development stage of
inventions too early for
commercialisation
No inventor participation in
the commercialisation
process
Not enough inventor
participation in the
commercialisation process
Inventions with limited
commercial potential is
registered by universities
No market research is
performed before registering
IP
Scientists' attitudes towards
research commercialisation
Tensions between
academic values and the
new university commercial
drive
Most universities only
search for commercialisation
partners after the patenting
process

2

Slight
Barrier

Q34

1

No Barrier

Variable percentage (%)
Rating of commercialisation
barriers

8.1%

21.1%

37.4%

18.7%

13.0%

1.6%

123

3.12

3.3%

13.0%

39.8%

22.8%

21.1%

0.0%

123

3.46

1.6%

27.6%

28.5%

21.1%

14.6%

6.5%

123

3.39

0.0%

25.6%

26.4%

30.4%

11.2%

6.4%

125

3.46

1.6%

9.6%

28.0%

40.0%

19.2%

1.6%

125

3.70

1.6%

9.8%

28.5%

39.0%

14.6%

6.5%

123

3.75

4.8%

6.4%

26.4%

43.2%

19.2%

0.0%

125

3.66

4.8%

20.8%

15.2%

40.0%

19.2%

0.0%

125

3.48

3.2%

16.0%

32.8%

28.8%

16.0%

3.2%

125

3.48
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ANNEXURE D: FACTOR ANALYSIS PATTERN MATRIX
Pattern Matrixa
Component
1

2

3

4

5

6

7

8

9

10

[Lack of entrepreneurial culture among scientists]

11
-0.851

[Scientists' attitudes tow ards research commercialization]

0.404

-0.517

[Lack of incentives for IP innovators participating in the commercialisation process ]

0.363 -0.452

[Slow -moving university approval processes]

-0.410

[Lack of understanding the benefits of commercialisation for the university]

0.672

-0.380

[Slow product development processes]

0.395 -0.338

[No market research is performed before registering IP]

0.320

[Tensions betw een academic values and the new university commercial drive]

0.399

0.619

0.317

[Most universities only search for commercialisation partners after the patenting process]

0.449

0.392

[Not enough inventor participation in the commercialisation process]

0.857

[No inventor participation in the commercialisation process]

0.912

[Lack of external Technology Transfer office funding (industry/government))]

0.329

0.393 -0.339

[Development stage of inventions too early for IP protection]

0.419 0.400

[Influence of university policies on research commercialisation]

0.406 0.330

0.472

[Government do not understand the risks and costs involved in the commercialisation process]
[Inventions w ith limited commercial potential is registered by universities]

0.682
0.327

0.509

[Absence of infrastructure to support new entrepreneurs]

0.684

Availability of seed funding (proof of concept funding)

0.331

0.741

[Development stage of inventions too early for commercialisation]

0.318

-0.402 0.318

[University often does not see the value w orking w ith industry]

0.532

0.389

[Lack of trust betw een industry and universities]

0.645

[Industry often does not see the value w orking w ith universities]

0.893

[Venture capital is available but not invested tow ards university IP]

0.777

[Urgency differences that exists betw een industry and universities]

0.520

[Universities not marketing IP effectively]

0.685

[The legislation: Intellectual Property Rights Act of 2008]

0.898

[The enforcement of the Intellectual Property Rights Act of 2008]

0.890

[Technology Transfer staff turnover due to beter propositions from industry]

0.615

[Technology Transfer offices under staffed]

0.924

[Technology Transfer office under resourced ]

0.883

[Research disconnected form industry needs]

0.710

[Regulations preventing researchers to have equity in start-up entities due to conflict of interest]
[Lack of Technology Transfer staff w ith industry experience]

0.375 0.373
0.738

[Lack of support from university management]

0.809

[Lack of internal Technology Transfer office funding (university)]

0.355

[Lack of communication netw orks betw een investors, industry practitioners, and academics]

0.725

0.382

[Lack of clear university commercialisation objectives]

0.856

[Inflexibility of university management]

0.947

[Availability of venture capital ]

0.817

[Lack of entrepreneurs interested in university IP]

0.839

[Lack of entrepreneur participation in the commercialisation process of university IP]

0.686

[Incorrect valuation of university IP]

0.353

97

0.444

ANNEXURE E: ONE-WAY ANOVA
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ANNEXURE F: TWO-WAY ANOVA BETWEEN GROUPS (FACTORS 1,
4, 6, 7, 10, 11)
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ANNEXURE G: REGRESSION RESULTS PER FACTOR
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ANNEXURE H: INTERVIEW SCHEDULE
RE: Identifying barriers to commercialisation of intellectual property at selected South African
Universities
Name:
Surname:
Date:

1. How many years of experience do you have in the commercialisation profession?

2. In your opinion, what are the major barriers preventing commercialisation of research
findings/IP at South African Universities?

3. In your opinion, what solutions are there to overcome each of the major barriers you
mentioned, facing the commercialisation of research findings/IP?

4. Where the above mentioned barriers the same and relevant 10 – 15 years ago?

5. Any other comments / remarks from the respondent

103

ANNEXURE I: INTERVIEW TRANSCRIPTS
Question 1: How many years of experience do you have in the commercialisation
profession?
Years of
experience
Respondent 1

19

Respondent 2

12

Respondent 3

34

Respondent 4

28

Respondent 5

37

Question 2: In your opinion, what are the major barriers preventing commercialisation of
research findings/IP at South African Universities?
I think it's important to not only look at the barriers, I see it as part of a larger value chain. The
problem is that research does not create commercial projects. In 8 of the 10 times research
proposals are developed that's not relevant at all, in terms of commercialisation and the
market. So when you look at this pipeline if the value chain the fundamental research is wrong.
I would say it all starts in the beginning with fundamental research, and I think that's where we
should focus, because that's where it's wrong and it's not relevant commercialisation type of
impact research that can add value to local industry. The philosophy of science needs to be
changed, the culture of the scientists needs to be changed. They need to look at discovery and
then deployment of these discoveries in industry. That should be the focus, philosophy and the
culture to spur relevant commercialisation. Another barrier could be identified as resources. What
we normally refer to in the health sector is from “gene to platform” in this process I would say
there are many missing links in terms of resources. I would mainly say knowledge and money,
especially shortage of high risk capital is missing in in South Africa. High risk capital such as
venture capital which is supposed to be an enabler in the Innovation environment is missing. I
would also say that the IPR Act is not a barrier, many people will perceive this as a barrier but I
think it's totally manageable and it's not a barrier in the commercialisation process. Another
barrier are the ineffectiveness of regulatory organisations in South Africa. This is specifically
relevant when you refer to health inventions such as medical devices, there’s a lot of red tape
involved and therefore many of these inventions moves offshore away from South Africa. A large
percentage of commercialisation involves manufacturing this sector, this is under developed
in South Africa and universities are not picking it up. If you look at our nations competitiveness
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local industry needs a jumpstart in the manufacturing sector, and that is missing at the
moment. We are doing well with mobile applications and financial technologies but product
and manufacturing breakthroughs in innovation remains missing at the moment.
Firstly I think it is important to recognise that commercialisation barriers differs between
universities. This is due to ecosystems that are different across institutions, so many of these
barriers differs and many of these barriers are a result of links missing within ecosystems. I
would say in the South African ecosystem is not friendly for health sciences or health
innovation. When you look at engineering we are not feeding from industry or government.
Researchers typically create solutions within the university environment, and only
afterwards seeking where they can fit it in and match it to a specific need of industry. I
would also say that the South African ecosystem does not support the manufacturing sector.
Support exists in the form of incubators which typically support the ICT sectors and financial
technologies and so forth, but we are lacking support in the manufacturing /engineering sectors
of our country. A recent positive development occurrence is the Sasol incubator who typically
looks to provide a solution for this, however this is a private company providing the solution where
I feel it's a major problem that needs to be addressed on all levels non only companies. I would
say another major barrier or problem in the commercialisation process is the lack of funding
specifically angel and VC type funding. In South Africa VC’s do fulfil the functions they are
supposed to as compared internationally, they operate more like banks. They do not necessarily
support the high tech industry and they do not tend to take large risks. Globally I would say, you
would typically find one in twenty successes in terms of VC investments, very high risk. In South
Africa they would like to see a track record and so forth. A possible solution for this could be the
role of the IDC they can provide high risk VC type funding to support high tech projects with a
much higher failure rate.
I see the largest barrier as the attitudes of the South Africans, excuse me for answering the
question so directly, also remember that I'm throwing it out wide, as I thing we have a general
problem ultimately leading to these barriers experienced. This includes the entrepreneur
themselves, industry, universities and government, we are not an entrepreneurial country.
There is funding available, people would say that there's no funding are wrong, there's large
amounts of funding available, but if I don't trust you I will not provide you with funding. So many
guys will complain that they are not getting funding, that’s because they don't have a good plan,
they're not entrepreneurial they are not entrepreneurs. We did not grow up entrepreneurial the
government actually provided comfort zones for South Africans, this is a generalized statement.
This to me, the lack of entrepreneurial spirit, is so to say a show stopper for
commercialisation. All the barriers listed in the questionnaire are definitely valid, but if you
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focus on entrepreneurship and improve in that area the rest will follow, and improve all the
related barriers.
I would say that there is no consensus under university management regarding
commercialisation decisions. I consider this as one of the major barriers to commercialisation of
university IP. As a second major barrier I would say funding externally and internally for
technology transfer offices incubators, innovation parks and so forth and to support new
innovation is non-existent at the moment. Another barrier I would say is the non-business
environment at universities, slow-moving processes in universities, over regulation as it is part
of a public institution with many governance structures in place. This sometimes is
counterproductive to commercialisation efforts.
Well perhaps we should first start by looking at the pipeline as many of the barriers experienced
are caused by a system problem earlier in the pipeline ultimately becoming barriers in
commercialisation. When looking at the system, I would like to look at it as a process of selling
things, and the things universities normally make is intellectual property typically emanating from
research at universities. On the other end of the process you have a buyer and the buyer is looking
for specific solutions to the needs that they have. It is important that the buyer and the seller meet
each other’s needs. Let's look at the selling process you've got an interesting technology and
would like to package the technology into an innovation that useful and then you would like to sell
it. You are pushing you are a seller. The person on the other side has a problem and he's seeking
for solutions. Both these approaches of buyers and sellers use different strategies. It's not just
about IP that needs to be commercialised you need to look and understand the bigger
engine and if you're not understanding this bigger engine then it won't make sense it's not
only about commercialisation as there are many underlying factors that needs to be understood.
So inside this larger engine you have a major problem and that is that researchers and the
research that they perform within the academic environment. The problems addressed, are
important in their specific field of research and normally involves an international issue or problem
that's being researched to achieve academic output such as articles and publishing. The industry
side of the engine experiences a local problem that needs to be solved right now it's urgent! Inside
universities you sit with researchers who develop solutions for problems that we don't necessarily
have. Interestingly enough this is the type of discussion and debate that was had in the 1950 s at
the CSIR it's not a modern-day issue it dates back many years. Does the CSIR need to focus
on international problems of the world, or do they have to focus on local problems? I can tell you
now there's a massive misalignment between the researchers and what's going on in the outside
world in industry. They don't have a clue what's going on and they are totally disconnected.
Continuously IP is developed within the university environment that's totally irrelevant
within the industry context. Interestingly enough the people in industry knows exactly what's
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going on within the university environment they all came from the University they studied there
and they know who's the professors what they are doing what type of research and what type of
solutions are available. You don't have to go and sell, if industry doesn't approach you then they
probably know what you are doing and therefore if they don't approach you with a specific need
there's no need for you going out there and do more marketing, because they will already know
what you are busy with what's your type of research. So when you are doing innovative research
and it leads to the development of products and it supposed to come through the pipeline, when
you look at the literature you would find that let's say out of the thousand inventions perhaps 20
will be worthwhile pursuing. Of the 20 that's worthwhile perhaps one will ultimately be successful
at the end of the pipeline as commercialisation success. In industry however they are absolutely
reckless with the projects that they typically cut it that just doesn't make it to the pipeline. Back at
the university when you see someone developed a piece of IP everyone all the researches will
surround him and say wow this is a smart or clever guy. This indicates that there is an over
expectation of how important and how valuable this IP is at universities. Industries are much more
in in-tune with what the market wants and if a product's not in line with that market, the products
lifetime is over, they just simply cut the project (much faster feedback to terminate projects).
Coming back to the value chain in terms of barriers to commercialisation, I think the things
that they always discuss such as funding, I don't think that is a problem in fact I think South
Africa's got more than enough funding opportunities for commercialisation. I think the real barrier
to commercialisation is information: market intelligence to be linked within networks to
know who the other people, researchers and companies are who works in that
environment. Identify where the needs are, I would say that is the most important barrier
that disconnect between university and industry due to information flow. Let me provide
you with a practical example of this communication barrier that I'm talking about. Recently I have
been connecting with local companies in South Africa that are in the waste environment, these
companies are all technical companies which means they have more than enough technical
people based within the company with required skills. I had a needs discussion with them. They
mentioned that most of the incinerators in South Africa are old and the number of incinerators are
not enough in South Africa to provide for the amount of waste generated, incinerators are also
not capable of running against full capacity. Government also thinks that we have more than
enough capacity with his incinerators but we don't. So these guys are all engineers within the
company they see many opportunities at mines etc. where there's possible technologies that
could be used for this incinerator challenge or problem that might arise in South Africa. They have
a specific need, for universities to assist them with technology mapping, to know where the
technology going in South Africa, what Technologies should they look at, what are the risks in
their environment that they cannot see or identify. So then I come back to the University and
discuss with the researchers this specific need from industry. Then there is a specific group that
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focuses on waste management within the university, I will then approached the research group
and ask them; “will they work with these companies and assist them with their needs such as road
mapping? “The researchers will answer no we cannot do that, however we are able to assist with
technical matters. The problem is the company is not in need of technical assistance they already
have these engineers based within the companies, they need help with specific system questions.
The barriers experienced in commercialisation of university IP are mainly due to a system
problem, the system is not in place to support commercialisation.
Question 3: In your opinion, what solutions are there to overcome each of the major
barriers you mentioned, facing the commercialisation of research findings/IP?
Solutions to solve these barriers. I would say you have to start with the fundamental development
assumptions in the labs that are wrong. New commercial focus needs to be the approach and
university management should implement this with scientists. They have to get the fundamental
science rigor in place. This could be done through training scientists with the end in mind.
This endpoint needs to make impact that is relevant to industry, specifically local industry in South
Africa. A possible second solution could be in the commercialisation process itself,
commercialisation is a management process at universities. Many institutions have academics
who manages the technology transfer function at universities. I think it would add a lot of value to
have a multidisciplinary team not only academics or technical people but a mix of engineers,
accounting business, marketing and project management skills. The promising projects needs
to be identified and full support needs to be given to these projects through providing full
resources. For every project you need to have a champion driving the project from start to
end, we normally referred to this as the “yellow T-shirt principal”. Who wears the yellow T-shirt,
who is the Champion of this project? The person must be very competent and manage projects,
almost compared to filling the role of an MD of a company. Another solution can be to remove
red tape to increase the entrepreneurial spirit, sometimes you have to fly blind, you need that
agility to commercialise successfully. In many cases we are self-inflicted with policy and this
prevents successful commercialisation.
When you look at solutions I would say university research would require more engagement
with industry, and government we need to address and allocate the shared needs, and from
there develop relevant research that can be translated into commercial products. Once you get
successes between the university, industry and government you would find a snowball effect of
success stories, and we would get more projects through the value chain. Secondly, I think is
another solution could be to shift from coffee shop incubators to more technical incubators,
the example of Sasol is a good one. We need to start more technical incubators, and they need
to focus on different sectors, a good example would be in PE you have the automotive industry
that could be a good sector or to focus. In the Western Province you have health sciences and
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food technology that could be a relevant focus within the region. In order to effectively achieve
this you need buy-in from all levels universities, government, industry, entrepreneurs and so
forth, everyone needs to come on board with this extended effective incubators per region and
focus area. Something that will result into a more efficient system overall would be the buy in
from industry and government. The buy-in from government does not necessarily have to
involve funding, it could be the role of a buyer, as a client not a funder. In other words
government provide entrepreneurs, universities with possible solutions that they require as a
client, this could result in a better ecosystem.
If you fix entrepreneurship, you will not get the guys at university sitting in comfort zones, you
would not have a government full of schemes with new legislation every now and then, and
industry will also get more involved. This is very important as small business provides you with
technology and they give you workers, a good example is Nokia in Sweden where they feed small
companies with contracts to develop technologies. I would say a solution to solve the
entrepreneurial barrier which will ultimately result in solving all the other barriers is a crisis.
When there is a crisis (political and economic) at hand it tends to force people to start to
become entrepreneurial and I believe such a crisis would be the solution to the current
commercialisation barriers faced in South Africa. When there is a crisis people tend to make plans
and become entrepreneurial, when I look at my children they are a good example. Currently all
of them strive to look and how they can generate additional income and become more
entrepreneurial. Innovative entrepreneurship has three driving factors its ambition, laziness that's
why you create new technologies and the last one is survival. I would say the cause for all these
commercialisation barriers of university IP are due to underlying factors, of which the major
underlying factor in my opinion is entrepreneurship. The amazing thing is entrepreneurship cannot
be managed, it's similar to a farmer that grows maize he cannot wake up every morning and go
to the land and tell the little seed to grow, grow, grow, it's something that you need to be patient
with as it grows at its own time, and at its own pace. The farmer just cares for the seed and it
grows, and I think entrepreneurship is very much the same. There’s a natural process that you
cannot speed up you need to nurture this process not restrain it. I think it will add a lot of value if
the government doesn't push entrepreneurship but rather create an environment that nurtures
entrepreneurship. To provide funding is not necessarily entrepreneurship, it sometimes creates
a comfort zone for people to sit in and not really perform well, and jump at new opportunities.
Perhaps the solution needs to be addressed at grassroots level. I learned my kids about
entrepreneurship at a very young age, and all of them today implement entrepreneurship within
their environments. So perhaps the answer is to implement programs at schools at a very young
age to learn them the basic skills of entrepreneurship and the importance of entrepreneurship.
You have to teach children how to sell at a very young age, you have to teach them how to break
the barrier, and the good thing is they don't have anything to lose. As they are still young they
109

don't have pride so it's the ideal situation. When they grow up and they are older I think it's too
late to learn them entrepreneurial skills, entrepreneurship from grade 1 is the solution.
I would say possible solutions would be internal marketing, better marketing of IP strategic
management to remove misconceptions within the university environment regarding
commercialisation, and the value that commercialisation brings. Another solution could be to
provide processes for commercialisation to make it more business-friendly and to create more
successes through this friendly environment and processes that are in place. I think another
solution could be better networks in terms of adding value to entrepreneurship. A good
example of this could be the business school, if TTOs are better linked to the business school
they can add a lot of value in terms of entrepreneurship. Networks are incredibly important
when it comes to commercialisation, a good example of this would be the platforum project,
where it's a combination of universities and Industry working together to achieve a common
commercialisation goal. Limited funding was available but the network leaded to success.
What should actually happen is this researchers and these companies needs to see each other
on a monthly basis, in fact they should sit at the same campus very closely located to each other
so that I can start collaborating. So that industry can feed university with business, and universities
can ask industry technical questions. If you collaborate in such a manner then you will take the
situation forward. This will close the information and disconnect gaps. The success instruments
that government uses at the moment is not in line and the measurement scales are wrong.
When measuring outcomes change, the relation between industry and the university will
also change as the game is changed from above. The second change that can make impact
would be to create a conductive environment within the university, a very good example is at
the University of Pretoria where they have a lab that's easily accessible and that is very well
managed.
Question 4: Where the above-mentioned barriers the same and relevant 10 – 15 years ago?
I would say that there was not so many changes over the years. I think we still fail at the
fundamentals of research, local offtake is missing and resources (the teams) remains a
problem.
I think the problems evolved over the years some of the barriers have changed and some of them
have been solved. If you look at TIA with the seed fund initiative, it typically fills a gap that there
was previously. I think South Africa has advanced significantly over the past few years in the
innovation space. I think the results will eventually follow, but typically we still need to resolve
some major issues in certain areas to enable more commercialisation success stories.
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Well that is a very interesting question, if you look many years back there was good inventions
and commercialisation success stories, like Sasol that developed processes that the Americans
used, and if you look at the creepy crawly for example. That was in a time where there was not
much entrepreneurial support because the old government did not do much for entrepreneurs. In
those days the TIA’s, NIPMO’s etc. was not there.
Well it depends, I think in the last few years South Africa made major progress in the
commercialisation environment. In my first ten years involved in commercialisation, I basically
was the office I should have done everything. In recent years the capacity has grown incredibly,
I have a whole team that can perform techno-economic analysis, business plans and so forth. So
I definitely think there's been an improvement over the years in terms of capacity building and the
importance of commercialisation. However the barriers still remain, I do think that they have
evolved and changed over the years but surely they are still there.
Yes, absolutely, perhaps the type and level of barrier differed, but you still had this system
problem.
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