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Executive summary  
This study reviews the current literature on national innovation system across Low and Middle 
Income Countries (LMICs) with a focus on sub Saharan Africa. The review primarily considers 
the application of the Triple Helix as an explanatory model, as well as to which extent do the 
three actors –university, industry and government - collaborate in supporting knowledge 
creation and use in these countries. By explicitly defining the core actors and their 
interdependent relationship in an innovation system, Triple Helix enables researchers to adopt 
different methods to measure the extent to which the knowledge flows and through which 
channel knowledge creation is realised. This literature review covers studies of Triple Helix 
innovation system in LMICs, primarily focusing on the country or regional level Triple Helix model 
after the year of 2000. In total, it includes: 1) 19 studies on Triple Helix model; 2) 16 studies 
touched at least one component (or relationship) among university, industry and government in 
LMICs; and 3) 1 study on National Research System. 

• Theory: Although the theory of Triple Helix model has been widely acknowledged in 
development countries, the nonlinear characteristic and dynamic nature of the Triple 
Helix give rise to several unanswered questions to LMICs. Comparing to developed 
economies, research on LMICs innovation systems, especially in sub-Sahara Africa, 
has lagged behind despite this concept has increasingly drawn attention from 
development researchers and policy makers. Implications and findings drawn from 
developed countries become questionable when applying onto the LMICs context 
because of different local conditions, changing internal and external environment and 
levels of development.  

• Empirical evidence and methodologies: the current research remains descriptive and 
mainly focuses on the existing national/regional innovation system. Both scale and 
scope in the context LMICs are limited. It is necessary to find out whether these 
factors are applicable to low-income economies. More attention should be placed on 
the enablers and barriers such as funding, infrastructure and the absorptive capacity 
of the system.   

• Application of Triple Helix in LMICs: In all, the application of Triple Helix model in 
LMICs is limited. It is still vague on the policy level how ‘knowledge economy’ can be 
achieved via applying a Triple Helix model in LMICs. Comprehensive evaluations on 
Triple Helix application in LMICs are to be explored in future studies.  
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1 Background 
At a national level, a strong academic and research sector underpins evidence based policies, 
innovation and new technologies, informed debate, and more highly skilled and educated 
populations. Although there is widespread recognition of the need to invest in science, 
technology and innovation capability in low and middle-income countries, and strengthening 
the knowledge economy, there is limited evidence on how this can best be achieved.  

National Knowledge Sector diagram 

 

Evidence at national level on the knowledge economy and knowledge system comes largely 
from the innovation literature. Here the ‘National Innovation System (NIS)’ framework (Figure 
above) can help to analyse national knowledge systems. This system is made up of knowledge 
producers, enablers, intermediaries and users. Knowledge producers include universities and 
other research institutions, think-tanks, technological developers, national statistics and data 
agencies. Knowledge enablers include government and regulatory authorities, appropriate 
legal and policy frameworks, and strong systems to fund research, technology and innovation. 
Knowledge users include different government departments, legislators, industry and the 
private sector, the media, regulatory bodies, and civil society. There are also knowledge 
brokers; institutions and initiatives which work at the interface and promote interactions 
between of each of these different ‘constituencies’ of the system. The underlying assumption 
is that knowledge systems drive human capital development and ultimately economic growth. 
They do this through the production of high quality higher education; research, innovation 
and new technologies; and effective evidence based policies. The idea of integrating 
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innovation into production at the national level has the advantage of providing the analyst 
with institutionally demarcated system organized equilibrium (Lundvall, 1988, 1992). Instead 
of the conventional agent-based economic profit maximization, the NIS models consider the 
interactions between market dynamics and transaction costs as a different micro-economic 
foundation of theorizing (Lundvall, 1992).  

Several concepts emerged to explain the concept of NIS, including Triple Helix (Etzkowitz and 
Leydesdorff, 1995), Quad Helix and Quintuple Helix models (Leydesdorff and Sun, 2009; 
Carayannis and Campbell, 2010). This paper reviews the current literature on national 
innovation system across low – and lower middle- income countries (LMICs). Comparing to 
other system innovation models, i.e. Quadruple Helix or Quintuple Helix, the Triple Helix 
places specific emphasis on knowledge production and innovation in supporting the 
establishment of knowledge economy. It also acknowledges explicitly the critical role of higher 
education for innovation, as well as highlights the role of governments to steer technological 
development. By defining the three specific components, Triple Helix model is traceable and 
measurable. This review primarily considers the application of Triple Helix model, as well as 
to which extent do the three actors –university, industry and government - collaborate in 
supporting knowledge creation and use in these countries. It allows the investigation of 
questions of technological determinism such as ‘to what extent do various agents and 
mechanisms control the on-going developments?’  

The concept of ‘knowledge economy’ is increasingly pervasive in sub-Saharan Africa, where 
knowledge intensification is recognised as critical to address development challenges. 
However, there is evidence to suggest that approaches and policies appropriate to advanced 
high income economies are adopted in an imitative manner, without necessarily 
understanding the specificities of the very different contexts of low and middle-income 
countries. Compared to developed economies, research on LMICs innovation systems has 
lagged behind despite this concept has increasingly drawn attention from development 
researchers and policy makers (Lall and Pietrobelli, 2005; Giuliani and Bell, 2005; Lundvall et 
al 2006). Some attempts have been made but consensus has not been reached (Nelson, 
1993, Ernst and Lundvall, 1997; Gu, 1999; Cassiolato et al., 2003; Lall and Pietrobelli, 2005). 
It is suggested that technological and institutional properties in developing countries are 
generally inadequate to provide strong driving forces to modern growth. To understand these 
forces NIS should be developed and studied with taking into account local conditions, changing 
internal and external environment and levels of development (Lall and Pietrobelli, 2005; 
Pietrobelli and Rabellotti, 2011; Eduardo et al, 2015).  

The next section describes the development of national innovation system framework for 
developing countries. The applications of Triple Helix as an explanatory model in LMICs are 
elaborated in section 3. Section 4 discusses the potential barriers and enablers within the 
Triple Helix model, and its extension to NIS more broadly and section 5 briefly introduces the 
research system and its application in the context of LMICs. The last section summarises the 
evidence gaps.  
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2 National Innovation System Framework for 
developing countries 

Following a comprehensive introduction of innovation system framework (Lundvall, 1988), 
this approach was soon proliferated among studies analysing countries’ innovation motives, 
behaviours, and the institutions that shape these (Freeman, 1987; OECD, 1997, 2001; 
Lundvall et al., 2002).  The innovation system literature was further enriched in several 
theoretical discussions (Dosi et al., 1988; Lundvall, 1988, 1992; Freeman, 1987, 1995; 
Nelson, 1988, 1993; Kim, 1997; Edquist, 1997) Its empirical application focuses primarily on 
national-level industrial policy in countries that were experiencing rapid industrialization 
during the 1980s such as East Asian countries, Japan and South Korea. Since the 1990s, new 
analytical dimensions have been added to innovation system concept, including different 
spatial levels (Saxenian, 1994; Braczyk, Cooke, and Heidenreich, 1998; Fritsch, 2004), 
different sectoral structures (Breschi and Malerba, 1997; Malerba, 2002; Adeoti and 
Olubamiwa, 2009 and Malerba and Nelson, 2012), different time periods (Anderson and 
Teubal, 1999; Andersen, 2000, 2004), and different technology backgrounds (Carlsson and 
Jacobsson, 1993; Carlsson, 1995, 1997).  

Several concepts have emerged following the development of the innovation system 
framework, including Triple Helix (Etzkowitz and Leydesdorff, 1995), Quad Helix and 
Quintuple Helix models (Leydesdorff and Sun, 2009; Carayannis and Campbell, 2010). The 
notion of Triple Helix was formally proposed and defined by Etzkowitz and Leydesdorff (1995) 
and acknowledged as one of the key framework to support the development of national 
innovation system (Etzkowitz and Leydesdorff, 1999; Godin and Gingras, 2000). According to 
Etzkowitz and Leydesdorff (1999), the Triple Helix model is a “Spiral model of innovation, 
which is able to capture multiple reciprocal linkages at different stages of the capitalization of 
knowledge”. By explicitly defining the core actors and their interdependent relationship in an 
innovation system, Triple Helix enables researchers to adopt different methods to measure 
the extent to which the knowledge flows and through which channel knowledge creation is 
realised, for instance, input-output analysis, citation or patent analysis, social network 
approach (Olmeda-Gomez and Perianes-Rodriguez, 2013; Mêgnigbêto, 2013). The Triple 
Helix innovation model focuses on the interdependent relationship between university, 
industry and government while the Quadruple Helix model embeds the Triple Helix by 
incorporating a fourth helix the ‘Media-based and culture-based public’ and ‘Civil society’ 
(Leydesdorff and Sun, 2009; Carayannis and Campbell, 2010; Kimatu, 2016). The Quintuple 
Helix model is further broadened by contextualizing the Quadruple Helix by addressing the 
perspective of the ‘Natural environments of society’ (Carayannis and Campbell, 2010, 
Carayannis et. al, 2012).  

The Triple Helix model has three sub-dynamics: the economic dynamics of the market, the 
political dynamics of control, and the socio-cognitive dynamics in the production of organized 
knowledge. Whitley (1984), for example, specified organized knowledge production and 
control systems as disciplinary combinations of the latter two dynamics in a knowledge 
infrastructure. Schumpeter (1939,1942) specified the combination of knowledge production 
and market dynamics as creative destruction, which provides the basis for changes in 
technological trajectories. The relations between political and economic dynamics have been 
the focus of theorizing about political economies in both Marxist and non-Marxist traditions. 
When the model allows for interaction among the three sub-dynamics of the system – with 
one of these sub-dynamics considered as an exogenous variable conditioning the coevolution 
between the other two – a triple helix model with three way interactions can be hypothesized. 
The new model (based on a neo-evolutionary interpretation of the Triple Helix in terms of 
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interacting functions) enables us not only to envisage trajectory changes in the downswing 
phases of the economy, that is, at the end of cycles, but also the induction of regime changes 
in the technological environment, giving rise to the development of innovative products and 
processes of strategic significance, as in the case of renewable energy systems. 

It is widely acknowledged that the nature of technological needs and efforts vary across 
country context, i.e. developed and developing countries (Lall and Pietrobelli, 2005). The 
specification of the nation as a well-defined system of reference enables evolutionary 
economist to study at the macro level, for example, the so-called “differential productivity 
growth puzzle” which is generated by the different speeds of development among the various 
industrial sectors (Nelson and Winter, 1975). The problem of the relative rates of innovation 
cannot be defined properly without the specification of a system of reference that integrates 
different sectors of an economy (Nelson, 1982, 1994). The solutions to this puzzle of 
differentiation can accordingly be expected to differ among nation-states (Lundvall, 1992; 
Nelson, 1993). Meanwhile, innovation in developing countries is characterised as a learning 
and adoption process (Lall and Pietrobelli, 2002, 2003; Fu et al., 2016). Rather than achieving 
radical invention through in-house research and development (R&D), their mission is to tap 
into the existing knowledge, skills and advanced know-how, relying primarily on external 
sources for example, technology imports. Although there might be similar elements that affect 
their ability to access, assimilate and translate external knowledge sources into local use 
(Freeman, 1995), these elements are also likely to vary across different country contexts. 
Difference between these elements in innovation system is vital to explaining the persistent 
disparity in innovation performance between successful industrialising economies and the 
less-developed economies (Freeman, 1995; Adeoti, 2002; Lall and Pietrobelli, 2005). Hence, 
the analysis of the innovation system in developing countries has to take an approach that 
takes into account their less developed markets and supporting institutions, less developed 
information networks, less stable macroeconomic environment, and developing financial 
systems.  

In sub-Saharan Africa specifically, the scientific, technological and interactive capabilities of 
universities and firms differ vastly, and the context of human development, poverty and 
equitable distribution needs to be taken into account. The development of NIS models in 
LMICs need to build upon the existing conceptual frameworks and, at the same time, take 
into account global changes in knowledge generation, diffusion and adaptation in relation to 
the specificities of African contexts. There is growing debate about the application of the 
innovation system approach, with attempts to refine frameworks in order to inform policy 
(Cassiolato et al., 2003; Farley et al., 2007; Lundvall et al., 2009). As yet, the role of 
universities in innovation and the capacity of government in steering the technology 
development are not well informed at the policy level (Myamila and Diyamett, 2006; Etkowitz 
and Dzisah, 2007; Mwantimwa, 2008). In general, there has been little systematic research 
on the conditions of universities, firms and their potential for interaction across a national 
system of innovation in the countries of sub-Saharan Africa (Muchie et al., 2003; World Bank, 
2008).  

It is worth noting that the development of technological capability in developing countries is 
neither automatic nor costless (Adeoti, 2002 Lall and Pietrobelli, 2005; Lundvall et al. 2007). 
Even countries that purchase or acquire knowledge externally are required to undertake costly 
and risky effort to assimilate and transfer into local use (Cohen and Levvinthal, 1990). 
Appropriate systems for developing countries should be designed to neutralise the market 
and institutional weakness, as well as establish an enabling environment for knowledge 
learning and creation. Development policy should also be adopted as an effective tool to 
address the features of technology systems and remove constraints during the course of 
learning and catching up.  
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3 Triple Helix explanation of the NIS at country 
level: evidence from LMICs 

Transforming to a knowledge-based economy, the interactions between university, industry 
and government of the Triple Helix system become the major source of innovation and 
development (Mueller, 2006; Etzkowitz and Dzisa, 2007; Krauss et al, 2012). A Triple Helix 
system framework is acknowledged as a basic foundation and requisite of national innovation 
system for the development of knowledge-based economy. In Triple Helix system, three main 
actors - university, industry and government – are interdependent and interacting with each 
other. To obtain a general picture on how Triple Helix has been implemented and adopted in 
developing country context, this section reviews and summarises researches in relation to 
this subject. Studies1 included in our review of Triple Helix innovation system in LMICs 
primarily focus on the country or regional level Triple Helix model, covering published articles, 
research working papers, as well as conference proceeding after the year of 2000. In total, 
19 studies in LMICs are selected. 2  

  
Figure 1 above displays the application of Triple Helix model in LMICs according to countries’ 
income levels, levels of analysis and focusing regions. Of studies that concern the Triple Helix 
model in LMICs, majority (11 out of 19) focuses on developing countries as a whole without 
distinguishing its application in low- or lower middle-income countries. For example, Razak 
and White (2015) examined the Triple Helix institution in developing countries and suggested 
that the three core sectors - university, industry and government - are non-mutual exclusive 
and interdependent in the system. De Mello and Etzkowitz (2008) revealed the interactions 
between academia, industry and policies in Latin American countries and highlighted the 
central role of university in connecting other core sectors, as well as with local partners. 

 
 

1 This literature survey tries to include studies that address Triple Helix model in LMICs. However, the list is 
certainly not exhaustive. 
2 The literature table in appendix A also includes 3 studies in upper middle-income countries. Therefore, in total 22 
articles are listed under ‘Tripe Helix’ section of the literature table. 

Low-
income (3)

Lower 
Middle-

income (5)Mixed income 
levels (6)

Developing 
countries (4)

8

11 11

2
1

5

Levels Regions

 Triple Helix studies in 
LMICs: by income levels 

 Triple Helix studies in 
LMICs: by levels and regions 



Development of national knowledge systems to support the knowledge economy development in LMICs 
 
 

11 
 

Although both studies discussed the nature and properties of innovation in developing 
countries, variations within the group were not addressed. 

Clearly, there has been limited applications of Triple Helix innovation system in low-income 
countries. Only three studies are of this category, two on Ethiopia (Amha and Mekuriaw, 2008; 
Kitaw, 2008) and one on Tanzania (Mwamila and Temu, 2008). Amha and Mekuriaw (2008) 
examined the S&T policies in Ethiopia by investigating interactions of various stakeholders in 
the country’s innovation system, including research institutes, small and medium enterprises 
(SMEs) and policy makers. Kruss et al. (2012) investigates the interactions between 
universities and industry in three African countries (Nigeria, South Africa and Uganda) and 
highlights the country specific factors that determined the outcomes of the interactions. 
Focusing on the same country (Ethiopia), Kitaw (2008) adopted the Triple Helix approach to 
show the weak coordination between actors in the current innovation system and proposed 
the establishment of higher education institutions – industry resources integrations centre to 
solve challenges facing industries. Similar evidence was uncovered in the Tanzania case 
(Mwamila and Temu, 2008), which highlighted the absent of potential synergic interaction of 
academia, government and industry. Alternative models have also been developed and 
applied, mainly focusing on part of the NIS such as the relation between higher education and 
industry in fostering innovation (Myamila and Diyamett, 2006; Kitaw, 2008; Mouton and 
Roland; 2009; Kruss et al., 2012). The application of Quadruple Helix and Quintuple Helix has 
rarely extended to the LMICs context.   

Regarding the level of the analysis (Figure 2), 8 analyses are at country level examining the 
Triple Helix model in Ghana, Indonesia, Ethiopia, Cameroon, Tanzania and Zambia whereas 
11 studies carry out at the regional levels including Africa, West Africa, or Latin American. As 
the least industrialised continent, Africa has drawn a great attention from researchers. Eleven 
studies in our review are mainly framed in the African context. 5 studies include mixed group 
of countries across income levels in which Africa elements are also present. Only three articles 
are addressing the Triple Helix model in non-African countries, including two in Latin America 
(Sutz, 2000; De Mello and Etzkowitz, 2008) and one in Asia, Indonesia (Irawati, 2010).  

 Triple Helix studies in LMICs: by research methodologies 

 
Literature on the empirical application of Triple Helix indicators remains thin. The existing 
applications mainly apply the bibliographic records (Mêgnigbêto, 2013), mutual information 
approach (Leydesdorff, 2003) in a three or four-dimensional system (Leydesdorff, 2003; 
Leydesdorff and Sun 2009; Leydesdorff and Ivanova, 2014; Khan and park, 2011; Ye et al., 
2013), social network analysis (Khan and Park, 2011). Figure 3 summarises studies on the 
Triple Helix model in LMICs according to the research methodologies. As the bar graph shows, 
the current research emphasizing on interrelationship between university, industry and 
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government is dominated by qualitative approaches. 13 papers employed either country case 
study or other types of qualitative discussion, while only 5 studies adopt quantitative analyses 
such as statistical, econometrical or network modelling. One study has used bibliometric data 
to investigate the relationship between actors in the Triple Helix system in LMICs (Mêgnigbêto, 
2013, 2015). Mêgnigbêto (2013) tries to identify the collaboration network between 
university, industry, and government in West Africa by studying scientific publications and 
their correlation with on economic development. The author applied the same bibliometric 
approach to compare the Triple Helix institutions between South Korea and West Africa 
(Mêgnigbêto, 2015). Findings of both studies suggest that international collaborations are 
effective ways to promote knowledge sharing between actors in the national innovation 
system for both South Korea and West Africa, but to a different extent.  

 The shift of research focuses on Triple Helix model in LMICs 

 

Another clear pattern exhibited in the literature of Triple Helix in LMICs is the shift of the 
research focuses from ‘establishing Triple Helix innovation system and examining its core 
elements’ (before 2010) to ‘identifying the dynamic nature of triple helix and its enabling 
environment’ (after 2010). In response to this change, policies and interventions drawn from 
the previous research have also evolved: from emphasizing on strengthening collaborative 
relationships between university, industry and government (Sutz, 2000; Konde, 2004; Saad 
et al., 2005; Dzisah and Etzkowitz, 2008; Kitaw, 2008) to maximizing enablers and minimizing 
barriers (Irawati, 2010; Dzisah, 2010; Razak and White, 2015). The scope of the explanatory 
model framework has also evolved from segmental to including additional spheres (Quadruple 
and Quintuple Helix). At the early development stage of Triple Helix, many studies have tried 
to explore the university – industrial spinoffs (Kitaw, 2008; Mouton and Roland; 2009). The 
additional spheres, such as the ‘Civil society’ and ‘Natural environments of society’, are 
addressed with the emergence of Quad and Quint Helix models (Carayannis et al., 2012).  

Most of the studies in our survey have either explicitly or implicitly address all three core 
actors – university, industry and government. Two recent research studies carried out by 
Mêgnigbêto (2013, 2015) have adopted quantitative knowledge output measures, i.e. co-
authorships - to identify the presence or strength of linkages between university, industry 
and government. The author examined the publications from each actor as well as the co-
authored outputs among them across west Africa countries. Findings revealed that linkage 
between government and university was present in Ghana while Triple Helix spheres was 
found in Nigeria.   

Before 2010
•Establish the Triple Helix innovation system
•Examine the core elements: uni. - ind. - gov.
•Application of segmental relatins of Triple Helix: i.e. 
university-industry; industry-government etc. 

After 2010
•Uncover the dynamic nature of Triple Helix model
•Identify the enabling environment and barriers
•The emergence of additional helix: i.e. Quad, Quint 
helix 
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4 The main enablers and barriers facing Triple 
Helix 

The Triple Helix model advocates the utilization of synergies between university, industry and 
government to achieve innovation and economic growth. The potential barriers (or policy 
enablers) to support the implementation of the system remain underinvestigated, despite the 
increasing attention in recent research. 

Several studies (Sebuwufu et al., 2012; Rivera, 2010; Irawati, 2010; Ranga and Etzkowitz, 
2010; Amha and Mekuriaw, 2008) have discussed the enabling environment and potential 
challenges facing Triple Helix institutions. Among them, 3 studies (Ssebuwufu et al., 2012; 
Irawati, 2010; Amha and Mekuriaw, 2008) specifically focused on obstacles to the 
development of Triple Helix model in LMICs. In general, 5 categories of obstacles are 
identified: relationship, university, policy, finance and institution.  

Relationships: relationship obstacles refer to any issues in relation to culture of work between 
university, industry and government/government agencies, such as ‘lack of mutual 
interactions’ and ‘weak collaboration agreement’.  Policy responses should therefore intend to 
remove these barriers by produce corresponding enablers such as ‘strengthen linkages’, 
‘enhance the leadership of each core actor’. Dzisah (2009) used the Ghana as an example to 
explain that the lack of mutual interactions between the three core actors have been 
recognised as the major cause of development programmes3 failure in LMICs despite of 
sufficient funding from donors and governments. Analysing the Latin America innovation 
systems, De Mello and Etzkowitz (2008) identified the vague research interests of the three 
core actors and the unstable relationship between them as the main explanation for the weak 
science and technology development in the region. The lack of collaborative arrangements, 
weak connections with local partners are also highlighted in several studies in developing 
countries (Ranga and Etzkowitz, 2010; Saad and Zawdie, 2010; Irawati, 2010; Sutz, 2000). 

University: university obstacles mainly refer to the weak academic and commercialization 
capabilities. Majority of university in LMICs are mainly teaching institutions with inadequate 
research infrastructure and business-orientation. Strengthening the linkages between 
university and industries should enable them to exploit university entrepreneurial potential 
and commercialisation skills. Dzisah (2009) pointed out that the slow development of S&T 
has always been a major barrier of the tertiary education system in Ghana. The limited 
graduate programs and business cooperative projects have severely limited the development 
of the entrepreneurial university. Similar findings were revealed in the case of Zambia, 
(Konde, 2008). The author suggested that an entrepreneurial culture should be integrated 
throughout the academic institutions. In addition, Ranga and Etzkowitz (2010) pointed out 
that the low levels of research and commercialisation capabilities across Central and Eastern 
European (CEE) countries were one of the major obstacles in their national innovation system.  

Policy: policy obstacles refer to the right policy solutions to support knowledge integration 
between actors in the innovation system, the establishment of an environment for 
commercialisation and knowledge creation mechanisms such as intellectual property (IP) 
policies. The lack of coordination and coherence in policy development and implementation 
have also been identified as one of the main reasons to explain the failure to promote 
innovation (Rivera, 2010). Amha and Mekuriaw (2008) conducted a preliminary review of 
innovation (incl. S&T) policies in Ethiopia and uncovered a series gaps in the country’s national 

 
 

3 For example: Ghana Technological plan in 1982; National Development Policy framework: Long-Term 
Development objectives: Ghana-Vision in in 1995; and National S&T policy document in 2000. 
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innovation policy, including lack of priority sectors, demand side interventions and social 
science as an essential components S&T system. Therefore, appropriate emphasis needs to 
be placed on encouraging government interventions to address these weaknesses. The author 
also highlights the importance of small and medium-sized enterprises (SMEs) in the national 
system via policy solutions. In the study on Latin America (Bianco and Viscardi, 2008), the 
authors suggest that appropriate innovation policies are expected to optimise the allocation 
of resources and establish enabling environment and institution to support the knowledge 
economy. Rivera (2010) also argue that the lack of government engagement was the main 
cause of failure to achieve objectives in Mexico. Policy instrument should be adopted to 
encourage interactions, coordination and the required structural reforms.  

Finance: refers to innovation or technology learning funding sources, financial support for 
innovation infrastructure, capacity building, skill upgrading etc. Difficulty in securing finance 
is recognized as one of the most severe internal barriers to innovation. Financial constraints 
as internal hampering factors to innovation system, in particular to universities and firms, 
have been dealt with in previous literature. Himmelberg and Petersen (1994) use small firms 
in the high-tech industries to show a significant positive relationship between internal finance 
and firms’ R&D. Stockdale (2002) reports that financial constraints are the second most 
important impeding factor for innovation for active firms. Similar results also have been 
obtained by other studies (e.g. Mulkay, Hall and Mairesse, 2001; Savignac, 2006; Tiwari et 
al., 2008). With respect to developing countries, Disah (2009) argues that the major deterring 
factor affecting innovation investment in Ghana is the lack of funding resources. Although a 
series of funds programmes have been launched by the government to support research 
activities, the extent has been limited and the implementation hindered by delays in payment 
(Dzisah, 2009).  

Institutions: is understood as the rules, norms and environment that are crucial for the 
outcome of what innovation actors decide and do in relation to innovation (Lundvall et al., 
2006). The potential barriers can may refer to inflexible structures, strict bureaucratic 
procedure, lack of capabilities, lack of funding and traditional values/philosophy of 
institutions. The lack of democratic governance and a culture of corruption as people are 
unwilling to give up power are also cited as important barriers to innovation system in 
development countries (Dzisah, 2009; Razak and White, 2015). Table 1 summarises the types 
of barriers and the corresponding enablers in LMICs’ Triple Helix system.  

Table 1: Summary of barriers and enablers in Triple Helix System 

 Barriers Enablers Corresponding Practices Selected literatures* 
Relationship
s 

* lack of mutual 
interaction,  
* weak collaboration 
between university, 
industry and 
government 
* low level of 
knowledge creation in 
innovation system  

* Linkages between 
actors 
* Leadership 
* Resources 

* strengthen linkages;  
* enhance the leadership 
of each actor; 
* increasing movement of 
resources to strengthen 
interdependencies 
between actors. 

De Mello and Etzkowitz, 
2008; Dzisah, 2009; 
Ranga and Etzkowitz, 
2010; Irawati, 2010; 
Saad and Zawdie, 
2010; Razak and White, 
2015 

University * Inadequate research 
infrastructure and 
missing business-
orientation;  
* low levels of 
research and 
commercialisation 
capability 

* Linkages: spinoff 
* Entrepreneurship  
* 
Commercialization 
of technology  

* strengthen linkages 
between universities and 
industries 
* integrated 
entrepreneurial culture 
throughout the university 
* strengthen university’s 
role in technology transfer 

De Mello and Etzkowitz, 
2008; Ranga and 
Etzkowitz, 2010; Saad 
and Zawdie, 2010; 
Razak and White, 2015 
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Policy * lack of coordination 
and coherence in 
policy;  
* lack of government 
engagement 
* absence of policy to 
protect intellectual 
property 

* Prioritize 
innovation 
* The role of 
Government 
* Complementarity 
in policies  
 

* appropriate innovation 
policies;  
* government's role in 
encouraging interactions, 
coordination; 
* innovation polity to 
allocate resources, human 
capital and coordinate 
regional integration of 
knowledge generation 
activities;  

Ranga and Etzkowitz, 
2010; Irawati, 2010; 
Bianco and Viscardi, 
2008; Rivera, 2010; 
Saad and Zawdie, 2010 

Finance * difficulty in securing 
finance;  
* lack of financial 
resources; challenges 
in utilising fund 

* Financial source 
* Public financial 
support 
* Private financial 
support 

* diverse research 
financial sources;  
* committed finance 
supports from public and 
private sectors 

De Mello and Etzkowitz, 
2008; Dzisah, 2009; 
Irawati, 2010; Saad 
and Zawdie, 2010 

Institution * inflexible structure 
* strict bureaucratic 
procedure 
* lack of democratic 
governance  
* culture of corruption 

* efficient and 
transparent system 

* establish lean and 
efficient innovation 
system 
* reducing procedures for 
research and development 
collaboration, funding 
application and technology 
transfer procedures 

Irawati, 2010; Bianco 
and Viscardi, 2008; 
Rivera, 2010; Saad and 
Zawdie, 2010; Razak 
and White, 2015 

* The selected studies not exhaustive regarding the barriers and obstacles of Triple Helix in 
LMICs.  

In the context of LMICs, several major barriers have been identified in the existing innovation 
system. Based on these major deterring factors, corresponding strategies or practices are 
proposed in order to establish an enabling environment for learning, knowledge transfer and 
innovation. Most of these country case studies have covered all three core actors in the Triple 
Helix system whereas the five types of obstacles/enablers discussed above have also been 
fully or partially addressed. Given countries’ economic, political and social characteristics, 
their national innovation systems and policies reflect different priorities. Due to the limited 
evidence of Triple Helix specifically in LMICs, our review of country cases extends to studies 
covering national innovation system framework in LMICs. In total, 16 additional studies are 
added.4 It is worth noting that these additional studies are added to present the evidence 
based country-level results under the NIS framework. They were not necessarily referring to 
Triple Helix model but addressing at least one of the components (or linkages) among 
university, industry and government. Table 2 is presented on country-basis and include both 
19 Triple Helix studies as well as the additional 16 studies to summarize the major barriers, 
enablers and implementation outcomes of the national innovation system in selected LMICs.5  

Several common obstacles are identified across all reviewed countries, including weak 
collaborative research activities, inadequate funding sources, as well as the lack of 
entrepreneurship components in universities. Different policy solutions are adopted across 
countries in response to these common barriers. For example, the Ghanaian government has 
provided several government schemes (i.e. Ghana Education Trust Fund) to support the 
research activities in universities (Dzisah, 2009) to overcome the financial obstacles whereas 
Ethiopia has committed to spending 1.5 of the country’s GDP in R&D across public and private 
sectors (Amha and Mekuriaw, 2008). In order to strengthen the research capability of 
university and industries, some countries choose to invest in research infrastructure 

 
 

4 For the detailed list of literature summary, please see the literature table in appendix A.  
5 Results of table 2 are consistent with the findings revealed in Table 1. The difference is that Table 1 is exclusively 
to address the enablers and barriers in Triple Helix literature. It was based on the 19 studies review in the previous 
section and focusing on the three main actors in Triple Helix, both empirical and theoretical studies. It is of a 
general summary of enablers/barriers in response to the development Triple Helix development.  
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(Ethiopia), some focus on the development of SMEs (Tanzania, Indonesia), others may 
emphasis on the role of education (Zambia, Ghana).  

Turning to the outcomes of Triple Helix application, results vary across countries. The 
successful implementation of formulated policies or programmes is inhibited by several factors 
in Ghana (Gzisah, 2009), including delaying payment of committed government funds, lack 
of democratic government and corruption. Meanwhile, Government of Ethiopia commitment 
to invest 1.5% of the annual GDP for S&T activities in the country, no mechanism has been 
developed to allocate core S&T resources annually for programmes and projects approved by 
the national S&T council (Amha and Mekuriaw, 2008; Kitaw, 2008). The Tanzania national 
innovation policy may not be well linked to any financing mechanisms and also does not 
address some critical issues such as research infrastructure and tax burden for SMEs 
(Mwamila and Temu, 2008). Regarding the Indonesia case, there has been a persistent 
difficulty in transferring university technology to industries, which has affected the outcome 
of joint partnership programme between university and industry adopted in the country 
(Irawati, 2008).  

Table 2: The major barriers, enables and implementation outcomes of Triple Helix 
in selected LMICs.  

 Main sphere Major barrier Enablers Results 
Ghana (Lall 
and 
Pietrobelli, 
2005; 
Dzisah, 
2009; 
UNCTAD, 
2011; 
Voeten, 
2016) 

*university and 
government 
institutions are 
the main 
knowledge 
producers;  
* weak linkages 
between industry 
and other two 
actors 
 

* low level of science 
and research presence 
in tertiary education;  
* few entrepreneurial 
university;  
* inadequate fund 
* no linkages between 
SMEs and public 
sectors   

* government funds;  
* add capitalization of 
knowledge to university’s 
role;  
* strengthen S&T institutions 
and universities 
* reduce obstacles to 
innovation in competition and 
in regulatory and legal 
frameworks 

Several factors have 
inhibited the 
implementation of 
policies.  
* arrears in payment; 
inadequate funding 
volume;  
* lack of democratic 
governance and a culture 
of corruption  

Ethiopia 
(Amha and 
Mekuriaw, 
2008; Kitaw, 
2008) 

* weak 
capabilities of 
university, 
industry and 
government in 
knowledge 
creation; 
* collaboration 
between core 
actors are absent.   

* missing legal 
foundation for Triple 
Helix;  
* weak research 
infrastructure and 
insufficient research 
fund;  

* establish legal basis that 
defines the Triple Helix 
relationship;  
* committed R&D spending 
(1.5 of GDP) from 
government; 
* technical, financial and 
administrative support to 
young graduates;  
* establishment of a national 
intellectual property system; 
* expanding ICT use across 
the country. 

* no mechanism has 
been developed to 
allocate core S&T 
resources programmes 
and projects approved by 
the national S&T council; 
* the imposition of taxes 
on imported technology 
goods have not been well 
designed.  
 

Zambia 
(Konde, 
2008) 

* university leads 
knowledge 
creation but 
capability is low; 
* university – 
industry linkage is 
absent 

* weak 
entrepreneurship 
culture in university;  
* narrow funding base; 
 
 

* integrated entrepreneurial 
culture throughout the 
university; 
* wider funding resource 
base, 
* independent, strong and 
efficient managerial systems 

* describe the case of 
the University of Zambia 
(UNZA) and there is no 
evaluation and 
assessment provided.  
 

Tanzania 
(Mwamila 
and Temu, 
2008; 
Mwantimwa, 
2008; 
Voeten, 
2016) 

* university and 
industry are two 
main actors 
leading 
knowledge 
creation, but 
linkages between 
them are weak 

* low level of 
technological 
capabilities in industry;  
* few industrial firms 
engaged in 
collaborative learning; 
* innovation system is 
under developed;  

* small and medium 
Enterprise Development 
Policy in 2003; 
* national Science and 
technology Policy of 1995; 
* the establishment of 
industrial research 
institutions;   

* policy is not linked to 
any financing 
mechanism; 
* policy did not 
adequately address 
issues of the poor 
infrastructure; 
* high cost of utilities 
and communication 
system; 
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* no linkages between 
SMEs and public 
sectors. 
 

* emphasis the role of 
Science and Technology 
(S&T) 
* facilitate the articulation 
and implementation of 
innovative initiatives; 

* taxes burden imposed 
on SMEs; 
* the level of industrial 
R&D is still low because 
the Government 
spending on industrial 
R&D is very limited. 
 

Kenya 
(Voeten, 
2015) 

* university and 
industry are main 
knowledge 
producers; 
* weak 
collaborative 
research activities 

* the absence of 
collaborative 
innovative activities; 
* no industry-public 
sector linkages. 

* promote import 
substitution;  
* reduce obstacles to 
innovation in competition and 
in regulatory and legal 
frameworks; 

N.A. 
 

Nigeria 
(Kruss et 
al., 2012; 
Adeoti and 
Olubamiwa, 
2009) 

* university - 
industry linkages 
* weak internal 
technological 
capabilities 
 

* weak capability for 
adoption, adaptation 
and assimilation of 
largely imported 
technologies; 
* indirect firm-industry 
linkages 
* Policy deficiencies 

* form the direct linkages 
between the priorities and 
capabilities of manufacturing 
firms and the university 
subsystem; 
* enhance interaction or co-
evolution of capabilities in 
both firm and universities 
* obtain support from 
financial sector 

N.A.  

Uganda 
(Kruss et 
al., 2012) 

* university - 
industry linkages 
* incremental 
innovation  

* innovation activities 
are incremental, 
learning within the firm 
* firms have little R&D 
* absent of industry-
university linkages  
 

* utilize the university as the 
source of innovation; 
* use external sources of 
knowledge to substitute for 
missing internal capacity; 
* ‘science push’ approach and 
minimal public investment 
 

N.A. 

Viet Nam 
(OECD, 
2014) 

* university and 
public institution 
lead knowledge 
creation; 
* weak linkages 
between industry 
and other two 
actors 

* weak linkages 
between public 
research intuitions and 
private sectors; 
* insufficient financial 
sources 
 

improving public  
 
governance of the innovation 
system;  
* develop the human 
resource base for innovation; 
* foster the innovation 
linkages between different 
actors. 
 

N.A. 
 

Cambodia 
(OECD, 
2013) 

* weak 
knowledge 
capability of three 
actors;  
* weak linkages 
among actors 

* absence of strong 
innovation actors 
* weak links between 
indigenous and 
foreign-based actors 
 

* building up the science 
base;  
* encouraging spillovers from 
FDI;  
* strengthening innovation 
linkages between different 
actors. 

N.A. 
 

El Salvador 
(Szogs et 
al., 2008) 

* university, 
industry and 
government are 
three main 
knowledge 
producers. 

* weak linkages 
between actors in 
innovation system; 
* missing intermediate 
organizations in linking 
actors to each other 

* establishing and developing 
system linkages, and the 
networking and learning 
capabilities 

N.A. 
 

Indonesia 
(Irawati, 
2008, 2010; 
OECD, 
2013) 

* university, 
industry and 
government are 
three main 
knowledge 
producers. 
* weak linkages 
between industry 
and government.  

* ineffective internal 
policy, weak funding 
base, lack ties with 
private sectors 
* rare linkages 
between government 
research institutions 
and the small industrial 
R&D community  

* cluster approach which 
encourages university 
participating in supporting 
SMEs; 
* define priority sectors 
* encouraging spillovers from 
FDI; 
* strengthen innovation 
linkages between different 
actors. 

Programme in Java 
Island has helped SMEs 
in the automotive 
industry to improve 
product quality and 
production efficiency.  
* in general, the joint 
partnership between 
university and industry 
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* difficulties for 
university transfer 
technology to 
industries 

 has mutually benefited 
all stakeholders.  
* R&D programmes are 
not responding to 
demand from firms and 
industries;  

Sub-
Saharan 
Africa (Lall 
and 
Pietrobelli, 
2005) 

N.A  * modern skills are 
inadequate for 
innovators 
* the physical 
infrastructure is weak 
* the inadequacies of 
the technology system 

* allocate substantial 
resources to support the 
creation of new links and 
networks;  
* it also needs a conducive 
social, political and economic 
setting in which enterprises, 
governments and institutions 
can plan and implement long-
term strategies. 

N.A. 
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5 National Research System in LMICs 
Another definition emerged along the development of national innovation system is national 
research system (NRS). At a workshop held on 6 and 7 April 2006 at UNESCO, the national 
research system is defined as “… to learn more about research systems in developing/poor 
countries, and to help strengthen research and research capacity. Thus, the project supports 
research on and for development so that developing/poor countries may articulate and have 
ownership of these systems which are key assets for their development”.  

National innovation system framework comprises sectors like government, university and 
industry and their environment. The framework emphasizes the relationships between the 
components or sectors, as the ‘cause’ that explains the performance of innovation systems 
(OECD, 2013). Similar to national innovation system, national research system is made up of 
the actors within a country that jointly produce research outcomes. In the conceptual 
framework developed by OECD (2013), national research systems contain four core elements: 
components (the operating parts of the system), relationships (interactions), attributes 
(motivations and goals), and outcomes (the creation of excellent knowledge). 

Regarding the difference between NIS and NRS, the research system’s ultimate goal is 
innovation whereas the goal of innovation system is the application of research. One of the 
prominent advantage of NRS concept is analytically tractable since it adopts various 
performance and outcome measures, as well as accounts for the nonlinearity and complexity 
of the system (Carlsson et al., 2002, Lundvall, 2007, Castellacci and Archibugi, 2008, 
Castellacci and Natera, 2011). The performance and outcomes indicators adopted in the NRS 
literature normally include: publications, GDP per head and Gross domestic expenditure on 
R&D (GERD), number of researchers etc. (Mouton and Waast, 2009; OECD, 2013).  

Similar to NIS literature, evidence of NRS on LMICs is limited. Both strands of literature 
emphasis the crucial role of knowledge and research in socioeconomic development, as well 
as the interaction between key components in the system. However, apart from improving 
research outcomes NIS also aims to build up an efficient mechanism to stimulate innovation 
(commercialized research, research entrepreneurship) and ultimately promote productivity 
growth, increase employment and economic development.    

pplying the keywords search approach in the literature survey on national research system in 
LMICs, only one study is identified to explicitly address National Research System in low-
income countries/African countries (Mouton and Waast, 2009).6 One of the common features 
of NRS in LMICs is their under-funded research institution and low levels of R&D investment 
despite commitments always made by ministers of S&T on at least 1 per cent of GDP on R&D 
annually (Mouton and Waast, 2009). The authors also suggested that it is necessary for 
government in LMICs to put their commitment in S&T investment into practice, as well as for 
other policies solutions such as improving research infrastructure, upgrading institutional 
research capacity, focusing on institution-building and addressing development and economic 
issues into research and knowledge production.  

 
 

6 The keywords used in our search include: ‘National research system’, ‘developing countries’, ‘low income countries’, ‘Africa’. Sectoral 
evidence including agricultural (Nienke, 2004) and health (Mbondji et al., 2014) are not covered by the scope of current research.  
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6 Summary of literature gaps in Triple Helix 
innovation system in LMICs  

Theory: Triple Helix innovation system emphases on interaction between university, industry 
and government, as well as their external linkages and collaboration (Saad and Zawdie, 
2005). It is different from the conventional innovation model by integrating three 
complementary but distinct spheres – university, industry and government - and addresses 
their interdependencies in innovation strategies and policies. Although the theory of Triple 
Helix model has been widely acknowledged in development countries, the nonlinear 
characteristic and dynamic nature of the Triple Helix give rise to several unanswered questions 
to LMICs: what is the pattern across different context such as the levels of the developments 
and different growth levels? Will the role of university, industry and government alter as the 
development level remains low? How does the system serve to achieve different development 
goals across LMICs? Moreover, in most of LMICs, innovation is characterised as a learning 
behaviour through which various actors identify, assimilate and tab into existing knowledge 
and techniques and, eventually, translate them into local use. Ignoring this feature would 
result in failure of the system development and policy solutions.  

Empirical evidence and methodologies: the current research Triple Helix in LMICs remains 
largely descriptive and mainly focuses on the existing national/regional innovation system. 
Both scale and scope of the evidence in the context LMICs is limited. Empirical evidence of 
Triple Helix innovation system is mainly drawn from the developed countries. It is necessary 
to find out whether these factors are homogeneous and can also apply to the low-income 
economies. For example, do measurements of the system performance need to be changed 
in LMICs? Are input-output indicators different from that of upper middle-income country 
context?  

Great attention has been placed on the relationship, interaction between three core actors in 
the Triple Helix model. The external enabler such as funding, infrastructure and the absorptive 
capacity of the system have not been addressed until recently (Bazak and While, 
2015). Empirical evidence is needed to support the theoretical model regarding enablers and 
barriers. In addition, existing literature mainly apply a qualitative approach (i.e. case study). 
In order to deliver robust evidence, other research methodologies are needed, such as 
quantitative analyses; comparison studies across different LMICs, and complementarity 
approaches (Milgrom and Roberts, 1990).  

Application of Triple Helix in LMICs: Triple Helix offers an appealing framework which identifies 
the importance role of knowledge producers as well as emphasises the synergies arising from 
their interactions. Applying this concept to address innovation challenges in developing 
countries has become increasingly popular. It is necessary to differentiate approaches 
according the different contexts and the innovating objectives to be achieved. It is widely 
acknowledged that external learning and adoption are the main behaviour of innovation when 
level of development is low and internal technological capabilities are limited. To establish a 
sustainable innovation ecosystem, simultaneous efforts should also be given to the 
development internal innovation capability, including R&D investment, funding for research 
institutes and private research activities. Yet, it is still vague on the policy level how these 
objectives can be achieved via applying Triple Helix model in LMICs. In addition, the 
application of Triple Helix model in LMICs should also take into account role of networks since 
both internal linkages between the three actors and their external linkages to NIS systems 
are critical in fostering knowledge creation and innovation (e.g. Quad and Quintuple Helix 
models). In all, empirical evidence on the application of Triple Helix model in LMICs is limited. 
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The evaluation of Triple Helix application should be explored in future studies.  Government 
should provide a comprehensive development and policy package, including technical 
upgrading through internal and external sources. This package will also emphasis the 
interaction and interdependencies between the three core actors in the Triple Helix system, 
as well as take into account the institutional and contextual factor which may influence the 
formation and application of the system.  
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Appendix A: Summary of literature: Triple Helix, National Innovation 
System and National research system in Low- or Lower-Middle 
income countries   

Study Research objectives Country Methodology U-I-G* Main Findings Policy implications and 
interventions 

Triple Helix  
    

 
 

Razak and 
White, 2015 

Examined the overall 
barriers and enablers in 
implementing the Triple Helix 
model 

No specific 
country 
focus 

Qualitative 
review 

U-I-G University, Industry and 
Government are non-mutual 
exclusive and overlap in the Triple 
Helix institution. Three issues are 
identified in relations to the Triple 
Helix enablers and barriers: 
Relationship, University and 
Policies. 
 

Policy implication: maximising 
enablers and minimising barriers, 
as well as coordinating the 
relationships between actors.  

Eustache 
Mêgnigbêto, 
2015 

Studied the Triple Helix in 
relation to international co-
authorship considered 
international collaboration as 
the fourth element of the 
system. 

West 
Africa, 
South 
Korea 

Bibliometric U-I-G At the domestic level, the South 
Korean innovation system is more 
integrated, whereas the West 
African one is less integrated than 
that of their partners. Also, 
international collaboration has 
strengthened knowledge sharing 
at the domestic level for both 
South Korea and West Africa, but 
to a different extent.  
 

Policy instrument should promote 
the international collaboration 
which eventually facilitate 
knowledge flow.  

Eustache 
Mêgnigbêto, 
2013 

Investigate the collaboration 
network between university, 
industry, and government in 
West Africa  

West Africa  Bibliometric U-I-G University is the core player in 
knowledge creation. Industry 
exhibits relations with government 
or university in Nigeria and Ghana 
only. Three Triple Helix spheres 
occurred only in Nigeria.  
 

N.A. 

Ssebuwufu, 
Ludwick and 
Béland, 2012 

Investigate what structures, 
policies, positions, 
incentives, and funding 
avenues are currently in 
place for university-industry 
linkages in Africa, and what 
interventions are needed.  

Africa 
region 

Quantitative U-I African universities start taking 
initial steps to stimulate and 
deepen linkages with industry and 
the productive sector. The 
importance of leadership, both in 
terms of policy and personnel, was 
identified as an important enabling 
factor for promoting university-

Apply a more encompassing 
definition of industry - one that 
includes all aspects of the 
productive sector, including 
agriculture and the informal sector 
- when developing strategies and 
interventions to strengthen 
university-industry linkages. 
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industry linkages. Meanwhile, 
various capacity gaps in terms of 
requisite skills, research 
infrastructure, and funding 
represent significant challenges for 
high education institutions in 
Africa. 
 

Proposed intervention should 
focus on funding, capacity building 
in relevant skills and policy 
development.  

Dzisah, 2019 Investigates the nature of 
the relationships between 
the three institutional 
spheres of the triple helix 
structure—university- 
industry-government by 
drawing on the experiences 
from Ghana.  

Ghana Country Case 
study, 
Qualitative 

U-I-G There are signs of the mobilization 
of the trip helix for development in 
Ghana. However, there is the need 
to strengthen S&T institutions and 
universities to take on the 
challenge of knowledge-based 
development. A continuous flow of 
science to the economy does not 
need to be achieved slowly 
through traditional stages of 
development-based models but 
can occur more rapidly by 
expanding and reorienting 
universities. 
 

Ghana needs to mobilize its triple 
helix actors, especially its 
universities, for development. This 
demands that policies take on 
post-partisan modes and 
universities be made to take their 
critical core developmental 
mantle.  

Irawati, 2010 Discuss the essential stages 
required to establish a robust 
synergy between three 
different actors: the 
university, the industry and 
the government by focusing 
on the role of SMEs in the 
Indonesia innovation 
system.  

Indonesia Country Case 
study 

U-I-G The triple helix system places the 
role of the academic sphere in 
relation to small and medium-
sized enterprises to engage in joint 
networking with other supporting 
institutions. The Triple Helix 
concept developed in developed 
country context may not be 
applicable for developing countries 
such as Indonesia. Promoting the 
triple helix approach in developing 
countries such as Indonesia, must 
take into account the value for all 
actors involved.  
 

It is necessary to construct a 
vigorous science and technology 
infrastructure linked to the 
productive structure of the 
society. Indonesian universities 
should involve actively in bridging 
the gaps between government and 
other international supporting 
development agencies for 
developing SMEs.  

Ranga and 
Etzkowitz, 2010 

Identify the key factors 
which drive the Triple Helix – 
based ‘creative 
reconstruction’ process in 
Central and Eastern 
European Countries. 
Examine changes in 
university, industry and 
government associated with 

Central and 
Eastern 
European 
Countries 

Qualitative U-I-G The FDI flows placed a significant 
impact on the industry helix. 
National and regional R&D and 
innovation policies and funding 
also have strong impact on the 
government and university, and to 
a lesser extent, the industry helix. 

Consolidate the entrepreneurial 
potential of Universities by 
strengthening their Research 
capabilities, commercialization 
Skills and infrastructure. Foster 
innovative firm formation and the 
absorptive capacity of local firms. 
Increase the availability of and 
access to venture capital.  
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each of the stages of the 
triple helix -based innovation 
strategy. 
 

Adeoti and 
Olubamiwa, 
2009 
 

examines the impact of the 
Nigerian cocoa rebirth 
initiative and makes 
suggestions that are critical 
for strengthening the 
innovation system in the 
cocoa industry 
 

Nigeria, 
cocoa 
industry 

Descriptive, 
country case 

U-I-G Heavily depend on external 
knowledge sourcing in the cocoa 
industry. The linkages and 
interactions between four critical 
actors (individual cocoa farmers, 
cocoa processing firms, 
government and research 
institute) in the cocoa re-birth 
programme should be 
strengthened. Financial sector 
should also support the innovation 
activities in the sector.  
 

Policy emphasis should aim to 
organize the cocoa rebirth 
initiative as an innovation-focused 
programme that enables 
interactive learning among the 
actors in cocoa research, 
production and industrial 
processing 
 

Etzkowitz and 
Dzisah, 2008 

Use the level of knowledge 
flow in the Triple Helix 
system to explain the level of 
development. Use the Triple 
Helix model as an academic 
reform strategy in the 
developing world, whereby 
higher education is refocused 
on issues of development, 
entrepreneurship and 
innovation.  

Africa Qualitative U-I-G The university is the biggest 
information producer, followed by 
government. The information 
sharing and knowledge between 
university, industry, and 
government is weak, illustrating 
the low level of knowledge flow 
between innovation actors in 
Africa. Collaboration between the 
three Triple Helix spheres occurred 
only in Nigeria. 

A triple helix of university-
industry-government interactions 
is crucial to developing 
organizational innovations in 
response to Africa’s quest for 
innovation and development. 
Innovation policy can no longer be 
conceived only as a “top-down” 
initiative of national government 
but should also be seen as the 
cumulative result of interaction 
among governments at various 
levels, business persons, 
academics, and NGOs comprising 
membership from all of these 
spheres.  
 

Amha and 
Mekuriaw, 2008 
(Conference 
proceeding) 

Examine the national S&T 
policies using the national 
system of innovation 

Ethiopia Country Case 
study 

 
Although the National S&T policy 
has some weaknesses, it has 
provided the basis to consider S&T 
activities in a national system. The 
most important issue in the 
Ethiopian S&T development is the 
lack of systematic efforts to 
implement the Government policy. 
The existing policy could be 
upgraded focusing on 
coordinating, supporting and 
enhancing interactions of the 
various stakeholders of the 

Appropriate attention needs to be 
paid to encouraging and 
supporting SMEs, demand- side 
interventions, including the use of 
the government purchasing 
power. Policy instruments 
including legal, organizational, 
operational and financial should be 
adopted.  
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national system of innovation 
including universities, industry and 
the government. 

Kitaw, 2008 
(Conference 
proceeding) 

The research uses the 
concept of triple helix and 
proposes the establishment 
of Higher Education 
Institutions-Industry 
Resource Integration Centre 
as a way foreword to solving 
the problems that the 
Ethiopian industries are 
facing. Missing linkages 
between higher institutions 
and industries are also 
discussed.  

Ethiopia Country Case 
study 

 
The past Ethiopian University-
Industry linkage experiences were 
primarily anchored on 
administrative decision rather than 
being on needs and demand. The 
current and future scenario would 
be complex: public-public, public-
private and private-private: where 
the players would be both public 
and private higher education 
institutions and industries owned 
by the government and private 
sector. The Centre would be 
established on true demand and 
assured sustainability. 
 

Attempts should be made to 
maximise the existing under-
utilized industries, reform the 
weak regional co-operation, make 
the industrial ambient attractive to 
investors and strengthening the 
link between University, Industry 
and Government. All actors should 
make a coordinated effort to 
establish and strengthen a 
nationwide Higher Education - 
Industry Resource Integration 
Centre. 

Affa'a and 
Dalkir, 2008 
(Conference 
proceeding) 

The study intends to analyse 
the organizational 
mechanism that transfers 
knowledge and technologies 
produced by the research to 
the targeted users in 
information and agricultural 
sectors.  

Cameroon Country Case 
study 

U-I, 
Information 
sectors 

Knowledge produced is published 
but the technologies and 
procedures developed are not 
transferred to potential end users. 
It is not due to a lack of a model of 
good practices. The problem is the 
organizational mechanisms 
required to transfer knowledge 
and to transfer developed 
technologies to the targeted user 
population. 
 

University researchers need to 
start assuming the role of 
contributing to the economic 
development of Cameroon – more 
specifically, to contribute to the 
strategy of poverty reduction. 
Research initiatives should take 
into account informal economic 
actors in general. 

Goktepe and 
Keskin, 2008 
(Conference 
proceeding) 

The research focuses on the 
Israeli Magnet Program for 
pre-competitive generic 
technology production within 
the consortia of university, 
government and industry 
(UGI). Findings are expected 
to abstract the lessons and 
implications for a developing 
country such as Ethiopia. 

Israel Country Case 
study, 
Network 
analysis 

U-I-G A network-based innovation 
system, which provides the 
communication linkages and basis 
among the actors of innovation, 
leads to the achievement of the 
synergy among these actors of 
innovation. Such production 
system is believed to bring about 
much more economic and 
industrial development than the 
sum of these participants 
individually.  
 

Ethiopia needs to put efforts 
towards building up a network-
based innovation system.  
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Dzisah and 
Etzkowitz, 2008 
(Conference 
proceeding) 

This study pointed out that 
stage models may no longer 
be relevant to an increasingly 
knowledge-based society. It 
proposed a triple helix 
development model that 
moves away from staged to 
a spiral model of education 
because a continuous flow of 
science to the economy can 
occur more effectively under 
a triple helix of university-
industry-government 
relations. 

Africa 
region 

Qualitative U-I-G The Triple Helix model provides a 
flexible framework for the 
transition of the African university 
from educating postcolonial elite to 
playing a more direct role in 
development, pointing the way for 
least developed countries to make 
the transition to a knowledge-
based society. Rather than 
development and redevelopment 
being the sole responsibility of 
central governments, a meta-
innovation system is emerging 
from bottom up, top down and 
lateral initiatives in which science, 
technology and innovation policy is 
the outcome of the interaction 
among university, industry and 
government. 
 

The potential for regional 
development in Africa, and 
elsewhere, resides in 
entrepreneurial universities taking 
the lead in infusing knowledge, 
innovation, technology and 
enterprise into the entire society. 

Konde, 2008 
(Conference 
proceeding) 

This paper uses the case of 
the University of Zambia 
(UNZA) to highlight possible 
ways of mobilizing university 
resources - manpower, 
national and international 
links, and close cooperation 
with partners - to create and 
support businesses, through 
specialized units. 

Zambia Country Case 
study 

U-I-G Despite UNZA cannot be described 
as an entrepreneurial university by 
the standards of advanced 
economies, it exhibits 
entrepreneurship traits that could 
help deliver services to industry 
and the community at large. It 
plays an important role in 
mobilizing intellectual capital and 
social capital to create and support 
businesses, as well as contribute 
to development even with limited 
resources. 
 

Specific practical policy suggestion 
on strengthening the university 
entrepreneurship: a forum or an 
entrepreneurship clinic that bring 
business experts, government 
units (e.g. tax and business 
registration authorities) and 
business consultants in a non-
credit earning session that could 
be run once or twice a week.  

Mwamila and 
Temu, 2008 
(Conference 
proceeding) 

The study highlighted the 
synergic interaction of 
academia, government and 
industry by looking at the 
basic objectives of College of 
Engineering and Technology 
(CoET) at the University of 
Dar es Salaam.  

Tanzania  Quantitative 
analysis 

U-I-G The CoET has continuously strived 
to have a functional linkage with 
industry in Tanzania. Despite some 
failures experienced in the past, 
the goal now is to have a link that 
will serve all levels of industry. 
Whereas academia-industry 
relationship looks reasonably 
strong, the government-industry 
or government-academia 
relationship has not been equally 
strong.  
 

Innovative Industrial Research 
and Development is a core 
function which must be done to 
facilitate the development and 
dissemination of industrial 
technologies and innovations. 
Developing countries, like 
Tanzania, need to put emphasis 
and devote adequate resources to 
IR&D activities if they seriously 
need fast and sustainable rate of 
industrial growth.  
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De Mello and 
Etzkowitz, 2008 

The study analyses the new 
directions in university–
industry–government 
interactions are taking place 
in Latin American countries, 
as well as highlights that 
university should play an 
economic role.  
 

Latin 
America 

Qualitative U-I-G Findings reveal the lack of 
collaborative arrangements 
between Triple Helix core actors, 
as well as with local 
Partners, which can be due to the 
lack of demand for local research 
to develop new technology.  

N.A.  

Saad et al., 2005 
(Conference 
paper) 

This paper explores the 
contextual basis of the triple 
helix model of innovation 
with reference to the 
circumstances of developing 
countries, in general, and 
invokes the experiences of 
three countries at different 
stages of development for 
Malaysia, Algeria, and 
Ethiopia to show the 
prospects and challenges 
associated with the “triple 
helix” strategy for promoting 
innovation and learning 
societies in these countries. 
 

Malaysia, 
Algeria and 
Ethiopia 

Comparison 
study 

U-I-G The universities play the central 
role in creating, disseminating and 
sharing knowledge. The ‘triple 
helix’ system of relationships 
between university, industry and 
government would enhance the 
relevance of universities to 
developing countries as active 
agents of innovation, 
industrialization and sustainable 
development. 

Prerequisites for the successful 
implementation of the Triple Helix 
model include: conditions for the 
development of learning societies 
needs to be created; more power 
needs to be devolved to the main 
actors; stable, lasting and trusting 
relationships between the main 
actors and institutional spheres 
(universities, government and 
industry) would need to be 
developed.  

Saad and 
Zawdie, 2005 

Based on the post-
independence 
industrialization experience 
of Algeria, this paper 
highlights the business 
incubation system as an 
aspect of the triple helix 
model of innovation in which 
universities, industry, 
government and non-
government organizations 
feature as principal actors in 
the national innovation 
system. 

Algeria  Country Case 
study 

U-I-G The business incubation system is 
an important aspect of the triple 
helix model of innovation in which 
universities, industry, government 
and non-government 
organizations feature as principal 
actors in the national innovation 
system. There is need for both 
technology transfer and the 
development of the triple helix 
culture in developing countries.  

A major policy initiative is needed 
in developing countries to put the 
national system of innovation in 
place and remove the constraints 
on the development of the triple 
helix culture. Policy instrument 
should target on the culture of 
bureaucracy and institutional 
fragmentation which has been a 
major factor militating against 
initiatives for technological 
capability development.  
 

Konde, 2004 This paper uses the 
development of the internet 
in Zambia, through 
commercialisation of a 
university based academic e-
mail system into the 
country's first Internet 

Zambia Country Case 
study 

U-I-G The ability of nations to generate 
and use advanced knowledge for 
industrial competitiveness is partly 
determined by the relationship 
between government, industry 
and research institutions as well as 
policies and regulations that 

A Triple Helix relation of 
Universities-Government-Partners 
may be important in transferring, 
adapting and mastering 
knowledge based technologies in 
Africa. 
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Service Provider (ISP), to 
identify the relationship 
between government-
university- (development) 
partners and to outline some 
important policy lessons 
where African universities 
could play a role as 
technology transfer agents. 
 

govern the generation, transfer 
and commercialisation of new 
knowledge. African innovation 
systems do not seem to fit such a 
relation. 

Saad, 2004 This research discusses the 
incubation system as an 
aspect of the 'triple helix' 
model of innovation in which 
universities feature as 
organizational actors 
interfacing the public-
private/voluntary sector 
nexus in the process of 
economic growth and 
development. 

Algeria Country Case 
study 

U-I-G The introduction of the incubation 
system in Algeria shows the 
difficulties involved in 
implementing innovation 
strategies based on the 'triple 
helix' model in developing 
countries in general. The triple 
helix model itself is vulnerable 
especially when one of the key 
actors does not possess the 
capability and power to play its 
role effectively. 
 

Policy in developing countries like 
Algeria should seek to promote 
learning and innovation through 
an effective system of interactions 
between and within the main 
components of the triple helix 
model, namely government, 
university and industry. 

Sutz, 2000 The research analyses the 
university–industry–
government relations in Latin 
America from two points of 
view: a “bottom up” one that 
starts from concrete 
experiences of knowledge 
user–producer relations, and 
a “top-down” one that 
considers the outcomes of 
the institutionalisation 
efforts recently developed in 
the region. 

Latin 
America 

Qualitative  U-I-G Findings revealed that the 
historical low involvement of 
industry in knowledge and 
innovation activities across Latin 
America has not substantially 
improved. The weakness of the 
main actors, the vague status of 
their research interest and the 
inactive relations between 
institutions are the main reasons 
for the lack of effort of science and 
technology research into socio-
economic development in Latin 
America. 

Policies should be designed to 
improve the university-industry-
government linkages, as well as 
develop the right strategies to 
integrate the knowledge activities 
and bring in commercialisation or 
intellectual property practices. 

National 
Innovation 
System 
 

            

Voeten, 2016 Identify relevant policy and 
research issues concerning 
innovation in manufacturing 
SMEs within contemporary 
realities in Ghana. 

Ghana Country case 
study 

U-I Ghanaian SME innovations are 
mostly in-house activities. The 
motivation, contacts and 
international exposure of the 
owner were key factors in the 
engagement in innovative 

It is desirable to develop 
innovation within manufacturing 
SMEs; the development process in 
LICs could be supported by 
tapping existing knowledge and 
know-how; The government can 
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activities. There are no links 
between the interviewed SMEs and 
public sector actors, such as 
universities, governments, or 
NGOs, as presented in the 
‘Innovation Systems’ analytical 
model. 
 

reduce obstacles to innovation in 
competition and in regulatory and 
legal frameworks. Government-
sponsored research and 
development structures can 
respond to the needs and 
demands of surrounding 
communities; not to focus on 
governmental policy makers only, 
but on direct advice 
 

Voeten, 2016 Identify relevant policy and 
research issues concerning 
innovation in manufacturing 
SMEs within contemporary 
realities in Tanzania 

Tanzania Quantitative, 
micro 
econometric  

U-I the incremental SME innovations 
in Tanzania are mostly in-house 
activities; contacts and 
international exposure of the 
owner are key factors in 
engagement in innovative 
activities; There are no cases of 
collaborative innovative activities; 
There are virtually no links 
between the interviewed SMEs and 
public sector actors. 
 

It is desirable to develop 
innovation within manufacturing 
SMEs; the development process in 
LICs could be supported by 
tapping existing knowledge and 
know-how; an efficient innovation 
policy by governments will 
address the overall innovation 
climate, which goes beyond 
traditional science and technology 
policy; government action should 
facilitate the articulation and 
implementation of innovative 
initiatives, since innovators need 
basic technical, financial and other 
support; not to focus on 
governmental policy makers only, 
but on direct advice to SMEs on 
how to improve their business. 
 

Voeten, 2015 Identify relevant policy and 
research issues concerning 
innovation in manufacturing 
SMEs within contemporary 
realities in Kenya 

Kenya Country case 
study 

U-I There is a positive impact of 
innovative manufacturing SMEs on 
employment generation. Although 
most owners and managers 
indicate that the employees are 
eager to learn and motivated to 
work, their limited exposure to 
sources of information (internet) 
and limited creativity is considered 
an obstacle at the firm level. The 
absence of collaborative 
innovative activities and the 
industry-public sector linkages. 
 

Promoting innovation among 
manufacturing SMEs in Kenya 
could focus on better products at 
reasonable prices, as import 
substitution; the development 
process in LICs could be supported 
by tapping existing knowledge and 
know-how; The government can 
reduce obstacles to innovation in 
competition and in regulatory and 
legal frameworks; not to focus on 
governmental policy makers only, 
but on direct advice to SMEs on 
how to improve their business. 
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Watkins et al., 
2015 

Review the NIS literature in 
developing countries and 
discuss the important role of 
both institutions, particularly 
governments, and the 
process of institutional 
capacity building. It also 
highlights the intermediary 
role of industry associations.  
 

Developing 
countries, 
incl. Africa 
countries 

Qualitative, 
literature 
review 

U-G Institutional capacity building 
might be directed, particularly in 
the context of developing 
countries where governance 
capacities are often lacking, 
contributing to less effective 
innovation systems, stagnant 
economies, and unequal 
development. 

N.A. 

OECD, 2014 Review and evaluate the 
current innovation policies in 
Viet Nam 

Viet Nam Qualitative, 
descriptive 
statistics 

U-I-G Good framework conditions and a 
healthy business environment are 
essential for Viet Nam’s innovation 
performance. 

Policy instruments should target 
on improving public governance of 
the innovation system; developing 
the human resource base for 
innovation; strengthening 
innovation in the business sector 
and the contribution of public 
research; fostering the innovation 
linkages between different actors. 
  

OECD, 2013 Review and evaluate the 
current innovation policies in 
Cambodia and Indonesia 

Cambodia 
and 
Indonesia 

Qualitative, 
descriptive 
statistics 

U-I-G Research linkages between 
government research institutions 
and the small industrial R&D 
community have been rare in 
Indonesia. In Cambodia, the 
nature of its industrial structure 
and the relative absence of strong 
innovation actors or strong links 
between indigenous and foreign-
based actors indicate that low 
efficiency of the innovation 
system. 
 

Policies should be designed to 
support building up the science 
base; encouraging spill overs from 
FDI; strengthening innovation 
linkages between different actors. 

Kruss et al., 
2012 

Research on the changing 
role of universities in firms 
learning, innovation and 
national economic 
development to Nigeria, 
Uganda and South Africa. 

Nigeria, 
Uganda 
and South 
Africa. 

Empirical, 
Cross country 
comparison 

U-I Nigerian or Ugandan or South 
African universities adopt models 
of firm interaction, of technology 
transfer, incubators or science 
parks uncritically and uninformed 
by systematic analysis of sectors 
and firms in their own contexts, 
the result suggests they may not 
succeed in achieving their goals 
due to the dynamic phases of 
knowledge-based economic 
growth.  
 

Firms in services sectors may also 
turn to universities to complement 
their internal capabilities; a focus 
solely on science and technology 
modes of innovation is likely to 
lead to erroneous conclusions 
about university interaction in 
sub-Saharan Africa. 
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Cozzens and 
Kaplinsky, 2011 

Understand how systems of 
innovation and competence 
building might affect 
inequality in developing 
countries 

Developing 
countries, 
incl. Africa 
countries 

Qualitative, 
theory 
development 

 Investments in building capability 
to increase absorptive capacity are 
crucial, not just for growth but for 
distribution as well.  

Investments should be provided 
for building competitive 
businesses, improving high 
equality education, upgrading the 
capacity of households to use 
available technologies, as well as 
encouraging capacity building in 
local firms especially for small 
firms.  
 

UNCTAD, 2011 Review Ghana’s STI 
capacities and assess how 
these capacities are being 
translated into innovations 
that help meet the country’s 
socioeconomic development 
objectives, including 
supporting economic growth 
and poverty reduction as well 
as structural transformation 
of the economy. 

Ghana Country case 
study, 
descriptive 
statistics 

U-I-G Policy action to promote STI 
development is required if Ghana 
is to achieve faster, more 
sustainable growth and 
development. 

Improving leadership, 
coordination, and management of 
STI: 1) Creating incentives and 
appropriate public support 
mechanisms for private-sector 
innovation, technology 
absorption, and industry-driven 
research; 2) Growing the science, 
engineering and technical 
workforce; 3) Aligning the 
research and development (R&D) 
system to socio-economic needs 
 

Pietrobelli and 
Rabellotti, 2010 

Discuss how innovation 
systems and global value 
chain (GVC) interact, and 
how this interaction is likely 
to affect enterprise learning. 

Developing 
countries, 
incl. Africa 
countries 

Theory 
discussion 

I-G Learning mechanisms can vary 
widely within the various forms of 
governance of GVC; The 
relationship between GVCs and 
innovation system is nonlinear and 
endogenous; The internal 
governance of GVC is a dynamic 
phenomenon that is subject to 
continuous adjustments and 
changes, and the nature of the 
innovation system affects this co-
evolution. 
 

Use of “communities of practice,” 
can effectively compensate for 
lack of geographical proximity. 

Mwantimwa, 
2008 

The relationship of 
indigenous knowledge and 
technological innovation to 
poverty alleviation in 
Tanzania. 

Tanzania  Case study G-I Indigenous knowledge creation 
will be impossible if government of 
Tanzania will only depend on the 
knowledge from developed 
countries without making efforts 
internally. Technological 
innovation benefits small farmers 
and entrepreneurs.  
 

Strategy must be put in place to 
ensure proper adaptation and use 
of indigenous knowledge and 
innovation for higher socio-
economic growth and sustainable 
Development.  
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Szogs, 
Cummings and 
Chaminade, 
2008 

Discuss the role of 
intermediate organizations in 
supporting different forms of 
interactive learning and 
capability building in small 
scale business initiatives in 
emerging innovation 
systems in developing 
countries 

Tanzania 
and El 
Salvador 

Case study U-I Intermediate organizations are 
key in linking actors to each other, 
strengthening interactive learning 
and networking capabilities. Their 
main role is to transfer information 
from the users to the producers 
and help them meeting that 
demand. 

Policy and development initiatives 
should support upgrading and 
innovation in SMEs in developing 
countries, explicitly recognizing 
their capabilities in establishing 
and developing system linkages, 
and the networking and learning 
capabilities that are key 
determinants of innovation 
system performance.   
 

Lundvall, 2007 Identify knowledge and 
learning as the basis for 
innovation and discuss how 
different modes of innovation 
complement each other. 

All 
countries, 
incl. African 
countries. 

Theory 
discussion 

 It is necessary to develop an 
alternative terminology for less 
developed countries. The 
separation and lack of interaction 
between the knowledge 
infrastructure and the firms is the 
most important element slowing 
down processes of learning and 
competence building with 
relevance for economic 
development.  

N.A. 

Lall and 
Pietrobelli, 2005 

Develop a concept of 
National Technology System. 
Present microeconomic 
evidence on S&T 
infrastructure 

SSA Quantitative, 
descriptive 
statistics 

U-I-G The study revealed that supply of 
modern skills is inadequate in SSA 
countries and the physical 
infrastructure is weak and often 
deteriorating. In addition, the 
inadequacies of the technology 
system undermine the industrial 
competence and dynamism.  

strengthening the national 
technology system is necessarily a 
long-term process and policy 
supports are needed. Government 
should allocate substantial 
resources over a lengthy period to 
support the creation of new links 
and networks. It also needs a 
conducive social, political and 
economic setting in which 
enterprises, governments and 
institutions can plan and 
implement long-term strategies. 
 

Arocena and 
Sutz, 2001 

This study attempted to 
compare the National system 
of innovation between South 
(Latin America) with North. 
It identified the 
characteristics of NSI from a 
Southern persective and 
describe a few of the main 
contextual differences 
between Latin America and 
the developed nations in 

Latin 
American 
countries 

Qualitative U-I The NSI is existing in the region 
but in general is weak. As the 
Uruguayan case shows, there is 
not a unanimous “social subject” 
that speaks for the whole society: 
common people, technicians, 
elites, government officers, have 
different perceptions on the 
matter. 

Effectively innovation policies 
need to be used as a tool in the 
shaping of NSI; Government 
should also take into account an 
actor’s perspective when 
designing interventions. 
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terms of NSI 
conceptualisation. 
 

National 
Research 
System 

            

Mouton and 
Waast, 2009 

By using evidence-based 
approach to compare the 
national research system, 
this study describes and 
evaluates the research 
institution in African 
countries. 

Africa Descriptive 
analyses 

University 
and 
research 
institution 

Findings suggest that the small 
scientific communities in African 
countries are very sensitive to the 
ups and downs of politics, policies 
and funding (local or 
international). Many institutions in 
developing countries is under-
funded. Research in low income 
countries is often driven by the 
individual scientist’s priorities and 
interests, and it ultimately aimed 
at advancing personal (academic) 
career 

Commitment to increased 
investment in R&D by government 
in low income countries needs to 
be put into practice. Government 
and public need to understand the 
role of research and knowledge 
production as an effective way to 
address development and 
economic issues such as poverty, 
infectious diseases, food security 
etc.  Improve research 
infrastructure such as research 
and library resources.  

              

*U-I-G: University-Industry-Government; **SSA: Sub-Saharan Africa 
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