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The Innovation System heuristic grew up in opposition to 
the neoclassical treatment of technological change  

• Technological change no longer seen as costless and exogenous to 
firms but costly and endogenous 

• Evolutionary economics: the firm contains people; rationality is 
‘bounded’; people, firms and other institutions learn; but there is 
also path dependency 

• Rejection of the linear model; science does not alone cause 
innovation - innovation is understood as non-linear 

• Innovation researchers focused attention on producer-user 
relations and networks: Innovators do not innovate alone  

• Institutions matter 
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A classical/Schumpeterian perspective: Innovation 
and imitation drive capitalist development 



What the innovation system is evolves over time 
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Innovation Systems approach – a structural focus 

Source: Arnold & Kuhlmann, 2001 

MSc BA – Technology & Innovation Dynamics  

The potential 

reach 

of public policies 

... 

Framework Conditions 
Financial environment; taxation 

and incentives; propensity to 
innovation and entrepreneurship; 

mobility ... 

Education and  

Research System 

Professional 

education and 

training 

Higher education 

and research 

Public sector  

research 

Industrial 

System 

Large companies 

Mature SMEs 

New, technology-     

based firms 

Inter-

mediaries 
Research 

institutes 

Consumers (final demand) 

Producers (intermediate demand) 

Demand 

Banking,  
venture capital 

 

IPR and 

information 
Innovation and 

business support 
Standards 

and norms 

Infrastructure 

Political 

System 

 

Government 

 

R&I policies 

 

Governance 

Source: Kuhlmann & Arnold 2001 

Co-evolution 



An emerging functional school focuses on functions 
performed or organised by the state 

Edquist 

• Provision of knowledge inputs 
to the innovation process 

• Demand-side activities 

• Provision of constituents for 
Innovation System 

• Support services for innovating 
firms 

Hekkert et al 

• Entrepreneurial activities 

• Knowledge development 

• Knowledge diffusion through 
networks 

• Guidance of the search 

• Market formation 

• Resource mobilisation 

• Creation of 
legitimacy/counteract 
resistance to change 

Charles Edquist, ‘Design of innovation policy through 

diagnostic analysis: identification of systemic problems (or 

failures)’, Industrial and Corporate Change, 20(6), 2011, 

1725-53  

MP Hekkert, RAA Surs, SO Negro, S Kuhlmann and 

REHM Smidts, ‘Functions of innovation systems: A new 

approach for analysing technological change’, 

Technological Forecasting and Social Change,74 (2007), 

413-432 



The innovation system idea extends the rationale for 
government intervention from market to systemic failure 

 

Market failure - often about basic 
research 

 

• Indivisibility 

• Inappropriability 

• Uncertainty  

 

Systems failure - mostly about 
inadequate performance 

 

• Capability failures 

• Institutional failures 

• Network failures (including 
lock-in and transition failures) 

• Framework failures 
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Some implications of the Innovation Systems approach 

• Innovation activities are much more than R&D 

• Interconnection and interdependence are at the heart of the 
innovation system concept 

• Demand, not just supply, drives innovation systems 

• National systems are internationally open 

• Innovation systems develop in specific cultures and have unique 
histories – their institutions co-evolve, so different systems may 
employ different structures to perform similar functions 

• In policy, balance – or ‘mix’ – is key 



Most aspects of research and innovation policy need the 
locally correct balance (‘policy mix’)  

• The balance between basic and more applied forms of research 

• Bottom-up versus programmed research and innovation funding 

• Balance between block funding of research institutions and 
competitive funding  

• Mix of fiscal and subsidy incentives for industrial innovation  

• Availability of venture capital, finance, credit and that of attractive 
innovation investment opportunities 

• Allocation of knowledge production resources to universities 
versus government labs versus Research and Technology 
Organisations 

• Size of the further and higher education and training system and 
its composition, compared with the balance of societal needs 
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Issues with the use of NIS approaches by developed 
country analysts in developing countries 

• There is a pool of literature on this topic (e.g. Martin Bell, Arocena 
and Sutz, Casiolato et al. …) 

 

• There is our practical work experience 

 

• We come with a baggage of misconceptions despite the fact that we 
try to be unbiased and open minded 

 

• Studies using National Innovation System approaches on 
developing countries have a number of pitfalls and flaws  

 

 



IS:  skewed attention for the formal public R&D sector  

• Focused on the formal government led R&D sector as the expected 
key driver of change to economic growth patterns 

• Often overestimating the quality of the R&D ‘nodes’ 

• Using a very linear approach 

• Copying simple first generation technology transfer models  

• Disconnected from the (weak) productive sector 

• Formal government R&D policy strategies not linked to economic 
growth  strategies (and poverty alleviation strategies) 

• The analyses suffer from a lack of reliable data on large parts of the 
system and weak information flows between the stakeholders 
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The IS and enterprise sector in developing countries 

• Underrepresenting the enterprise sector in the IS mapping & 
assessment exercises 

• Biased towards manufacturing and R&D intensive sectors 

• Biased towards knowledge creation (innovations new to the 
market/world) rather than knowledge absorption (innovations new 
to the firm) 

• Therefore not paying enough attention to training, learning and 
skills needs in the productive sectors -> vocational training 

• Lack of reliable data on the enterprise sector 

• Not able to grasp the relatively large share of the informal economy 

• Not accustomed to different type of grass roots business sector 
organisations that get things done outside the official state system   
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Does this mean the IS concept isn’t suitable? 

• The concept as such is not the problem:  the execution of the 
analysis and the simplistic use of IS as a policy tool is 

• The IS analysis and policy advice should not become a ‘check-list’ 
exercise  -> do we have all nodes in place? 

• The linkages and learning in the entire system need more attention 

• History matters: large path dependency in the economic system 

• Consider innovation as a source for upgrading existing lines of 
production and changing the structural composition of economic 
activity in a growing economy (-> Martin Bell, 2012) 
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Colombia 
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Systemic policy challenges for Colombia 

• Low business innovation and productivity 

• Reliance on mineral commodities impedes wider development 

• Inequalities of income and opportunity 

• The state’s part of the innovation system is small and academically 
focused, producing only modest scientific outputs 

• Over-focus on university education at the expense of technical 
training and training inside companies 

• Acute social needs are poorly connected to innovation 

• Unbalanced policy mix, focusing on a narrow range of innovation 
modes of limited relevance to most business and social innovation 

• Limited policy coordination among ministries and across regions 
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Source: OECD Reviews of Innovation Policy: Colombia, Paris: OECD, 2014 



Soft factors 

• Low trust in government and society 

• Need for policy development capacity building: strategy (easy); 
implementation (hard) – even more so at regional level 

• Inadequate capacity leads to ‘policy copy-pasting’ 

• Inequalities are about elites’ perspectives, not just income 

• Inappropriate social attitudes to university versus technical 
education  

• Legacy of ‘technology gap’ doctrine is over-emphasis on high tech 
and little attention for social and informal-economy innovation 

• Under-exploitation of MNCs as ‘training schools’? 

• Fear of corruption and capture inhibits selectivity 

• Lack of structural clarity in governance complicates coordination 

• Gini coefficient 56 
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Sweden (2012)  
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Sweden 2015 review looked at six specific policies 

• Increased block funding for the universities 

• Establishing Strategic Research Areas in the universities 

• Strategic Innovation Programmes (PPPs) 

• Increasing investment in Research and Technology Organisations 
(RTOs) 

• Challenge-driven innovation programmes focusing on societal 
challenges 

• Increased support for Swedish participation in European R&D 
programmes 
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Soft factors 

• High trust society that prefers sticks to carrots 

• Strong education structure is supported by strengths in 
administration capacity, business culture, design, management… 

• Tripartite, social democratic tradition – “flexicurity” 

• Speeds adoption of innovation 

• Can cause lock-ins 

• Poor policy coordination – mitigated by diversity? 

• Cultural dominance of ‘basic research’ fraction 

• Hampers development of innovation policy 

• Leads to poor governance of universities and research funders 

• Inhibits these institutions’ ability to change with changing needs 

•  Slow recognition that a ‘headquarters R&D’ economy has to think 
in FDI terms 

• Gini coefficient 25 
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• They seem to have a Governance Problem? E.g.,  

• in universities’ capacities to handle external funding? 

• in (innovation) policy (setting and establishing priorities, defining 
the appropriate instruments, steering the overall system) 

• They seem to have an Input-Output problem? E.g., 

• in HEI (rising funding, stagnation in scientific quality/output)? 

• in innovation (discussion about the ‘Swedish paradox’)? 

• in catering to the societal challenges and related policy priorities? 

• They seem to have a need for (radical) institutional change? 

• reducing the number of funding organisations? 

• re-assessing the role of RTOs? 

• streamlining the policy making & advisory bodies (more 
structured steering system)?  

 

Sweden 2015. Strong  system, but…. 



A key challenge in innovation system governance is 
taming the beneficiaries – we can’t do without them 

 

• Double principal-agent 
relationship 

• Mixed views about who ‘owns’ 
intermediary organisations 
• Extensions of the beneficiary 

community’s self-governance? 

• Executive agencies of the state? 

• The role of beneficiaries in 
governance causes a tendency 
to lock-in 
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Some lessons across countries 

• Elites and their perspectives matter – and may distort policy, for 
example by de-emphasising the resource-poor 

• Capacity and distributed intelligence are key requirements 

• Trust and social capital enable policy development and 
implementation 

• Governance can make or break performance at both institutional 
and systemic levels 

•  A comprehensive and balanced education system goes hand in 
hand with the research system to underpin development 

• If you have lots of resources you can more easily live with sloppy 
governance and coordination 

• We all seem to need better understanding of the MNCs  
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A systemic view of PRFS 
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Internationally, four main categories of policy objectives 
can be observed in PRFS 

• To enhance the quality of research and the country’s research 
competitiveness 

• To steer behaviour in order to tackle specific failures in the 
research system 

• To strengthen accountability  

• To provide strategic information for research strategy at 
institutional and/or national level 
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Funding contexts vary 

  PRFS used 
Government 

research funding 

Institutional 

funding for 

research 

Government 

competitive 

research project 

funding  

Austria   1,669 76% 24% 

Belgium / Flanders √ 1,117 36% 64% 

Denmark √ 1,653 72% 28% 

Finland √ 1,033 58% 42% 

France   7,972 50% 50% 

Germany   7,575 71% 29% 

Iceland   55 51% 49% 

Ireland   704 31% 69% 

Italy √ 5,204 85% 15% 

Norway √ 1,380 73% 27% 

Spain √ 3,012 66% 34% 

Sweden √ 2,041 57% 43% 

Switzerland 2,000 82% 18% 

United Kingdom √ 5,545 48% 52% 
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Assessment criteria 

• The ‘direct’ assessment of research productivity and research 
quality or excellence is a topic of importance in all PRFS 

• Several PRFS directly assess also the productivity, quality and 
value of non-academic outputs and innovation-related ones such 
as patents  

• Most countries use the universities’ capacity to attain external 
funding as a proxy indicator for research quality and/or relevance.  

• Several countries also use a series of systemic indicators assessing 
the universities’ broader research activities, as proxy indicators for 
quality or relevance for the national research or innovation system. 

• In a few countries, the number of citations reached are considered 
proxies for impact on the research base; the use of indicators to 
assess socio-economic impacts is rare 
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Assessment models 

• The UK and New Zealand rely close-to-uniquely on peer review 

• Belgium, Denmark, Finland and Norway use bibliometrics for the 
assessment of research quality in the PRFS 

• The ‘mixed peer review-bibliometrics’ model makes a 
distinctive use of bibliometrics and peer review. Examples include 
the Italian VQR, the Australian ERA assessment system, Lithuania 

• The ‘informed peer review’ model uses bibliometrics to inform 
the peer reviewers - to varying degrees and upon the peers’ 
discretion. The evaluation methodology exploits the ability of 
indicators to represent large sets of data in a simplified overview 
while exploiting the ability of peers to make more qualified 
judgments about excellence, coherence and other qualitative 
aspects that cannot be achieved through indicators alone 
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The proposed Czech model – if you want to do many 
things it gets complex 
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The Czech PRFS at a more detailed level  
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Not all the best performers use a PRFS 
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Those which do get improved quality - but a PRFS is not 
the only way and its influence on the trend is unclear 
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UK a declining nation in R&D 
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Business (and government) is disinvesting. Higher 
Education expenditure is rising, but not fast  
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It looks as if the UK PRFS helped drive improved 
performance 
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PRFS introduced 



A concentration of money in the elite, research-focused 
universities. Little significant redistribution  
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Effects on researcher careers – mixed messages 

• Academic literature on the REF* is overwhelmingly critical – the 
positive messages come from research managers  

• Key impact mechanism of the REF is via researcher careers and 
hence human resourcemanagement 

• Younger and female researchers under greater pressure from the 
REF than the old guys 

• Increased market power of REFable researchers 

• Managers’ inability to measure quality in REF terms causes use of 
quality proxies, not always good ones (eg JIFs, lists of journals …)  

• Researchers incentivised to prioritise short term productivity, and 
academic quality over the 3rd mission 

• In the REF, institutions ‘game’; in metrics-based systems, 
individuals do so  
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*For REF read RSE, RAE and REF 



Impact on research 

• Some of the same weaknesses as peer review in general: under-
values interdisciplinarity, promotes mainstream ‘schools’, eschews 
risky research 

• Discourages ‘infrastructural’ research, databasing, 
instrumentalities 

• Rewards short- rather than long-term behaviour 

• Circularity in the community of ‘peers’, with the same people 
dominating REF panels, Research Council assessment, journal 
boards, etc – so REF seems to reinforce existing quality control 
and authority mechanisms in science 

• Most of these effects are strengthened by university research 
managers’ risk-minimising and income-maximising strategies 
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Impact on universities: is there behavioural additionality? 

• Universities more visibly accountable and the hand of central 
university management has been strengthened 

• RAE/REF results have been used to inform university strategy and 
can drive reallocation of resources among fields  

• Hence, the pattern of research development and growth in the 
universities is driven by REF performance 

• New coordination, planning and monitoring roles have emerged 

• Selective allocation of research time between staff  

• Many universities have reproduced the external assessment 
criteria internally and organised ‘mini-RAEs’ in preparation for 
the HEFCE assessments  

• Reduction of teaching to a secondary activity – problematic? TEF? 
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The REF as an institution 

• Policy intentions initially to focus resources and then to promote 
excellence – largely unchanged for 30 years despite radical 
changes in the role of higher education 

• Incremental methodological innovation but ‘model’ constant 

• REF2014 cost £248m (about a trillion COP) – mostly effort by the 
universities – but is a cheaper way than grants to distribute money 

• Repeated rejection of attempts radically to reform the REF 
(Roberts, REF pilot, Stern Review etc)  

• An internationally extreme use of performance-based funding – 
few others allocate anything like as high a proportion of 
institutional funding as the REF 

• New issues injected in 2015 presage more radical reform?  If so, 
what’s the policy context into which the REF will fit?  
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