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1. Introduction

Background of this report
The key motivation for SmartEIZ project is based on several facts. Croatia’s innovative
position relative to the other EU members might be considered unfavourable; limited
business expenditure on R&D cannot provide effective technological and innovative services
and there is a growing awareness of the importance of topics related to Research,
Development and Innovation among researchers in Croatia. There is a growing need to
change the mode of growth from consumption and low-tech services-driven to knowledgedriven growth economy in Croatia. In turn, this requires better understanding on how RDI and
technology operate in the economic system. Research in the area of Economics and
Management of Innovation and Technology (EMIT) has become increasingly important for
the Institute of Economics, Zagreb (EIZ) to improve its scientific excellence, enhance its
policy advice capacity, with a special attention to the Research and Innovation Smart
Specialization Strategy (RIS3), and strengthen its regional reputation.

This project aims to strengthen the scientific and research capacity and narrow networking
gaps and deficiencies of EIZ in the field of EMIT, which might improve its research
capabilities, help it analyse, design and evaluate public policies more effectively, empower
EIZ to contribute to the implementation of National Smart Specialisation Strategy and
strengthen the cooperation between EIZ and leading research institutions in the EU.
Activities in this project include WP1 – Coordination and Project Management; WP2 –
Development of Twinning Strategy for EIZ; WP3 – Designing Twinning Tools; WP4 –
Capacity Building Activities; WP5 – Fostering Regional Network Capacity in the field of EMIT;
WP6 – Dissemination of Results.
Work package 2– Development of Twinning Strategy for EIZ

The main objective of Work Package 2 (WP2) is to prepare and develop in-depth Twinning
strategy for EIZ. The aim is to analyse EIZ research needs in relation to the Croatian
Innovation Policy involving Croatian Ministry of Economy (MINGO) and Croatian Agency for
Investments and Competitiveness (AIK). More specifically, WP2 seeks to (1) identify and
map EIZ research needs in relation to the Croatian Innovation Policies and RIS3; (2) analyse
This project has received funding from the European Union’s Horizon 2020 Research and
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the state–of–the art methodology used for research and policy design and implementation;
(3) identify relevant Croatian academic and non–academics stakeholders; and (4) prepare
Twinning strategy for EIZ. WP2 is coordinated by UB/CRIOS (Università Commerciale Luigi
Bocconi, Italy) in collaboration with UCL (University College London, United Kingdom) and
UNU–MERIT (Universiteit Maastricht, Netherlands) with the close involvement of EIZ.

Task 2.4: Preparation of Twinning strategy for EIZ in the field of EMIT in order to
achieve the objectives of the Twinning project (Month 7– Month 10).

Twinning strategy for EIZ in the field of EMIT presents a focal point of the WP 2. Alongside
with results about the research needs within T 2.1 in this task we will analyse results1 of the
survey on research and policy support needs of innovation stakeholders in Croatia as well as
among stakeholders in the neighbouring South East European countries2. In this way we will
include opinions about policy needs, research needs and training needs3 from academic and
non-academic organizations in Croatia as well as in neighbouring countries. Result of the T
2.3 shows that the Institute of Economics, Zagreb has collaboration with academic and nonacademic organizations at national and international level4. Moreover, the results of the T 2.2
described state of the art methodology in the above mentioned topics.

The findings in T 2.4 will help initiate implementation of the Twinning strategy for EIZ within
WP3, WP4 and WP5. The final step within T 2.4 will be to define a specific development
strategic programme focused on improving EIZ’s research capacities in EMIT and
technological policy design and evaluation field, adopting a comprehensive programme of
capacity building activities. However, through training workshops and school, capacity
building should involve public administrators (policy analysts) and other researchers
wherever possible. This task will be developed in close cooperation with research institutes
of internationally leading countries (CRIOS, UCL).
1

The results are based on the on line questionnaire on Research and Policy support needs of Innovation
Stakeholders in the South East Europe. The survey has been conducted in the period from July to the first part of
October 2016. More details about the on line questionnaire can be found in part three of the strategy.
2
These are Albania, Bosnia and Herzegovina, Croatia, Kosovo, Montenegro and Serbia.
3
We are interested in their opinion about innovation policy and training needs.
4
As mentioned in T 2.1 and T 2.3 the EIZ conducted several consultancy projects commissioned by some of the
stakeholders (Ministry of Science Education and Sport, HAMAG BICRO). Moreover, important stakeholders from
Serbia, Institute Mihajlo Pupin and Macedonia Faculty of Economics Prilep participated with EIZ in the scientific
project named Innovation policy learning from Norway to the Western Balkans.
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In the context of the project objective, the twinning strategy for EIZ will be able to help
achieve objectives as follows:

O1 - Strengthen the cooperation between EIZ and leading international partner institutions in
EU in the fields of EMIT;
O2 - Improve the overall research of EMIT in EIZ through training activities;
O3 - Enhance EIZ’s capacity to assist in policy design and implementation of public policies
which favour internationalisation of Croatian production and innovation system in the
globalizing economy;
O4 – Improve capacity of EIZ to study drivers and hindering factors of different
Science/Industry models of collaboration;
O5 - Empower EIZ to contribute to RIS3 implementation by stimulating inclusive innovation
and sustainable development in selected technological domains.
To examine EIZ research needs in relation to the Croatian Innovation Policy, three semistructured interviews were conducted with key stakeholders (MINGO, AIK and HAMAGBICRO). We asked them to present the role of their institutions within Croatian innovation
policies, challenges their institutions are currently facing, and identify the priorities and areas
in which EIZ might help5. Stakeholders had to indicate few research issues, instruments that
are important for Croatian innovation policies and for the implementation of RIS3, where EIZ
might help with improved methodology, as a result of the SmartEIZ project6. The evaluation
of EIZ achievements in scientific research, consultancy research projects and public
professional activities in the field of EMIT was based on secondary data on EIZ scientific
research available in EIZ internal databases: EIZ internal productivity database7 and
database containing information about EIZ projects (EIZ project database). The data was
analysed using content analysis methodology. To identify EIZ research preferences, ten
semi-structured interviews were carried out. Interviews were carried out with ten researchers

5

The list containing the most important policy-driven issues and the most important academically-driven issues
was prepared in advance and was sent to stakeholders by e-mail to help interviewees develop thoughtful and
complete responses to questions.
6
Interviews were conducted in Croatia, in March 2016. There were, three persons present at each interview: two
persons from EIZ (Aralica, Zoran and Anić, Ivan-Damir) and one representing the stakeholder.
7
This is an internal database which includes all papers which EIZ affiliates published in the period from 2000
onwards. In this way someone can find information about EIZ affiliates in one place, and it is mostly used for filling
various external reports. Special attention is given to the papers published in journals indexed in Web of Science
and Scopus and is monitored number of citations. It is updated on a monthly basis.
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from EIZ, actively involved in the SmartEIZ project. Interviews were conducted in March
2016.

2. EIZ research needs as a result of Task 2.1.

The main objective of Task 2.1 was to identify and map research needs of EIZ in relation to
Croatian Innovation Policies and RIS3. Task 2.1 has been focused on both EIZ’s scientific
research needs to better advice stakeholders on the efficiency of their policies for improving
RIS3 implementation as well as Croatian Innovation Policies’ deficiencies. First step in
conducting this task was identification of major policy- and academically- driven issues
related to EMIT in the context of the project. After that, comparative analysis of Innovation
Policies in CEE countries and Croatia was provided. In the final step, based on identified
policy-driven needs among main stakeholders within the project, EIZ’ achievements,
research preferences and the EIZ research needs have been elaborated.

Starting point for the analysis was identification of major policy- and academic (research)
issues. It is important to note that the policy oriented research issues which were laid down in
the Grant Agreement ((Clusters, Public policies to attract Foreign Direct Investment (FDI)
and fostering strategic alliances for RIS3, Global Value Chain (GVC) and Innovation Systems
(ISs), University and industry interaction, and KETs (Key Enabling Technologies)) were
modified during SmartEIZ project’s kick-off meeting in February 2016. New topics related to
national context of Smart Specialisation were added. Also, division between policy driven
issues and academically driven issues was introduced. As a result of the SmartEIZ project
meeting, following major policy-driven issues and academically driven issues in the field of
EMIT were identified as important for implementation of Smart Specialisation (S3) in Croatia:
Table 2.1 Policy driven issues and academically driven issues
The policy driven issues
1.

Science – Industry links,

The academically driven issues
1.

Technology, growth and productivity,

2. Clusters,

2. Firms, innovation and productivity

3. Tax incentives for R&D: effects,

3. Technology, employment and skills

4. Evaluation of R&D programs,

4. FDI, trade and technology,

5. Evaluation of R&D organisations (e.g. the Centres of

5. Science system and science collaboration,

Excellence),

This project has received funding from the European Union’s Horizon 2020 Research and
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6. Entrepreneurship: macro and micro aspects,

7. Skills and technical change: policy issues (SMART

7. Innovation systems and ecosystems of innovation:

skills),

sectoral (industry studies) and industrial dynamics and
innovation

8. Assessing Innovation Policy,

8. Innovation systems and ecosystem of innovation;
regional

9. Catching-up along GVC,
10.

Creative

and

cultural

9. National innovation system.
industries

and

their

contribution to economic transformation through RIS3.

In Croatia, Smart Specialisation Strategy (S3) is aimed at transforming Croatian economy
and improving its competitiveness by concentrating knowledge resources and linking them to
a limited number of priorities8. The strategy advocates policy changes, measures and
interventions that are aimed to increase potential for generating growth through increased
productivity, technology upgrading and diversification. International trade and cross-border
investment are identified as a significant driver of economy. Links to global production
chains, through FDI and by domestic companies’ international trade in intermediate goods
could enable knowledge transfer and development of national capability. Given that clusters
have the capacity to support cooperation between different innovation actors, they are
identified as a powerful instrument for fostering competitiveness and innovation in S3
strategy.

The analysis has included the study of innovation performance in the context of
internationalisation of economic activities, as well as of policy-driven issues in the context of
RIS3 in CEE countries and Croatia. The analysis of Research and Innovation Policies was
focused on selected Central and Eastern European (CEE) countries (Hungary, Czech
Republic, Slovakia and Poland). In this context, the characteristics of Smart Specialisation
Strategy (S3)9, as a strategic approach to economic development through targeted support
8

Croatian RIS3 includes the following six objectives: (1) improving capacities of RDI sector to perform excellent
research and to serve the needs of the economy, (2) overcoming the fragmentation of innovation value chain and
the gap between research and business sector, (3) modernising and diversifying Croatian economy through
increasing private R&D and non R&D investment, (4) upgrading in and catching up along the GVC and promoting
internationalisation of Croatian enterprises, (5) working in partnership to address societal challenges, (6) creating
SMART skills – upgrading the qualification of existing and new workforce for Smart Specialisation.
9
Smart Specialisation involves a process of developing a vision, identifying the place-based areas of greatest
strategic potential, developing multi-stakeholder governance mechanisms, setting strategic priorities and using
smart policies to maximize the knowledge-based development potential of a region, regardless of whether it is
strong or weak, high-tech or low-tech.
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for research and innovation in CEE countries have been analysed. It seems that regarding
S3, the main differences between CEE countries and Croatia are in the importance of
industry and technology in economic policy in the period from the beginning of transition
onwards. Namely, compared to Croatia, CEE countries had favourable position regarding
specialisation in technologically intensive activities, such as medium-high-tech and high-tech
activities.

Additionally, in order to identify policy-driven needs important for the implementation of
Croatian Innovation Policies and Smart Specialisation Strategy, during March of 2016, three
interviews with major policy makers and stakeholders (MINGO, HAMAG-BICRO, AIK) in
Croatia were carried out10. As a result, the following most important policy-driven needs
regarding S3 implementation in Croatia, were identified by the key stakeholders: Clusters,
GVC, Assessing innovation policy, Science - Industry links, Skills and technical change –
policy issues (SMART skills). On the other hand, the following issues were identified as the
most important academically-driven research issues: Technology, growth, and productivity;
technology, Employment and skills; companies, innovation and productivity; FDI, trade and
technology; National innovation system; Innovation systems and ecosystems of innovation
(regional) (Table 2.1, the second column).

Conducted interviews provided insights into policy needs and the importance of research
issues from the stakeholders’ perspective, which enabled their better understanding and
improved identification of EIZ research needs (see following figure 2.1). Determining EIZ
research needs was based on the analysis of EIZ research achievements in the field of EMIT
regarding published papers and consultancy projects during 2013-2015, as well as EIZ
research preferences and analysis of policy driven needs (stakeholders’ needs). The
analysis showed that EIZ preferences fit well within policy needs, and that EIZ researchers
have more preferences regarding policy driven issues as compared to academically
driven issues.

10

All the interviewers presented the role of their institutions, challenges their institutions are currently facing within
Croatian innovation policies and they were asked to identify the priorities and areas in which EIZ might help

This project has received funding from the European Union’s Horizon 2020 Research and
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Figure 2.1 Revealing EIZ research needs
Stakeholders' needs
EIZ preferences

EIZ research needs

1ST PHASE Identification of stakeholders' needs and EIZ research preferences

Stakeholders'
needs

EIZ
preferences

2ND PHASE Identification of EIZ research needs

EIZ research
needs

Source: Authors

EIZ research preferences in the majority were based on EIZ achievements. Achievements
were analysed regarding published papers, consultancy projects and public professional
activities11. EIZ research achievements in the field of EMIT are visible through scientific
papers and consultancy studies published during the period of 2013-201512. Regarding
consultancy projects in the field of EMIT majority of them were conducted by EIZ team
involved in SmartEIZ. There are seven researchers involved as a core team and their
primarily responsibility is to carry out the activities in the SmartEIZ project: Aralica, Zoran

11

Research issues and methodology applied by EIZ researchers were also taken into consideration in this
analysis. Furthermore, SWOT analysis of EIZ research in the field of EMIT was conducted.
12
During observed period EIZ had 12 scientific studies in EMIT: 5 papers published in journals listed in Current
Contents/Web of Science/Scopus databases, 1 paper published in journal listed in EconLit database, 2 studies
published as book chapters, 3 studies published in Conference proceedings and 1 paper published as Policy
Research Working Paper.
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(project leader); Anić, Ivan-Damir; Bačić, Katarina; Božić, Ljiljana; Rašić Bakarić, Ivana;
Škrinjarić, Bruno and Botrić, Valerija13.
Conducted analysis of EIZ researchers’ capacities showed that EIZ has insufficient
theoretical novelty as well as insufficient advanced cutting-edge research methodology
needed in order to be published in prestigious journals. International visibility of EIZ scientific
production is not satisfactory; participation in international research projects is assessed as
insufficient. Moreover, analysis of EIZ achievements (column 1 in below table) in the areas
Science - Industry links, Evaluation of R&D programs, Creative industries, Tax incentives for
R&D: effects, Innovation policies and Evaluation of R&D organisations, Regional innovation
system, Skills and technical change: Policy issues (SMART skills), Technology employment
and skills, Companies, innovation and productivity, showed that EIZ research is
predominately not focused on the needs of Smart Specialisation Strategy. Therefore the
key challenge of the Twinning strategy for EIZ is to link up locally relevant topics and
issues which can generate not only useful output for users but can also be
internationally excellent.

Table 2.2 EIZ research achievements, preferences and stakeholders’ needs
EIZ research
achievements
Policy-driven issues
1. Science-industry links

X

2. Clusters
3. Tax incentives for R&D: effects
4. Evaluation of R&D programmes
5. Evaluation of R&D organisations (e.g.
Centres of excellences)
6. S&T foresight linked to S3
7. Skills and technical change: policy issues
(SMART skills)
8. Assessing innovation policy
9. GVC
10. Creative and cultural industries –
contribution to economic transformation
through Smart Specialisation

Stakeholder's
needs

EIZ
research
preferences

X

X

X

X

Gap

X

X
X
X

X

X

X

X

X

X

X

X

X

X

X

13

SmartEIZ is an institutional capacity building project, it is important to involve other researchers and assistants
in future SmartEIZ activities in working packages which will be implemented until the end of the SmartEIZ project.
For that reason there are five additional researchers from EIZ that are involved in SmartEIZ from the start. Those
are Tkalec, Marina; Đokić, Irena; Mervar, Andrea; Vizek, Maruška and Jurlina Alibegović, Dubravka
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Academically-driven issues
1. Technology, growth and productivity

X

X

X

X

3. Technology, employment and skills

X

X

4. FDI, trade and technology

X

X

2. Companies, innovation and productivity

X

5. Science system and science collaboration
6. Entrepreneurship: macro and micro
aspects
7. Innovation systems and ecosystems of
innovation: sectoral (industry
studies)/industrial dynamics of innovation
8. Innovation systems and ecosystems of
innovation: regional
9. National innovation systems

X

X

X
X

X

X

X

X

X

X

X

Notes: (1) EIZ achievements include research issues and topics covered in scientific papers and consultancy
projects during the period of 2013-2015, prior to the SmartEIZ project; (2) Stakeholders’ needs cover top three
research issues as indicated by MINGO, AIK and HAMAG-BICRO, as being important for Croatian innovation
policies and where EIZ might contribute with improved knowledge, as a result of the SmartEIZ project. (3) EIZ
research preferences cover research issues which EIZ researchers would like to work on and where they would
like to develop methodology and skills as a result of the SmartEIZ project. (4) The gap is the difference between
stakeholders’ needs and EIZ achievements. Where it exists, it was indicated by X.
Source: Task 2.1

Most important policy-driven issues were Clusters and GVC, whereas most important
academic issues were technology, growth and productivity, FDI trade and productivity as well
as National innovation system. These are key issues in terms of EIZ research needs.
Detected policy issues could be considered as important in terms of S3 implementation in
Croatia. Finally, conducted analysis showed that EIZ needs more knowledge and cuttingedge methodologies for the analysis of: (1) Clusters, (2) GVC, (3) Science – Industry links
(methodologies for the analysis of scientific collaborations, scientific research evaluation), (4)
Skills and technical change: policy issues (SMART skills), (5) Innovation policy (public policy
evaluation)14.
In line with those findings further activities proposed within WP3, WP4 and WP5 in the
SmartEIZ project should be implemented in relation to major policy- and academically-driven
issues. Major policy and academically-driven issues can be better combined, and future
activities in the field of thematic areas of interventions should be designed in such a way that

14

Science – industry link, Smart Skills and Assessing innovation policy are known topics at EIZ. However, this
knowledge is not adequate, i.e. researchers are just at the beginning of learning curve. Thus, future twinning
training should cover these issues too.
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EIZ researches would obtain methodological knowledge about major policy- and academic
driven issues (recognised by stakeholders). In this way, the SmartEIZ project might yield
better results.
3. Short description of the topics in the field of EMIT

In this section we analyse selected topics in the field of EMIT. The main purpose of this
section is to initialize discussion about narrow deficiencies between the Institute of
Economics and other partners in the SmartEIZ project, in the field of Economics and
Management of Innovation and Technology (EMIT). In this way we are initializing preparation
of EIZ staff on the implementation of the Twinning strategy within WP3, WP4 and WP5.

We selected topics based on results of tasks T 2.2 and T 2.1 in WP2. In task T 2.2 we
described the topics in the SmartEIZ proposal in the field of EMIT in relation to the defined
Thematic Areas of Interventions (TAIs)15. These are Clusters, Public Policies for the
attraction of FDI and foster Strategic Alliances for RIS3, Global value chain and Technology,
Growth and Productivity. In tasks T 2.1 during the analysis of the EIZ research needs, we
proposed four additional topics of EMIT that should be analysed: Science - Industry links,
Smart Skills, National Innovation System and Technology, employment and skills. In this
section we shortly describe topics, which are in detailed analysed in Appendix 1. At the end
of description of each topic we provide information about researches and policy development
regarding the analysed topics in Croatia16. Differences in researches about these topics
presented in Appendix 1 on hand and research and policy development in Croatia on others
will create an opportunity to appropriately include the topics in project’s implementation within
WP3, WP4 and WP5.

Clusters

This topic was analyzed and prepared by the University of Bocconi. The authors of this report
provided the description of concept Cluster (European Commission, 2008b, Porter, 1998) in
15

In context of SmartEIZ Thematic Areas of Interventions are: Quantitative methodologies for public policy
evaluation, Methodologies of analysis of scientific collaborations, Science and Technology (S&T) indicators,
Methodologies for Scientific Research Evaluation and finally Methodologies of analysis of entrepreneurship and
entrepreneurial patterns.
16
For Technology employment and skills and Technology growth and productivity we only provided information
about researches in Croatia. These topics are not policy driven.
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the context of Smart Specialization strategy (European Commission (2010). As authors
pointed out the clusters are considered to be an important component of regional Smart
Specialization strategies, where special emphasis is on innovation activities (OECD, 2013).
The role of Smart specialization strategy as a policy approach is widely recognized, because
it facilitates broader approach to cluster development. The authors further argue that the
issues related to Cluster and Smart Specialization are in fact different issues. By citing
Aranguren and Wilson (2013) the authors provide arguments about the synergies among
these two topics in following ways: i) Seek to facilitate forms of cooperation among firms and
a range of other agents that develop related/complementary economic activities; ii) Rely on
constructing strategies and activities that build from available place- based assets and
capabilities; iii) Aim to be transformative in the sense of strengthening existing – and building
new – competitive advantages, something that requires processes of prioritization and
selection. Analyzing this topic they recognized the relevance of cluster in Smart
specialization strategy in a national economy (Zhelev, 2014), regional economies
(Aranguren, Wilson, 2013; Del Castillo et al. 2013) and in the context of business sectors
(Nijkamp and Kourtit, 2014). It might be concluded that there is a need to implement cluster
policies with a focus on specific cluster/regional context.
Bečić and Švarc (2015) argue that the conceptualization of RIS3 has undergone significant
improvements from the early-stages of RIS3, which was based mostly on selected business
clusters, towards a RIS3 based on a cross-cutting approach which tends to link the identified
priority thematic areas with interdisciplinary cross-cutting themes such as KETs, ICT, tourism
and/or green technologies. The authors proposed policy activities which could be used in the
context of development of cluster initiatives in Croatia: 1) “Mapping of employment patterns
and benchmarking against other regions; 2) Citing EC (2013) they mentioned surveys of
perceived areas of strength in the region, and open calls for proposals for funding of
collaboration projects; and finally (3) Analysis of the performance of existing clusters and
Technology Parks, and their impact country’s socioeconomic growth and development of
Croatia.
Regarding the research in Croatia in the field of cluster policy alongside with Bečić and
Švarc, (2015) there is only one reference about cluster policy development, Dragičević and
Obadić, (2014) conclude that ‘There is a strong need to define institutional instruments for
the policies implementation and monitoring of the whole process. Cluster development
This project has received funding from the European Union’s Horizon 2020 Research and
Innovation programme under Grant Agreement No 692191.
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demands for the new way of thinking and of acting between all stakeholders’. It seems that
Cluster development Strategy in Croatia 2012-2020 had intention to increase the efficiency of
Cluster policy in Croatia17 via facilitating Small and Medium Enterprises growth via
international markets. Unfortunately concrete information about the results of this initiative is
still missing.

Public Policies for the attraction of FDI and foster Strategic Alliances for RIS3

This topic was prepared by University of Bocconi. Detailed description of this topic could be
found in Appendix 1. The authors of this topic reviewed the papers about the influence of
foreign direct investments on regional innovation (Bogovac and Hodžić, 2014), the influence
to the productivity of innovation (Fu, 2008) and effect of FDI on productivity both at the
country and industry level (Bijsterbosch and Kolasa, 2010). The authors reviewed the papers
that include South East European countries (Estrin, Uvalić, 2014; Bellak et al. 2010) and
found limited positive effect on national level and negative effect on regional (subnational)
level. In this review, the authors provided potential incentives such incentives with the aim to
improve access to foreign markets and imported inputs, commercial facilities (Chirila Donciu,
2014), on production related material infrastructure (Bellak et al. 2010) and establishment of
investment promotion agencies (Sauvant and Mallampally, 2015; Chirila Donciu, 2014). In
the literature the quality of institutions and of the business environments is a major factor for
the attraction of FDI. Moreover, in the review following policy issues are considered as
important for FDI, macroeconomic stability (Demekas, et al. 2007), structural reforms and
influence on FDI (Campos and Kinoshita, 2008) and improvement of institutions and
infrastructure (Bellak, et al. 2010). In the context of Croatia, in the Appendix 1 a few
important references could be found. Bogovac and Hodžić (2014), and their interviews with
managers of Croatian large enterprises to understand the key drivers behind the decision of
establishing business activities abroad, for them legal certainty plays a crucial role, whereas
other factors such as tax incentives are less decisive. The author found that FDI and its
effects in case of Croatia is frequently analysed within the South East Europe framework
(Estrin and Uvalic, 2014, Bellak et al. 2010). As mentioned before Bellak et al. (2010) stated
that there was beneficiary effect for the host countries, whereas Estrin and Uvalic (2014)
17

The objectives of the strategy are as follows: 1) Improvement of Croatian cluster policy management, 2)
Strengthening of clusters and cluster members, 3) Fostering innovation and new technologies transfer, 4)
Strengthening of export potential and cluster internationalization, 5) Strengthening knowledge and skills for
cluster development and Efficient use of EU funds and EU community programs.
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pointed out the contribution of FDI on capital accumulation. At the end of this chapter the
authors confirmed complementation between FDI policy and strategic alliances, including
technological alliances. Finally they defined different types of the alliances in the business
sector: R&D alliances, Production alliances, and Marketing alliances (Radosevic and Dyker,
1996)18.

Unfortunately there is no research on this topic in Croatia. So, exploring the scope for public
policies can help in understanding how to improve attraction of FDI. RIS3 is definitely an area
where the gap between worldwide practices and research practices in Croatia exists.
However, the influence of knowledge transfer on innovation activities within local subsidiaries
were analysed in the references of Dabić et al. 2012 and Aralica et al. 2008. So these
researches could provide background for further studies. Regarding policy development
according to our best knowledge there is no policy document which promotes cooperation
between foreign enterprises and innovative enterprises in Croatia.
Global Value Chains
Similar to previous topics, report on GVC was prepared by the University of Bocconi19. Due
to the fact that the concept of Global Value Chain (GVC) is relatively new one, it is worthy to
mention the definition of this concept. GVC can be defined ‘as a concept which describes the
full range of activities that firms and workers perform to bring a product from its conception to
end-use and beyond, including activities such as design, production, marketing, distribution
and support to the final consumer. A GVC approach is useful to explain the fact that
specialisation no longer takes places just in industries but also in specific functions or
activities in the value chain‘. Citing Gereffi (2014), authors state that GVC approach is useful
to explain the fact that specialisation no longer takes places just in industries but also in
specific functions or activities in the value chain.

It is very important, especially for small and open economy as Croatia as a country, to assure
a good position in regional and global value chains (GVC). The increase in imports of

18

According to Cristina Chaminade (AB member in the SmartEIZ project) this is a rather positivistic review of the
literature in the sense of highlighting the potential positive impact of FDI. There is also abundant literature on the
difficulties for indigenous firms to benefit from FDI, particularly when the local technological capabilities are low.
These comments could be used by researches who would like research this topic more thoroughly.
19
Detailed description of this topic could be found in Appendix 1
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intermediate inputs has to be accompanied by an adequate increase in exports, which
generate a substantial amount of domestic value added, which is only achievable with a
virtuous specialization in high and medium-high technology industries and tasks.

The section about GVC in appendix analyses important references in terms of explanation of
concept (Humphrey and Schmitz, 2002, Gerefi Humphrey and Sturgeon, 2005), and
methodology (Amador and Cabral, 2016). Moreover, the authors explained the main
methodological approaches in the analysis of GVCs. These are 1) International trade
statistics on parts and components; 2) International trade data combined with input-output (IO) tables; 3) Customs statistics on processing trade and 4) Firm level data. Moreover, the
authors reviewed empirical findings regarding studies on GVCs at the European level
(Amador et al. 2015, Ederer and Reschenhofer, 2015, Koopman et al. 2014). The empirical
studies on GVC which include CEE countries were analysed (Damijan et al. 2013, Cieslik,
2014, Grodzicki, 2014). Finally the sectoral approach on GVC which include particular
regional (supranational) territory was mentioned (Smith and Pickens, 2015) too in this
section.

Despite of the fact that the state of international research in this area is already advanced,
there is no empirical research on the concept of global value chain in Croatia. Within Task
2.1 GVC was indicated as one of the most important policy-driven issues for stakeholders
(MINGO and AIK). So, the main challenge within SmartEIZ could be to determine the
position of Croatian industrial sectors within the GVC, with special emphasis on those
sectors that are presented through competitive clusters. GVC approach has to be combined
with clusters. In this context, it is important to identify elements in Croatian businesses that
could produce higher added value and more knowledge intensive activities20.

Technology, Growth and Productivity

Unlike the previous policy driven topics this is a research driven topic. The report on this
topic was prepared by UNU MERIT21. In this report, the authors provide explanation of main
concept productivity, technology. The authors described interaction between productivity and
20

Within the Smart Specialisation in Croatia the analysis of GVC within the clusters, will be done via experts of

the World Bank.
21

Detailed description of this topic could be found in Appendix 1
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technology via production function framework. Also authors explained important conceptual
issues in productivity measurement such as Prices indices and related matters and
formulation of a conceptual model of productivity measurement. Regarding this topic the
main part of the text is the explanation of methodological approaches about the analysis of
Technology, innovation and productivity. In the report the authors explained that there are
two main approaches. The first is relied on R&D data, and applied at the wide range of
aggregation from micro level to international country comparison (Griliches, 1979, 1980). The
second is applied on innovation survey, i.e. microeconomic datasets (e.g. Crepon et al.
1998). Regarding the first topic, the authors explained methodological issues. They try to
answer on questions such as basic choice concern the type of production function used in
the analysis whether production function (e.g. Christensen et al., 1975, Verspagen, 1995)22
or cost functions (Bernstein and Nadiri, 1991).

Moreover, the authors pay special attention on spillover issue between firms as well as
between public research organisation and firms. They proposed new research in this field
related to the rate of return of public science. The second approach is based on innovation
survey datasets where interdependence between innovations input data (R&D expenditure),
innovation output on one hands and productivity on other is examined. The authors analyse
the methodological approaches about the analysis of role of ICTs in productivity growth. The
authors conclude ‘there is a positive contribution of ICT to productivity growth but
(historically) concentrated in the ICT-producer sector. The benefit on the adoption side
depends to a large extent of more complex dynamics at the firm level, generally associated
with complementary organizational practices, skills, and knowledge management’. The
second important topic in this section is analysis of Economic growth, technology and
productivity. There are two main approaches in the context of this topic. The first approach is
direct measurement of production function whereas the second approach uses a broader
approach in the analysis. Regarding the first approach two main streams of literature exists,
which explain productivity that appeared in the last thirty years. The first approach explains
that technology growth at an exogenously fixed rate whereas the second approach of the
literature focuses on making the rate of technological progress endogenous. At the end of
this section the authors explained main ideas about the analysis of inclusion of technology in
productivity analysis, such as Evolutionary growth theory (Nelson and Winter, 1982) as well
22

The authors explained that in both papers one could find translog version of production function flexible form
that makes no assumption about substitutability and other parameters, and estimates these in a flexible way from
the data.
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as Structural Economics (Lewis, 1954). These research approaches can be considered as
broader approach in the analysis of the Economic growth, technology and productivity.

In Croatia, empirical researches in this field are rare. Hashi and Stojcic (2013) applied CDM
model to the firm level data from the fourth Community Innovation Survey (CIS4), covering
some 90,000 firms from the selected Western European Economies and Eastern European
Economies, including Croatia. They found a positive relationship between innovation
activities and productivity. Regarding EIZ staff, Radas Sonja and Bruno Škrinjarić were
engaged in collaboration with the World Bank, where empirical policy research was output of
the collaboration (Radas et al. 2014). This study found that, there is a persistent (and
increasing) heterogeneity in the performance of Croatian firms along outcome measures.
Second, Croatia lags behind regional peers in entrepreneurship measures, which suggests a
comparatively lower economic dynamism. Third, the lack of dynamism displayed by the
Croatian economy is confirmed when looking at the firm entry and exit process: the analytical
results point to reduced firm dynamism compared with Croatia’s peers in Europe and Central
Asia. Fourth, the contribution of net entry to overall productivity growth in Croatia is
surprisingly negative.
Science- Industry links
The report on topic science-industry link was prepared by UCL23. This section broadly
describes science – industry links. First, the authors of this report addressed the theoretical,
conceptual issues placing the discussion of science – industry linkages in broader growth
innovation context, followed by specific aspects of science – business collaboration and
economic development. Within this section, the authors pay special attention on review
science – industry links in Central Eastern European countries in the context of the EU.
Finally, the authors explained concept of Knowledge intensive entrepreneurship and they
analysed knowledge partnership, i.e. science industry links which include high technology
based firms.

Regarding the first topic Science-industry links in the innovation and growth literature: the
authors analyse two main innovation modes, namely ‘science and technology-based
innovation’ (STI) which is often implemented through ‘new technology-based firms’ (NTBF)
23

Similar to previous topics, detailed description of this topic could be found in Appendix 1.
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and ‘doing, using and interacting based innovation’ (DUI)24. Citing Jensen et al. (2007) the
authors explain that the STI relies on scientific human capital and innovation infrastructure
comprised of public and private R&D organisations and universities, whereas the DUI mode
of innovation is based on non-scientific drivers, namely learning-by-doing, learning-by-using
and learning-by-interacting. In this section the authors explained the role of Public research
organisation (e.g. Schiller and Keun Lee 2015), as well as development of innovation
processes in firms. In this context the authors stated that Learning-by-doing develops
experiential learning advantages that are helpful for problem solving, for example, via
repeating market trials and the promotion of improved goods and services 25. The use of
equipment, machinery and technology facilitate the acquisition of competencies via leaningby-using, and interaction with external organisations promotes the development of
innovations26.

Regarding the second topic the analysis of science and industry link and economic
development in case of developing countries, the author propose national strategies for
catching up of these countries relies on the adoption and incremental improvement of
existing technologies/products or processes rather than on commercialization of business
sector in-house or public R&D. In this section they provide empirical evidence about science
and industry links in developing countries (e.g. Schiller and Lee, 2015) and about science
industry link the EU countries (Radosevic, 2016).

By comparing Central and Eastern European countries with developed European countries
the authors explained that there seem to be fewer upstream and research cooperation links
(e.g. joint publications between universities/PROs and the business sector), and more
downstream S&T and innovation services links aimed at problem-solving or product/process
improvement27.

24

For good discussion of both modes of innovation see Apanovich, N., H. Heras, M. Parrilli (forthcoming 2016)
The impact of business innovation modes on SME innovation performance in post-Soviet transition economies:
The case of Belarus, Technovation.
25
Amara, N.,Landry,R.,Becheikh, N., Ouimet, M., 2008. Learning and novelty of in-novation in established
manufacturing SMEs. Technovation28(7),450–463.
26
See, for instance, Fitjar, R.D., Rodriguez-Pose, A.,2013. Firm collaboration and modes of innovation in Norway.
Research Policy 42(1): 128–138; Alcalde Heras,M.del H., 2014. Building product diversification through
contractual R&D agreements. R&D Management 44: 384–397; Bengtsson, M., Johansson, M., 2014. Managing
coopetition to create opportunities for small firms. International Small Business Journal, 32(4): 401–427.
27
Radosevic S (2016) The role of public research in economic development, Chapter II.1 in EC, Science,
Research and Innovation performance of the EU. A contribution to the Open Innovation, Open Science, Open to
the World agenda, DG for Research and Innovation, European Commission, pp119-139 .
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Citing Malerba et al. 2016, the authors defined Knowledge intensive entrepreneurship (KIE)
as a new firm that have significant knowledge intensity in their activity and develop and
exploit innovative opportunities in diverse sectors. Elements of definition were described in a
following way 1) KIE have to be considered outside the context of so-called a new
“individual” entrepreneur28 2) The company has to develop innovation; 3) The company
needs to have significant knowledge intensity and 4) KIE firms have to exploit innovative
opportunities in diverse sectors and contexts. At the end of this section the authors provide
description of KIE within Central and Eastern European countries. They state that Central
European KIEs are a combination of individual start-ups as well as corporate spin-outs
whose establishment and growth are closely interdependent with a variety of networks or
network related factors. Institutional barriers in setting up and operating a company are
present but far less than would be expected. The main obstacles are related to demand and
market constraints, technology risks and skills shortages, i.e. barriers are more
developmental than institutional.
Regarding researches related to science – industry link in Croatia, there are a few studies.
Radosevic (2011) in comparative study about the CEE countries, including Croatia states
that support for science-industry linkages in these countries should be balanced by efforts to
strengthen the ‘actors’ involved (existing large and small firms, universities and public
research organizations) and reinforce other linkages in the respective national innovation
systems, and especially knowledge links between domestic and foreign firms. Radas and
Vehovec (2006) analyse academic’ views about this topic and conclude that the intellectual
challenge and additional income are main motives which stimulates science – industry
collaboration.

Finally, regarding presence of this topic in Smart Specialisation in Croatia, it is worthy to
mention that science industry links are promoted via policy instrument referred IRI29. This
policy instrument support businesses' collaboration with the scientific and research
community in creating new or improved products.

28

They can assume a much more complex form or composition (new small or big spin-off, new independently
incorporated company, new completely independently run affiliate of a bigger pre-existing group, etc.).
29

The full name of the IRI programme is Increase the development of new products and services arising from
research and development activities.
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Smart Skills

Due to the fact that the Smart Skills a quite important policy issue in the context of SmartEIZ,
detailed analysis of this topic is provided in the Appendix. This additional information about
this policy driven topic was provided by University Bocconi. The authors of this section were
interested in two conceptual issues. The first is skills mismatch and possibility of reduction of
skill mismatch and the second topic linking skills to innovation. The authors of this report
state that main factors such as increased globalisation, migration, labour market
development and rapid technological development have drastically altered the structure of
employment and the skill requirements of occupation in most countries in recent times. Other
challenge is that development of the supply and demand for skills are interdepended of each
other as they respond to different drivers. Citing McGowan and Andrews, 2015b, the authors
argue that well design policies framework30 related to supply and demand for skills is crucial
in terms of reducing skills gap. In the analysis of link between skills and innovation the
authors assume that higher levels of human capital and skills are foundation of improved
innovation performance. In this context they argue that various business functions such as
management, marketing and finance as innovation related skills. Regarding methodological
drawbacks in context of the analysis of interdependence between skills and innovation the
authors mentioned 1) Broad definitions of “skills” and “innovation”; 2) Difficulties in measuring
these concepts; as well as 3) Limited empirical work linking skills and innovation
performance. At the of the section about the Smart skills the authors cited OECD (2015) and
suggest that innovation thrives in an environment characterised by following features: 1) A
skilled workforce that can generate new ideas and technologies, bring them to the market,
and adapt to technological changes across society; 2) A sound business environment that
encourages investment in technology and in knowledge-based capital (KBC); 3) A strong and
efficient system for knowledge creation and diffusion that engages in the systematic pursuit
of fundamental knowledge, and that

31

as well as 4) Policies that encourage firms to engage

in innovation and entrepreneurial activity.

Regarding researches on Smart Skills in Croatia, there is no published research on this topic.
But, in Task 2.1 Skills and technical change – policy issues (SMART skills) is recognized as
30

Less stringent product and labour market regulations and bankruptcy legislation that do not excessively
penalise business failure are associated with lower skill mismatch.
31
This mechanism should diffuse the knowledge throughout society through a range of mechanisms, including
human resources, technology transfer and the establishment of knowledge markets.
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an important topic by all main stakeholders. MINGO stressed the need to upgrade the
qualifications of work force, and to improve the Croatian Qualifications Framework (HKO) in
a way that required SMART skills32. So potential for policy development in the field of supply
skills and demand skills in Croatia exists.

National Innovation System

The UCL staff prepared report on National Innovation System. This report started with
conceptual and methodological issues. Citing Lundvall, 1992 and Freeman, 2002 authors of
this report defined National innovation system (NIS) in two broad and narrow meaning. They
stated that ‘Narrow’ definition of NIS refers to formal R&D systems and organisations which
are systematically active in knowledge generation and diffusion. These “narrow” institutions
are embedded in a much wider socio-economic system (‘broad’ NIS) ‘in which political and
cultural influences as well as economic policies help to determine the scale, direction and
relative success of all innovative activities’. Citing Radosevic (2012) authors gave arguments
why system of innovation is difficult to research: first, difficulties regarding establishing
boundaries of the innovation system; second, the lack of agreement of what elements
innovation system is composed, of, and third, differences between institutional and functional
approach to innovation system. In the second part of this review, the authors analysed
relation between innovation systems with global value chains. The authors provided the main
argument why this interaction would be interesting to research in the near future. They said
'Proliferation of value chains coupled with the financialisation of the global economy has led
to large scale relocation of production capacities and also increasingly of technological
capabilities which has led to fragmentation of innovation systems in weaker, especially
peripheral economies'. In this chapter the authors provide reliable argument in which policy
which stimulate innovation activities within national economies in often promote FDI. For
empirical evidences in terms of relationship between international linkage and NIS, the
authors mentioned the studies Dantas et al. 2007 and Taylor, 2009. In the context of Smart
Specialisation relation between GVC and innovation system were analysed by Radosevic
Stancova (2015)33.

32

In this context the activities have to be aligned with thematic priority areas defined in Croatian RIS3.
According to Christine Chaminade the analysis of this topic should include following references Pietrobeli and
Rabellotti (2009) linking GVC and NIS or Carlsson (2006) on the internationalization of innovation systems.
33
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In the third part of this section, the authors introduced topic Re-conceptualisation of
Innovation System as Innovation Ecosystem. The novelty of this approach was introduction
of concept innovation ecosystem where the analysis of internal structure and operation of
system is parallel with the analysis of evolution of the system through the time (e.g. Durst,
Poutanen, 2013). What is interesting that the authors conceptually connected innovation
ecosystem with Smart specialisation. The authors state the Smart specialisation is about the
discovery micro system of innovation or innovation ecosystem. In the fourth part of this
section the authors provide argument why important bring entrepreneurship in innovation
system approach. In this way interaction of micro level determinants (i.e. entrepreneurship)
with the contextual factors lead to more appropriate policy framework, which include
heterogeneity among firms in terms of innovation modes, different types of firms within
innovation ecosystem context.
Regarding the research on the analysed topic in Croatia, Švarc (2006) (2009) analysed
innovation system where her main finding is that 'Croatia has failed to capitalize on its
inherited science base, which could have been used as a starting point in the transition
towards a Knowledge Economy'. This research was followed by the analysis about Regional
innovation system (RIS) in Croatia. Bacic and Aralica (2016) found increasing regional
disparities among Croatian statistical regions in the period 2006-2010, and they propose
creation of regional innovation systems around the main urban centres in Croatia.

Regarding recognition of NIS as a topic among the policy stakeholders included in SmartEIZ,
it is recognised via policy issue Assessment of innovation policy. In Task 2.1 the Assessment
of innovation policy is highly ranked policy issues by main stakeholders of SmartEIZ - AIK
and HAMAG BICRO. But, there is difference in policy needs in the context of innovation
policy among these institutions. AIK is more concentrated on aspects of innovation policy
and how to promote clusters, whereas HAMAG BICRO is more oriented towards evaluation
of innovation activities within the Smart Specialisation. These findings reveal potential of use
of NIS as an analytical concept in Croatia.
Technology, employment and skills
UNU MERIT analysed this research driven topic. In introduction of their report the authors
explained the relation between innovation product/innovation process and technological
This project has received funding from the European Union’s Horizon 2020 Research and
Innovation programme under Grant Agreement No 692191.
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change. For author the relation between innovation process and employment is more
important than the relation between innovation product and employment. The authors
recognised importance of SBTC (skill biased technical change) literature and the Canonical
model as the point of departure for the modelling and measurement of the impact of
technological change on employment and income perspective by skill. For the authors of this
section 'Canonical model can be considered to be part of an overall framework in which
macro conditions and the employment, - technology- and skill building decisions they
influence, may evolve over time. The author explained that 'the matching of skills demanded
and skills supplied and the resulting employment and wage patterns from that matching
process are not just influenced by available technologies, but these patterns also drive
technological change itself to some extent in response to the changing environment in which
firms have to operate. Moreover, the labor force itself (through formal education and training)
may actively influence the quality of the skill-matching process and its outcomes in actual
employment terms'. So this model provide logical framework on which ways analyze the
impact of technological change on employment and income by skills. However, policy
recommendations from this model are weak due to the shortcomings of the models almost as
a matter of principle of neoclassical production function context with technical change. In this
context the author of this section mentioned following shortcomings 'instantaneous and
complete reversibility of changes in factor proportions, technological change affecting entire
isoquants rather than single techniques, technological change being dis-embodied instead of
being (largely) embodied in physical investment goods, ‘market imperfections’ in the form of
inflexible prices, and so on'. In Croatia, according to authors' best knowledge there is no
research on this topic.
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4. Current policy needs in the SmartEIZ project
Policy needs within the SmartEIZ project are conceived as the basis of the Twinning strategy
for EIZ. Within task T 2.1 policy needs were the starting point of analysis of research needs
of EIZ. As stated in the project proposal, in this way result of project activities will be
integrated in the National Strategy and strengthen the cooperation with research institutions
in other Member States. Thus, achievement of specific objectives will contribute to scientific
and technical excellence in the field of Economy and Management of Innovation and
Technology in order to improve EIZ' ability to analyse, design and evaluate public policies.
Finally, another important aspect on how to maintain sustainability of research activities in
EMIT in Croatia, including support to EIZ as a research hub (WP 5), with the aim of fostering
spillover effects for a larger number of organizations from public, civil and private sector in
Croatia and South-East Europe.

Policy needs will be analysed in two steps. In the next part of text, results about policy needs
within T 2.1 will be elaborated34. In the following part of analysis, policy needs at the national
level will be explored, as well as, policy needs from the neighbouring countries. The analysis
of identified training needs will be presented at the end of this part of text35.
SmartEIZ‘main stakeholders and their policy needs
In the context of SmartEIZ, improvement of research capacities makes sense, if they are in
accordance with the needs of policy environments, local/national/international. That is the
reason why the Advisory Board of the project includes non-academics, representatives from
the Croatian Ministry of Economy (MINGO) as well as Croatian Agency for SMEs,
Innovations and Investments (HAMAG–BICRO). First step of the analysis was defining policy
driven issues. As mentioned in T 2.1 policy issues were identified in the project proposal as

34

Since SmartEIZ contributes to implementation of NS3 via inclusion of relevant stakeholders responsible for
RIS3 policy implementation, such as MINGO (Ministry of Economy), HAMAG BICRO (Croatian Agency for SMEs,
Innovations and Investments) - responsible for evaluation of NS3, these stakeholders and their policy needs were
analysed in T 2.1
35
The analysis of policy needs and training needs will be based an online survey on research and policy support
needs of innovation stakeholders in South East Europe (SEE) which will be explained in part of text named
Enhancing policy needs at national level and abroad– results of the survey.
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well as SmartEIZ kick off meeting36. During the implementation of T 2.1 three interviews were
conducted with representatives from HAMAG BICRO, AIK, and MINGO. The representatives
have ranked issues as well as chosen top three issues in both categories in accordance with
their priorities37. Finally, as result of above mentioned steps the most important policy-driven
issues for main stakeholders are as follows: a) Clusters, b) GVC, c) Assessing innovation
policy, d) Science - Industry links and finally e) Skills and technical change – policy
issues (SMART skills).

Enhancing policy needs at national level and abroad– results of the survey

As mentioned earlier, identification of Policy and Academic driven issues are the basis for
Twinning strategy for EIZ. In this part of text, we analyse the importance of policy support
areas, via online survey which was sent to experts in the selected South East European
countries38. The dataset of experts was created based on the result of T 2.3. The aim of the
questionnaire was (a) to make a stock of existing R&D and innovation policies and (b) to
understand research and policy support needs of innovation stakeholders in selected six
South East European countries (SEE)39: Albania, Bosnia and Herzegovina, Croatia, Kosovo,
Montenegro and Serbia. Basically these areas are part of Economy and Management

of

Innovation and Technology and appear in science/technology/innovation policy context in
these countries40.

Table 4.1 shows the structure of respondents by the type of institution. Almost one-half of all
respondents came from academic and research institutions (49.0%), followed by
36

1) Science – Industry links, 2) Clusters, 3) Tax incentives for R&D: effects, 4) Evaluation of R&D programs, 5)
Evaluation of R&D organisations (e.g. the Centres of Excellence), 6) S&T foresight linked to RIS3, 7) Skills and
technical change: policy issues (SMART skills), 8) Assessing Innovation Policy, 9) Catching-up along GVC, 10)
Creative and cultural industries and their contribution to economic transformation through RIS3. In the same way,
37
For more details please see Table 2.2. named Policy-driven needs and relevant issues for Croatian innovation
Policies as well Table 2.3 Most important policy driven needs – top three issues for stakeholders.
38
SEE countries are quite heterogonous group of countries, therefore we chose a more homogenous group of
countries (which share very similar language except from Albania and similar characteristics of innovation policy)
for chose of international stakeholders and lately for the on line survey.
39
The questionnaire is divided into following five parts: Background information on institution/unit. The
assessment of the current Research and Innovation (R&I) policy, Strategic and Operational Fit of Measures with
the Local Environment, Assessing Future Policy Support Needs and the Analysis of Research and Training
Needs for Better R&I Policy.
40
Sample of 62 experts was selected, 27 of them from Croatia and 35 from other five SEE countries. The survey
consisted of an online questionnaire sent out to 62 experts during July and August 2016. With 49 returned and
useable questionnaires, the overall response rate was 79.03. Data were analysed using descriptive statistics
(absolute and relative frequency, simple arithmetic mean).
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stakeholders from government institutions, public agencies and EU institutions (28.5%), while
24.4% of respondents work in private sector (private non-profit

and private profit

organisations) (table 4.1). Only 2.2% of all respondents came from Non-Governmental
Organizations.
Table 4.1 Distribution of respondents by the type of institution, n=49

Research institute
University
Government ministry
Private non-profit organization
Private profit organization
Public agency
EU Institution
NGO
Total
Source: Authors, 2016.

Croatia
5
4
5
3
1
4
1
0
23

Other
countries
5
10
2
3
3
2
0
1
26

Total
n
10
14
7
6
4
6
1
1
49

%
20.4%
28.6%
14.3%
12.2%
8.2%
12.2%
2.0%
2.0%
100.0%

Regarding estimation of importance of innovation policy support needs among stakeholders
in Croatia, science industry links (5.26) were perceived as the most important policy area,
followed by policy support areas, International (global/regional) value chain (5.00), and
Evaluation of R&D program (5.00).
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Figure 4.1 Importance of policy support area, N = 23, Croatia – stakeholders, mean
values,

Science – industry links

5,26

Evaluation of R&D program

5,00

International (global/regional) value chain

5,00
4,87

Creative and cultural industry

4,82

Tax Incentives for R&D
Social innovations

4,74

Assessing Innovation Policy

4,74
4,69

Smart Skills
Evaluation of R&D organisations (e.g.…

4,69

Clusters

S&T Foresight

4,52
4,39

3,80 4,00 4,20 4,40 4,60 4,80 5,00 5,20 5,40
Note: Question Please indicate the importance of following policy support area, scale 1-7, where is 1 = not
important, 7 = very important;
Source: Authors, 2016.

We were surprised by the ranking of topics in the above Figure 4.1 and dominance of topic
Science – industry link. So, these results can be explained by two arguments. The first
argument is the insufficient level of development of science/technology/innovation policy in
these countries in the last twenty years and more (e.g. Kutlača, 2015, Švarc, 2006).
Moreover, International (global/regional) value chain and Creative and cultural industry are
relatively new policy concepts for stakeholders and this explanation can be considered as the
second argument for explanation of the results in Figure 4.1.
When we asked the stakeholders to point out three most important issues in policy areas
where support is required41, results were similar to previous answers (Figure 4.1), the
science-industry link was the most important topic for respondents in the survey in Croatia.
More than three out of five stakeholders who completed the questionnaire (43.5%) state that
science-industry link is the most important issue, whereas the second best result was
41

Please see Annex 2, question 14.
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achieved by Tax Incentives for R&D (8.7%), S&T Foresight (8.7%) as well International
(global/regional) value chain (8.7%).
Table 4.2 Three most important issues in the policy support area, N = 23,
Croatia – stakeholders, %,
The second
The most
The third most
most
important
important
important
issue
issue
Issue
Science industry
43.5%
26,1%
0,0%
Cluster
4.3%
0,0%
13.0%
Tax incentives for R&D
8.7%
8.7%
8.7%
Evaluation of R&D programme
4.3%
21.7%
0.0%
Evaluation of R&D organisations
4.3%
4.3%
17.4%
(e.g. Centres of Excellence)
S&T Foresight
8.7%
8.7%
0,0%
Smart Skills
4.3%
4.3%
13.0%
Assessing Innovation Policy
4.3%
4.3%
17.4%
International (global/regional) value
8.7%
13.0%
8.7%
chain
Creative and cultural industry
0.0%
0.0%
4.3%
Social Innovation
0.0%
0.0%
8.7%
Note: Question, Please, list only three most important issues from the question above. Rank those from 1
to 3, where 1 stands for the most important issue.
Source: Authors, 2016.

Comparing Figure 4.1 and Table 4.2 only small difference is the relative high importance of
the issue of Evaluation of innovation programme in Figure 4.1. However, relevance of this
issue for further activities in the SmartEIZ project is confirmed by other stakeholders
(respondents). In the survey, 21.7%, of respondents confirmed that the issue of Evaluation of
R&D programme is the second most important issue where policy support is needed in
Croatia.

Regarding findings about innovation policy support for selected SEE countries (Figure 4.2),
results confirm that the science industry link is the most important issue (5.9). Assessing
innovation policy and Evaluation of R&D programmes can be considered as the second most
important, whereas International (global/regional) value chain, Evaluation of R&D
organisations (e.g. Centres of Excellence) and Evaluation of R&D programmes are third
most important issues in terms of innovation policy support needs.
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Figure 4.2 Importance of policy support area, N = 29, SEE countries – stakeholders,
mean values,
Science – industry links

5,86
5,79

Assessing Innovation Policy
International (global/regional) value chain

5,66

Evaluation of R&D program

5,66

Evaluation of R&D organisation

5,66
5,61

Smart Skills
5,45

S&T Foresight

5,41

Tax incentives for R&D

5,34

Social Innovation

5,28

Creative and cultural industry
4,93

Clusters
4,40

4,60

4,80

5,00

5,20

5,40

5,60

5,80

6,00

Note: Question Please indicate the importance of following policy support area, scale 1-7,
where is 1 = not important, 7 = very important;
Source: Authors, 2016.

The above results confirm the importance of science industry link as the most important
issue in selected SEE countries, similar to results for Croatia. Although respondents in these
countries confirm the importance of issues such as International (global/regional) value
chains as well as Evaluation of R&D programs in terms of policy support area, these
respondents show more inclination towards topics Assessing innovation policy and
Evaluation of R&D organisation compared to their counterparts in Croatia.
Regarding three most important issues, respondents in selected SEE countries confirmed
the importance of science industry link (65.5%). However, differences within the selected
SEE countries in comparison to Croatia appear in terms of other topics. More than ten
percent of respondents (10.3%) answered that Evaluation of R&D programme is the most
important issues in terms of policy support followed by Smart Skills (6.9%) and Creative and
cultural industries (6.9%).
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Table 4.3 Three most important issues in the policy support area, N = 29, SEE
countries – stakeholders, %,
The most
The second
The third most
important policy
most important
important
issue
policy issue
policy issue
Science industry
65.5%
13.8%
6.9%
Cluster
6.9%
13.8%
6.9%
Tax incentives for R&D
0.0%
13.8%
6.9%
Evaluation of R&D program
10.3%
20.7%
10.3%
Evaluation of R&D organisations
0.0%
6.9%
13.8%
(e.g. Centres of Excellence)
S&T Foresight
3.4%
6.9%
10.3%
Smart Skills
6.9%
3.4%
13.8%
Assessing Innovation Policy
0.0%
6.9%
6.9%
International (global/regional) value
0.0%
10.3%
13.8%
chain
Creative and cultural industry
6.9%
3.4%
3.4%
Social Innovation
0.0%
0.0%
6.9%
Note: Question, Please, list only three most important issues from the question above. Rank those from 1
to 3, where 1 stands for the most important issue.
Source: Authors, 2016.

Regarding policy support areas and the analysis of similarity and differences between
Croatia and other SEE countries, Science industry link is the most important issue for both
groups of countries. The second most important group of policy issues where support is
required, are issues related to assessment and evaluation. These are Assessing innovation
policy, Evaluation of R&D programs and Evaluation of R&D organisations. Tax incentives for
R&D as issue is the only exception. It is considered more important in Croatia when
compared to other SEE countries. Moreover, similarity in both groups appears in the
perception of importance of the issue of International (global/regional) value chain.
Respondents in both cases ranked International (global/regional) value chain as the third
most important area where policy support activities are required.

On average, policy support is more important within other SEE countries when compared to
Croatia (Table 4.4). Moreover, table below shows that the largest ‘gap’ is in perception of the
following policy issues S&T Foresight, (-1.06), Assessing innovation policy (-1.05) as well as
Evaluation of R&D organisation (-0.97). This may be explained by relatively higher
development of innovation policy development when compared to selected SEE countries.
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Table 4.4 Difference in Importance of policy support area between Croatia and other
countries, values
Croatia

Other SEE
countries

Total

Gap

Science – industry
links
Evaluation of R&D
program
International
(global/regional) value
chain
Creative and cultural
industry
Tax incentives for
R&D
Assessing Innovation
Policy

5.26

5.86

5.68

-0.60

5.00

5.66

5.46

-0.66

5.00

5.66

5.46

-0.66

4.87

5.28

5.18

-0.41

4.82

5.41

5.24

-0.59

4.74

5.79

5.42

-1.05

Social Innovation

4.74

5.34

5.16

-0.6

Smart Skills

4.69

5.61

5.16

-0.92

4.69

5.66

5.32

-0.97

Clusters

4.52

4.93

4.82

-0.41

S&T Foresight

4.39

5.45

5.06

-1.06

Evaluation of
organisation

R&D

Note: gap: Croatia - Other SEE countries =
Source: Authors, 2016.

Results in Table 4.4 about Assessing innovation policy and Evaluation of R&D organisation
should be taken with caution. Conceptually, both policy issues Assessing innovation policy
and Evaluation of R&D organisations analyse mutual dependent concepts of innovation and
R&D in different circumstances. The first topic is about policy analysis, whereas the second
topic analyses R&D performance within R&D organisation where their performance
influences innovation activities. Moreover, in these countries differences in innovation
activities exist. Among analysed countries in this chapter Croatia and Serbia have the most
developed innovation systems (Aralica, 2011). To some extent, higher level of competition in
Science/Technology sector in Croatia42 compared to analysed countries may explain higher
importance of the issue of Evaluation of R&D organisations within other SEE countries
compared to Croatia. However, further analysis of presented data is required.
42

In Croatia there is higher level of competition about funding of scientific insitutions compared to
other SEE countries.
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The analysis of Research area at national level and abroad– results of the survey
As mentioned before academically driven issues43 were identified parallel with policy driven
issues, at the SmartEIZ kick off meeting. Moreover, as result of the analysis of EIZ research
needs in T 2.1, the following issues were identified as the most important academicallydriven issues: Technology, growth, and productivity; technology, Employment and skills;
companies, innovation and productivity; FDI, trade and technology; National innovation
system; Innovation systems and ecosystems of innovation (regional)44. In the following part
of analysis, research areas in relation to improving R&I policy at the national level will be
explored, as well as, from the neighbouring countries45. In this way improved result about
relevance of academically driven issues will be achieved.

National Innovation System (6.29) was perceived as the most important topic among
stakeholders in Croatia, followed by Technology, employment and skills (6.19) and
Innovation system and ecosystems of innovation: sectoral (industry) studies/industrial
dynamics and innovation (6.14).

43

The following academically driven issues were selected in T 2.1. These are 1) Technology, growth and
productivity, 2) Firms, innovation and productivity, 3) Technology, employment and skills, 4) FDI, trade and
technology, 5) Science system and science collaboration, 6) Entrepreneurship: macro and micro aspects, 7)
Innovation systems and ecosystems of innovation: sectoral (industry studies).
44
Table 2.1, the second column)
45
In this context, categories of the analysis are the academically driven issues.
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Figure 4.3 Importance of research areas regarding improving R&I policy, N = 23,
Croatia– stakeholders, mean values

National innovation system

6,29

Technology, employment, an skills

6,19

Innovation systems and ecosystems of innovation:
sectoral (industry) studies/industrial dynamics and
innovatin

6,14

Firms, innovation, and productity

6,10

Technology, growth, and productity

6,05

Political and economic interests and their impact on
innovation activities firms

6,00

Innovation systems and ecosystems of innovation:
region level

6,00

Entrepreneurship: macro and micro aspect (Small
and medium enteprises)

5,71

Science system and sciene collaboration

5,71

FDI, trade, an technology

5,14

0,0

1,0

2,0

3,0

4,0

5,0

6,0

7,0

Note please indicate the importance of following research areas regarding their importance for
improving R&I policy, scale 1-7, where is (1 - not important; 7- very important).
Source Authors, 2016.

When we asked respondents to point out three of the most important research areas
regarding their importance for improving R&I policy, the results were different compared to
Figure 4.3. Technology, growth and productivity (31.8%) were recognised as the most
important issues among stakeholders in Croatia. However National Innovation System
(27.3%) was recognised as the second most important policy issue among stakeholders in
Croatia.
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Table 4.5 Three most important issues in research area, N = 23, Croatia –
stakeholders, %,
The most
important
research area

The second most
important research
area

Technology, growth, and productivity

31.8%

13.6%

The third
most
important
research
area
4.5%

National Innovation System

27.3%

27.3%

0.0%

Firms, innovation, and productivity
Innovation systems and ecosystems of
innovation:
sectoral
(industry)
studies/industrial dynamics and innovation

9.1%

13.6%

31.8%

9.1%

13.6%

4.5%

Innovation systems and ecosystems of
innovation: regional level

9.1%

0.0%

9.1%

Political and economic interests and their
impact on innovation activities of firms

9.1%

4.5%

4.5%

Technology, employment, and skills

4.5%

18.2%

9.1%

FDI, trade, and technology

0.0%

4.5%

0.0%

Science system and science collaboration

0.0%

9.1%

22.7%

Entrepreneurship: macro and micro
aspects (Small and medium enterprises)

0.0%

0.0%

13.6%

Note: Question, Please, list only three most important issues from the question above. Rank those from 1
to 3, where 1 stands for the most important issue.
Source: Authors, 2016.

Figure 4.3 and Table 4.5 confirm the relatively high importance of the National Innovation
System issue for stakeholders in Croatia. The difference between these findings is the
relative higher importance of the Technology growth and productivity issue in Table 4.5
compared to Figure 4.3. However, in Figure 4.3 all research areas were perceived as
important by stakeholders in Croatia; mean values were above 5. So, further research in this
area is required.

Regarding the importance of research areas in SEE countries, stakeholders in these
countries pointed out the issue Innovation systems and ecosystems of innovation: sectoral
(industry) studies/industrial dynamics and innovation (6.11) followed by Technology, growth
and productivity (6.07) and Technology, employment and skills, (6.04). Similar to their
This project has received funding from the European Union’s Horizon 2020 Research and
Innovation programme under Grant Agreement No 692191.
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counterparts in Croatia, stakeholders in SEE countries consider all research issues as
important, mean value above five.
Figure 4.4 Importance of research areas regarding improving R&I policy, N = 29, other
SEE countries– stakeholders, mean values
Innovation systems and ecosystems of innovation:
sectoral (industry) studies/industrial dynams and
innovation

6,11
6,07

Technology, growth, and productity

6,04

Technology employment and skills
Innovation systems and ecosystems of innovatio
regional level

5,96

National innovation system

5,96

Firms, innovation, and productity

5,79

Entrepreneurship: macro and micro aspect (Small
and medium enterprises)

5,79
5,75

Science system and scienc collaboration
Political and economic interests and their impact on
innovation activities firms

5,57
5,36

FDI, trade, an technology

4,8

5,0

5,2

5,4

5,6

5,8

6,0

6,2

Note please indicate the importance of following research areas regarding their importance for
improving R&I policy, scale 1-7, where is (1 - not important; 7- very important).
Source Authors, 2016.

When we asked stakeholders in SEE countries about important issues in research areas
35.7% respondents pointed out the Technology, growth and productivity issue as the most
important. Stakeholders in SEE countries consider as second important issue (14.3%) three
issues Firms innovation and productivity, Science system and science collaboration and
National Innovation System.
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Table 4.6 Three most important issues in research area, N = 29 SEE countries –
stakeholders, %,
The most
important
research area
35.7%

The second
most important
research area
14.8%

The third most
important
research area
11.1%

Firms, innovation, and productivity

14.3%

18.5%

18.5%

Technology, employment, and skills

10.7%

11.1%

18.5%

FDI, trade, and technology

0.0%

3.7%

0.0%

Science system and science collaboration

14.3%

18.5%

18.5%

Entrepreneurship: macro and micro
aspects (Small and medium enterprises)

0.0%

7.4%

3.7%

Innovation systems and ecosystems of
innovation:
sectoral
(industry)
studies/industrial dynamics and innovation

7.1%

7.4%

3.7%

Innovation systems and ecosystems of
innovation: regional level

3.6%

7.4%

7.4%

National innovation system

14.3%

7.4%

11.1%

Political and economic interests and their
impact on innovation activities of firms

0.0%

3.7%

7.4%

Technology, growth, and productivity

Note: Question, Please, list only three most important issues from the question above. Rank
those from 1 to 3, where 1 stands for the most important issue.
Source: Authors, 2016.

Comparing importance of research issues in Croatia and SEE countries, Technology growth
and productivity and National innovation system can be considered as the most important
research areas for stakeholders in Croatia and SEE countries.

Identification of training needs for better R&I policy
After identification of innovation policy needs and research areas, we analysed training
needs. Identification of training needs is important since the Twinning strategy for EIZ in its
implementation envisages Training schools (TS) and Training workshops (TW)46 as mode of
transfer of knowledge among the partners within the consortium. TS is mode of transfer of
knowledge which includes participant outside of consortium on national level and

46

Training school (TS) is organised for partner institutions whereas Training workshop (TW) are organised for
broader audience than reseachers involved in SmartEIZ. For more details please see the fourth part of the T 2.4.
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international level. These two forms of training require different topics which should be
envisaged in the implementation of SmartEIZ Twinning strategy. Similar to previous
analyses, we divided our respondents on national and international. In this way we may take
into consideration training needs in the field of innovation policy in Croatia and compare it
with training needs of selected SEE countries.

Regarding the importance of training needs, among stakeholders from Croatia Evaluation of
science and innovation policy (5.0) was ranked as the most important, followed by topic
Analysing innovation system national, sectoral and regional (4.78) as well as Analysis of
economic growth, R&D and innovation (4.74).

Figure 4.5 Importance of the training areas, N = 23, Croatia– stakeholders, mean
values,

Evaluation of science and innovation policy

5

Analysing innovation systems, national sectoral
and regional
Analysis of economic growth, R&D and
Innovation
Methods for analysing value chains and
innovation

4,78
4,74
4,65

S&T Indicators

4,43

S&T Foresight Methodology

4,35

Clusters, networks and linkages in innovation

4,04

0

1

2

3

4

5

6

Note: Question Please indicate the importance of following training areas, which you are
considered as priority, scale 1-7, where is 1 = not important, 7 = very important;
Source: Authors, 2016.

Similar to previous answers in this part of the task, Evaluation of science and innovation
policy (5.00) is the most important training area among respondents in Croatia, followed by
the training area which includes analyses of various types of innovation systems, national
regional and/or regional (4.78). Other topics that are more specific (such as S&T indicators,
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Clusters, networks and linkages in innovation) are considered less important among
respondents.
On average respondents in selected SEE countries consider trainings activities as less
important compared to their counterparts in Croatia. This may reflect poor level of
development of innovation policy rather than higher level of knowledge about innovation
policy. The analysis of training needs within selected SEE countries shows that Evaluation of
science, innovation policy (3.69) is considered as the most important issue followed by
Methods for analysis of value chains and innovation (3.55), S&T indicators (3.55) as well as
S&T foresight methodology (3.55).

Figure 4.6 Importance of the training areas, N = 29, the selected SEE countries–
stakeholders, mean values,

3,69

Evaluation of science and innovation policy
Methods for analysing value chains and
innovation

3,55

S&T Indicators

3,55

S&T foresight methodology

3,55

Analysing innovation systems, national
sectoral and regional

3,41

Analysis of economic growth, R&D and
Innovation

3,41
3,17

Clusters, networks and linkages in innovation
2,9

3

3,1

3,2

3,3

3,4

3,5

3,6

3,7

3,8

Note: Question Please indicate the importance of following training areas, which you are
considered as priority, scale 1-7, where is 1 = not important, 7 = very important;
Source: Authors, 2016

Comparing importance of training needs between Croatia and other selected countries, the
main difference is how respondents rank their needs. In Croatia they show more inclination
towards various types of analysis whereas their counterparts in other selected SEE countries
are more interested in specific topics such as Methods for analysing value chains and
innovation as well as S&T indicators. All mean values are higher in Croatia compared to
This project has received funding from the European Union’s Horizon 2020 Research and
Innovation programme under Grant Agreement No 692191.
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other countries. These results can be explained by more developed practices of analysis of
innovation/R&D policies in Croatia compared to other selected countries.
Regarding Croatia‘s respondents' willingness to learn about the S3 various topics they show
poor inclination towards it47. This may have to do with already sufficient understanding of the
S3 concepts and design, given that the Croatian S3 is currently in the implementation stage.
Small differences among different S3 topics suggest that this may be the case. Learning
about S3 strategy design (1.39) is recognised as the most important area about which
respondents want to learn, followed by Setting up right governance of R&I policy (1.35) as
well as Learning how to conduct sound analysis for S3 (1.35).

Figure 4.7, S3 topics and Croatia respondents' willingness to learn N = 23, mean
values,
Learning about S3 strategy design

1,39

Setting up a right governance of R&I policy

1,35

Learning how to conduct sound analysis for S3

1,35

Developing transnational collaboration projects

1,3

Effective implementation instruments and
measures
Entrepreneurial discovery process of identifying
S3 priorities

1,26
1,26

Evaluation and monitoring of R&I strategies

1,13

How to increase stakeholder involvement in R&I
policy development

1,09
0

0,5

1

1,5

Note: Question, Please indicate on which S3 topics you would like to learn more by giving
them weights from 1 (not relevant) to 7 (very relevant)
Source: Authors, 2016.

The above results confirm initial phase of development of innovation policy evaluation
practice and its relevance in Croatia, where implementation of S3 programmes started at the
beginning of 2016. Currently, evaluation of S3 policy instruments is not the focus of policy
practice. Regarding results from other selected SEE countries, on average respondents
show more inclination to learn about various aspects of S3 compared to their counterparts in
Croatia. Respondents from selected SEE countries evaluate as the most important training
47

Majority of respondents did not answer this question, so we treated no answer to the question as not-relevant.
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area Entrepreneurial discovery process of identifying S3 priority areas (3.07), followed by
Setting up a right governance of R&I policy (3.03) as well as Learning about S3 strategy
design (3.03). At the same time, respondents recognize importance and potential of S3 for
national economies. Except Croatia, analysed countries are not EU members so there is no
international obligation to conceptualise and implement S3 national strategies in these
national economies. However, there is tacit understanding that these countries should be not
only familiar with the S3 approach, but also adopt some of its elements during the accession
process.

This may explain why planning activities in previous Figure were the most important areas for
selected SEE countries in the context of S3.

Figure 4.8, S3 topics and the other countries respondents' willingness to learn N = 29,
mean values,
Entrepreneurial discovery process of identifying S3
priorities

3,07

Setting up a right governance of R&I policy

3,03

Learning about S3 strategy design

3,03

Developing transnational collaboration projects

3

Effective implementation instruments and measures

2,93

How to increase stakeholder involvement in R&I policy
development

2,86

Evaluation and monitoring of R&I strategies

2,79

Learning how to conduct sound analysis for S3

2,72
2,5

2,6

2,7

2,8

2,9

3

3,1

Note: Question, Please indicate on which S3 topics you would like to learn more by giving
them weights from 1 (not relevant) to 7 (very relevant)
Source: Authors, 2016.
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SWOT analysis of EIZ in the context of SmartEIZ strategy

On the basis of information related to EIZ research needs, State of the art methodology in
the field of EMIT, as well as current policy needs in the context of the SmartEIZ,, strengths,
weakness, opportunities and threats of EIZ in the context of SmartEIZ strategy are
summarised in the table below. This SWOT analysis is adjustment of the SWOT analysis
presented in T 2.1 where this analytical tools was used for assessment of EIZ research
capacity in the field of EMIT.

During the implementation of WP 2, which includes Identification and mapping of EIZ
research needs in relation to Croatian innovation policies and RIS3, cooperation among
partners in SmartEIZ was confirmed. On line questionnaires, completed by stakeholders from
Croatia and selected SEE countries, also confirmed a growing number of stakeholders
interested in the objective and implementation of twinning instruments of SmartEIZ.

As mentioned before, EIZ research needs are tightly connected to the needs of Smart
Specialisation in Croatia. The key challenge is to link up locally relevant topics and issues
which can generate not only useful output for users but can also be internationally relevant. It
seems that increase of various types of collaborations in the field of Smart Specialisation in
Croatia as well as abroad presents the main opportunity of the project. On the other side, the
uncertainty in the institutional and economic environment in Croatia as well as in the
neighbouring countries which decrease the potential of regional cooperation in South East
Europe is the main threat of the implementation of SmartEIZ.
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Table 4.7 SWOT analysis of EIZ in the context of implementation of SmartEIZ strategy
Strengths

Weaknesses












A group of researchers who can produce
credible scientific results in limited areas of
EMIT (table 2.1 column 1),
Excellence in a few research methods (e.g.
descriptive statistics, qualitative methodology,
case study methodology, regression analysis,
Probit models, micro econometric analysis),
Experience in analysis and evaluation
programmes/instruments
of
national
innovation policy (e.g. Tax Incentive on R&D),
Commitment of EIZ researchers to theoretical
and applied research,
Established collaboration between EIZ and
the leading institutions in the EMIT (UB, UCL,
CRIOS),
Reliable IT support for scientific research,

Opportunities
















Threats


Collaboration in the field of Smart
Specialisation with key national stakeholders
at national level.
Initiatives related to Croatian Smart
Specialisation Strategy,
Growing need to invest in new SMART skills
and improvement of researchers,
Developing cooperation with public entities,
scientific organisation in Croatia,
Developing better relations with business
sector in Croatia,
Developing cooperation with international
stakeholders in the field of EMIT
Strengthening of existing networks and
clusters and implementation of cluster
initiatives,
Different level of development of innovation
systems among analysed SEE countries

A lack of EIZ achievements in academically
driven topics (table 2.1, column 1)
A lack of critical mass of research in certain
areas of EMIT analysed in the section 3 of
the text.
A lack of advanced cutting-edge research
methodology,
Low international visibility of scientific
production,
Insufficient participation in international
research projects,
Insufficient cooperation and networking with
scientific organisations,
A lack of adequate databases that would be
available at EIZ (like Orbis database).











Non-stimulating national macroeconomic
framework,
The uncertainties in the institutional and
economic environments,
The uncertainties regarding cooperation in
the region
Low level of knowledge about Innovation
system,
A lack of entrepreneurship in public
institutions,
universities
and
research
organisations,
Weak cooperation between stakeholders in
R&D value chain,
Not effective transfer of technology,
Insufficient research orientation towards the
needs of the economy,
Weak RDI capacities of the business sector,
Potential migration of young workforce with
higher level education abroad,
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5. Moving forward in the SmartEIZ project in the light of the objectives

After the assessment of main strengths, weaknesses and needs of EIZ researchers in the
field of EMIT, the next step involves planning activities in order to meet these needs. The
main aim of this part of the task is positioning of EIZ staff in relation to the identified research
needs and objectives of the Twinning project. In order to strengthen the expertise of EIZ
staff, capacity building priorities and activities must be generated. This also includes
identification of recipients of capacity building activities, based on both identified EIZ
research needs and the screening of their individual research needs and preferences.

As mentioned before this twinning project aims to strengthen the scientific and research
capacity and narrow networking gaps and deficiencies of the Institute of Economics, Zagreb
(EIZ) in the field of Economics and Management of Innovation and Technology (EMIT). This
major objective will be achieved via implementation of five specific objectives of the
SmartEIZ project48.
Planning implementation of capacity building activities

Capacity building design and implementation requires careful planning to target the right
people and build the right skills and knowledge at the right time and over time. The target
user group for capacity building activities are the following EIZ researchers: Ivan Damir Anić,
Zoran Aralica, Katarina Bačić, Valerija Botrić, Ljiljana Božić, Ivana Rašić Bakarić and Bruno
48

(1) Strengthen the cooperation between EIZ and leading international partner institutions in EU in the fields of
EMIT. Create synergies and fostering capacity to develop international research projects in order to integrate EIZ
into international research networks and establish and support EIZ as a research hub (centre of excellence) in
Croatia and South–East Europe; (2) Improve EIZ’s overall research on EMIT through training activities;
(3) Enhance EIZ’s capacity to design and implement public policies. To favour internationalization of the Croatian
production system in globalizing economy and to promote comparative analysis and increasing involvement of
policy makers through learning networks; (4) Improve the capacity of EIZ to study University/Industry models of
collaboration, including Science Parks and technological clusters, their performances and their relation and
impact on the territory as well (5) Empower EIZ to contribute to RIS3 implementation by stimulating inclusive
innovation and sustainable development in selected technological domains. To identify public policies for
maximizing impact of specific Key Enabling Technologies (KETs) on the existing Local and Sectoral Systems of
Production (L/SSP).
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Škrinjarić. All these researchers require from other partners within SmartEIZ to provide them
with new insights and cutting-edge methodologies in preferred areas of research.

Table 5.1 Planned capacity building activities
Capacity
building activity
Staff exchanges
(STSMs)

Month

Place

Organization

Participants

16-27

I, UK, NL

Institutions
across
the
network

EIZ, CRIOS, UCL,
UNU-MERIT

17-24

HR

Training
workshops (TW)

16-27

HR(6 TWs), I
(1 TW), UK (1
TW), NL (1
TW)

EIZ, relying
on scholars
from partner
institutions
HR -EIZ, I CRIOS, UK UCL, NL UNU-MERIT

Visiting Training
Sessions (VTSs)

16-27

HR (EIZ)

CRIOS

Training
(TS)

schools

Additional information
1
trip
for
7
EIZ
researchers of 29 days
average will organize
CRIOS

EIZ staff
st

EIZ, CRIOS, UCL,
UNU-MERIT

2 parts: 1 part for whole
scientific community, 2nd
part is more intensive WS
6 VTS

Since individual and group competencies of EIZ researchers need to be improved, both
individual and group capacity building activities will be designed and implemented. According
to the Grant Agreement, the following types of capacity building activities have been
envisaged: Training school (TS), Training workshops (TW) and Visiting Training Sessions
(VTSs), while Staff exchanges (STSMs) present individual capacity building activities (see
Table 5.1). Those activities will allow EIZ researchers to enhance their abilities to achieve
measurable and sustainable results, to advance their knowledge within the field of EMIT,
establishing new contacts and enhance their competences.

Short–Term Scientific Missions (STSMs) are individual group capacity building activities
aimed at fostering collaboration, sharing new techniques and infrastructure that may not be
available in other participants’ institutions and include exchange visits between researchers
involved in the project, allowing scientists to visit an institution in another country. Training
School (TSs) are group training activities with the aim of increasing the quality and
productivity of researchers involved and to stimulate a critical reflection on research methods
and techniques. Training workshops (TW) will be held as training classes or seminars where
participants carry out a number of training activities and work individually and / or in groups
to solve actual work-related tasks to gain hands–on experience. Additional methods for
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capacity building will be varied but are understood to include, where appropriate, any or all of
the following: peer discussion and exchange; repositories of resource materials (relevant
literature); information and referral systems; forums, access to databases, purchasing
databases and software etc. Thereby, the goal of capacity building activities is to improve the
ability of EIZ researchers to analyse, design and evaluate public policies, and integrate its
research activities into the Croatian Smart Specialisation Strategy and national operational
programmes. Training activities related to strategic tools and methodologies should be
provided by partner institutions in the SmartEIZ project.

It is envisaged that CRIOS, UNU MERIT and UCL organize 7 STSMs for EIZ researchers (1
trip for 7 persons, up to 29 days each), while 6 VTS are designed for partners (exchange
visits that aim at bringing senior scholars to EIZ in order to provide intensive support in the
specific topics mentioned above.). STMSs will enable EIZ researchers to exchange expertise
and establish new relationships. TSs will be organized in Croatia by EIZ and should provide
intensive training in the project’s topics within organisations involved in the project, with the
aim of widening knowledge of twinning activities. Each EIZ researcher included in SmartEIZ
as staff will also attend 6 TWs organized in Croatia, while 4 researchers will attend 3 TWs
organized out of Croatia (approximately 4 persons, up to 4 days,) in internationally–leading
institutions involved in Consortium. TW will be divided into 2 parts, one a key talk open to the
whole scientific community and provide visibility opportunities and the second part will be
intensive workshop.

Regarding methodology, the acquisition of statistical and econometric methods may help EIZ
researchers to produce high quality cross–country comparative analysis of RDI, making it
possible to evaluate their impact on growth, employment and competitiveness. EIZ has a
growing need to provide access, both systematically and for individual requirements, to “new”
methodological and conceptual knowledge in topics related to innovation and S&T. Individual
and group competencies of EIZ researchers need to be improved.
Table 5.2 shows the assessed and preferred EIZ’ research needs grouped according to the
seven

thematic

areas

and

connected

with

planned

capacity

building

activities.

Preferences/needs for gaining new knowledge in the field of EMIT indicated by every
member of the SmartEIZ project team (Table 4.4) during Task 2.1 are now connected with
state–of–the art methodology in the field of EMIT. EIZ researchers are thereby grouped
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according to seven thematic areas (Table 2): (1) clusters – Ivan Damir Anić; (2) GVC – Zoran
Aralica, (3) Science - industry links - Irena Đokić; (4) Skills and technical change: policy
issues (SMART skills) – Bruno Škrinjarić and Marina Tkalec; (5) Assessing innovation policy
– Katarina Bačić and Ivana Rašić Bakarić; (5) Companies, innovation and productivity –
Valerija Botrić and Ljiljana Božić; and (7) Technology, Growth and Productivity – Andrea
Mervar. To some extent, these thematic areas represent policy needs, which were
emphasized during interviews with key stakeholders (MINGO, AIK, and HAMAG-BICRO). In
order to meet these needs and fulfil research gaps in the field of EMIT (Table 4.2) capacity
building activities have been planned for each team member (Table 1, for more details see
Table 2). Those activities include Staff Exchange Activities, Training School (TSs) and
Training Workshops (TWs).
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Table 5.2 Connecting researchers needs with the with State–of–the art methodology in the field of EMIT
Thematic
area

Contribution to the 5 specific objectives
of SmartEIZ (01-5)

Clusters

Identification the collocation of clusters and
if there are positive spillovers among
different knowledge domains
O1, O2, O3, O4, O5

Clusters and upgrading
to higher added values in
GVC, impact on growth
and productivity
Clusters impacts and
evaluations

Ivan Damir Anić

GVC

Acquired knowledge about different
methods and data sources employed in the
empirical trade literature to map and
measure GVCs at the sectorial level
O1, O2, O3, O5

Clusters and upgrading
to higher AV in GVC,
impact on growth and
productivity
GVC and IS

Ivan Damir Anić

Identified and analysed the best models for
successful collaboration between science
and industry, especially in the area of
applied research
O1, O2, O3, O4, O5
Smart skills and identified skills of
employees that are needed for the
development of clusters and might help
their
members
to
increase
their
competitiveness and innovation potential

Science
cooperation

Irena Đokić

Science
industry
links

-

Skills
and
technical
change:
policy
issues
(SMART
skills)

EIZ Researcher
- key person

Needs

industry

Measuring
the
gap
between
supply
and
demand for SMART skills

Zoran Aralica

Bruno Škrinjarić

Planned key activities
examination of the knowledge base that can be
exploited in six thematic priority areas that have been
selected as the focus of the RIS3 analysis of the
performance of existing clusters and TPs;
purchasing the newest literature
provided access to databases
participation on 1 STMT, TS, TW,

exploring foundations and functioning of global value
chains, the importance of their analysis within the S3
context, in line with the existing RIS3 framework (
analysing the industry from the GVC perspective and
within the S3 context )
exploring public policies for supporting the process of
GVC
purchasing the newest literature
provided access to databases
participation on 1 STMT, TS, TWs,
purchasing the newest literature
provided access to databases
participation TS, TWs,

purchasing the newest literature
provided access to databases
participation on 1 STMT, TS, TWs,

O1, O2, O3, O4
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The effect of SMART Marina Tkalec
skills
schooling
on
production
output
of
Croatian counties

Skills
and
technical
change:
policy
issues
(SMART
skills)
Assessing
innovation
policy

Companies,
innovation
and
productivity

Technology,
Growth and
Productivity

innovation

Ivana
Bakarić

Rašić

Analysed innovation policies related to
clusters

Assessing
policy

O1, O2, O3, O4, O5
Innovation system and policy
O1, O2, O3, O4, O5

Innovation system and
policy

Katarina Bačić

Increased
knowledge
about
how
innovations affect the productivity of cluster
members
O1, O2, O3, O5
Increased knowledge about links between
innovation,
productivity
and
firms;
Increased knowledge about innovation
management
O1, O2, O3, O5

Empirical analysis of
innovation,
companies
and sectors

Valerija Botrić

Research in innovation
management

Ljiljana Božić

Increased knowledge and cutting edge
methodologies
O1, O2, O3

Impacts of R&D on
economic
growth,
employment
and
competitiveness

Andrea Mervar

Education on geographical regression discontinuity
design
purchasing the newest literature
provided access to databases and programming in
statistical software
participation on 1 STMT, TS, TWs,

purchasing the newest literature
provided access to databases
participation on 1 STMTs, TS, TWs
purchasing the newest literature
provided access to databases
participation on 1 STMTs, TS, TWs
purchasing the newest literature
provided access to databases and programming in
statistical software
participation on 1 STMTs, TS, TWs
purchasing the newest literature
provided access to databases
participation on 1 STMTs, TS, TWs

purchasing the newest literature
provided access to databases and programming in
statistical software
participation on TS, TWs

Acquired knowledge about different
methods and data sources employed in the
empirical trade literature to map and
measure GVCs at the sectorial level
O1, O2, O3
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Planning training activities

Strategy for Training Activities has been prepared in accordance with the proposal
objectives, in particular in this task, all partners involved in the process of SmartEIZ
implementation, have:
•

prepared the Strategy for training activities, presenting, inter alia, the tactics,
beneficiaries of activities, partners, coordination and monitoring methods;

•

disseminated the Strategy among all partners involved.

In order to implement this Strategy to achieve twinning objectives, partners will identify,
during WP3 implementation, specific training tools (TS, TWs, STSMs, and VTSs) to provide
capacity building to EIZ.
These tools will include the capacity to use one of the following datasets/software indicated
in the proposal:
1) Web Of Science Publication and Database for training on analysing social network
and trajectories of co–authorship;
2) Vantage Point for training in transforming the data into a consistent set and merging
and normalizing data from diverse sources;
3) Vantage Point that works with search results from text databases;
4) Orbis Dataset which contains information on over 170 million companies worldwide,
with an emphasis on private company information;
5) R Studio associated with specific datasets to use for training on R Software and R
programming;
6) The CRIOS–PATSAT for European Patent Office (EPO) based applications,
disambiguated inventors and applicants’ names as well as other standardized
information.
Designing training tools and staff exchange must assure transparency of activities
implemented in the framework of this Strategy and adjusting instruments, methods and
resources to current needs, while giving consideration to changes of general conditions.
In the framework of this Strategy it is necessary to ensure:
- Constant partner co-operation among stakeholders individuated in D2.3;
- Co-operation with the media, which assures constant presence of information on the
SmartEIZ website;
- Implementation of stable promotion instruments (internet website);
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- Information campaign addressed to particular groups of recipients.
Indicators measuring the Strategy implementation are, as follows:
1. Effectiveness – expressed by a ratio of inputs (costs, labour) to outputs (results);
2. Efficiency – defined as a perception of the promotion campaign and training and their
impact on awareness of the Strategy activities’ recipients.
In this case an indicator might be a ratio of inputs:
•

the number of distributed / ordered publications;

•

the number of people trained;

•

the number of promotion materials distributed;

•

the number of press releases.

Researching and evaluating the campaign efficiency, by relevant techniques both
quantitative (questionnaires, interviews) and qualitative (observations, interviews, group
discussions, analyses of media from the point of view of presence of positive, neutral and
negative information in publications). All activities striving to examine the effectiveness and
efficiency of training activities and will serve to better plan further actions. In this way it will
contribute to meeting the Twinning strategy objectives.

In order to reach twinning objectives, all partners must be continuously aware of new
relevant scientific literature regarding thematic areas indicated in Table 5.2, with a particular
attention to emerging limits and possible future trajectories of the implementation of S3.
Highlights on emerging bottlenecks (e.g. the lack of local pre-conditions in the local economy
and limits of governance) as well as possible future trajectories to overcome such
bottlenecks, like the shift from a compulsory to a voluntary S3, and from industry-focused to
territorial development strategies, must be taken into account during the implementation of
the whole project with the aim to assess the consistency of the concept of S3.

Therefore the guidelines for training activities are the following:

-

For the planned Training Workshops (TWs), each of them will be divided in 2 parts,
one a key talk open to the whole scientific community that will also provide visibility
opportunities and the second part an intensive workshop.
The topics to be covered by TWs are the following:
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1) The implementation of RIS3 policies in EU regions: emerging limits and possible
future trajectories;
2) Indicators for assessing R&D performance in the evolving landscape of inclusive
and social innovation;
3) Industrial Clusters and Regional Innovation: evaluation methods and policy
implications;
4) Global Value Chains and National/Regional Systems of Innovation;
5) Science-Industries linkages: successes, failures, and lessons learned from other
regions/countries;
6) National/Regional Innovation Systems, Clusters and the Knowledge Economy:
current discourse and unresolved issues on evaluation and impact assessment of
innovation policy;
7) R&D, Innovation and Economic Growth: methods and tools to evaluate the
impact;
8) Smart Policies for Integrating SMEs in the Globalising Industry 4.0;
9) Matching Skills and Labour Market: productivity impact and policy implications;
-

For the planned Training School (TS), that aim at widening the knowledge of the
twinning activities, providing intensive training on the project’s topics.

The topics to be covered by TS are the following:
1) Overview of evaluation basic tools and methodologies;
2) Evaluating economic and social impacts of R&D;
3) Foresight and technology assessment;
4) Case study methodology in international studies;
5) Social network analysis and social media analytics with various digital sources;
6) Bibliometrics and patent analysis;
7) Benchmarking Analysis;
8) Questionnaires, Interviews, and field/case studies.
-

for the planned Visiting Training Sessions (VTSs), they will contribute to training
programs and provide intensive support in the following specific topics:
1) Full introduction to R Language;
2) Data analysis and data management;

This project has received funding from the European Union’s Horizon 2020 Research and
Innovation programme under Grant Agreement No 692191.
51

GRANT AGREEMENT
NUMBER — 692191 — SmartEIZ

3) Introduction to Multivariate Analysis;
4) Social Network Analysis;
5) Cluster Analysis;
6) Introduction to Data Mining.

-

For the planned Visiting Training Sessions (STSMs), aimed at fostering collaboration,
sharing new techniques and infrastructure that may not be available in other
participants’ institutions: they will contribute to training programs and provide
intensive support in the topics chosen by the guest institution.
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2. Conclusions

EIZ Research needs
Based on the analysis of EIZ research achievements, stakeholder’s needs as well EIZ
research preferences, following policy-driven issues, Clusters and GVC were identified as
gap (difference between policy needs and research achievements) and in the same time
these issues can be classified as topics where EIZ has research needs. In terms of
academically-driven issues these topics are Technology, growth and productivity, FDI trade
and productivity as well as National innovation system. The analysis of research needs
confirm that EIZ has experience in the following topics Science industry level, Smart skills as
well as Assessing innovation policy but not on the level of knowledge appropriate for EIZ.
Thereby, these topics can also be considered as important in terms of research needs and it
should be included in implementation of the Twinning strategy. The analysis of research
areas on national level and abroad confirm the importance of issues the Technology growth
and productivity and National innovation system issue.

State-of-the art methodology in the field of EMIT
There are eight topics analysed in this part of the strategy. Majority of these topics, five out of
eight are policy driven issues: Clusters, Public Policies for the Attraction of FDI and foster
Strategic Alliances for RIS3, Global Value Chains, Science- Industry links and Smart Skills.
Three topics are academically driven issues and these are Technology, Growth and
Productivity, National Innovation System as well as Technology Employment and Skills. For
each topic current status of research is described. Moreover, level of knowledge about
selected topics is presented for Croatia. Additionally we explain relevance of each topic for
policy issues in the context of Smart Specialisation in Croatia. We can conclude that level of
knowledge about these topics among EIZ staff is not appropriate, and implementation of the
SmartEIZ project may help in terms of increasing the level of scientific excellence.

Current policy needs
We analysed policy needs in two steps. The first step was analysis of policy needs of the
main stakeholders (HAMAG BICRO, MINGO and AIK). In the second, we enhanced the
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analysis of policy needs on national and international stakeholders of the project. Regarding
first step, the main policy driven issues were as follows: Clusters, Global Value Changes
(GVC), Assessing innovation policy, Science industry links, Skills and technical change –
policy issues (SMART skills). The analysis of policy needs among stakeholders confirmed
importance of the science –industry links as well as GVC important for implementation of the
S3 here in Croatia. In terms of innovation policy support stakeholders in SEE countries tend
to assess topics related evaluation (e.g. Evaluation of R&D program, Evaluation of R&D
organisation) as more important comparing to their counterpart in Croatia.

Implementation of SmartEIZ strategy

At the moment, we have detailed analysed of research needs of EIZ staff which require
planning adequate twinning tools where the capacities of other partners in SmartEIZ will be
presented. In the context of implementation, the analysis of EIZ’ research needs shows
individual preferences base for individual twinning tools named Short Term Scientific
Mission, due to the fact that each EIZ scientists involved in SmartEIZ expressed its
preference. Moreover, finding about research needs provides background for planning of
training workshops and training schools, due to fact that the EIZ scientific knowledge and
capacity were elaborated in details.

The analysed topics in the part of the text named State of the art Methodology presents
background material for following Working Packages in SmartEIZ project. Each twinning
instrument will be related to the topic explained in State of the art Methodology. Moreover
achievement of project impacts in terms of increase of scientific excellence here at EIZ
requires level of knowledge presented in State of the art Methodology.

Results regarding Policy issues in majority can be used for planning Training workshops
and Training schools. Regarding the implementation of SmartEIZ, all respondents show
inclination towards topics of evaluation of science and innovation policy as a topic. Difference
appears among groups of respondents. Croatia’s respondents show more inclination to
Innovation policy issue, Analysing innovation systems: national, sectoral and regional
whereas their counterparts in selected SEE countries show inclination towards more specific
topics Methods for analysing value chains and innovation as well as S&T indicators. In terms
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of implementation of SmartEIZ, these findings are relevant especially for WP 3 - Designing
twinning tools and WP 5 Fostering Regional Network Capacity in the Field of EMIT.
Regarding capacity building activities, following types of capacity building activities have
been envisaged: Training school (TS), Training workshops (TW) and Visiting Training
Sessions (VTSs), while Staff exchanges (STSMs) present individual capacity building
activities. As result of T 2.4, EIZ’ research needs is grouped according to thematic areas and
connected with planned capacity building activities. Preferences/needs for gaining new
knowledge in the field of EMIT was indicated by every member of the SmartEIZ project team.

Regarding planning training activities, partners in SmartEIZ will identify, during WP3
implementation, specific training tools (TS, TWs, STSMs, and VTSs) to provide capacity
building to EIZ.
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Annex 1: Description of the selected topics in EMIT

The role of clusters in RIS3
Public Policies for the attraction of FDI and foster Strategic Alliances for RIS3
Global Value Chain
Technology Growth and Productivity,
Science - Industry links
Skills and Technological Change: policy issues
National Innovation Systems, with implications for SmartEIZ
Technology, Skills and Employment
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The role of clusters in RIS3

The importance of clusters stems from the understanding of innovation as an interactive
process (Freeman and Soete, 1997). Clusters are traditionally viewed as an important driver
of innovation and regional economic development. The wealth–building potential of clusters
and their impact on national innovation system and economic growth is well acknowledged:
according to the European Commission (2010), clusters represent an important component
of regional smart specialisation strategies, since they offer policymakers the opportunity to
better streamline different policies towards the objective of stimulating growth through
innovation as well as providing a fertile combination of entrepreneurial dynamism and
contributing to the building of a knowledge-based economy. OECD (2013) sees innovative
clusters as a key policy tool for boosting national competitiveness and as drivers of national
economic growth.

From the EU perspective, EC (2008a) states that cluster policy development is gaining
momentum. While different instruments and mechanisms in support of clusters are being
applied in different places, they are increasingly being used to foster structural change, and
to provide a framework for other policies such as research, innovation and regional policy.
Strong clusters offer a fertile combination of entrepreneurial dynamism, intensive linkages
with top–level knowledge institutions and increased synergies among innovation actors. The
definitions and types of clusters vary.

Whereas definitions aiming at conceptualising clusters are either descriptive or abstract in
order to capture the broad range of elements characterising clusters, legal definitions are
necessarily defined in stricter and more technical terms (EC, 2008b). For example, Porter
(1998) consider them as ‘geographically proximate groups of interconnected companies and
associated institutions in a particular field linked by commonalities and complementarities’,
but according to the “Community Framework for State Aid for Research and Development
and Innovation” of the European Union clusters are “groupings of independent undertakings
— innovative start-ups, small, medium and large undertakings as well as research
organisations — operating in a particular sector and region and designed to stimulate
innovative activity by promoting intensive interactions, sharing of facilities and exchange of
knowledge and expertise and by contributing effectively to technology transfer, networking
and information dissemination among the undertakings in the cluster.”
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This can be found in section 2.2 on page 10 of the text of the Community Framework for
State Aid for Research and Development and Innovation, which is published in the Official
Journal of the European Union (2006/C 323/01) of 30.12.2006.

Industrial cluster formation reflects very much the historical, cultural, geographical,
institutional and technical (i.e. patterns emerging according to industry characteristics)
conditions of country or region. Therefore, clusters from countries and/or regions at different
stages of development may differ along several dimensions. A variety of factors may favour
the emergence of clusters, such as: (i) location and space factors, i.e. geographic proximity
and sectorial specialisation; (ii) social and cultural factors, i.e. human capital, family’s central
role, high level of social mobility and aptitude towards entrepreneurship; (iii) economic and
organisational factors, i.e. the possibility of reaching high levels of specialisation, the balance
between cooperation and competition; (iv) political and institutional factors, i.e. both public
and private (or mixed) bodies that play a support role in the construction of clusters such as
regional agencies, service centres, entrepreneurial associations (Consolati, 2006).

Cluster policies have been the traditional instrument whereby policymakers have encouraged
the formation of clusters; now this has been changing in favour of more comprehensive
smart specialization strategies. The literature on clusters and RIS3 is thus still limited, but it is
growing, and the most critical elements of RIS3 are already visible. However, it is difficult to
draw simple conclusions about actions and outcomes since clusters, cluster policies and
smart specialisation strategies differ from one another.

According to Aranguren and Wilson (2013), RIS3 and cluster policies are different in terms of
scale, focus and instruments. However, they also highlight potential synergies between the
two, given that both: i) seek to facilitate forms of cooperation among firms and a range of
other agents that develop related/complementary economic activities; ii) rely on constructing
strategies and activities that build from available place- based assets and capabilities; iii) aim
to be transformative in the sense of strengthening existing – and building new – competitive
advantages, something that requires processes of prioritization and selection. Also Perlo
(2015) underlines the strict interrelation between clusters and RIS3: clusters can play a
significant role in smart specializations strategies and at the same time RIS3 is important for
supporting cluster initiatives.
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Hassink (2010) instead argues that cluster policies can be too specialized, carrying the risk
of leading regions to remain locked-in and overly focused on currently successful but
declining sectors. That is why there has been a shift from specific cluster policies to smart
specialisation strategies, as opposed to the specialized (cluster) strategies in which best
practice approaches were not always adapted to the real preconditions of the regions where
they were implemented: the “smartness” of smart specialization strategies is geared towards
doing exactly this (Moodysson et al. , 2015).

Several studies link smart specialisation to clusters and cluster initiatives looking at several
regional and national experiences. Both Aranguren and Wilson (2013) and Del Castillo et al.
(2013) bring the Basque country as an example of a region that has implemented cluster
policies and that has been recently launching also new smart specialisation strategies. Both
highlight the positive role that previous cluster policies and the existing clusters can, and
probably will, play in the process of definition, implementation and monitoring of the new
RIS3 strategies. In particular, whereas Aranguren and Wilson (2013) stress the importance
to look at the existing policy landscape to tailor and implement smart specialisation strategies
effective for the region where they will be adopted, Del Castillo et al. (2013) point to the
contribution clusters can give in the areas of prioritization and rationalization of RIS3.

Nijkamp and Kourtit (2014) look instead at clusters in the aviation sector across Europe.
They observe the presence of an emerging interest in aviation and aerospace activities as a
spearhead for new technological pathways characterized by a high degree of innovativeness
and creativeness, in accordance with the principle of smart specialisation. Zhelev (2014)
analyse the Bulgarian context, concluding that due to the lack of clear focus and
prioritisation, Bulgaria’s cluster policy proved to be highly inefficient. For the future, it should
interconnected with other policies and measures designed to foster the technological
modernization and innovation potential of the economy. In this regard, RIS3 could prove
effective.

In general, there is the need to implement cluster policies with a focus on specific
cluster/regional context. Particularly, talking about different characteristics of clusters, some
of them have been selected as the most relevant in the field of RIS3 (EC, 2013). The
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analysis of clusters usually starts by considering the strengths and weaknesses of the
regions’ environment in order to implement cluster–based initiatives (Sölvell et al. 2003).

Based on the identified strengths and potentials of Croatia, and taking into account the EU
priorities, the following six thematic priority areas have been selected as the focus of the
RIS3:
•

Transport and Mobility;

•

Energy and Sustainable Environment;

•

Security;

•

Food and bio–economy;

•

Health and Quality of Life;

Moreover, there are several crosscutting themes that are additional criteria for prioritising
clusters/thematic fields, and support them in the process of value–creation. These are:
Tourism, Creative and cultural industries and KETs.
Regarding RIS3 in Croatia, Bečić and Švarc (2015) argue that the conceptualization of RIS3
has undergone significant improvements from the early-stage RIS3, which was based mostly
on selected business clusters, going toward a RIS3 based on a cross-cutting approach which
tends to link the identified priority thematic areas with interdisciplinary cross-cutting themes
such as KETs, ICT, tourism or green technologies. However, despite the conceptual
progress, the authors are concerned that in Croatia RIS3 has been performed so far in a
reduced form that would not sufficiently include specialisation in key technologies and their
knowledge base and skills.

The narrow concept of smart specialisation is perceived as inferior to the concept of smart
specialisation that emphasises technology specialisation since it tends to leave the
regions/countries captured in uncompetitive industries with low profit and weak employment
abilities. It lacks understanding which fundamental knowledge and generic technologies
foster the evolution and expansion of selected priority areas into the industries with higher
value added (Bečić and Švarc, 2015).
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After having identified RIS3 in Croatia, there is the need to recognise the knowledge base
that can be exploited in new activity domains. This action would help to see how clusters are
collocated and if there are positive spillovers among different knowledge domains. Usually,
three main methods for cluster initiatives are used: “mapping of employment patterns and
benchmarking against other regions, surveys of perceived areas of strength in the region,
and open calls for proposals for funding of collaboration projects” (EC, 2013). There is the
need to analyse the performance of existing clusters and TPs, since clusters are one of the
core priorities of RIS3 and could positively impact country’s socioeconomic growth and
development of Croatia.
Public Policies for the attraction of FDI and foster Strategic Alliances for RIS3
FDI is typically expected to bring about a valuable positive impact on the domestic industrial
structure, as well as leading to expert enhancement, increase of foreign exchange reserves,
job creation, and regional expansion (See Bogovac and Hodžić (2014) and references
therein. Bogovac and Hodžić (2014) highlight that foreign direct investment can contribute to
regional innovation in many ways: i) research and development activities of multinational
directly increase innovative outputs in the region; ii) R&D activities in foreign firms may
produce spillovers that, as such, lead to higher innovation performance in the corresponding
regions; iii) the presence of these firms may induce more competition in the industrial sector
they operate in; iv) multinational enterprises are usually characterised by advanced
managerial practices and innovative management of the production process, and these “best
practices” could be adopted also by local firms, enhancing the efficiency of R&D activities.

Moreover, in developing countries FDI contributes also to the productivity of innovation (Fu,
2008). A positive effect on productivity growth by means of FDI for the Central and Eastern
European region is also found by Bijsterbosch and Kolasa (2010), who document also a
strong convergence effect in productivity both at the country and at the industry level, i.e.
productivity growth in a country or industry depends positively on its gap vis-à-vis the euro
area. However, empirical evidence on positive effects of FDI on economic performances is
mixed and “remarkably ambiguous”, because of, among others, methodological and data
quality issues (Deutsche Bank Research, 2014).
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According to Bellak et al. (2010), FDI has desirable effects on the host country’s economic
performance, especially for South–East European Countries (SEECs) – including Croatia
(FIPA, 2008). Yet Kurtishi-Kastrati (2013) highlights also the potential drawbacks of FDI for
developing and transition countries, such as adverse consequences on employment,
competition, and the balance of payments, as well as potential concerns for environmental
impact and for workers’ conditions. Estrin and Uvalic (2014) explore the determination of FDI
and its effects on economic performances for the SEECs and for other transition Central
European Countries. Their data show that FDI has contributed quite substantially to capital
accumulation in all the SEECs from 2003 onwards, as well as having played an important
role in enterprise restructuring in the whole transition region during privatizations. In
particular, they consider the Balkan transition economies – Albania, Bosnia and
Herzegovina, Bulgaria, Croatia, Macedonia, Montenegro, Romania and Serbia. However,
this last effect has occurred mainly in the new EU member states and much less in SEECs
(Kalotay (2010); the same has occurred regarding the creation of new employment, since
FDI has not provided a meaningful contribution in SEECs. They show that FDI is influenced
not only by exogenous, predetermined, factor, but also by endogenous, policy-induced
measures (Simões et al., 2015), and, with regards to SEECs, that FDI cannot be fully
explained by economic characteristics of the region, such as smaller size of domestic
markets and greater distance from the investing economies – in comparison with other
transition economies. They conclude that there is a negative regional effect due to
insufficient policy actions, and hence that SEECs countries have been experiencing lower
levels of FDI with respect to other transition economies and to what they could – in principle
– attract.

This confirms the important role of public policy for the attraction of FDI within SEECs, which
has become a policy goal for regional development of SEECs (Bellak et al., 2010).
Governments can rely on a wide set of policies to attract FDI: those aimed at ensuring and
improving access to, respectively, foreign markets and imported inputs, commercial facilities,
and incentives of various types (Chirila Donciu, 2014, and references therein).

Other measures include production–related material infrastructure and institutional
environment favourable to FDI (Bellak et al. , 2010) – e.g. legal certainty and macroeconomic
stability, the privatization of state-owned companies (Kurtishi-Kastrati, 2013), as well as the
establishment of investment promotion agencies to provide foreign investors and potential
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investors with information and assistance (Sauvant and Mallampally, 2015; Chirila Donciu,
2014). Among the incentives a government can provide to multinational enterprise to attract
their capital, it is possible to distinguish between regulatory, financial and fiscal incentives:
regulatory incentives usually consist in derogation from national or regional rules and
regulation, financial incentives may range from providing physical infrastructures to easing
credit conditions, and finally tax incentives include lower taxation rates (Romić, 2010).

Several studies have addressed the question of FDI and its major determinants, aiming at
providing policy recommendations and identify which, among the aforementioned policies,
are the most effective. It is generally acknowledged in the literature that the quality of
institutions and of the business environments is a major factor for the attraction of FDI.

Demekas et al. (2007) conduct econometric analyses, finding policies that promotes
macroeconomic stability, with respect for the law and contracts, is expected to stimulate all
private investment, including FDI. Campos and Kinoshita (2008) analyse the impact of
structural reforms on FDI, showing a strong positive relation. However, they also document
that foreign investors are attracted to countries with more stable macroeconomic
environment, higher levels of economic development, and infrastructure. In relation to
SEECs, Bellak et al. (2010) empirically demonstrates the potential gains in terms of FDI that
could originate from the improvement in institutions and infrastructures.
Bogovac and Hodžić (2014), who focus on Croatia, conduct interviews with managers of
Croatian multinational enterprises to understand the key drivers behind the decision of
establishing business activities abroad: what emerges is that legal certainty plays a crucial
role, whereas other factors such as tax incentives are less decisive. They are not the first to
study the impact of tax and fiscal policies on FDI.

For instance, Gondor and Nistor (2012) offer some evidence pointing to fiscal policy being a
determinant of FDI, and Simões et al. (2015), in a survey of the literature on fiscal policy and
FDI, highlight how fiscal policies affect foreign investment decisions, in particular when other
economic and social policies are convergent. Bellak et al. (2008) and Bellak et al. (2010)
argue that that the scope for tax policies aimed at increasing FDI is almost exhausted in the
SEECs, suggesting that a reduction of tax rates may be effective only given certain level of
taxation. As policy recommendation to increase FDI in Eastern European countries, both
This project has received funding from the European Union’s Horizon 2020 Research and
Innovation programme under Grant Agreement No 692191.
81

GRANT AGREEMENT
NUMBER — 692191 — SmartEIZ

Bellak et al. (2008) and Bijsterbosch and Kolasa (2010) suggest the adoption of policies
aimed at increasing the human capital in the region, found to particularly important for
multinational enterprises.

Worldwide experience shows that FDI is usually complemented by strategic alliances,
including also technological alliances. Even if in developing countries there is less evidence
of technological alliances, their number has recently increased. Defining alliances as
“collaborative agreements for common interests between independent industrial partners”,
there has been an increase in the number of alliances for three decades. FDI and alliances
involving EU countries aim to exploit the existing factor endowments and cumulated abilities
of the economies of countries involved, in order to address their gaps and weaknesses. FDI
usually comprehends packages of skills, tools and organisational capabilities; on the other
hand, alliances are based on complementarities among partners. To better understand the
real content of technological transfers within FDI and alliances it is important to consider
specific competences and firm’s profiles. Different types of alliances, depending on the
country’s characteristics, are possible: R&D alliances, Production alliances and Marketing
alliances (Radosevic and Dyker, 1996). Exploring the scope for public policies can help in
understanding how to better attract FDI, related to RIS3 in Croatia.

Global Value Chain

The concept of global value chain (GVC) describes the full range of activities that firms and
workers perform to bring a product from its conception to end-use and beyond, including
activities such as design, production, marketing, distribution and support to the final
consumer. The GVC framework, by examining the structure and dynamics of different actors
involved in a given industry, allows the understanding of how global industries are organized
(Gereffi and Fernandez-Stark, 2011). In fact, globalisation allows firms to fragment their
production in the GVC, and the rise of a GVC approach is useful to explain the fact that
specialisation no longer takes places just in industries but also in specific functions or
activities in the value chain: the relevant focus of the analysis is not simply the industry but
rather the “business function” that firms carry out within the supply chain.
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The analysis of GVCs is key to understand the international creation and distribution of
value, as well as the capacity of countries to prosper in an increasingly interdependent world.
The pervasiveness of GVCs impacts strongly on trade, productivity and labour market
developments but also on topics like inequality, poverty and the environment (Amador and
Cabral, 2016). discusses Also, GVCs have become more and more important for economic
and social welfare , and changes in the governance of GVCs are crucial for global
development (Gereffi, 2014).

Amador and Cabral (2016) underline how the high complexity and the different scales of
analysis make it virtually impossible to define, measure and map GVCs in a single way.
Therefore, the literature has developed across different strands of research, with the
exploitation of different concepts, methods and terminologies.

For instance, the work by Humphrey and Schmitz (2002) has been important in shaping the
discourse within the value chain literature on technical change and innovation, making the
distinction between four forms of industrial upgrading (process, product, functional and sector
upgrading). A key contribution by Gereffi, Humphrey and Sturgeon (2005) identify instead
five different modes of governance (hierarchical, captive, relational, modular and market–
based) and linked them to the product or sector’s knowledge base and the degree of
codification of knowledge.

Amador and Cabral (2016) present a detailed exposition of different methods and data
sources employed in the empirical trade literature to map and measure GVCs at the sectorial
level.
These are the main methodological approaches that they have identified:
•

International trade statistics on parts and components. This is the simplest
approach to measure fragmentation, consisting in a comparison between
international trade statistics of parts and components with trade in final products.
Its main advantage is given by the high coverage and low complexity of the data
and the comparability across countries, allowing the identification of bilateral
trading partner relations. However, these measures suffer from low accuracy and
from a heavy reliance on the product classifications of trade statistics.

•

Customs statistics on processing trade. These statistics include information on
trade associated with customs arrangements where tariff exemptions or
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reductions are granted in accordance to the domestic input content of imported
goods. Outward and inward processing trades are considered a narrow measure
of fragmentation because they captures only the cases where components or
materials are, respectively, exported and imported for processing, respectively,
abroad and internally, and then, respectively, reimported and exported. However,
trade in these goods is recorded accurately at a highly disaggregated level since
data is administered by customs.
•

International trade data combined with input-output (I-O) tables. Usually, these
measures use information from classical I-O tables, but their accuracy depends
crucially on the product breakdown available. However, such data is typically
unavailable since the characteristics of the production chain are not identified and
tracked properly; hence accurate cross-country and/or time-series analyses are
generally unfeasible. Therefore, a relatively aggregate product breakdown has
been used for the identification of countries with important fragmentation activities
as well as the assessment of their main trends. I-O tables tend to provide the
most appropriate source of sectorial information, although they are not available
for many countries and not so readily updated. Two types of measures based on
I-O data have been traditionally implemented, one based on the foreign content of
domestic production – it considers the share of (direct) imported inputs in
production or in total inputs –, the other focused on the (direct and indirect) import
content of exports – labelled as “vertical specialization” formulated by Hummels et
al. (2001). Several recent studies generalize this notion and capture different
dimensions of international flows of value-added (Noguera, 2012; Daudin et al.,
2011; Koopman et al., 2014), which is important given that the study of the
potential of export of an industry needs to consider both its integration in GVCs
and the role of trade in intermediate inputs: hence the analysis of gross trade
flows needs to be integrated with the analysis of trade in value-added, tracking
down the original source country of the value-added.

•

Firm level data. The literature based on firm level data is relatively scarce but has
recently been expanding rapidly. Micro-data are obtained basically from two
sources, i.e. surveys or international trade data. See Amador and Cabral (2016)
for a discussion.
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Another recent study aimed at examining the position of countries within international
production networks is De Backer and Miroudot (2014). Their paper introduces different
indicators to give a more accurate picture of the integration and position of countries in
GVCs, such as the “GVC participation index”, indicating the extent to which a country is
involved in a vertically fragmented production process (in relative and absolute terms), or the
index of the number of production stages, showing the length of GVCs and highlighting their
domestic and international part, or the distance to final demand, pointing out the
“upstreamness” of countries and their position in the GVC.

Regarding studies on GVCs at the European level, Amador et al. (2015), following the
approach of Koopman et al. (2014), studies the role of GVC in the process of economic
integration of Europe, finding evidence of an increasing share of foreign value added in
exports for the euro area as a whole, with some cyclical patterns testified by a strong
reduction during the crisis, as well as showing that the euro area is the main source of
foreign value added in exports for most member countries.

Ederer and Reschenhofer (2015) adopt a GVC perspective to study macroeconomic
imbalances within EU, and among their contributions, they disentangle the effects of
changing (domestic and foreign) final demand on the one side and of changes in global
production patterns (value chains) on the other. Disentangling these effects allows the
assessment of the nature of imbalances, i.e. if they have become ‘structural’ – as a
consequence of a transformation of GVCs – or if they can be adjusted by final demand shifts.
Their results highlight that the major part of the changes in trade balances stemmed from
shifts in final demand.

Some studies focus in particular on Eastern European countries. Damijan et al. (2013)
analyse empirically the importance of the “global supply chains” concept for export
restructuring and productivity growth in Central and Eastern European countries (CEECs) in
the period 1995-2007. Using industry-level data and accounting for technology intensity, they
show that FDI has significantly contributed to export restructuring in CEECs, although in an
heterogeneous way: whereas more advanced core CEECs managed to increase exports in
higher-end technology industries, non-core CEECs stuck with export specialization in lowerend technology industries.
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Smith and Pickles (2015) analyse the developments in the clothing industry for CEECs,
arguing that such developments require a reconsideration of GVC models focused primarily
on upgrading trajectories: on the one hand it is necessary to consider the full range of agents
involved as well as their positional power in GVCs, to fully understand the dynamics of
GVCs; on the other hand it is needed the awareness of the wider political economy that
structures the forms of capitalist relations in GVCs, of the lower contract prices and higher
quality requirements between buyers and suppliers, as well as the implications for workers.
Cieślik (2014) focus on European post-communist countries, showing that they have become
important links in cross-border production process and that there are stronger connections in
terms of trade and capital flows in advanced sectors as well as a growing interdependence
among these countries. The study finds that: i) the degree of post-communist states’
participation in GVCs is diverse, with countries with greater connections to Western
European countries being more integrated; ii) a large share of exported goods from the postcommunist states passes through GVCs in Western Europe; iii) exporters from Central and
Eastern Europe are usually located more in the downstream segments of production than in
the upstream markets. Grodzicki (2014) studies GVCs in Poland, Hungary, Slovakia and
Czech Republic. In particular, the work exploits the World Input-Output Database, to
compute the value of GVC income of particular industries for these countries, and shows that
they have become increasingly integrated in GVCs: they have imported more and more
intermediate inputs for manufacturing industries as well as steadily increasing their
contribution to GVC production. The key aspect one should consider concerning GVC is how
much value is captured by the country in terms of jobs, income, technology diffusion and
sustainable development. Participating in global trade further and greatly enhances growth
and development, and it is inevitably linked to its ability to efficiently join GVC. Therefore, a
far more accurate measure to assess competitiveness would be to examine what position is
taken in the GVC. A country’s competitiveness can be assessed at three levels:
1.

Capacity to join GVCs;

2.

Remain part of GVCs;

3.

Move up the value chain within GVCs;

A further issue is a country’s potential capacity to disrupt a GVC; though it is a statement that
requires several considerations. Trade in integrated regions – the European Union for
instance – is more attractive to GVC lead firms. This is due to easier flows, along with a
reduction in costs. GVC lead firms carry brands and sell branded products or services in final
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markets. Buyers can be either customers, other businesses or government agencies. They
are called lead firms because they initiate the process from the very beginning. Starting with
placing orders with suppliers, and giving countries market power over suppliers. In this
context lies the reason why integrated regions might be more attractive: a region like the
European Union could develop a number of competitive industries through the creation of
Regional Value Chains. For example, this has already been carried about by Airbus, in the
aerospace industry: the assembly of the Airbus 350 Wing was located in different European
regions. More specifically, the subassembly lines were in Spain, UK, Scandinavia and
Germany, and all reported to Broughton (UK). While the final assembly line was more of a
“sub sequential” delegation of tasks: it started from Broughton, went through Germany, and
finished in Toulouse, France. Interestingly, a large number of value chains are regional: a
clear example is the automotive industry. It should be born in mind that it has been argued
that the main purpose is, once again, to capture an important part of the chain’s value-added
by providing regional bunds of tasks at specific points of the Global Value Chain, exactly
where the best opportunities can arise and be exploitable.

Technology Growth and Productivity,
Productivity

Productivity is a measure for how much output the economic process generates per unit of
input. Because human labour is an important input into economic production, productivity
(especially labour productivity) correlates strongly to economic well-being. In its barest form,
it is a measure of how much wealth the economic system can produce with the available
human and other resources. At the same time, productivity can be measured and defined at
many different levels of analysis, including individual firms, sectors, and countries. Fried et al.
(2008) provide an overview of the basic notions of productivity, and many of the issues
surveyed here.
Economists have been tempted to analyse productivity by using the so-called production
function, which is a theoretical and mathematical concept that describes the relationships
between inputs and output of a production process. Such a production function usually
includes a term that is broadly referred to as “technology,” and which corresponds to the
actual productivity in the process that the production function describes.
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Technology
In this sense, “technology” is defined as everything that is not reflected in the (other) inputs
itself, which are usually labour and capital (i.e., machines and other equipment, buildings,
and land). Such an economists’ notion of technology is a somewhat different one than the
notion of technology that, for example, an engineer would propose. But work has been done
to bring the more common notion of technology and technological change into economics,
both in a direct way by including engineering principles into the production function (Chenery,
1964; Wibe, 2004), and by linking the productivity term in the production function to activities
aimed explicitly at technological innovation, such as Research and Development (R&D)
(Griliches, 1979, 1980), indicators from innovation surveys (Crepon et al., 1998), or
Information and Communication technology (ICT) (Brynjolfsson and Hitt, 1996).
Productivity and technology

The production function framework has also been criticized, both in general terms (Felipe
and McCombie, 2014), and specifically with regard to the way it incorporates technological
change (Nelson and Winter, 1977). With regard to technological change, two main criticisms
stand out. First, by its nature every production function specifies two sources of labour
productivity growth: an increased use of capital per worker (so-called substitution) and an
increase in the amount of available knowledge. In reality, however, these two factors are very
difficult or even impossible to separate, because they are causally linked (Rosenberg, 1998).

Second, technological change does not only depend on the quantity or quality of the inputs
that can be incorporated into the production function. It also depends on the interaction in the
innovation system, something which cannot easily be quantified into a production function
(Lundvall, 1992).

Nevertheless, the production function remains an important element in the theoretical and
empirical analysis of productivity growth. Below, we will survey a number of recent research
lines in the analysis of productivity and its relationship to innovation and technological
change.

The production function also plays an important part in the theory of economic growth. In
some part of the literature on this topic, the production function is complemented with a
This project has received funding from the European Union’s Horizon 2020 Research and
Innovation programme under Grant Agreement No 692191.
88

GRANT AGREEMENT
NUMBER — 692191 — SmartEIZ

number of other equations, including a utility function and equations describing the R&D
process, to form a comprehensive theory of economic growth (Romer, 1990; Jones, 1995).
But another part of the growth literature starts from the criticism of the production function
and formulates alternative growth theories (Nelson and Winter, 1982). Whether or not the
basic predictions from these two sides of the growth literature differ substantially is a matter
that is open for debate (Castellacci, 2007). We will also briefly survey the growth literature
below.
Recent analysis of technology and productivity

Before the role of innovation and technology in productivity analysis can be discussed, it is
necessary to briefly survey some conceptual issues in productivity measurement. This will be
done under two main headings.

The first is the measurement of prices. This is important because productivity measures
should not include pure price movements, either on the output side or the input side. The
second issue is the formulation of a conceptual model for productivity measurement. The
definition of productivity as output per unit of input in itself is already a conceptualization. But
beyond this, also other issues matter a great deal. The discussion here will include how to
account for productivity when there is more than a single input, and on how to use the
production function to characterize different forms of productivity increases. After these
topics, the relationship between technology, innovation and productivity can be discussed.

Price indices and related matters

Productivity is a concept that relies on measurement in actual quantities, both at the input
and the output side. But when aggregating products or services, quantities can no longer be
compared, and we have to rely on values, i.e., quantities multiplied by prices. But if prices
can move independently of productivity, the movement of prices must be accounted for in
productivity measures. This holds both for productivity comparisons over time, i.e., when
prices change over time, and for productivity comparisons between units of analysis
(countries, firms, sectors). In both cases, an important issue is whether price changes are
somehow the result of qualitative differences between the quantities that are being
measured.
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This has given rise to so-called hedonic price indices, which try to account for differences in
quality between the products for which prices are being compared (Griliches, 1961, 1971;
Berndt et al., 1995). For example, if one would observe that the average computer sold in
one year was $1,000, and in the next year the average computer sold would also be $1,000,
the naive conclusion would be that the price index for computers would not have changed.
However, a hedonic price index would also ask what the average quality of computers was in
both year.

If average quality increased, the conclusion should be that the price index of computers, in
per quality unit terms, fell rather than remained constant. Hedonic price indices work by
defining a number of attributes that can be used to define quality, and regressing these on
the price, where the units that are traded are the observations. For example, the price of a
computer may be regressed on CPU speed, hard disk size, size of screen, etc. Using the
regression results, the portion of a price change that occurred between two periods may be
explained by a change in the attributes. The use of hedonic price indices requires a lot of
data and additional work. It is also difficult to implement in many cases, because the
attributes to measure quality by are not very easy to determine. Therefore, hedonic price
indices do not have a wide use. Nevertheless, they were introduced in the national accounts
of the US in 1990s, specifically for computer equipment. This had a large impact on
productivity data for the US economy (Bratanova, 1998; Wyckoff, 1995; Triplett, 2006;
Schreyer, 2002).

Another major issue with regard to the impact of quality changes on price indices relates to
the introduction of completely new products or services. Take mobile phones as an example:
when mobile phones were first introduced there was no comparable product on the market.
This causes problems for measuring price changes in the statistical aggregate where mobile
phones fit, e.g., telecommunications apparatus. The default statistical procedure would be to
use quantity weights to calculate an aggregate price index for the group. If these weights
would be the quantities before the introduction of the mobile phone, this new invention would
not count at all. On the other hand, if weights would change to a period after introduction of
the mobile phone, no price data would be available for the period before introduction. In such
a case, a solution has been to correct the standard price index by a ratio of the relevance of
the new products (1 minus the share of expenditures on new products) to the relevance of
the products that disappeared. The main idea is to treat the reservation price of a new
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product, i.e., the price at which the demand is null, as the price in the period when this
product was not available in the market. Therefore, the first observed price of a new product
can be interpreted as a “falling price” comparing with the immediately preceding period. On
the contrary, the prices of products that disappear are interpreted as cases of increasing
prices, hence shifting the demand to zero.

However, the size of the correction depends ultimately on the estimation of the elasticity of
substitution. Indeed, if the new/disappearing product has no close substitute in the economy
the size of the correction needs to be sizeable. By contrast, new/disappearing products that
are slight variations of existing products will not produce deviations from the evolution of
prices of existing goods and services (Feenstra, 1994). The problem of new products has
been somewhat exacerbated by the introduction of search engine services, social networks
or could storage. Some productivity researchers argue that the low price of these goods is
not aligned with the utility that they provide, or at least that the deviation is higher than in
older products, therefore causing a problem of missing output in productivity statistics. The
measurement of the potential problem has been addressed through the estimation of
consumer surplus in internet-based consumption (Syverson, 2016) Similar issues with regard
to price indices arise when comparing internationally in addition to comparing intertemporally.
In this case, the original value data for the countries for which output and inputs are
measured are likely to be in different currencies, so exchange rates must be used as a first
step to make data comparable. However, the data also show that there may be significant
differences between countries in terms of the prices that are charged for different products
and services, especially when the countries are at very different levels of development.

Usually, the costs of living are lower in countries at lower development levels, which means
that a correction must be implemented in order to be able to make a useful comparison of
living standards or other productivity measures. There are two routes that can be taken here,
which are largely comparable but differ by the perspective taken. The first, and most often
applied route is that of purchasing power parities (Deaton and Heston, 2010; Feenstra et al. ,
2013).

This starts at the demand side (e.g., consumption), and asks which exchange rate would
make the prices of a common basket of goods and services exactly equal between two
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countries. This is called the purchasing power parity exchange rate, and can be used instead
of the actual exchange rate to make data (e.g., GDP) comparable between the two countries.

The alternative approach (Feenstra and Romalis, 2014) starts from the supply side, and asks
which products or services are supplied in both countries. By comparing prices of this basket
of products or services, again an exchange rate can be calculated that equates the price of
the basket. This approach is called the unit value ratio approach, and it has the drawback
that the overlap of products and services that are produced in the two countries can be small,
especially if the countries are at very different levels of development. The unit value ratio
approach is the only way to go when productivity measures instead of living standard
measures are required.

Most often, researchers interesting in estimating or using productivity data will not define or
construct the price indices or exchange rates that are used in their data. But because the
choices made by those who constructed the data will affect the outcomes of the analysis,
productivity researchers must have at least a basic understanding of these issues.

Conceptual models for measurement

In essence, productivity is a simple concept which consists of dividing outputs by inputs. It
becomes slightly less simple when multiple inputs are involved. This has given rise to the
idea of multi-factor productivity or total factor productivity. In this approach, the multiple
inputs, for example, labour and capital, were essentially aggregated into a single input.
Microeconomic theory, based on the assumptions of maximization and equilibrium, can be
used to define the weights used in this aggregation as the share in total payments for inputs.
For example, at the level of the aggregate economy, an aggregate input can be constructed
by weighting employment with the share of wages in GDP, and the capital stock by the share
of profits in GDP. The share of wages and profits in GDP will add up to one. This makes the
growth rate of total factor productivity equal to the growth rate of GDP minus the growth rate
of employment multiplied by the wage share, minus the growth rate of the capital stock
multiplied by the profit share (Solow, 1957).

Defined in this way, the growth rate of total factor productivity is essentially a residual: it is
the part of the GDP growth that is not “explained” by growth of the inputs. This has given rise
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to the criticism (Abramovitz, 1956) that total factor productivity is not a pure measurement of
the impact of technology on output growth, which is how Solow (1957) introduced it. The
concept also includes all kinds of other sources, such as measurement errors. Thus, for a
while, squeezing the residual by accounting for the quality and quality changes of the inputs
has been an important tendency in the literature (Jorgensen et al., 1987; Timmer et al.,
2007).

More recently, conceptual work on productivity measurement has shifted in a different
direction (Aigner et al., 1977). This has been aimed mostly at the microeconomic level of
firms, although the techniques can also be applied to countries or sectors. The focus of this
recent literature is to distinguish different kinds of productivity increases, by making a
distinction between movements of the production possibilities frontier, and movements
towards the frontier. The production possibilities frontier, which is a common microeconomic
concept, describes the maximally possible production level at any given moment in time,
given the amount of inputs available.

It is commonly observed that not all firms have the same productivity level, even if they work
in the same country and industry. This means that some firms, those with lower productivity
levels, are not producing the maximally possible output given the inputs they use. Raising
productivity in those firms means that they move closer to the production possibilities frontier.
Defined in a loose way, one could argue that this kind of productivity growth is associated to
the diffusion of existing knowledge, rather than the creation of new knowledge. This does not
necessarily imply that using existing knowledge is easier than creating new knowledge, as
the application of knowledge that is new to the firm although not new to the world will also
require specific firm capabilities.

The crucial step in this kind of analysis is the definition of the production possibilities frontier.
Here there are two main traditional approaches. The first is data envelopment analysis
(DEA), which is essentially a non-parametric technique that outlines the frontier directly from
the data, by observing the maximum level of output at any observed level of input, and
joining the observations by linear interpolation (Banker et al., 1984; Emrouznejad, 2008).
This method implicitly assumes that there is no noise in the collection process of the data
that allows for estimating the frontier, which in the case of firm-level surveys is a strong
assumption. The second technique is the stochastic frontier analysis (SF) (Aigner et al.,
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1977), a parametric approach that allows noise in the data sources. However, since it
assumes a functional form for the frontier function and estimates its parameters from the
data, introduces potential estimation bias from the production function specification errors.

Recently, a combination of both approaches has been introduced to the productivity analysis.
The stochastic semiparametric frontier analysis allows easing the restriction of the functional
form of the frontier, while at the same time producing robust estimates in the presence of an
unknown distribution of inefficiencies and measurement errors (Kumbhakar et al., 2007). In
short, this approach imposes only a localized version of parametric form of the frontier to
each firm, therefore considering the firms in a similar context, to extract produce the frontier.

Using any of these methods, one can calculate proper TFP indexes that allow splitting
aggregate productivity increases into a part that is due to the movement of the frontier, and a
part that is due to the movement towards (or away from) the frontier (O’Donnell, 2012).Both
the calculation of total factor productivity and the application of frontier models is routinely
done by productivity researchers. Mastering the techniques at a level that will enable the
researcher to make these calculations and/or apply the available software in the field is a
prerequisite for productivity analysis.
Technology, innovation and productivity

There are two main traditions in relating productivity growth to specific indicators of
innovation and technology. The first and oldest relies on R&D data, and is applied at a wide
range of aggregation, i.e., from the firm level to international country comparisons. The
second is applied to microeconomic data, usually from so-called innovation surveys. The
R&D-based approach (Griliches, 1979, 1980) relies to a very large extent on the production
function. It usually specifies a production function that incorporates a stock of knowledge.
This stock of knowledge is then approximated by accumulated R&D expenditures. There are
various practical issues in such an approach that all require careful attention, and for which
decisions will be crucial for the final outcomes of the analysis (Mohnen et al., 2010).

A basic choice concerns the type of production function that is used, and whether a
production function or a cost function will be used. The use of costs functions (Bernstein and
Nadiri, 1991) arises from the idea that firm behaviour may be approximated by either profit
maximization or cost minimization, and that the two perspectives are formally equivalent (this
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is the so-called duality of the maximization problem). In either case, a specific function must
be chosen, each of which has specific assumptions made about the nature of the production
process, and the role of knowledge and other production factors in it.

An often used function is the Cobb-Douglas production function. It has the drawback that the
degree to which production factors, including the R&D stock, can substitute for each other is
fixed and non-estimable. The constant elasticity of substitution production function also fixes
this, but allows this quantity to be estimated. The translog production function (Christensen et
al. , 1975; Verspagen, 1995) is a very flexible form that makes almost no assumptions about
substitutability and other parameters, and estimates these in a flexible way from the data.

Another issue is the way in which R&D expenditures data are accumulated into a stock
(Bernstein and Mamuneas, 2006). Conceptually, it is the stock of knowledge that determines
productivity, not just the recent additions to the stock (i.e., current R&D expenditures). The
most common approach uses is the so-called perpetual inventory method, which assumes
that
a fixed proportion of the stock depreciates every period, while current R&D expenditures add
to the stock. This requires fairly long time series for R&D expenditures, and also requires
fixing the depreciation rate of knowledge. As an alternative to using an actual knowledge or
R&D stock, current R&D expenditures can be used as an approximation of the growth rate of
the stock.

An important topic in this literature is the existence of spillovers, i.e., the impact of R&D
expenditures by one firm on the productivity of other firms (Griliches, 1992). Such spillovers
arise because knowledge cannot be appropriated perfectly by those who create it. Two types
of spillovers have been identified: rent spillovers and pure knowledge spillovers (Griliches,
1979). Rent spillovers arise between two parties who are engaged in a transaction (e.g.,
buying and selling of an investment good), and they occur because the seller is unable to
appropriate all improvements of the product due to competition. As a result, the quality of the
product rises more than the price that the buyer pays. Technically, such a rent spillover is not
an externality, but it can be seen as spillover. Pure knowledge spillovers are externalities,
and hence their existence is a reason for R&D policy. Knowledge spillovers arise because
knowledge cannot be appropriated, i.e., can be imitated, and because knowledge is used as
an input in the production of new knowledge. Furthermore, spillover are not homogeneous.
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Whether because of economic or technological proximity, R&D developed in one sector can
be more useful for some sectors, therefore producing higher spillovers, than for others. The
heterogeneity of the spillovers is also present when studying the same sectors but in different
economic environments. The study of the latter has been approached through technology
flow matrix which essentially are tables that resemble input-output matrices, but based
(generally) on patent data capturing how much the R&D efforts in one sector have a
traceable use the others (Van Pottelsberghe De La Potterie, 1997).

The literature generally comes to the conclusion that R&D spillovers are sizeable (Wieser,
2005; Hall, 1996), and hence that R&D policy (subsidies or tax cuts) may raise economic
wellbeing (the market produces too little R&D). But the degree of spillovers varies greatly
between studies, as a result of different methods used, different levels of aggregation, and
differences with regard to countries, sectors and time periods which are studied.

The literature also concludes that the returns to R&D are positive and high (Hall and
Mairesse, 1995; Hall, 1996; Verspagen, 1997), which is a basic result that confirms the
relationship between productivity and technological change and innovation. A recent topic in
this literature is the rate of return to public science, i.e., whether public science raises
aggregate productivity in a country (Guellec and van Pottelsberghe, 2004; Kahn and Luintel,
2006). This has been estimated with the R&D production function methods surveyed here,
generally leading to the conclusion that the returns to public science depend greatly on other
variables, for example those related to the absorption capability of firms, and to the efficiency
of knowledge flows between firms and public research institutes including universities. As
these factors are hard to measure at the aggregate level, there remains work to be done on
this topic.

The second approach to estimating the relationship technology, innovation and productivity is
known as the CDM model (Crepon et al., 1998; Hall et al., 2008). This is an econometric
model that specifies the relationship as a multi-stage process, at the firm level. First, there
are a number of firm characteristics that determine how much, if anything, the firm will invest
in innovation. These investments may take the form of R&D, but also other innovation
expenditures, as specified in the community innovation survey, which is the most commonly
used data source for estimating a CDM-type model. In the second stage, the innovation
expenditures of the firm determine its likelihood of actually making an innovation.
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Again, a distinction between different types of innovation may be made, according to the
available data. In the final step, innovation outcomes determine the labour productivity level
of the firm, where the hypothesis is that more innovative firms have higher productivity. The
difficulty of estimating the CDM model lies in the fact that the theory suggests that the main
variables are endogenous, and hence the estimation method must account for this 8 (Crepon
et al., 1998). Various methods have been used, and the outcomes generally suggest that a
significant equation can be estimated for each of the stages in the theoretical model. Hence,
productivity at the firm level does seem to depend on investments in innovation and
technology. The problem with both approaches is that they have a rather linear view of the
innovation process and its outcomes. In both cases, there is a clear causality from
investments in technology to innovation outcomes and productivity.

The approaches leave no space for the modelling of innovation as a more interactive
process. Another topic that has been the subject of analysis of several scholars has been the
role of ICTs in productivity growth. The ICT definition regularly refers to the study of
hardware, software, internet and telecommunication. Primarily, ICTs may affect the
productivity levels of an economy through the process of innovation and productivity growth
in ICT-producer sectors, just like another capital-producer activity in the economy. However,
the adoption of ICTs has broader effects in the economy. Indeed, ICTs are considered
General Purpose Technologies (GPT) that ease productivity growth in the rest of the
economy. This is, its characteristics allow it to be increasingly adopted in other sectors
(pervasiveness), it shows accelerated quality development and decreasing costs
(improvement), and facilitate the management, communication, coordination and diffusion of
knowledge, all of them conducting to innovation (innovation spawning) (Rousseau and
Jovanovic, 2005).
Since Robert Solow popularized the notion of a computer productivity paradox- “you can see
the computer age everywhere but in the productivity statistics” (Solow, 1987), the
improvements on the measurement of ICT capital in national accounts have allowed getting
a better understanding of the role of ICTs in aggregated productivity growth. At the macro
level growth accounting techniques, based on Cobb-Douglas production function that
separate the productivity gains from innovation in the ICT-producers sector from the benefits
of ICT adoption in the remaining sectors of the economy, are among the most used by
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scholars. In this approaches, the general TFP of the economy is decomposed between ICT
and non-ICT producer sectors, and the contribution of capital deepening is disentangled
between the changes in the intensity of the use of ICT capital and non-ICT capital (Cardona
et al. , 2013).

Parametric approaches have also been used to test the significance of the impacts of ICT on
productivity, particularly at the firm level. Also mostly based on Cobb-Douglas production
functions, these models add ICT as an explanatory factor of the observed output of a
firm/industry/country. Similar to what has been done in the study of R&D and innovation,
structural models and instrumental variables has been used to address the endogeneity
issues that arise from productivity and ICT adoption/investments.

Overall, it has been found that there is a positive contribution of ICT to productivity growth
but (historically) concentrated in the ICT-producer sector. The benefits on the adoption side
depends to a large extent of more complex dynamics at the firm level, generally associated
with complementary organizational practices, skills, and knowledge management. Therefore,
9 only business possess certain capabilities can fully exploit the benefits of ICTs, which
increases the dispersion of firms’ productivity (Faggio, Salvanes and Van Reenen, 2009).

Economic growth, technology and productivity

In order to analyse the process of economic growth, both theoretically and empirically, we
may either start directly from the production function that was central in the previous section,
or develop a broader approach that is partly based on criticism of the production function
approach. Both approaches will be discussed here, starting with the production function
approach.

Steady state approximations

The production function was used in the growth model developed by Solow (1956), where it
gave rise to a characterization of the growth path as a smooth process in which the growth
rate of major economic variables, such as consumption and productivity, is constant over
time. In this basic growth model, technology grows at an exogenously fixed rate, which also
determines the steady state growth rate.
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In the late 1980s, the literature focused on making the rate of technological progress
endogenous. Three main approaches were used, each of which yielded growth paths that
are
similarly smooth as the prediction from the Solow model. In the first, technology progressed
as a result of learning by doing. No additional variables, such as R&D or patents needed to
be incorporated in the model. This approach became known as the AK model.

In a second approach, R&D was used to endogenous technological change (Romer, 1990).
In these models, profit maximizing firms invest in R&D to expand the range of a horizontally
differentiated good, which is either a consumption good, or an intermediate used in
production of the single consumption good. A horizontally differentiated good is a good that
has quality variety, but without a hierarchical differentiation (a prime example is fruits, which
is a differentiated good, but one fruit is not “better” than the other). Firms maximize the profit
in creating (by R&D) and supplying a variety of the differentiated good, and this raises GDP
and overall productivity. A crucial assumption in these models is that there is a strong
externality in R&D: the general state of knowledge, which is increased by each invention, is
the prime determinant of the productivity of R&D workers. Because of this positive
externality, the rate of growth that results from the market is smaller than the socially optimal
rate of growth, which means that there is an opportunity for R&D policy.

The third type of endogenous growth model assumed a model of vertical differentiation at the
core of the growth process, i.e., production differentiation with quality improvements (Aghion
and Howitt, 1992). The R&D process was modelled as a patent race, based on theoretical
microeconomic work on this topic (Reinganum, 1983). In this model R&D is also profitmotivated, but in addition to the positive externality, there is also a negative externality in the
form of the business stealing effect that is associated when a new inventor takes over the
highest spot on the quality ladder of vertical differentiation. This negative externality may
cause the market growth rate to be higher than the socially optimal rate, which would give
rise to a tax on R&D, but whether this happens this depends on parameter values. Because
of their reference to Schumpeter’s notion of creative destruction, these models are usually
called Schumpeterian growth models.
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The first generation of endogenous growth models, in particular the second and third type
discussed above, have strong scale economies. This is due to the way in which they model
the R&D process, in particular to the role of positive externalities in the R&D process. This
leads to the prediction that with a constant amount of R&D employment, the rate of growth of
the economy should also be constant. However, as observed by Jones (1995), it seems to
be the case that in the last decades of the 20th century, R&D employment was on the rise in
most developed countries, while the growth rate showed no signs of any secular increase.
This is clearly at odds with the strong predictions about scale economies of the first
generation.

Jones (1995) proposed an alternative model of endogenous growth, which subsequently
became known as the semi-endogenous growth model. The model resembles the second
type of the first generation of endogenous growth models, but it assumes that positive
externalities in the R&D process are weaker, which makes a crucial difference for the
outcome of the model. The predictions of this model are consistent with observed empirical
facts about R&D and growth. In the semi-endogenous growth model, growth can only occur if
the population grows at a positive rate.

Evolutionary growth theory

Evolutionary growth models started with the model in Nelson and Winter (1982), in which
they use to show that the basic stylized facts about total factor productivity growth that were
observed in the 20th century, can be reproduced in a model without profit maximization and
the associated notion of equilibrium, and with strong behavioural heterogeneity between
firms. Nelson and Winter’s argument was mainly about the foundations of the growth model,
not so much about the outcome of R&D decisions and their impact on growth. Subsequent
evolutionary growth models elaborated this theme, but also argued more extensively about
the nature of the growth process. In many of these models, the growth path is far from a
steady state, and instead consists of a mix of cycles, irregular trends, and regime shifts.
In these evolutionary theories, the economy is seen as a selection environment, in which
firms and other economic agents try to survive by adapting their behaviour to the
environment (Nelson and Winter, 2002). Innovation is a way of obtaining a competitive
advantage over other firms, and the collective outcomes of innovation by all firms generate
economic growth. Like in biological evolution, there are no implications that the evolutionary
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process optimizes anything, at least not globally. The outcome of the economic growth
process will tend to a state of affairs that is locally adapted to the economic selection
environment, but keeps changing as a result of innovation.

At an abstract level of interpretation, this kind of growth process is fundamentally different
from the steady state models discussed before. In the steady state models, nothing about the
growth process is unpredictable. Even if stochasticity may play a role in the outcome of the
R&D process, the overall aggregate growth patterns that arise from these models are smooth
and regular. A deviation from these growth patterns, such as the Great Depression, or the
more recent global crisis of 2009, would have to explained outside the framework of growth
theory, for example by business cycle theory. In evolutionary growth theory, such drastic
“shocks” are part of the overall growth pattern (Silverberg and Verspagen, 1994; 2005).

This is especially true of recent models in which evolutionary growth models are combined
with Keynesian macroeconomic ideas. This is usually done in the tradition of agent-based
models, a tradition in which all crucial parts of the theory are modelled at the level of
individual agents and their interaction (Dosi et al., 2010). This is a tradition that started in the
field of so-called complexity theory, which shared a number of interests and developments
with evolutionary growth theory in the 1990s. Agent-based models of evolutionary and
Keynesian dynamics are a recent avenue of interest in the field of evolutionary growth
theory.
Structural economics
A final stream of growth theory that will be discussed is rooted in the theory of LatinAmerican structuralist thinking. Its most central idea is different kinds of economic activities
offer different opportunities for growth, both because of factors related to the supply side of
the economy (such as differential potential for learning), and at the demand side of the
economy (such as different elasticities of demand with respect to income). The basic idea of
the Latin-American structural tradition is that the Latin-American continent has been held
back in development because of its strong specialization in resources as opposed to
becoming industrialized (Cimoli and Katz, 2003).

Part of the recent work in this tradition is based on the idea of a balance-of-payments
restriction to growth (Cimoli and Porcile, 2014). In this approach, exports and imports need to
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grow at the same rate in the long run, in order to maintain balance of payments equilibrium.
As both imports and exports are governed by elasticities of demand, especially income
elasticities, the ratio of income elasticities of imports and exports determines whether the
growth rate of a country is below or above the growth rate of the world economy.

Industrialization is seen as a way to raise the income elasticity of exports, for countries that
are currently specialized in resources, and thus industrialization is a way to raise the growth
rate of the economy. But the specialization in resources may show a tendency to lock in,
giving rise to a low-growth trap. Breaking out of the low-growth trap depends on the
resources that can be made available for innovation (Lavopa, 2014).

Science - Industry links
Randolph Bruno, Julia Korosteleva and Slavo Radosevic, University College London

This section looks into the industry-science links drawing specific implications for the
EIZSmart project.

New knowledge and ideas are often the outcome of a business sector interacting with private
R&D laboratories or public research organisations, such as universities and think tanks.
Science organisations, including universities, public and private research institutes, serve as
one of the important external sources of information and inspiration for a firm’s innovation.
Respectively, university-science links play a major role in technology upgrading, especially in
the early stages of catching up process – they link the national/sectoral/regional/local
innovation system(s) to international flows of science and technology49. The importance of
such collaboration is also reflected in the EU Horizon 2020 growth strategy, encouraging the
reinforcement of cooperation between universities, research and business, seen as one of
the key elements of reforming EU national (as well sectoral and regional/local) innovation
systems.

In this task, we first address the theoretical, conceptual issues placing the discussion of
science-industry linkages in the broader growth-innovation literature context (Schumpeter
1934) and reviewing its role in the context of different modes of innovation. Next, we give an
49
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account of the importance of science-business collaboration promoting technological change
depending on the stage of development of national economies or distance to technology
frontier (Acemoglu, Aghion, Zilibotti, 2006

50

). Afterwards, we review the peculiarities and

state of industry-science links development in the context of EU CEE and present the
account of knowledge partnerships resulting in promotion of high-tech start-ups and
“knowledge intensive entrepreneurship” (KIE). Finally, we conclude our review by drawing
implications for the SmartEIZ project.

Science-industry

links

in

the

innovation

and

growth

literature:

theoretical

conceptualisation

The notion of the technological progress via innovation as the main engine of economic
growth is well rooted in the Schumpeterian growth theory (Schumpeter 1934),. Private or
public research serves as an important source of a firm’s innovative activity.
Innovation per se is a multifaceted phenomenon, varying from its extreme form of ‘invention’
underlying the process of ‘creative destruction’, to simpler forms, consisting of replication of
technologies developed elsewhere51. The latter type of innovation underlies creative
imitation, which is expected to contribute to technological upgrading and growth through the
provision of product diversity and increase in competition with no significant disbursing of
costly R&D resources. The concept of innovation is also broadened to distinguish between
‘technological innovation’ referred as product and process innovation, and ‘non-technological
(softer) innovation’ exemplified by marketing and organisational innovation 52 (as exemplified
in CEE). Similarly, to replicative innovation, the latter does not result in incurring significant
R&D expenses or a firm, but allowing for more investment in a wider set of human resources
and downstream (e.g. marketing) activities53.

These innovation typologies and their implications for business innovation performance and
a country’s growth are also well reconciled with the literature distinguishing two innovation

50

Acemoglu, Aghion, Zilibotti (2006) Distance To Frontier, Selection, And Economic Growth Journal of the
European Economic Association, March 2006 4(1):37–74
51
Minniti, M., Lévesque, M. 2010. Entrepreneurial types and economic growth. Journal of Business Venturing 25:
305-314.
52
OECD, 2005. Oslo Manual: Guidelines for Collecting and Interpreting Innovation Data. OECD Publishing, Paris.
53
Apanovich, N., H. Heras, M. Parrilli (forthcoming 2016) The impact of business innovation modes on SME
innovation performance in post-Soviet transition economies: The case of Belarus, Technovation.

This project has received funding from the European Union’s Horizon 2020 Research and
Innovation programme under Grant Agreement No 692191.
103

GRANT AGREEMENT
NUMBER — 692191 — SmartEIZ

modes, namely ‘science and technology-based innovation’ (STI) which is often implemented
through

‘new technology-based firms’ (NTBF) and ‘doing, using and interacting based

innovation’ (DUI)54. The STI relies on scientific human capital and innovation infrastructure
comprised of public and private R&D organisations and universities, whereas the DUI mode
of innovation is based on non-scientific drivers, namely learning-by-doing, learning-by-using
and learning-by-interacting (Jensen et al., 2007)55. Learning-by-doing develops experiential
learning advantages that are helpful for problem solving, for example, via repeating market
trials and the promotion of improved goods and services56. The use of equipment, machinery
and technology facilitate the acquisition of competencies via leaning-by-using, and
interaction with external organisations promotes the development of innovations57.

Public research systems play important role within both STI and DUI types of innovation
modes, but allowing for fertilisation of different kinds of industry-science links: upstream links
resulting in R&D commercialisation in the case of STI-based innovation, or downstream
innovation services links when firms engage in outsourcing some problem-solving tasks to
external private or public research-based organisations and universities, thus facilitating
incremental product/process improvement, or promoting non-technological innovation in
businesses, prevailing under a DUI mode of innovation.

A bulk of empirical studies show that the adoption of either of the two modes or a
combination of the two are context specific with having different implications for business
innovation performance and growth in general: firms that combine STI and DUI modes are
more successful in advanced economies, for instance, in the Scandinavian countries58, but
the results are more ambiguous in the context of some EU-South or emerging economies59.
54
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It is also shown that there is a differential effect of the two modes of innovation, depending
on knowledge intensity of the industry: for instance, high-tech industries in China benefit
more from a combined approach to innovation, while low-tech industries derive most benefits
from DUI drivers60. The latter applies in particular when a country is far away from the
technological frontier (see next section). This gives us some insights on the importance of
the stage of economic development (and also related to this, an industrial composition of
economies) for explaining the differences in national economies’ growth benefits from
adopting different modes of innovation.
1. Science-industry links and the stage of economic development

The Schumpeterian paradigm introduces the idea of a technological frontier which argues
that a country’s growth performance will vary with its proximity to a technological frontier,
representing the forefront of knowledge and the latest technology that exist globally61.
Following the earlier discussion in section one, for catching-up economies the innovationbased growth relies on the adoption and incremental improvement of existing
technologies/products or processes rather than on commercialization of business sector inhouse or public R&D. The former process underlies the DUI mode of innovation, and it may
happen via various channels, including foreign direct investment (FDI), value chains, the use
of imported technology, and interactions with external providers of knowledge, altogether
allowing for developing of all three types of learning processes discussed above to benefit
growth62.
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The historical accounts of public R&D show that channels of interaction between public R&D
and business have historical evolution (Albuquerque et al., 201563). Nelson and Mazzoleni
(200764 ) review historical evidence on public R&D and catch up and draw several relevant
insights for our analysis. First, they argue that catching-up depend to a large extent on an
effective system of public research and higher education. Second, R&D programs ‘that
effectively contributed to catch-up did not operate within “ivory towers.” Rather, in every case
they were oriented towards an actual or potential user community. They were designed to
help solve problems, and advance technology, relevant to a particular economic sector’.
Third, the fields of research contributing more or less directly to problem-solving and
innovation in the user sector were and are largely the applications-oriented sciences and
engineering disciplines where science could directly interact with the problems and
opportunities in agriculture, medicine and industry. Finally, in addition to universities, it was
also PROs located outside of the mainline university structure, in dedicated applicationsoriented laboratories, which played a major role. These systems were their structures but
conducive to two-way inter- action between the research institution and the user-community
(ibid). However, historical accounts of the role of public R&D are somewhat rare, and
research on the issue is dominated by measurements of returns to R&D, including public
R&D.

Daniel Schiller and Keun Lee (2015) outline the pattern of changing relationships between
academy and business. Initially, universities and PROs provide human resources, testing,
and simple problem solving (e.g., consultancy and technical assistance). Later, universities
and PROs become better equipped, and local firms may use their laboratories. Finally, they
undertake research activities that substitute and complement research and development
(R&D) by enterprises. There is a similar process on the side of companies. Initially, firms
only use university-trained specialists; then they cooperate with universities and PROs to
solve technical problems while in the last stage they embark on joint R&D projects (Kruss et
al., 201565)
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An important insight in the catching up context is that there is changing dynamics between
PROs and universities in the process of development. Schiller and Lee (2015) outline
differences in patterns of the relationship between PRO and universities across development
for Korea, China and other ‘South’ economies. Radosevic (201666) provides some insights
into these relationships in the EU context including differences among public R&D systems
between those that are dominated by universities and those dominated by PRO. There is a
division of labour between these two institutions, both throughout countries and within each
country over time.

The least researched and understood part of public R&D in the context of catching up is the
link of public R&D with foreign R&D (Ribeiro et al., 2015)67. We can presume that universities
are targets for “home base augmenting” foreign R&D, but there is not systematic evidence on
this issue. In the EU context, internationalisation of universities is critical and is somewhat
more researched topic (see, for example, Regini, 201168, Mazza et al., 2008.69). However,
the focus is not on differences from development angle, i.e.,.research does not pay specific
attention to the nature of linkages in less developed EU countries compared to developed
EU.
It is usually assumed that science – industry links are quite undeveloped in the catching up
context. However, research in Albuquerque et al. (2015) and evidence from the EU
(Radosevic, 2016) disproves this. First, evidence from innovation surveys in catching up
economies shows that innovative firms regard universities as highly valuable sources of
information to similar or even higher share than in developed countries. For example, in the
2008 Brazilian innovation survey, 6.8% of innovative firms regarded universities as highly
relevant sources of information, whereas, in a CIS conducted by the EU, this ratio was 4.3%
(Albuquerque et al., 2015). Also, there is no significant difference between developed and
developing countries in ranking by firms of the importance of sources of innovation. For
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example, the correlation in the importance of sources of information for innovation between
US and India is 0.886 (Table 5.6 in Al Albuquerque et al., 2015).
Evidence like this questions the common notion that in catching up countries science –
industry links are missing or weak. Radosevic (2016) argues that this myth is widespread as
the relation between public R&D, and business sector has been reduced to the
commercialization of R&D which is indeed weaker in countries behind technology frontier.
However, this is quite a reductionist view on the role of public R&D (ibid). This view stems
from the evidence in regional contexts of developed countries, which led to Triple Helix
movement. The underlying idea is that the nature of knowledge in new industries has
changed in the way that it requires new forms of science – industry interactions where their
roles are much more overlapping70. However, as rightly pointed out by Eun et al. (200671)
these industries make up the minority of technology spectrum in catching up economies. For
evidence on CEE see Radosevic et al. (201072).
3. The peculiarities of industry-science link in CEE

The funding of public R&D by the business sector indicates the intensity of public-private
interactions and shows the role PROs and higher education institutions play in a firm’s
innovation activities. A higher share of corporate funding going to public R&D would be
expected in economies with a high proportion of large enterprises and in more scienceintensive sectors such as semiconductors, computers, communications equipment, drugs,
organic chemicals, plastics, petroleum refining, pulp and paper73. However, these are all
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areas where EU CEEs tend not to have comparative advantages74. Also, their economies are
dominated by medium and small sized enterprises and comparatively smaller shares of large
companies.

Furthermore, according to the 2012 EU innovation survey public R&D still remain less
important source of information in EU CEE as compared to EU North, although its indirect
importance (i.e. ‘spillover role’) as a crucial generator of R&D knowledge through journals
and other publications, and participation in conferences and professional associations
reduces the difference between EU CEE and EU North in the use of public science
organisations as a source of innovation by a business sector75.

However, regardless of the lower intensity of demand for external R&D, the share of
business sector funding going to public R&D on average remains higher in EU CEE
compared to EU North. In Croatia specifically, it accounts for about 8% out of which
approximately 5% goes to universities and 3% - to the government-funded R&D
expenditure76.

Partly, the demand from firms for the services of public R&D organisations in EU CEE is
explained by weaker business R&D where public R&D compensate for private corporate
sector low R&D capabilities. Based on recent EBRD Business Environment and Enterprise
Performance Survey (BEEPS) data, in-house innovation remains relatively low in EU CEE:
the average expenditure on in-house R&D as a percentage of firms’ annual turnover
accounts for less than one percent, whereas there are only 0.6 % of companies who engage
in product innovation at global technological frontier (i.e. introduced products new to
international markets in the last three years)77. The incidence of adoption of existing
technologies though is much higher with just over 10% of firms in EU CEE region reporting
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the introduction of products new to country/local market or firm78. This once again illustrates
the point of the importance of replicative innovation, i.e. the adoption and incremental
improvement of existing technologies for catching-up economies.

Interestingly, in reliance on public R&D, there has occurred a shift from the centralised stateled research towards more intense engagement of universities in providing innovation
services for businesses. In the past, one of the peculiarities of the R&D system in EU CEE
was centralisation of innovation in specialist research institutes that reflects a legacy of the
central planning system79. Although these systems have relatively common initial conditions
of the heritage of the socialist period, they have evolved in entirely different directions which
defy grouping them in one ‘East European’ funding model 80. Upon accession to the EU, with
assistance of EU structural funds, CEE economies have gradually moved away from the
R&D system based primarily upon specialist research institutes towards diversifying the
sources of information for innovation, including the higher use of research-oriented
universities, foreign investors, customers and suppliers as part of their businesses’ value
chains. In fact, according to the EU 2012 innovation survey, value chains remain the
dominant source of information for innovation for EU CEE businesses. Conferences,
exhibitions and journals, and public R&D together come as next important source of
information for firms’ innovative activities81.

Overall, despite the lower innovation intensity of public R&D, the industry-science links in EU
CEE are not less intensive; they are just different in nature. There seem to be fewer
upstream and research cooperation links (e.g. joint publications between universities/PROs
and the business sector), and more downstream S&T and innovation services links aimed at
problem-solving or product/process improvement82. Unfortunately, EU innovation surveys do
not allow distinguishing this further. However, this also becomes evident in looking at the
EBRD BEEPS recent data featuring the importance of incremental product/process
innovation, aimed at introduction of more efficient production methods with adoption of new
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software development, energy-saving machinery and equipment; organisational innovation
such as new approaches to business practices and workplace organisation, including the
introduction of a supply chain management system, the implementation of a database of best
practices; marketing innovation (e.g. changing the product design; introducing new pricing
methods; new product placement etc.) in the transition as a whole, but also specifically in EU
CEE83. In the context of the two modes of innovation discussed in the theoretical
conceptualisation section, this illustrates the point of the importance of DUI for firms in EU
CEE resorting to interactions with universities and external research organisations region in
the need to find solutions for specific problems. This works well in combination of the value
chain as a downstream source of knowledge where customers or/and suppliers provide
businesses with necessary feedback to improve product/service further.
4. Knowledge partnerships and high-technology-based firms

While encouraging the development of knowledge partnerships and strengthening links
between education, business, research and innovation, the EU Horizon 2020 growth strategy
particularly emphasises the importance of promotion of high-tech start-ups84. Given this
objective, the emergence of high-technology new firms requires the environment that support
interplay between innovation, skills, and resources, generates innovativeness and
dissemination of creative ideas and encourages productive entrepreneurship. Such
conditions include ‘feeder’ (i.e. more science-intensive) industries and science-based
institutions to facilitate the allocation of entrepreneurial efforts towards more productive ends
in the pursuit of innovative products and services, and growth85.

4.1 KIE: a rigorous definition

Recent literature has conceptualised, explored and investigate the nature of knowledgeintensive entrepreneurship (KIE) (Malerba et al. 2016), i.e. a typology of firms typically (but
not only) routed in the group of high-technology new firms. Let us look at their general
characteristics (definitions), developments but also potential limits.
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The concept of knowledge-intensive entrepreneurship cannot be understood outside of the
knowledge-based economy context and can be broadly defined as “new firms that have
significant knowledge intensity in their activity and develop and exploit innovative
opportunities in diverse sectors.” (Malerba et al. 2016). This definition entails the following:

First and foremost the KIE have to be considered outside the context of so-called a new
“individual” entrepreneur, but they can assume a much more complex form or composition
(new small or big spin-off, new independently incorporated company, new completely
independently run affiliate of a bigger pre-existing group, etc.). In fact, the first definitional
aspect is the “new” firm characteristics. An existing company, even high technological driven,
will be not considered KIE if founded more than eight years before. This criterion is, of
course, ad hoc, but some age threshold is certainly required for the definition of new.

Secondly, the company has to develop innovation. The novelty is of course key, the
“innovativeness” being possibly product-process, radical-incremental and service-product.
Firms focusing on standard goods and services are therefore excluded. Also, firms not
pursuing a profit motive are not classified as KIE (e.g. NGOs, hobby firms, lifestyle).

Thirdly, the company needs to have significant knowledge intensity. This can come from
many domains, not only advance science and technology, but also market, design, creative
and other types of innovation. This key definition cannot limit the KIE to strictly high tech. KIE
can foster and develop in low and medium tech sectors. Knowledge has also to be directly
connected to innovation, thus excluding from KIE firms using/applying routinized and
repetitive knowledge.

Finally, KIE firms have to exploit (not only develop) innovative opportunities in diverse
sectors and contexts. Even if the literature recognises the empirical difficulty in identifying
clear proxy for this dimension, it is still imperative to disentangle firms which do develop (or
co-develop) innovations from firms which do not, the latter therefore being excluded from the
KIE definition,

4.2 Knowledge partnerships and high-technology-based firms in CEE
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In a number of CEE countries there have emerged High Technology Parks (or their
equivalents), the primary objectives of which are to boost the development of new high-tech
businesses, for example in ICT sector, through creating special business environment (e.g.
preferential tax regime), which is conducive for national businesses and for attracting FDI,
and enhancing collaboration between SMEs on the one hand, and universities/public R&D
SMEs on the other hand. For example, in CEE such cluster initiatives typically emerge in the
sectors

of

IT,

software

development,

green-energy

technologies,

biotechnologies,

nanotechnologies and photonics with the latter three technological areas defined in EU
strategy as the ‘Key Enabling Technologies’ (KET)86.

The empirical analysis of 60 KIEs in four Central European economies (Czech R, Poland,
Hungary, and Croatia) CEE shows the entrepreneurial behaviour of these firms differs
sharply from the dominant ‘individual – opportunity nexus’ as depicted in GEM-style of
research on entrepreneurship (Radosevic and Yoruk, 201587). Central European KIEs are a
combination of individual start-ups as well as corporate spin-outs whose establishment and
growth are closely interdependent with a variety of networks or network related factors.
Institutional barriers in setting up and operating a company are present but far less than
would be expected. The main obstacles are related to demand and market constraints,
technology risks and skills shortages, i.e. barriers are more developmental than institutional.
Innovation is commercially quite relevant for CE KIEs as around 50% of the firms have more
than 50% share of 'innovative sales' during the last three years which is significantly above
the EU average of 9.9% of turnover from new or significantly improved products new to the
market in 2008 (calculated based on Eurostat). Networks are vital in entrepreneurial
strategies of firms. Formal collaboration agreements are important regarding both production
and technological capabilities for 40% of companies. However, much important are informal
networks especially with clients, competitors, in developing new products and in recruiting
skilled labour. However, although networks are critical, they are not improving risk-taking
ambition and do not generate potential economies of scale and scope through labour pool or
shared specialised services. This may be partly due to the small size of the CE markets and
the lack of inter-country support networks.
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Based on another sample of 304 firms in six countries of the CEE Radosevic, Savic and
Woodward (2010)88 and Radosevic (2011)89 show through several taxonomies shows
specific features of the CEE knowledge-based firms KBE). First, these companies in CEE
are not ‘gazelles’ (i.e. fast-growing new technology-based firms (NTBFs) which have the
potential to reshape the industrial landscape). The key factor in KBE firms’ growth is most
often firm-specific capabilities which do not always involve R&D. Based on their success
factors this research has identified three groupings of companies: new technology-based
firms,

‘networkers’

and

enterprises

whose

success

relies

on

‘customer-oriented

organisational capabilities’. Another grouping of companies on the intensity of their links with
external organisations distinguishes four types of firms: network dependent, public research
system oriented, foreign and domestic value chain dependent firms. This shows that for
different kinds of KBEs different networks are important. In general, these are either vertical
(foreign and national value chains) or horizontal (links with the domestic public research
system).
In summary, both projects show that networks are quite positively significant in KIE in CEE,
but they are also region specific and reflect the latecomer nature of these firms as being
different from KIEs that operate at technology frontier.

5. Conclusions


In catching up countries, including the EU CEE region, public-business R&D links are
not weak as often assumed, if considered in the context of the mere
commercialisation of public R&D. Science-industry links in less developed parts of the
EU are not less intensive, but they are different, showing fewer upstream and
research cooperation links and higher prevalence of downstream innovation services
links aimed at problem-solving or product/process improvement. This largely reflects
the state of their economic development, reflecting the importance of DUI mode of
innovation.
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To study the important role of downstream/upstream science-business in catching up
the process, the current deficiencies of innovation questionnaires allowing for more
information on the type of science-business links should be addressed.



In promoting the development of science-industry links, it is crucial not to disregard
the importance of firms’ participation in global value chains that at the stage of
catching-up remain an important source of innovation; firms develop skills and
expertise, and this enables them over time to move up the value chain and to
produce original innovation. Furthermore, they come as a valuable source for feeding
information back to businesses to enable further necessary improvements of the
product/service, emphasising the importance of DUI innovation in the region.



Science-industry collaborations are particularly effective in the context of promoting
the development of high-tech start-ups. However, specific development features of
the CEECs as latecomer economies are also shaping the behaviour of knowledge
intensive firms in these economies which distinguish them from those that operate in
the context of technology frontier.



In this context research on science – industry links in Croatia could generate
interesting new insights that may confirm or disprove some of these findings or could
generate new insights not addressed by the presented research.

Skills and Technological Change: policy issues
ICRIOS, Bocconi University
Introduction

When we think of technology and education, we usually think of information and
communication technologies (ICTs). And indeed, ICTs have changed the way we live.
Increasingly mobile technologies allow us to buy our groceries, pay our bills, watch films and
attend meetings without ever leaving our homes. In fact, we increasingly do many of these
things at once: Internet users perform seven activities at any one time on average (OECD,
2014), up from five just a few years previous and giving rise to worries of decreasing
attention spans among today's youth.
However, technological advances are not exclusive to the Internet. Although it might seem
like science fiction, biotechnology is used in medicine to combat disease, in agriculture to
produce higher yields and more resistant crops and in the environment to develop cleaner
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energy. One example of how biotechnology is more integrated in our lives comes from
genome sequencing, or the process of revealing the genetic make-up of cells. Once
extremely expensive, technological advances have reduced the price exponentially in just a
few years. Individuals can now afford to map their genes and identify whether they carry
potentially life threatening mutations.
Skills mismatch and shortages

Increased globalisation and rapid technological change, but also demographic, migration and
labour market developments, have drastically altered the structure of employment and the
skill requirements of occupations in most countries in recent decades – and these trends are
expected to continue in the foreseeable future. Such trends alter the demand for skills raising
the questions of the extent to which economies face skill shortages and mismatches and how
economies are able to match skill development to changing skill needs. Both the supply and
the demand for skills are dynamic and they may well develop independently of each other as
they respond to different drivers. It is no surprise, then, that skill mismatch and shortages are
as common as they are – in fact, in the EU, more than 40% of workers feel that their skill
level is not matched to the requirements of the job and in many countries this figure is
increasing – even though they bring about lower economic output for economies and lower
pay and job satisfaction for workers. Though seemingly inevitable, skill mismatches and
shortages vary across countries, suggesting that they can be addressed through policy
interventions. Skills assessment and anticipation exercises are policy tools countries can rely
on to inform skill policies and reduce current or potential skill shortages and mismatches.
Reducing skill mismatch

Higher skills do not automatically translate into higher prosperity and sustained growth.
Making optimal use of existing skills and preventing the waste and attrition of skills due to
mismatch or lack of use is also crucial (OECD, 2012a).
New research highlights that potentially significant gains to labour productivity can be
achieved by a more efficient matching of workers to jobs (Adalet McGowan and Andrews,
2015a). Reducing skill mismatch expands the effective pool of labour that firms can draw
workers from, enabling them to innovate and grow. Put differently, by trapping resources in
relatively low productivity firms, for instance when industries have a high share of over-skilled
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workers, skills mismatch can make it more difficult for more productive firms to attract skilled
labour and gain market share at the expense of less productive firms.
Beyond the specific effects of education policies, Adalet McGowan and Andrews (2015b)
show that a wider range of policies can affect skill mismatch and its consequences. Welldesigned framework policies are associated with lower skill mismatch. In particular, less
stringent product and labour market regulations and bankruptcy legislation that do not
excessively penalise business failure are all associated with lower skill mismatch. Reforming
housing market policies that inhibit residential mobility may also reduce skill mismatch. Such
reforms can include lower transaction costs on buying property, less strict rent controls and
less stringent building regulations. A better matching of skills and jobs is also facilitated by
higher participation in lifelong learning and better managerial quality.
Linking Skills to Innovation

Innovation depends on people who are able to generate and apply knowledge and ideas in
the workplace and in society at large. EU countries have long recognised the need to
develop skilled people through education and training. But as countries strive to find new
sources of growth to ensure a strong and sustainable future, they increasingly try to
understand the types of skills needed for innovation and the best ways to build them.
The links between human capital and innovation Human capital is a measure of labour
quality and reflects people’s embodied skills and competencies. It is largely acquired through
learning and experience but may also reflect individuals’ innate capacities. It is a broad
concept, since some aspects of motivation and behaviour, as well as attributes such as
physical, emotional and mental health, may also be regarded as part of individuals’ human
capital.

Innovation is also a broad concept with many definitions. Here, the definition of innovation is
taken from the Oslo Manual. It goes beyond technological innovation to include nontechnological elements such as marketing and organisational innovation and thus captures a
broad range of innovative activities. It also embraces a range of levels of “novelty”: an
innovation can, at one extreme, be new to the world or, at the other extreme, simply new to
the firm. The definition encompasses “the implementation of a new or significantly improved
product (good or service), or process, a new marketing method or a new organisational
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method in business practices, workplace organisation or external relations.” (OECD, 2005, p.
46).

There is a large number of scientific articles on the impacts of human capital and education
(as a primary method of acquiring human capital) on macroeconomic variables such as
economic output, economic growth and productivity (See, for example, Bassanini and
Scarpetta, 2001; Coulombe and Tremblay, 2006; Fuente and Doménech, 2006; Hanushek
and Wößmann, 2007; Sianesi and van Reenen, 2003 and Temple, 2001).

Methodological and conceptual issues remain, but the available empirical evidence suggests
that education lifts the quality of labour and has an important positive impact on economic
performance through its effects on the pace of technological change, labour market
participation and capital accumulation. Higher levels of human capital also tend to be
associated with better health and happiness and broader social benefits such as lower crime
and higher levels of social engagement (OECD, 2001).

Policy questions and methodological challenges

While it is clear that higher levels of human capital and skills are a foundation of improved
innovation performance, countries need more precise guidelines for policy purposes. What
are the skills required for innovation and what does this imply for education and other policy
areas? For example, a common question is whether there is an optimal balance in countries’
education profiles between science and engineering disciplines and other disciplines, such
as the humanities. In countries with a relative decline in the number of tertiary graduates with
S&E degrees, there are concerns that this may weaken innovation prospects; this has
prompted a desire to better understand the links between skills and innovation. There are
also questions about the level of qualifications that provides the best base for innovation. Are
more PhDs needed, or more graduates from technical colleges, or an across-the-board rise
in qualifications? Some methodological and data issues will, however, constrain the extent to
which precise policy messages can be formulated. As a backdrop to the analysis in later
chapters, three relevant issues are:
-

The broad definitions of “skills” and “innovation”;

-

Difficulties in measuring these concepts;

-

The limited empirical work linking skills and innovation performance.
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Despite the importance and widespread use of the notion of skills in analytical work, there is
no agreed definition of “skill”. At a very general level, there are questions of whether skills
relate to an individual or a job, and whether skills are “real” or some sort of social construct.
There has also been a widening of the meaning of “skill” to capture an increasing number of
personal attributes. From a policy perspective, it is useful to distinguish between skills that
are amenable to policy action, most notably through education and training systems, and
skills or attributes that depend more on personal traits. Even this distinction may change over
time; for example, entrepreneurship skills are increasingly taught, even though some
question the ability of institutions to teach attributes such as risk taking.

Innovation has a more established definition, although it is extremely broad. It runs from the
invention of new things to market implementation; a discussion of skills for innovation must
therefore address many activities. In particular, the Oslo Manual specifies that innovation
activities include “all scientific, technological, organisational, financial and commercial steps
which actually, or are intended to, lead to the implementation of innovations” (OECD, 2005,
p. 47).

At a practical level, then, innovation-related skills concern not just research but also
management, marketing and finance – indeed the whole range of business functions. This
shows that a wide range of skills are involved in innovation. As Toner (2010) notes, the
broader workforce which includes the non-science and engineering segment plays an
essential role in the innovation process, especially in adopting and diffusing changes in
business practices and organisation and in making gradual improvements to products and
processes. Equipping these workers with the necessary skills helps to ensure that innovation
is broad-based and able to spread throughout the economy.

Taken together, these interpretations of skill and innovation suggest that an aggregate
concept of skills for innovation can be very broad and may capture an immense range of
human capacities. In the widest sense, skills for innovation could be any ability, proficiency,
competency or attribute that contributes to the implementation of new products, processes,
marketing methods, or organisational methods in the workplace. Even if these skills are
narrowed to those that can be taught within the education and training system, the concept
remains extremely broad, hence the large variety of skills for innovation that have been
described in the literature. The theoretical breadth of possible “skills for innovation” increases
This project has received funding from the European Union’s Horizon 2020 Research and
Innovation programme under Grant Agreement No 692191.
119

GRANT AGREEMENT
NUMBER — 692191 — SmartEIZ

the importance of empirically identifying the skills that make the greatest contribution to
innovative activity; however, this is not a straightforward task. One difficulty is the
measurement of human capital and skills.

Cross-country indicators of human capital often focus on levels of formal education or the
numbers of people in different occupational classifications, but these proxies only capture
certain facets of human capital and do not necessarily identify particular skills. Education
may be an inadequate indicator, as notionally similar qualifications may differ in both content
and quality, depending on how they were obtained. In addition, using education or
qualifications as a measure of required workforce skills is limited by potential mismatches
between qualifications and jobs (in particular, overeducation) and the potential for
“credentialism” (employers may demand qualifications that do not reflect actual job skill
requirements) (Borghans et al., 2001).

Formal knowledge, as reflected in qualifications and credentials, may also play only a small
role in enabling workers to operate successfully on the job; instead, workers’ knowledge and
skills derived from experience may be crucial. Other measures, such as test scores from
literacy and numeracy tests, survey-based reports from individuals about their skills, and
analyses of the skills used in jobs, all provide valuable information but are less comparable
across countries and are not always objective (Felstead et al., 2007).

A further issue arises when measuring human resources specifically for research and
innovation, as the focus is often on the group referred to as “human resources in science and
technology” (HRST). While this might suggest a specific group with specific innovationrelevant skills, it actually captures an extremely wide range of fields and sectors and suffers
from its own measurement issues.

In addition to measurement issues, there is also a lack of innovation specific analyses that
directly link workers’ skills and innovation performance. One key problem is to go from skills
used or demanded in the labour market as a whole, by all industries, or all firms, to skills
used in innovative activity, by innovative industries or by innovative firms/institutions. Further
harnessing the analytical power of linked employer-employee datasets holds much promise
for gaining new insights into the issues of skills for innovation, and initial work has already
been done in some countries.
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Nevertheless, while a certain set of skills or educational achievements may be observed in
individual industries and firms, it is not necessarily the case that this set is what firms actually
“use”. Firms may outsource some services that may be an important part of the innovation
process, thus weakening the link between firms’ human resources and their innovation
performance (Toner, 2010). Some innovative activity may also draw on the skills and inputs
of consumers, who do not feature in the measured “workforce” and whose contribution is
difficult to account for.
Heterogeneity is a final issue worth mentioning in the discussion of methodological
challenges. The approach taken by different countries, industries and firms/institutions to
innovation varies widely, and the skills that people use can be very different, even within the
same job category. This means that while some general patterns and trends may be
identified, it is important to recognise the underlying variation that exists and to shape
policies in a way that does not limit the ability of innovators to access the skilled people they
need.

A range of policies affects the various drivers of innovation and can help governments in
shaping and strengthening the contribution that innovation makes to economic performance
and social welfare. These policies for innovation are much broader than the policies that are
often seen as “innovation policies” in a narrow sense – such as policies to support business
research and development (R&D), financing for risk capital, etc..

OECD (2015) analysis suggests that innovation thrives in an environment characterised by
the following features:

-

A skilled workforce that can generate new ideas and technologies, bring them to the market,
and adapt to technological changes across society. Reforms to education and training
systems, and to skills policies more broadly, are therefore of utmost importance to
innovation. They include policies aimed at science, technology, engineering and
mathematics (STEM) graduates, but must go beyond this group and cover a wider set of
skills. Moreover, the international mobility of talent plays an increasingly important role in
meeting emerging skills needs and supporting knowledge creation and transfer, making
supportive policies of growing importance.
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-

A sound business environment that encourages investment in technology and in knowledgebased capital (KBC); that enables innovative firms to experiment with new ideas,
technologies and business models; and that helps them to grow, increase their market share
and reach scale.

-

A strong and efficient system for knowledge creation and diffusion that engages in the
systematic pursuit of fundamental knowledge, and that diffuses this knowledge throughout
society through a range of mechanisms, including human resources, technology transfer and
the establishment of knowledge markets. Strong and well-governed universities and public
research institutes and mechanisms that support and facilitate the interaction among
knowledge institutions and economy and society are therefore important to strengthen
innovation performance. So is investment in knowledge infrastructure, notably broadband
and other digital networks that are critical tools to enable co-operation and provide new
platforms for innovation to occur. Again, as knowledge creation and innovation are global
endeavours, policies to better connect science and innovation activities across the world are
crucial to the innovation policy agenda.

-

Policies that encourage firms to engage in innovation and entrepreneurial activity. More
specific innovation policies are often needed to tackle a range of barriers to innovation. The
appropriate policy mix might include tax incentives for investment in R&D; direct public
support through grants, subsidies and innovation competitions; and policies to facilitate cooperation and networking, but also indirect incentives through public procurement and other
so-called demand-side policies. Such policies can help to strengthen markets for innovation,
and help focus it on specific challenges and opportunities, e.g. green growth. Many of these
actions include policies at the regional or local level. Moreover, well-informed, dynamic
engaged and skills consumers are increasingly important for innovation.
Conclusions

Across all countries (OECD, 2016) there are large numbers of employers who find it difficult
to recruit workers with the skills they need. At the same time, many individuals find
themselves in jobs that require higher or lower levels of skills than those that they possess.
These sorts of mismatches are a constraint on productivity and innovation for firms and on
the economic and social well-being of individuals.
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In an increasingly digital world, we will need advanced, specialised skills to develop and
implement innovative workplace practices and transformative technologies that increase
efficiency and result in new and improved products and services. At the same time, we also
need to ensure that all people have the strong basic foundational skills that are required to
adopt and adapt to these new practices and technologies. This includes not only literacy,
numeracy and problem solving skills, but also increasingly digital literacy skills.
Character qualities such as resilience, ethics, courage, and leadership will also be the critical
to success in a future. All of these skills are needed to provide people with the foundations
for thriving in a future characterised by uncertainty and ever-changing work environments.
Sluggish or uneven economic recovery in many countries has left large numbers of people
still unemployed or inactive. Those with low levels of education and skills are particularly
vulnerable, and these people are more likely to come from low socioeconomic and migrant
families, thereby reinforcing disadvantage. As the skills requirements of jobs continue to rise
and evolve due to technological advances and competitiveness pressures, many of these
groups will face difficulties in upskilling or reskilling to retain their jobs or to prepare for new
ones and will find that their prospects of earnings growth are limited. Greater equality of
opportunity to develop and use skills is also critical for forging inclusive growth. This means
that the education system needs to evolve to focus not only on the needs of youth, but also
adults. And this is not only a challenge for public policy to resolve.
Employers, unions and other stakeholders also have an important role in encouraging and
supporting continuous skill development in adulthood.
The implications of skills disparities for social inclusion go well beyond employment and
earnings gaps. Having good educational and skills outcomes at the aggregate level is not
“good enough”.
Adults with lower levels of skills are also less likely than their more highly skilled peers to
enjoy good health, trust others, and to participate in community life and the democratic
process. All people should have opportunities to develop relevant skills, activate them in the
labour market and effectively use them in workplaces and society.
Society pay the price when some in our societies are left behind. Public policy responsibility
is to make sure that all people have opportunities to develop relevant skills, activate them in
the labour market and effectively use them in workplaces and society.
Politicians expressed concerns that education systems are not sufficiently responsive to the
changing needs of the economy and society. Improving their responsiveness will entail taking
action on a number of fronts, including improving access to learning and labour market
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information, strengthening linkages with employers and unions, and encouraging greater
participation in Vocational Education and Training (VET). As learning becomes increasingly
lifelong in nature, workplaces and the community become increasingly important places for
developing and renewing skills. Partnerships with stakeholders – including employers, trade
unions, student associations, education and skills providers, foundations and civil society
organisations – are, therefore, also critical to ensuring that individuals and society have the
skills need for their economic prosperity and social wellbeing.
When it comes to designing effective skills policies, one size does not fit all and approaches
need to be tailored to each country’s context. Policies need to recognise and respond to the
needs of different groups in society, but especially vulnerable populations. The recent influx
of immigrants demonstrate the importance of coordinated skills policies.
Policies also need to be designed to be flexible enough to respond to regional and local
needs, including by such means as providing greater opportunities to develop and implement
policies at these levels. Whole-of-government approach is also important at the regional and
local level.
To reap future opportunities and respond to emerging challenges, countries’ skills systems
must become more effective and resilient. They must be responsive to the needs of people,
firms and governments by integrating policies relating to education, labour markets, the
economy, finance, health, migration and regional development.
Achieving this ambitious agenda will require comprehensive and coherent policy responses,
developed jointly by all relevant ministries and with the participation and support of all
relevant stakeholders.

National Innovation Systems, with implications for SmartEIZ

(draft)
WP2. Task 2.3
Slavo Radosevic, University College London
s.radosevic@ucl.ac.uk

This section will review literature on national innovation systems with the view of specific
purposes of the EIZSmart project. A literature of innovation systems is enormous and it is not
This project has received funding from the European Union’s Horizon 2020 Research and
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possible to fairly summarise it here. However, it is possible to outline its major directions i.e
ways in which this literature and NIS research programs is evolving.
We divide this contribution into the following sections. First, we address conceptual and
methodological issues and give general assessment of this research area. Second, we
outline three major directions in which innovation system approach is evolving – exploring
interaction of innovation system with global value chains perspective; re-conceptualisation of
innovation systems as innovation ecosystems, and merging of innovation system with the
entrepreneurship literature. Third, we briefly draw implications of this survey for SmartEIZ.
1. Innovation systems: conceptual and methodological issues

Innovation policy today is largely thought through the systems of innovation perspective.
Why is this so? In the last 20-30 years it has been widely recognised that innovation and
technical change are systemic activities i.e they are an outcome of interaction of diversity of
agents that operate either regionally, nationally, or globally. The concept of NIS should be in
seen in relation to simplistic largely R&D driven or linear input-output models of innovation
that ignored the interactive nature of the innovation process. An increasing complexity and
interactivity of innovation process as reflected in different innovation models and in an
increasing systemic nature of technological change have led to the emergence of innovation
systems as analytical and policy concepts. In conceptual terms, the idea of innovation
systems is based on the view of economy as ‘an ensemble of connected elements not an
aggregate entity’ (Metcalfe, 2002).

However, in practice innovation policy has been until recently mostly treated as an extension
of R&D policy. The diffusion of NIS perspective was supposed to change this but our review
of literature shows that this is not yet the case. In Radosevic (201290) we discern three types
of literature: innovation policy analyses within the explicit NIS framework; with occasional or
superficial reference to NIS framework, and within basically S&T system framework.

The NIS framed inter-country comparisons are actually quite rare and we find much more
often comparative analyses of innovation policies which are only NIS focused. These
analyses take background understanding of NIS as given and implicit. We consider the EU to
90
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be a world centre of these comparisons with its huge demands to monitor and benchmark
innovation policies of its 28 member states + other countries. What these exercises
demonstrate is a host of methodological problems when making comparisons of innovation
capacity and innovation systems of different countries. A gap between need to have reliable
indicators for the quality and intensity of relationships, interactions and networks and
indicators that are actually available is too large. However, this gap also suggests that the
innovation system concept is in great need of stronger analytical basis. As pointed by
Lundvall and Tomlinson (2001)91 there is a need for ‘new conceptual work before meaningful
indicators can be constructed’. Why system of innovation even after so many years of
research within this research program is still work in progress? Our answer is that this is due
a host of conceptual and methodological issues of innovation systems which are intrinsically
difficult to resolve. Again, based on Radosevic (2012) we argue that the three major issues
are: first, difficulties regarding establishing boundaries of the innovation system; second, the
lack of agreement of what elements innovation system is composed, of, and third,
differences between institutional and functional approach to innovation system. For
discussion of some of these issues see also Carlsson et al, (2002)92.
First, the term NIS is used in two meanings: broad and narrow NIS (Lundvall, 1992)93.
‘Narrow’ refers to formal R&D systems and organisations which are systematically active in
knowledge generation and diffusion. These “narrow” institutions are embedded in a much
wider socio-economic system (‘broad’ NIS) ‘in which political and cultural influences as well
as economic policies help to determine the scale, direction and relative success of all
innovative activities’ (Freeman, 2002).94 These two perceptions of NIS underlie different
conceptions of innovation policies. The scope of Innovation Policies differs whether broad or
narrow NIS is taken as a unit of analysis and of policy focus. For example, World Bank in its
now abandoned Knowledge Assessment methodology (KAM) takes view of NIS in a narrow
sense. On the other hand, advanced innovation policies or so called ‘third generation
innovation policy’ rests implicitly on understanding of the NIS in its broad sense. These
differences are important not only conceptually but even more in policy terms as they
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determine the scope of innovation policy. A good example of the issue of boundaries is a
recent paper by Meuer et al (201595) which show that ‘multiple innovation systems may coexist across and within sectoral and regional boundaries, and that these systems entail
pronounced idiosyncratic combinations of structural elements’ with important policy
implications.

Second, there is no agreement regarding what should be included in and what should be
excluded from a ‘(national) system of innovation’ (Sharif, 2006)96. This leads to a variety of
approaches in terms of what is included as NIS, from studies which are confined only on
public R&D system to those which include a variety of non-technological factors into analysis.
This variety of perspectives, frameworks and differences in the scope of analysis can be
seen as an advantage as it enables diversity of approaches (see Lundvall, 2002:221 on this).
On the other hand, this lack of rigour hinders further advance of the conceptual side of the
NIS approach.

For a critique of theoretical inconsistencies in definitions of system of

innovation see Radosevic (1998).97

Third, NIS is usually defined in institutional terms. For example, Freeman (1987:7) defines it
as 'the network of institutions in the public and private sectors whose activities and
interactions initiate, import and diffuse new technologies'. These, and other definitions of
national, but also sectoral and technological systems of innovation, define system in
institutional terms, i.e. as a network of agents, a population of firms, a set of institutional
actors, the system of interacting public and private firms, universities and government
agencies, etc. Radosevic (1998) concludes that systems of innovation should be defined not
only in institutional terms, but also in technological terms or, more generally, in functional
terms. Otherwise, there is a danger that definitions will become circular, i.e. any institutional
variety could be declared relevant from an economic or technological perspective, which
would be misleading. The most applied version of functional view of innovation system is
manual on functional analysis of innovation system by Swedish group (see Bergek et al,
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2008)98. Bergek et al (2008) operationalize a functional approach to analysing innovation
system dynamics into a practical scheme of analysis for policy makers.
Why these methodological / conceptual issues of innovation systems are relevant for
innovation policy? A loose, all encompassing, vague but useful heuristics as SI currently
operate more as a metaphor than analytical approach for policy making. Unless the concept
becomes more analytically founded it will exhaust its life as a metaphor.

2. National innovation systems and globalisation

The issue of boundaries is innovation systems is strongly present when exploring how
globalisation has affected innovation systems. A survey by Carlsson (2006) captures the
majority of literature and points to continuous importance of national institutions to support
innovative activity, even though that activity is itself becoming increasingly internationalized. 99
However, this conclusion seems to be far from sufficient for contemporary innovation policy
as national innovation systems, especially regional become increasingly fragmented.
Proliferation of value chains coupled with the financialisation of the global economy has led
to large scale relocation of production capacities and also increasingly of technological
capabilities which has led to fragmentation of innovation systems in weaker, especially
peripheral economies. For evidence of this process in the context of the US see Berger
(2013)100 and for evidence in the case of South EU see (Landesmann, 2015)101.

The relationship between FDI/GVC and capacity of countries to maximise technological
benefits has become increasingly relevant in the globalization context. Policies that
encourage domestic firms’ innovation are often perceived as conflicting with policies that aim
to acquire foreign technologies. In other words, policies for NIS are perceived as opposite to
policies to attract FDI. However, the latest evidence suggest that this quite obsolete and
mistaken view. Tassey (2010)102argue that the emerging technologies require collocation or
close cooperation between RD and processing and in which R&D is distributed along value
98
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chain. However, the loss of co-location synergies from globalization varies across industries.
For mature industries, IT infrastructures can ensure efficient communication over distances
among tiers in the relevant supply chain but the emerging technologies require support for
technology clusters and technology infrastructures among tiers in the supply chain.(See also
Berger on this issue). From NIS, this is quite important as it shows the importance of colocation synergies in innovation systems and thus limits of outsourcing of critical parts of
value chains.
The interesting work from innovation perspective is Dantas et al, (2007)103 as they focus on
links between FDI subsidiaries and NIS which goes beyond usually FDI spillovers
perspective. In the core of this perspective lies a policy question: how to strengthen links
between the FDI and the capabilities of the local firms. The relationship between GVC and
innovation systems in the context of the EU smart specialization is also one of its major
weaknesses. Radosevic and Stancova (2015104) discuss this issue at some length.

A relevant new approach in probing the relationship between international linkages and NIS
is Taylor (2009105) who shows that international linkages with the lead innovator (the United
States) strongly affect countries’ innovation rates, even when controlling for some prominent
domestic institutions. However, he also shows that as with institutions, data fails to identify
any specific linkage, or set of linkages, that consistently explain innovation rates across time
and space. So, if both domestic institutions and international linkages influence, but do not
determine, national innovation rates what does? Taylor’s answer which is still hypothesis is
quite interesting: it is political economy of the country. Innovation involves the fundamental
choices over resources and redistribution, which must be resolved between competing
political-economic actors. On that basis, domestic institutions and nation’s international
linkages have their ‘roots in these fundamental deals that create mass politics and markets’.
In this perspective, domestic institutions and international linkages are ‘means to an end’ so
that ‘for all practical purposes it may not much matter which specific institutional designs they
use to achieve it as long as those institutions solve the primary problems endemic to
innovation (public goods problems, high costs and risks, Stiglerian capture)’. We find this
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approach of political economy of technology accumulation extremely relevant as it offers a
new perspective on the issues of institutions and technology innovation (see also Taylor,
2012)106. It dovetail well with the Lazonick theory of innovative enterprise (see Lazonick,
2002a107, 2002b108, 2013109) which also explores political economy variables (corporate
governance, strategic control, institutional conditions, financial commitment, etc) in
determining the emergence of innovative firm.

3. Re-conceptualisation of innovation systems as innovation ecosystems

The key idea that underpins the notion of innovation ecosystem is that innovation process is
collaborative or social in nature. According to Adner (2006110), an innovation ecosystem is
“the collaborative arrangements through which firms combine their individual offerings into a
coherent, customer-facing solution” (p. 98). This does not seem new as the gist of innovation
system is about the interactive or collaborative nature of innovation process. So, what is new
about it? Unlike Yawson (2009) who sees the rationale for the ecosystem framework in the
inability of ‘traditional innovations models’ ‘to identify the successful policy strategies that
drive innovations at national level’ we tend to see it in a dynamic nature of the notion of
ecosystem as opposed to static analyses of the overall innovation system. As pointed out by
Bessant el a (2014111), national innovation system does look at the detailed dynamics of
knowledge flows within the system but the notion of an innovation ecosystem, in contrast,
‘directs attention not only to the internal structure and operation of the system, but also its
evolution through time, as well as in relation to other ecosystems’ (italics mine). (See also
Moore, 1993112 on this issue including taxonomy of stages of innovation ecosystem (birth,
expansion, leadership, self-renewal (or death)). The innovation ecosystem perspective is
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focused on innovation community of interacting firms and infrastructure institutions which are
engaged in the generation and exploitation of technological knowledge (Durst and Poutanen,
2013113). Its analytical level is not a priory national or sectoral but is given by the nature of
technology which makes it similar to technology system approach (Carlsson and
Stankiewicz, 1995114).

The other reason for increasing popularity and use of this approach is not academic but
empirical. Namely, we have seen the emergence of platform economics or rise of big IT
based market players (Google, Apple, etc) who are engaged in process of interactive
innovation. This new perspective shows that it is an innovation ecosystem rather than new
technology based firms or large firms per se that are driving innovation. In other words, large
firms (such as Apple) interact with small technology based firms (such as software
companies developing apps for Apple products) which innovate based on large firms’ stable
technology platforms (Mandel, 2011, p.6115). The emergence of platforms, whether used
inside firms, across supply chains, or as building blocks of new industrial architectures, is a
broad new phenomenon affecting most industries today, from products to services (Gawer,
2009)116. The recognition of dynamic and interactive nature of innovation ecosystem has
already led to the emergence of policy platforms including many within the smart
specialization support activities (Cooke, 2007117; Asheim et al, 2011118). The biological
metaphor behind the notion points to the interaction between firms and their environment
while in social world this interaction includes a variety of market and non-market actors with
different objectives (Jackson, undated)119. However, the more we go towards macro-level the
advantage of innovation ecosystem diminishes and the notion become indistinguishable from
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the notion of national innovation system. When successful, the innovation ecosystem have
potential for value creation which is much bigger when compared to potential of individual
firms though strategic issues in managing networks of firms is also increasingly complex
However, the most important is that business ecosystem, is a social not biological construct
and thus involves issues of culture, power, learning, dependence and autonomy.

There is a close correspondence between the notion of innovation ecosystem and the Smart
specialization approach which is about entrepreneurial discovery process at the level of
‘domains (Foray, 2015120) or mezzo-level areas of application of new knowledge. Smart
specialization is about discovery of ‘micro system of innovation’ or innovation ecosystems; it
is not about picking up individual firms or sectors as winners in which all firms are supported.
We have already pointed out that technology platform approach which is the dominant policy
approach in creating innovation ecosystems within the smart specialization makes it quite
relevant. However, we should also bear in mind that in a new platform based economy the
inequalities in terms of power to control value chain and to get engaged in collaborative and
open innovation are not limitless. In fact, we observe great inequalities in profitability
between the “lead firms”/ the “platform leaders” and contract manufacturers and business
process outsourcing service providers (e.g., call centers) ‘which tend to earn slim profits and
may never develop the autonomy or capabilities needed to develop and market their own
branded products. Typically, firms that provide routine assembly tasks and other simple
services within GVCs earn less, pay their workers less, and are more vulnerable to business
cycles, not least because they are required to support large-scale employment and fixed
capital’ (Gereffi, 2014)121. ‘Modularity trap’ or phenomenon of thin profits despite massive
increases in labour productivity is endemic. Pivotal actors in the dynamic of ecosystems are
large R&D investors operating on a global scale (Dosso et al, 2015122). It is they who can
resolve the possible bottlenecks along the value chain, or initiate an informal innovation
ecosystem. Alternatively, they engage in open innovation (Chesbrough, 2003)
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Rohrbeck et al, 2009124). However, very often even large players cannot mobilise all actors in
innovation ecosystem on their own, especially when this requires further technological
advances from the suppliers in different sectors. Also, large firms often do not draw their
technology power from a specific national innovation system but from a variety of national
systems and networks (see Mercan and Göktas, 2011125, for the case of Brazilian Embraer,
and Kafouros et al, 2012126 who show the ability of MNEs to access and combine global
knowledge reservoirs within one organization). This is where public policy can play important
role, even if just by providing a strategic vision for the technology area. In the EU context,
regions are increasingly seen as

innovation ecosystems operating as test-beds for rapid

prototyping of many types of user-driven innovations by focusing on collaboration, open
innovation and thinking in terms of ecosystems (Lappalainen et al, 2015127). It is too early to
judge whether this approach will bring anything new when compared to traditional regional
innovation system approach. However, it is certain that many regions in the EU are depleted
in terms of their industrial ecosystems> in that respect, it is high time in the EU to take on
board lessons that the US is taking which are about rebuilding the industrial ecosystems ‘with
new capabilities that many firms of all kinds could draw on when they try to build their new
ideas into products on the market’ (Berger, 2013).
4. ‘Entrepreneurial systems of innovation’ or bringing entrepreneurship into
innovation system approach
As we hinted elsewhere ‘the literature on national innovation systems (NIS) has largely
neglected the issue of entrepreneurship. A survey of the major contributions (Freeman, 1987;
Nelson, 1993; Lundvall, 1992, Edquist, 1997) shows that entrepreneurship is largely absent
in these works. At the same time, there has been an explosion of interest in
entrepreneurship, from a proliferation of educational courses on entrepreneurship to its
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measurement on a world-wide scale by Global Entrepreneurship Monitor (GEM, 2004)
reports’ (Radosevic, 2007, p:1128).

The absence of links between NIS and entrepreneurship is highly unsatisfactory. In
Radosevic (2007) we explain by three factors. First, Schumpeter himself in common with
Austrian economists ignored the complexities of institutional set ups in explaining
entrepreneurship. Second, the dominance of person centric research in entrepreneurship
have limited our understanding of how contextual and system level variables affect
entrepreneurship. Third, it is empirically no-trivial to connect entrepreneurship (firm level
phenomenon) and country level analysis. Radosevic (2007) show conceptually how
innovation system and entrepreneurship approach can be integrated and in Radosevic and
Yoruk (2013) the analytical and statistical robustness of this approach has been
demonstrated. .
In very recent working paper Lindholm-Dahlstrand, Andersson and Carlsson (2016129) have
quite correctly identified three approaches in the literature that tries to merge innovation
systems with the entrepreneurship. First is the Entrepreneurial Ecosystems approach by
Mason and Brown 2014130, and

Stam 2015 which focuses on high growth firms and

ecosystem which enables their emergence and growth. Their growth is seen as the outcome
of the entirety of the ecosystem and its key contributor is large incumbent firms which spawn
entrepreneurial managers who are capable of establishing and growing businesses. At the
same time, the system approach builds up from the level of the entrepreneur in order to
better understand the context of the entrepreneurship. Finally, from this perspective regional
policy is not about maximizing individual factor, but about creating a context, a system, in
which productive entrepreneurship can flourish (Stam, 2015131). Second approach is so
called National Systems of Entrepreneurship by Acs et al 2014132) which is defined as ”….
128

Radosevic, S; (2007) National Systems of Innovation and Entrepreneurship: In Search of a Missing Link.
(Economics Working Papers 73). Centre for the Study of Economic and Social Change in Europe, SSEES, UCL
http://discovery.ucl.ac.uk/17479/
129
Åsa Lindholm-Dahlstrand, Martin Andersson and Bo Carlsson (2016) Entrepreneurial Experimentation: A key
function in Entrepreneurial Systems of Innovation, Papers in Innovation Studies, Paper no. 2016/20, Centre for
Innovation, Research and Competence in the Learning Economy (CIRCLE), Lund University
130
Mason, C., and Brown, R., (2014). Entrepreneurial Ecosystems and Growth-Oriented Enterprises:
Background Paper Prepared for the Workshop Organised by the OECD LEED Programme and
the Dutch Ministry of Economic Affairs.
131
Erik Stam (2015) Entrepreneurial Ecosystems and Regional Policy: A Sympathetic Critique, European
Planning Studies, 23:9, 1759-1769, DOI: 10.1080/09654313.2015.1061484
132
Acs, Z. J., Autio, E., and Szerb, L., (2014). National systems of entrepreneurship: Measurement issues
and policy implications. Research Policy, 43(3), 476-494.
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the dynamic, institutionally embedded interaction between entrepreneurial attitudes, ability,
and aspirations, by individuals, which drives the allocation of resources through the creation
and operation of new ventures” (ibid, p.479) The focus is on the individual entrepreneur in
the national cultural and institutional context and approach has developed index method for
profiling NSEs so called GEDI index for 88 countries. Third approach is called
Entrepreneurial Propensity of Innovation Systems (Radosevic and Yoruk 2013133) as an
analytical/statistical and conceptual approach to understand the workings of entrepreneurial
experimentation in innovation systems, and how this experimentation feeds the systems’
capacity to generate innovations and economic growth. In this (EPIS) approach the individual
is not given much consideration, as the argument is that that entrepreneurial activities and
entrepreneurial propensity are caused by structural features of the innovation system; that is,
we emphasize macro-level conditions that influence entrepreneurial activities. This is
intentionally chosen as counterpart to entirely methodological individualism approach in
entrepreneurship literature. In that context, Lindholm-Dahlstrand, Andersson and Carlsson
(2016) based on explicit micro-level mechanisms and processes of industrial dynamics, try to
articulate

(though

only

conceptually)

how

the

behavior

of

entrepreneurs

and

entrepreneurship give rise to system-wide entrepreneurial experimentation. Despite this
novelty their argument

sound somewhat conventional as they conclude that ‘an

entrepreneurial system of innovation where large and new firms interact through spinoffs and
technology-related ownership changes, under certain conditions, can be highly conducive to
innovativeness and growth’ (ibid).

Finally, before we try to derive implications for SmartEIZ from this brief survey we would like
to point to fourth stream of literature on innovation systems which is broadly about measuring
efficiency and productivity of innovation systems. Much of this literature is not theoretically
grounded but still can generate very useful results and policy insights. Their approaches are
widely different as well as their focus. However, they all have in common that they measure
the relationship between inputs and output of innovation system however these inputs or
outputs are defined. Given their very strong empirical orientation they could be classified by
the methodology that they employ which are either different forms of regression models or
data envelopment analysis (DEA). However, given the nature of this contribution we will not
review the papers that fall within this approach but we list them below.
133

Radosevic, S., and Yoruk, E., (2013). Entrepreneurial propensity of innovation systems: Theory,
methodology and evidence. Research Policy, 42(5), 1015-1038.
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Elias G. Carayannis , Evangelos Grigoroudis , Yorgos Goletsis , A multi- level and multistage
efficiency evaluation of innovation systems: A multiobjective DEA approach, Expert Systems
With Applications (2016), doi: 10.1016/j.eswa.2016.06.017
V Kravtsova, S Radosevic (2012) Are systems of innovation in Eastern Europe efficient?
Economic Systems 36 (1), 109-126
Guan, J. And Chen, K. (2011) „Modelling the relative efficiency of national innovation
systems‟ Research Policy, doi:10.1016/j.respol.2011.07.001
W Nasierowski, F J Arcelus (2003) On the efficiency of national innovation systems,
SocioEconomic Planning Sciences (2003) Volume: 37, Issue: 3, Publisher: Elsevier, Pages:
215-234
Jiancheng Guan, Kaihua Chen (2012) Modelling the relative efficiency of national innovation
systems Research Policy Volume: 41, Issue: 1, Publisher: Elsevier B.V., Pages: 102-115
5. Implications for SmartEIZ
In this contribution we have outlined three major directions in which innovation system
approach is evolving – exploring interaction of innovation system with global value chains
perspective; re-conceptualisation of innovation systems as innovation ecosystems, and
merging of innovation system with the entrepreneurship literature. We would strongly
suggest that any future research on NIS takes notice of these three emerging approaches as
they are quite relevant from scientific excellence and from policy perspective. From scientific
excellence these are newly emerging approaches which have significant degree of
conceptual novelty and in which are in serious need of further conceptual development but
even more important in terms of empirical exploration and testing. By and large none of
these three approaches have been empirically tests or applied in the context of the
economies like Croatia which by itself would represent important novelty as that would bring
differences in institutional and developmental context into foreground.
From policy perspective, all three approaches are very relevant and represent de facto the
latest policy thinking. Integration of global value chains into place based policies which have
been the dominant philosophy of the EU regional policies is taking place and represents one
of the major challenges of smart specialization. Innovation ecosystem is becoming the
emerging approach in regional policy and is very closely linked to the GVC approach. The
core of Smart Specialisation is de facto creation of ‘micro innovation systems’ or innovation
ecosystems. Finally, both these perspectives emphasize much greater importance of the
interaction of micro levels determinants (ie. entrepreneurship) with the contextual factors and
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lead to policies which have to take into account specificities of different types of firms and
different innovation modes but all within the innovation ecosystem context.
Finally, SmartEIZ could consider a research on efficiency of Croatian innovation system or
based on a broader sample of countries.

Technology employment and skills

1. Introduction
Technological change is the result of innovation, habitually subdivided into product and
process innovation. The introduction of new products tends to be associated with the
creation of new jobs, and hence with employment, and also with the destruction of old jobs
(see, for example, the Schumpeterian growth models in Aghion and Howitt 1992, 1998).
These new jobs tend to be relatively skill-intensive (as noted already in the 1960s and 1970s
in the lifecycle theories by Vernon (1966) and Hirsch (1974), but also by Nelson and Phelps
(1966). Process-innovations on the other hand change the way in which products are
produced, with direct consequences for the inputs (including labour) needed to produce
those products. The literature dealing with the connection between technological change and
employment mostly focusses on process-innovations, which are assumed to change the
productivity of individual factors of production, not necessarily to the same extent, and
therefore change the factor proportions that profit-seeking producers would like to employ.
Through that mechanism, process-innovations can change the skill-composition of labour
demand directly, but also indirectly through subsequent ‘second-round’ effects of these
changes in labour demand. Product innovations can have similar effects. For example, in the
product lifecycle literature initiated by Vernon (1966) and Hirsch (1974), new products tend to
be skill-intensive both as a result of research and development and through the skill-intensity
of the initial production stage of a new product where (optimum) production methods still
have to be discovered and/or fine-tuned. When production methods become standardized,
but also as a result of a fall in the cost of communication and transportation, and of managing
production systems, outsourcing/ offshoring becomes a viable alternative for own/domestic
production (e.g., Feenstra, 2010; Vallizadeh 2016).

In the literature addressing the impact of technological change on employment, the skilldimension is acknowledged as a matter of principle, but lack of data forces most researchers
to assume a one-to-one correspondence between years of education of a worker and the
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implied level of skill that worker represents. In other cases, the type of job that a worker has
(blue or white collar jobs) is considered to be an implicit indicator of (the type and level of)
the skills which that worker embodies.134 However, there is now a growing body of literature
that explicitly acknowledges diversity in skills by type and level and in people. This makes it
possible to pay more attention to the interface between production technologies and
employment by defining jobs as sets of tasks that need to be executed at some minimum
quality level, and by listing the kind of skills (including their level) that are needed to perform
such jobs by people or by (combinations of people and) machines.135 Individual people,
through their educational background and through on-the-job training, possess a portfolio of
different skills136 (for example subdivided into cognitive- , interactive- and motor-skills137). The
jobs for which individual people are eligible therefore depend on the degree of overlap
between the skill-requirements defined by the tasks making up these jobs and their private
skill-portfolio.138
134

As Spenner (1983) puts it: ‘Our conceptualization and measurement of skills are poor.
Unidimensional, undefined concepts, non-measures, and indirect measures of skills have not served
us well. Multi-dimensional concepts and direct measures are needed’. More than 30 years later, this
still seems to be the case, see for example Capelli (2014), who complains about the lack of data on
skills per se while arguing that seeing education as an equivalent of skills is ‘a mistake’. A more
general conceptual problem is noted by Autor (2013), who observes that in the Canonical Model of
labour demand (see further below for a short exposition of that model) a factor’s identity and its role in
the production function are synonymous, while in reality the boundary between tasks typically
executed by labour and by capital is ‘permeable and shifting’. As regards the implicit correspondence
between job-types and skills, Goldin and Katz (1998) observe that blue-collar workers are a
heterogeneous group in terms of their formal education. A similar point is raised by Ingram and
Neumann (1999), who claim that skilled workers as measured by level of education have diverse skills
while the distribution of these skills over workers has changed over time. Using direct skillmeasurement they point out that observed income growth during the 1960s-1980s happened to
people with both education and skills.
135
See Autor (2010, 2013), Acemoglu and Autor (2011), and also Vallizadeh (2016) for a more in
depth discussion of the job-task framework as well as international offshoring of tasks.
136
See Spenner (1983), who acknowledges the embodiment of skills in people, as does human capital
theory initiated by Becker (1964). See also Becker, Murphy and Tamura (1990).
137
See, for example, Howell and Wolff (1991), but also Bresnahan (1999) who focusses on related
skills such as ‘interpersonal skills, knowledge of the world of work, the ability to work steadily and
autonomously, flexibility and reliability’, of which he observes that these are skills not prominently
present in the bottom half of the income distribution.
138
Cf. Autor (2010, 2013), Acemoglu and Autor (2011), but also Rumberger (1981) who used the
Dictionary of Occupational Titles by the US Employment Service to empirically look into the changing
skill-requirements of individual jobs. Handel (2000) finds evidence of changes in the assignment of
skills to jobs that disfavor blue-collar workers rather than directly favoring cognitive skills as a result of
the information revolution as emphasized in other studies, such as Autor, Levy and Murnane (2003).
The latter stress that high-skilled workers have a comparative advantage in doing the non-routine jobs
that cannot readily be executed by computers. The findings by Spitz (2003) provide further support for
IT induced changes in the skill-composition of jobs. She furthermore stresses IT as an enabler of
changes in the allocation of skills to tasks. Bresnahan (1999) also makes this point, while Adler (1986)
points out that the de-skilling one would expect from the introduction of new ICT equipment is often not
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The link between technological change and employment, differentiated by skills, follows a
multitude of transmission channels, as explained in the following sections. Those channels
provide direct and indirect links through which demand and supply of products and
production factors can interact with each other, and with technology. We will use these
channels to organize the rest of the paper, but before zooming in, we describe the so-called
Canonical Model of factor-demand which is the point of departure for many of the theoretical
and empirical studies focusing on technological change and employment issues. We then
show how this micro-perspective on the link between technology and employment is
embedded in a larger (macro-) framework encompassing the transmission channels
mentioned above.
The current interest in the connection between technology, skills and employment is also
inspired by the ongoing observed divergence in income and employment perspectives for
different skill-groups in modern societies since the end of the 1970s. The observed (stylized)
facts can be summarized as follows:139
1.

A strong rise in the relative supply of high-skilled workers (relative to low-skilled

workers) during the 1970s;
2.

A drop in relative wages of high-skilled workers (relative to low-skilled workers) during

the first part of the 1970s;
3.

A rise in both the relative supply and the relative wage rate of high-skilled workers

(relative to of low-skilled workers) from the end of the 1970s;140
4.

A rise in the dispersion of wages within skill-groups;

5.

Since the 1980s a polarization of both the skill-distribution of employment and the

wage-distribution by skill.141

realized because of ‘wishful thinking’ and because new jobs require ‘… at least a minimum-level of
computer literacy and often encompass a broader span of tasks’. Berman, Bound and Grilliches
(1994) also conclude that the skill-upgrading of jobs is closely linked to ICT and R&D investments.
Similar results are found by Machin and van Reenen (1998) for different OECD countries.
139

These stylised facts pertain to the US economy in particular, since the bulk of the literature
concerning these interdependencies deals with events in the US. However, these events have also
been observed in the EU and OECD countries. See, for example, Machin and van Reenen (1998),
Sianesi and van Reenen (2003), Berman, Bound and Machin (1998), and Gera, Gu and Lin (2001)
who concentrate on Canada.
140
Card and DiNardo (2002) make the point that relative wages in the US stabilized in the 1990s
whereas computer technology kept advancing. This provides difficulties for the skill biased technical
change (called SBTC from now on) hypothesis (see further below) in explaining these stylized facts in
a consistent manner.
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Many researchers have tried to explain the apparent inconsistencies associated with fact 3
with a strong rise in the relative demand for high-skilled workers which would drive up their
relative wage. They have linked this demand-shift to such notions such as capital-skill
complementarity (first introduced by Grilliches, 1969142, but reactivated in a ‘newish’ form
within the skill biased technical change literature) or to the complementarity of new
technologies (particularly computer technologies143) and high-level skills.144 Still others have
emphasized the comparative advantage of high-skilled workers in adopting and adapting to
new technologies145 and/or new ways of organizing production processes.146 This
reorganization of production processes has coincided with the substitution of capital for skills
when moving from artisanal production towards factory production at the end of the 19th and

141

In fact, in addition to polarization of employment, skills may become completely segregated at the
firm level (firms with just high-skilled or low-skilled workers as opposed firms with a mix of skilled- and
unskilled workers), cf. Kremer and Maskin (1996), who emphasize the importance of the skilldimension of employment and the context-dependency of the employment opportunities of people
which depend on the skills they possess.
142
Goldin and Katz (1998) make the related case that the drop in the cost of electricity consumption
after the introduction of electric power lowered the effective cost of using capital which then produced
a rise in the demand for skilled workers due to capital-skill complementarity).
143
Stiroh (2002) reports a strong connection between computer use and productivity growth in the US
at the industry level which is measurable at the aggregate level too, and productivity growth at the
aggregate level because of the growing ICT industry itself. He reports that sectors which did not invest
in ICT or were relatively ‘isolated’ from ICT (through (lack of) backward linkages to ICT using or
producing sectors) did not contribute to US productivity growth at all.
144
See Acemoglu (1998, 2002a, 2002b) for more theoretical work regarding the skill-biased technical
change hypothesis, whereas such authors as Autor, Katz and Krueger (1998), Autor, Levy and
Murnane (2003), Berman, Bound and Grilliches (1994), Chennells and van Reenen (1999), Howell
and Wolff (1991), Katz and Margo (2013), Machin and van Reenen (1998), for example, provide
empirical evidence for the SBTC hypothesis.
145
Already in the 1960s , Nelson and Phelps (1966) made that point, but also Greenwood and
Yorukoglu (1997). Note that their observation is in line with the observation by Autor, Levy and
Murnane (2003) that high-skilled workers have a comparative advantage in non-routine tasks. Levy
and Murnane (1996) emphasize the fact that (at least for the banking sector which they study),
computers may make especially high-skilled workers more productive by enhancing their personal
skills but also by enabling an increase in the volume of transactions. These non-routine tasks
mentioned earlier would also be prevalent in the initial stages of the product-life cycle as well (cf.
Vernon, 1966, and Hirsch, 1974,). As regards the temporal aspects of routinization and subsequent
computerization, Autor (2010) also points out that ‘novel tasks – those demanded by new products,
techniques or services -, are often assigned first to workers because workers are flexible and adaptive.
As these tasks are formalized and codified, they become fallow for automation, since machinery
typically has a cost advantage over human labour in rote execution of repetitive tasks’. Routine tasks
on the other hand are more prone to be taken-over by computers than non-routine cognitive tasks
(such as doing research) or tasks that require human interaction (such as serving customers in a
restaurant, (computers still fail the Turing-test)). Hence the worry by Autor (2010,2013) regarding the
polarization of the labour market through the computerization of middle-skill routine tasks.
146
This point has been made by Bresnahan (1999) who claims that complementarity between skills
and ICT arises more at the level of the firm/organization than at the level of the individual.

This project has received funding from the European Union’s Horizon 2020 Research and
Innovation programme under Grant Agreement No 692191.
140

GRANT AGREEMENT
NUMBER — 692191 — SmartEIZ

beginning of the 20th century, which led to skill-downgrading and then to skill-upgrading in
the move from factory to continuous process/batch production (cf. Goldin and Katz, 1998;
Katz and Margo, 2013).

It has been tried to capture these historical developments by empirically measuring the
strengths of the links between potential causes and effects, and by specifying and validating
theoretical models in which these causes and effects are brought together in a logically
coherent framework. The empirical papers addressing the divergent developments of
employment opportunities and income perspective by skill, generally find that by far the
largest part of these developments can be explained by within-industry changes of the skill
distribution by job, and only little by between-industry changes in the job-composition of
employment.147 Most of the more recent attempts to explain the changing skill composition of
employment have focused on the role of so-called Skill Biased Technical Change (or SBTC
for short).148 Roughly speaking, SBTC favors the input of skilled workers relative to lowskilled workers, ceteris paribus. SBTC therefore provides an escape route from the apparent
inconsistencies presented by stylized fact number 3 above. Because so much of the current
research focuses on SBTC or extensions/ modifications of that way of thinking, we first
provide an exposition of the Canonical Model of factor demand by the firm, and then modify
that framework so that it is able to ‘carry’ biased technical change next to ‘standard’ factor
substitution. We also illustrate why it is difficult to embed the Canonical Model in a wider
(macro-economic) setting with feedbacks from the Canonical Model to the macro-setting and
the other way around.
2.

Technology, Skills and Employment : a quick overview

2.1

General Background

Technological change is a dynamic phenomenon which drives changes in productivity and
hence employment patterns. Many of the studies dealing with the link between technology
and employment are based on the Canonical Model of factor-demand which has an
147

Machin and van Reenen (1998) provide empirical evidence to this effect for several OECD
countries. Berman, Bound and Grilliches (1994) find similar results while concluding that the skillupgrading of jobs is closely linked to ICT and R&D investments. Gera, Gu and Lin (2001) provide
evidence for Canada. Moreover, they find a link between technological variables (among which the
age of the capital stock) and skill-upgrading, which is suggestive of the technology adoption enabling
qualities of high-skilled workers mentioned earlier.
148
See note 5.
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essentially static resource allocation mechanism at its core. Technological change is
introduced in this framework through a relatively straightforward modification and reinterpretation of a particular feature of the resource allocation core.

The Canonical Model can be considered to be part of an overall framework in which macro
conditions and the employment-, technology- and skill building decisions they influence, may
evolve over time. The matching of skills demanded and skills supplied and the resulting
employment and wage patterns from that matching process are not just influenced by
available technologies, but these patterns also drive technological change itself to some
extent in response to the changing environment in which firms have to operate. Moreover,
the labour force itself (through formal education and training) may actively influence the
quality of the skill-matching process and its outcomes in actual employment terms.149

In this overall framework, the link between technology and employment runs in part through
the logical connection between technology and skills because skills are necessarily
embodied in people. Changes in the intensities by which various skills are used in production
activities then necessarily translate into corresponding changes in the demand for labour at a
more aggregate level. At the same time, the skill-composition of the supply of labour may in
part be driven by wage differentials between skills resulting from the (mis-)match between
the types of skills demanded and the types of skills supplied, as suggested already by
Becker (1964). Another prominent link between technology and employment runs through
the direct change in the composition of skills demanded versus that of skills supplied,
consequences for unit costs, hence output prices, of such changes, and for the price-induced
changes in the demand for output, hence in the derived demand for skills again. Depending
on the price-elasticities of product-demand, SBTC may turn out to have net effects that could
be negative or positive for the skills concerned, ceteris paribus. Finally, the endowments of
skills provide indirect incentives that drive technological change itself, which has
consequences for the demand for skills too, with corresponding effects on factor prices.

149

See Becker (1964), but also Lucas (1988) for the endogenization of human capital accumulation
decisions, and Lucas (1988) and Romer (1990) and Aghion and Howitt (1992, 1998) and for the
impact of (the stock of) human capital on growth (including the so-called ‘scale-effect’ and the
corresponding critique by Jones, 1995 on this effect).
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These factor price changes may affect the incentives driving technology again. This link is at
the heart of the (endogenous) SBTC literature.150
2.2 Technology, Skills and Employment: the Canonical Model

In the context of the Canonical Model, the concept of a technology refers to the collection of
different ways in which certain products/services can be produced, and technological change
refers to the introduction of new ways of producing (new) products/services. Economists
have a habit of representing the link between technology and employment by means of a
production function that describes the ways in which different combinations of n inputs, called
X1(t) .. Xn(t), amongst which labour (possibly differentiated by skill), can be used to produce
a given amount of output, called Y(t), at some moment in time t:
Y(t)=F[X1(t),…,Xn(t),t]

(1)

In equation (1), F[] represents the production function, which is assumed to exhibit neoclassical features, i.e. the marginal products of each factor are positive but decreasing, while
cross-marginal products are positive. If t (i.e. time itself as a proxy for technical change)
would not be a separate argument of F[] then Y(t) can grow only when at least one of the
inputs grows. With technical change, output can grow without such input-growth (essentially
through productivity growth of the inputs). All the combinations of inputs that can (exactly)
produce a given amount of output form a convex curve (a so-called isoquant) in factor-space,
which is bowed towards the origin of that factor space. The point of tangency of the isoquant
with the lowest possible iso-cost line (an iso-cost line represents all combinations of inputs
with the same level of costs for given factor prices) defines the cost-minimizing combination
of inputs that can generate a given amount of output. In such a setting, technical change is
usually represented as a movement of the isoquant towards the origin of factor space,
implying that the same amount of output can now be produced using less of the inputs.151

150

See Kennedy (1964) for an early version of endogenous biases in technical change covering labour
and capital, and Acemoglu (1998, 2002a, 2002b) and Acemoglu and Autor (2011) for models of
(endogenous) skill-biased technical change.
151
There is a strand of literature concerned with so-called ‘localised technical change’ that deals with
shifts of single points of an isoquant (particular implementations of a technology, or techniques)
towards the origin of factor space. This literature makes the point that through learning by doing or
dedicated research, particular instances of a technology (i.e. single techniques) become more
productive rather than the technology as a whole. This has the implication that the envelope of the
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The movement of the isoquant may be biased towards one or more of the input-axes,
implying that this movement does not only reduce the overall physical input-requirements per
unit of output, but may also reduce the physical input requirements for one input more than
for another, thus giving rise to the notion of ‘biased’ technical change.

Non-Labour
inputs

A
B

C

Labour
inputs
Figure 1. Efficient allocation of factors of production and technical change
L2

L1

Figure 1 represents the situation described by the Canonical Model in the case of neutral
factor augmenting technical change, i.e. the type of technical change that would change the
efficiency of all factors of production by the same proportion. The solid convex curve
represents the unit-isoquant mentioned above, while the dotted convex curve represents the
unit-isoquant after neutral technical change has taken place. The dotted parallel straight lines
are iso-cost lines. The points of tangency of both isoquants with these iso-cost lines are on
the same ray (i.e. ray A) from the origin, implying that the slopes of the isoquants (hence
factor price ratios) are the same and that factor ratios are the same. In this context, factor
saving technical change has the effect of reducing unit labour demand (labour demand per
unit of output) from L1 to L2 for given values of the factor prices (i.e. for given slopes of the
iso-cost lines). Hence, the direct effect of factor augmenting technical change in the
Canonical Model is to reduce the demand for labour. However, there are indirect effects
original isoquant and a technique that has shifted towards the origin becomes more curved (or even
‘pointed’) towards the origin and that production can effectively become locked-in into some particular
technique (cf. Antonelli, 1995).
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which may counteract the initial negative impact of factor augmenting technical change on
the demand for labour.

The first indirect effect is an induced change in relative factor prices. If (in this case of neutral
technical change) wages would react more strongly to a reduction in the demand for labour
inputs than the non-labour factor prices, then the slope of the iso-cost line would become
less steep and the new factor-allocation could, for example, be given by the points of
intersection of rays B or C with the dotted isoquant. The implied increase in demand for
labour in the case of ray B is not enough to compensate the initial drop in labour demand, but
it is in case of ray C (i.e., induced factor price changes will induce factor substitution of labour
for non-labour – a move along the isoquant – that more than outweighs the initial drop in
labour demand). Whether case B or C applies depends on the value of the elasticity of
substitution. This measures the ease by which one input can be used to replace (the
productive contributions of) another input. The elasticity of substitution is an important aspect
of technology: it implicitly defines by how much relative factor prices would have to change to
bring about a given change in relative factor demand.152 The higher the elasticity of
substitution, the less curved an isoquant is, and the smaller the drop in wages could to be
that would be able to counteract technological unemployment by means of factor
substitution.

It should be noted that in case of rays A and B one would need an expansion of demand on
top of this wage-drop induced factor substitution to compensate the initial drop in labour
demand. The possibility of a compensating expansion of the demand for output is implied by
the effect which technical change in the Canonical Model has on unit costs. Unit costs will fall
and (depending on the degree of competition on the output market), so will the price of
output. A (more than) compensating expansion of the demand for output is therefore possible
in principle, but everything depends on the sensitivity of wages with respect to relative labour
demand, and of prices with respect to changes in unit costs, and of the demand for output
with respect to prices.153 Moreover, the induced movement along the new isoquant into more
labour-intensive directions takes time, and meanwhile wages may have fallen to such an
152

As we will see later, the required percentage change in relative prices necessary to induce a 1
percent change (in the opposite direction) of relative factor demand is equal to 1/σ, where σ is the
elasticity of substitution.
153
Chennells and van Reenen (1999), for example, provide more detailed information about the way in
which elasticities of substitution and the price-elasticity of the demand for output can be brought
together in this simple framework.
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extent that the negative (wage-) income effects of a drop in wages on effective demand may
counteract the expansionary effect of a drop in prices on demand (cf. Vivarelli, 2016).
2.3 Modification of the static Canonical Model to better accommodate technological
change

Inputs deliver services to the production process, and doubling the volume of all inputs would
typically double the amount of services (hence output).154 Factor augmenting technical
change now raises these services without having to raise the use of inputs in physical terms:
it makes it look like there is more of the physical input available, i.e. it changes the
productivity of the physical inputs.155 However, the productivity of some factor does not
necessarily have to be an intrinsic feature of the factor itself, but can be the effect of a
reorganization of the production process, for example.156 To summarize the above, factor
augmenting technical change can be represented as:
Y(t)=f[A1(t).X1(t),…,An(t).Xn(t)]

(2)

where Ai(t) is linked to cumulative technical change and can be regarded as the productivity
of each of the Xi(t) units of production factor i.
Most of the research into SBTC specifies the function F[] as a CES function which has a
Constant Elasticity of Substitution between factors of production:157,158
𝜎−1
𝜎

𝑌 = ((𝐴1. 𝑋1)

𝜎
𝜎−1 𝜎−1
𝜎

+ ⋯ + (𝐴𝑛. 𝑋𝑛)

)

(3)

154

This holds for a linear homogenous production function setting.
There are different ways in which such ‘productivities’ or ‘efficiency factors’ can be associated with
each of the factors of production. Chapter 13 of Allen (1967) gives a short overview of the possibilities
in a macro-setting. It turns out that the kind of technical change that is ‘neutral’ in the sense that it
leaves the income-distribution between labour and capital unchanged while leaving the capital-output
ratio constant (a requirement for steady state growth in the context of the neo-classical growth model)
can be implemented as a form of purely labour augmenting technical change, i.e. the type of technical
change that would affect the productivity of labour, but not of the other factor(s).
156
So, in a macro-setting the productivity rises of labour (captured by the presence of purely labour
augmenting technical change) may not be due to intrinsic quality increases of the labour force, but
rather of the capital stock.
157
See Acemoglu (1998, 2002a, 2002b), for example.
158
The CES function is relatively popular because it includes the at least equally popular (but more
simple) Leontieff and Cob-Douglas functions as special cases. In addition to this, there are extensions
of this CES framework that allow for different groupings of inputs. Each of these groupings can also be
described by CES functions. These groups of inputs can be brought together within still another CES
framework, thus giving rise to so-called multi-level CES functions. Such multi-level CES functions
come in handy when studying the effects of different elasticities of substitution within and between
groups of inputs in explaining employment patterns (cf. Rutherford, 2002).
155
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In equation (3), we have dropped time-subscripts, n is the number of inputs while 𝜎
represents the (positively defined) value of the elasticity of substitution between those inputs.
Efficient production (the minimization of production costs) implies that the inputs must be
hired and used in proportions such that the ratios of their marginal products match the ratios
of their factor prices, implying:
𝑃𝑖
𝑃𝑗

=

1−1/𝜎
𝐴
( 𝑖)
𝐴𝑗

1

∙

−
𝜎
𝑋
( 𝑖)
𝑋𝑗

∀ 𝑖, 𝑗 ∈ [1. . 𝑛]

(4)

In equation (4) Pi is the factor price of factor i, while Xi is the corresponding volume of that
factor. If 𝜎 > 1, then a rise in the ratio Ai/Aj should be associated with a corresponding rise in
the factor price ratio Pi/Pj, ceteris paribus.159, 160
In terms of instantaneous growth rates equation (4) becomes:
1

1

𝐺(𝑃𝑖 ) − 𝐺(𝑃𝑗 ) = (1 − 𝜎) . (𝐺(𝐴𝑖 ) − 𝐺(𝐴𝑗 )) − 𝜎 . (𝐺(𝑋𝑖 ) − 𝐺(𝑋𝑗 ))

(5)

where G(z) denotes the instantaneous proportional growth rate of z. It follows immediately
that a rise in the relative supply of some factor would be associated with a drop in the relative
equilibrium price of that factor, unless there is enough compensating biased technical
change, i.e. 𝐺(𝐴𝑖 ) − 𝐺(𝐴𝑗 ) > 0. Not surprisingly, this has been brought forward in many
SBTC studies in which the observed simultaneous rises in both Pi/Pj and Xi/Xj were
‘explained’ by a simultaneous rise in the ratio Ai/Aj, i.e. by skill biased technical change, and
even accelerations in the rate of SBTC.161
2.4 Technology, Skills an Employment: a Bigger Picture

The mechanisms affecting the demand for labour, hence employment, that were sketched in
Figure 1 are part of a much bigger picture connecting technology, employment and skills.
The bigger picture embeds the interconnections that are central to the Canonical Model of
159

In Acemoglu (2002b), estimation of the relative wage equation that can be derived from his model
shows that 𝜎 = 1.4.
160
A rise in Ai reduces the cost of an ‘efficiency unit’ of factor i, ceteris paribus. If the elasticity of
substitution is large enough, this will generate an expansion of demand for factor i in efficiency units
which is larger than the rise in efficiency of factor i itself. This provides an upward pressure on the
relative factor price of factor i.
161
See Acemoglu (1998, 2002a,2002b), Acemoglu and Autor (2011), but there are also studies who
point out that a significant contribution to the explanation of relative wage-growth can be provided just
by changes in the relative supply of skills (see Katz and Murphy, 1992). Murphy, Riddell and Romer
(1998) arrive at similar conclusions for Canada. In addition to changes in the supply of relative skills,
Autor, Katz and Krueger (1998) also point to globalization and labour market institutions as important
contributing factors.
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factor-demand, except for the job-dimension of labour demand and the actual matching
process between labour supply (in terms of the skills embodied in the individual people
offering their labour services) and the demand for labour (in terms of the jobs/productive
tasks that labour needs to perform).

Labour
Supply
(by
skill)
Education
al System

Matchin
g
Proces

Labour
Demand
(by job)

Matching
Outcomes: factor
prices, (un-)
employment, skill
shortages/surplus
es

Technology/
Technologic
al Change

Demand for goods
& services

Figure 2. Interdependencies between Technology, Employment and Skills

There are several feedbacks from the outcomes of the matching process to technology
(factor substitution, incentives for directed/biased technical change), to the longer-term
supply of skills via the educational system, and from the supply of labour to technical change
itself (skill endowments affecting the direction/intensity of technical change). These
feedbacks are summarized in Figure 2. This figure and the mechanisms in Figure 1 will be
discussed in more detail in the sections below.

3.

Technology, Skills and Employment in more detail

In this section we provide a short exposition for each of the causal links in Figure 2 above.
The headers in italics refer to individual links or groups of links that logically belong together.
From matching outcomes to education to skill supply
The build-up of skills is a time-consuming process, and therefore becoming educated is
costly both in terms of fees (taxes in case of public funding) and in terms of opportunity costs
(forgone wages while being educated). The decision to spend time to become educated is in
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part a private decision based on a cost-benefit analysis of such decisions. Following the
insights of human capital theory initiated by Becker (1964), Mincer (1958) and Schultz
(1961), the benefits can be thought of as the extra wages that are associated with an extra
year of schooling. The internal rate of return that would equalize the costs and benefits of
such an extra year of schooling can be approximated by the percentage change in wages
due to one year of extra schooling, and in empirical estimates of the link between the change
in wages, the number of years of schooling and other variables capturing such things as job
experience, the implied rate of return to schooling is significant both numerically and
statistically (see Harmon, Oosterbeek and Walker, 2003; and Ingram and Neumann, 1999,
for example). It follows that the rising relative wages of high-skilled workers provide a positive
signal for a continued rise of the relative supply of high-skilled workers backed up by
corresponding higher inflows of students into tertiary education. This view on human capital
formation is consistent with stylized facts 1 and 2 mentioned above.
If the match between skills supplied and skills demanded is imperfect, then this may be
expected to have repercussions for relative wages (in the case of wage-flexibility) or for
unemployment by skill (in case of imperfectly flexible wages). In both cases, however, these
signals may directly influence the private cost-benefit analysis underlying the education
decision (through mismatch-induced changes in wage differentials by skill and by one’s
assessment of one’s employment opportunities as indicated by differential rates of
unemployment). This may lead to desired changes in the skill-composition of supply through
(a potentially lengthy) process of education and training. More recently, however, concerns
have been raised about the impact of such private educational cost-benefit analyses on
educational decisions in a context where the cost of becoming educated is shifted more and
more towards workers, and where at the same time the risk of ending up with the wrong skills
at the end of a spell of formal education have to be borne by these workers too, as
employers’ willingness to offer (and carry the cost of) technology specific training programs
seems to have been decreasing (see Capelli, 2014). The job-uncertainty at the end of the
spell of education would provide an incentive to acquire the more generic skills necessary for
a quick mastering of more technology (and firm-) specific skills (cf. van Zon and Antonietti,
2016, for example).
From labour supply by skill and labour demand by job to the job-skill matching process
As suggested above, one can think of people embodying different sets of skills, and
employment as resulting from a match between the skills required to perform certain
productive tasks and the skills embodied in individual members of the workforce. Most
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people possess a set of skills, each of which may be more or less useful in executing some
task as part of a production process. The usual grouping of people with a college education
(or white collar workers) as being relatively high-skilled and people with less than college
education (or blue collar workers) as relatively low-skilled therefore makes the mistake of
assuming a direct one-to-one association between the formal education which a person
received (or the ‘type’ of job a person has) and the actual skills that person possesses. 162
However, this gross simplification is largely a consequence of lack of data, even though
attempts to distinguish separate skills have been made in the literature.163 In addition, the
categories of low-skilled and high-skilled workers are homogeneous by assumption, even
though high-skilled workers may perform very different tasks, ranging from settling legal
disputes to designing high-energy particle accelerators, for example.164
As regards the demand-side of employment, technology implicitly defines the kinds of tasks
which need to be executed by various inputs to be able to generate final output. Technology
also defines how such tasks could be executed by various different inputs.165 In the
Canonical Model, however, a distinction between and skills is not made explicitly.
More recent extensions of the Canonical Model do, however, involve the execution of explicit
tasks which serve as the mechanism through which the supply of labour distinguished
according to type of skills is linked to the demand for labour resulting from the requirement
that specific tasks need to be executed by factors which are able to provide the required
services at some minimum quality level (cf. Acemoglu and Autor, 2011; Autor 2010, 2013).
Vallizadeh (2016) and van Zon et al. (1998) also use a similar idea to investigate how skillasymmetries in the technically feasible assignments of skills to jobs affect employment
opportunities and wages by skill. Such extensions do not only provide a better representation
of reality, but also allow us to make sense of the skill and wage-polarization – reported by
Autor (2010) – observed from the 1980s. This polarization may well find its roots in the
integration of ICT-equipment in production and management, allowing a drop in the cost of
communication and so enabling the further ‘Smithian’ division of labour through outsourcing
and offshoring (cf. Feenstra 2010; De Marchi, Giuliani and Rabellotti 2015; Gereffi 2015).

162

See note 1 for the references regarding the lack of a one-to-one correspondence between skills
and education or skills and jobs.
163
Cf. Autor (2010,2013), Acemoglu and Autor (2011), Howell and Wolff (1991), for example.
164
One would presume that being high-skilled is not sufficient to be proficient in both types of
activities.
165
This is a point made explicitly by Autor (2010,2013) and Autor and Acemoglu (2011) who allow
tasks to be performed by people with particular skills or by machines if these tasks are routine tasks.
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In practice there are a great many difficulties involved in matching the skills supplied by
individual people to the skills demanded (through job-tasks) by individual firms. The
traditional labour market matching literature (awarded the 2010 Nobel Prize in Economics to
Diamond, Mortensen and Pissarides) has focused on the existence of all kinds of marketimperfections (such as limited information, search costs). But one of the most important
aspects of becoming educated is that it takes years to do that and the skills acquired at the
end of the education-ride do not necessarily coincide with those that will be in high demand
around that time. This points to the importance of acquiring ‘meta-skills,’ i.e. generic skills
that will allow to acquire the skills that really matter for a jobs through training programs and
on-the-job learning (cf van Zon and Antonietti, 2016). This also points to the relevance of
public support in sharing the risks of becoming educated for those people who are
instrumental in furthering growth. The latter could generate benefits which could more than
outweigh the corresponding costs of such support and would allow a further sharing of these
net-benefits with the rest of society through ex post redistributive measures (cf. Harmon,
Oosterbeek and Walker, 2003).
From Matching Process to Matching outcomes
We mention this link here only for completeness sake, because the qualitative nature of the
outcomes of the matching process depends largely on institutional arrangements influencing
the type of adjustment (volume- versus price-adjustments, cf. minimum wages versus
completely flexible wages) and the speed of adjustment (e.g., unemployment benefits versus
no social protection). In this paper, we are more interested in what happens next.
From Matching outcomes to Demand for goods & services
In the Canonical Model an implication of factor augmenting technical change is that an
increase in the value of some ‘efficiency-index’ Ai will raise the marginal products of all
production factors and hence will lower unit production costs. Under (im)perfectly competitive
conditions, this drop in unit cost would be transferred (non)completely to consumers, who
would then have an incentive to change their demand in the direction of the now cheaper
good, but would also experience a rise in their real consumption budget. Both effects would
tend to increase the demand for the product and hence the demand for the factors of
production needed to produce the product. However, these adjustment processes take time,
and the initial drop in the demand for labour and the corresponding drop in equilibrium wages
also imply a drop in the real consumer budget for the workers. This could depress demand to
such an extent that technological unemployment arises. If the workers’ share in economywide consumption expenditures is high and the price-elasticity of demand is low, the classical
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compensation mechanisms (Say’s law, increased capital accumulation induced by the drop
in wages relative to the rental price of capital are not enough to offset the direct
unemployment effect (see Vivarelli, 2014, for an exposition of various compensation
mechanisms).

From Technology to Labour demand

While Figure 1 presented the effects on labour demand of a neutral change in technology, a
large part on the literature linking technology and employment by skill focusses on skillbiased technical change (SBTC) (see for example Acemoglu 1998, 2002a, 2002b, Acemoglu
and Autor 2011, Berman, Bound and Machin 1998, Card and Dinardo 2002, Murphy, Ridell
and Romer 1998). In the extension of the canonical model (equation 6 below), SBTC
coincides with a difference in the proportional rates at which Ah and Al change for high-skilled
and low-skilled workers. The growth rate of the high-skilled wage premium is given by:
1

1

𝐺(𝑃ℎ ) − 𝐺(𝑃𝑙 ) = (1 − 𝜎) . (𝐺(𝐴ℎ ) − 𝐺(𝐴𝑙 )) − 𝜎 . (𝐺(𝐻) − 𝐺(𝐿))

(6)

where H represents the level of supply of high-skilled workers and L that of low-skilled
workers. The indices h and l refer to high-and low-skilled workers respectively.166
The problem that the SBTC researchers address is the reconciliation of stylized facts 1-3, i.e.
the observation that in the US from the end of the 1970s there has been both a rise in the
wage premium of high-skilled workers (hence a positive value of the LHS of equation 6) and
a rise in the relative supply of high-skilled workers relative to low-skilled workers (hence a
1

negative contribution of the term − 𝜎 . (𝐺(𝐻) − 𝐺(𝐿)) to the RHS of equation 6). Hence to
make the RHS of (6) positive too, the term 𝐺(𝐴ℎ ) − 𝐺(𝐴𝑙 ) (i.e. the bias in the rate of skillaugmenting technical change) needs to be sufficiently positive. Estimates of (6) provide
strong empirical support for the existence of skill-biased technical change, in that the results
coming from such a parsimonious setting as (6) provide a good explanation of the correlation
between the observations on relative wage growth and the relative supply of low- and high
skilled labour.167
166

Note that equation (6) implies that for a neutral (i.e. no) bias in technical change, a rise in relative
supply coincides with a drop in relative wages.
167
Chennels and van Reenen (1999) find such support while using observable measures of
technology in combination with skills, wages and employment. Berman, Bound and Grilliches (1994)
find similarly strong effects of technology proxies. Autor, Katz and Krueger (1998) also find such
strong correlations, while Machin and van Reenen (1998) find such correlations for different countries
such as Denmark, France, Germany, Japan, Sweden and the UK.
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These explanations include the early 1970s in which in the US the relative supply of highskilled workers increased, but relative wages actually fell. Such a constellation of events is
still compatible with equation (6) as long as the bias in technical change is not too large.
Then, from the end of the 1970s, the relative wage of high-skilled workers started to rise
while the relative supply of these workers was still increasing. A hypothesis that makes
sense of these two sets of observations is that the skill bias in technical change must have
increased from the end of the 1970s onwards as compared to the early 1970s and before.

While such a change in the rate of skill-biased technical change can explain the observed
patterns in the growth of relative wages and relative supply by skill, the question is what
deeper cause(s) could be behind these changes in the rate of SBTC. Acemoglu (1998,
2002a, 2002b) emphasizes the notion of an induced skill bias in technical change, initiated
by the drop in relative high-skilled wages in the beginning of the 1970s which coincided with
the strong rise in the relative supply of high-skilled workers (for a given relatively low value of
the bias). This drop in relative wages favored the adoption of new technologies that are
relatively high-skilled intensive on the one hand, but it also promoted the creation of still
newer technologies since research activity is high-skilled intensive too (as emphasized in the
growth model by Romer, 1990, for example).

Alternative explanations for the coexistence of rising relative wages for high-skilled workers
and a rising relative supply of these workers have been brought forward in the form of
impulses coming from globalization. In accordance with the Heckscher-Ohlin model of
International Trade, relative factor endowments determine a country’s comparative
advantage relative to the rest of the world, and given that the US is relatively well endowed
with high-skilled labour, one would expect that more intensive trade-relations would lead to a
rise in relative wages of the high-skilled, as observed, and as implied by the StolperSamuelson theorem.168 The Heckscher-Ohlin model emphasizes the importance of factor
endowments for the size and nature of a country’s comparative advantage. Similarly, the
catching-up literature has emphasized the availability of a skilled workforce as one of the
main factors allowing for the successful adoption of new production technologies that allow

168

Still, the contribution of changing trade pattern to changes in relative wages compared to that of
SBTC is usually found to be less important than that of SBTC (cf. Bermand, Bound and
Grilliches,1994; Berman, Bound and Machin 1998; Autor, Katz and Krueger 1998).
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total factor productivity to grow over time (e.g., Abramowitz, 1986; Verspagen 1991;
Fagerberg and Godinho 2005). There is also ample empirical evidence for the positive
influence of skill-endowments on growth performance (cf. Barro 1991; Barro and Sala-iMartin 2004; Sianesi and van Reenen 2004), but the nature of these correlations between
growth and skill-endowments seems to depend on the level of development of the countries
concerned: the growth within OECD countries primarily being linked to endowments of
people with tertiary education, and that in developing countries more closely to endowments
of labour with primary and secondary education (Sianesi and van Reenen 2003).

Expanding upon the International Trade interpretation of the pattern in the development of
relative wages and relative labour supply and demand by skill, relatively new directions of
research in explaining international trade patterns directly involve the incorporation of the
specialization effects induced by differences in skill endowments and their consequences for
relative wages by skill. With the arrival of relatively cheap ways of communication (through
ICT) and managing information flows, as well as ongoing reductions in transportation costs,
productivity growth can further be realized through an ongoing division of production
activities (also enabled by standardization of components) between firms/countries rather
than between labour units within firms (as with ‘true’ labour division), i.e. by ‘slicing up’ the
value chain. Thus, outsourcing has become a vehicle that allows a further concentration of
productive efforts on those activities (as opposed to final goods) that truly reflect a country’s
comparative advantage, such as knowledge intensive activities (like research and
development, design) in countries relatively endowed with high-skilled labour like the US,
and low-skilled labour intensive activities in developing countries (cf Feenstra 2010; OECD
2013). This has the effect of driving up the relative wage of high-skilled workers in both the
developed world and the developing world because the activities that are low-skilled
intensive in the developed world are at the same time relatively high-skilled intensive in the
developing world. Increasingly, the international outsourcing of various production activities
takes place as a part of a wider portfolio of such outsourcing activities giving rise to the
notion of a Global Value Chain (cf. Feensta 2010; OECD 2013; De Marchi, Giuliani and
Rabellotti 2015; and Gereffi 2015, for example), where individual countries may become part
of a global chain of production activities that transforms raw materials, knowledge, labour
and physical capital into some high value end-product and where the activities needed to do
this are distributed over various countries in accordance with their comparative advantages
(or their lack of countervailing competitive power, Gereffi 2015) in certain production
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activities. Through this globalization of production, more of the international resources
become available to the world. Being part of such a Global Value Chain presents
opportunities to the participating developing countries to generate income but also to benefit
from knowledge spill-overs within the chain (cf. De Marchi, Giuliani and Rabellotti, 2015).
What is emphasized in the literature, however, is that the availability of particular skills is
necessary to be able to participate in the GVC.169 Nonetheless, the observation that the
availability of low-skilled workers is positively correlated with growth in developing countries
and that endowments of people with tertiary education are more strongly related to growth in
developed countries (cf. Sianesi and van Reenen, 2003) points to the danger of becoming
locked-in into the skill distributions associated with international specialization patterns and
the corresponding international income distributions too (cf. Gereffi, 2015).

From Labour supply by skill to Technology/Technological Change

While technology implicitly defines the combinations of skills that could be used to produce
output, the development of technology itself is dependent on the availability of particular skills
as well.170 In fact, since the Solow growth model (Solow, 1956), growth in output per capita
has been linked to growth in the efficiency of labour (and implemented as labour augmenting
technical change) in explaining the long term growth rate of output per capita. One of the
main weaknesses of this neo-classical growth model is that despite growth in technology
being of overriding importance, technology itself is a completely exogenous driving force.
With the advent of endogenous growth theory in the form of the seminal models by Lucas
(1988), Romer (1990) and Aghion and Howitt (1992), the role of high-skilled workers in
enabling growth became central in the theory. The role of high-skilled workers is either
through the development of skills/human capital (the central force in the Lucas model) or
through generating innovations (Romer and Aghion and Howitt) that allow productivity growth
through Smithian labour division amongst dedicated production technologies (the Love-ofVariety production setting by Romer), or through intrinsic quality improvements of new (shortlived) capital goods embodying new improved production methods (Aghion and Howitt). The
connection between economic growth and the availability of human capital (in the form of
169

See also Gereffi (2015). The broadening of the economic base from primary products to higher
value added products and the role of skills in creating quality employment and poverty reduction is
stressed in ILO (2016) as an important goal.
170
Sianesi and van Reenen (2003) find that the impact on economic growth is larger for engineers
than for lawyers, for example.
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high-skilled workers) has been established in many empirical studies (see, for example,
Barro, 1991; Barro and Sala-i-Martin 2004; Sianesi and van Reenen, 2003), even though the
scale-effect171 implied by Romer and Aghion and Howitt type of growth models is, according
to Sianesi and van Reenen (2003), too strong an implication of those models to find credible
empirical backing. Jones (1995) also made this point.

From Matching outcomes to Technology/Technological Change

One of the earliest papers on biased technical change is that by Charles Kennedy (1964)
who provided a framework that could explain why the bias in technological change would
tend to favour labour over capital.172 In Kennedy’s framework, the driving principle behind the
bias in factor augmenting technical change is the possibility of doing research to reduce
either labour costs or capital costs. Kennedy assumed that resources would be spent on
those activities that would generate the largest fall in unit production costs. This generates an
incentive to concentrate research efforts primarily on the reduction of wage costs, since
capital is a produced means of production, implying that a reduction in unit total costs
(whatever its cause) would tend to reduce the impact of capital costs on unit production costs
and so diminish the incentive to engage in research into capital augmenting technical
change. Generalizing this induced bias in technical change setting to more dimensions, it
follows that a positive trend in the relative wage rate of high-skilled workers provides an
incentive to engage in research activities that would lead to a rise in the rate of skill-biased
technical change. More recent models dealing with endogenous (skill-) biases in technical
change, such as those by Acemoglu (1998, 2002a, 2002b), for example, besides focusing on
the improvement of technologies which use relatively expensive production factors relatively
intensively (which is in line with the logic of the Kennedy, 1964 model), also covers the
potential market-size aspect for the technology concerned, which, contrary to Kennedy’s
approach generates a bias of technical change in the direction of developing technologies
which become relatively cheaper through the drops in the prices of the production factors
that are used relatively intensively by those technologies.

171

The scale-effect implies that growth in output per capita depends directly and linearly on the stock
of high-skilled workers in the economy. The Lucas model on the other hand implies that the growth in
output per capita depends directly on the growth rate of human capital per capita.
172
In neo-classical models of growth, labour augmenting technical change is the only type of technical
change that is consistent with a steady state that reproduces the Kaldorian stylised facts of growth.
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4.

A Short Assessment

Much of the SBTC literature has used the Canonical Model as the point of departure for the
modelling and measurement of the impact of technological change on employment and
income perspectives by skill. While the Canonical Model and its extensions seem to provide
statistically satisfactory explanations of the stylized facts regarding income- and employment
perspectives by skill, the model itself suffers from a number of shortcomings that arise almost
as a matter of principle in a neoclassical production function context with technical change,
such as instantaneous and complete reversibility of changes in factor proportions,
technological change affecting entire isoquants rather than single techniques, technological
change being dis-embodied instead of being (largely) embodied in physical investment
goods, ‘market imperfections’ in the form of inflexible prices, and so on. In addition to this, it
is often the case that the available data do not readily fit the format of the Canonical Model.
And still the results seem to be rather convincing, given the parsimoniousness of the
Canonical Model and its SBTC extensions. This does of course not imply that the policy
prescriptions provided by the Canonical Model, i.e. ‘pushing neo-classical pricing buttons’,
would be the only ones that could counter the undesirable inequality aspects of the stylized
facts mentioned above. Indeed, what the facts show is that there is a significant inequality in
income and employment perspectives by skill, and that this inequality does not seem to
vanish on its own, certainly not through the free operation of globalized market forces. 173
Rather, inequalities in the wage and skill distribution and hence in income positions and
income perspectives seem to be something to be reckoned with, in a Canonical Model
context, but most certainly in a (social) policy context too, for how far would relative lowskilled wages have to fall to have and maintain full-employment for the low-skilled ?

173

One could make the case that globalization (through factor price equalization) actually reduces
inequality (within skill-groups) at the global level.
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Annex 2: Questionnaire
QUESTIONNAIRE ON RESEARCH AND POLICY
STAKEHOLDERS IN THE SOUTH EAST EUROPE

SUPPORT

NEEDS

OF

INNOVATION

SmartEIZ is twining project funded by the Horizon 2020 with the aim to improve research excellence in
the area of innovation and technology analysis and to enhance its policy impact. Its principal focus is
research linked to smart specialization (S3) as the major policy activity in this area in the EU new
member states. The key feature of S3 is broad involvement of stakeholders in the process identifying a
limited number of S3 priority areas for knowledge-based investments, focusing on their strengths and
comparative advantages addressing country and region specific R&D and innovation challenges. It is
expected that the S3 approach will also impact candidate and neighbourhood countries which in that
way will improve their compatibility with the EU-wide policy approach. The aim of this questionnaire is
(a) to make a stock of the existing R&D and innovation policies and (b) to understand research and
policy support needs of innovation stakeholders in South East European countries (SEE).
Identification of these requirements will enable better programming of SmartEIZ activities regarding
training and research workshops and future research activities. By completing this questionnaire, you
will directly help better programming of these activities and to better integration of SEE in the EU
research in the area of R&D, innovation and growth and specifically in relation to S3 activities.
This questionnaire is divided into five sections and will require 15 minutes of your time:
Part A

Background

Part B

The assessment of the current Research and Innovation (R&I) policy

Part C

Strategic

Part D

Assessing Future Policy Support Needs

Part E

The Analysis of Research and Training Needs for Better R&I Policy

and

information

Operational

Fit

on

of

Measures

your

with

institution/unit

the

Local

Environment

For any further information or clarifications please contact Zoran Aralica (phone. +385-1-2362-218, email: zaralica@eizg.hr).
Would you like to receive summary results of the survey?

1

2

In case of questions for clarification, please specify the person in your organization which we may
contact:
Name: ____________________________________________________________________
Phone: ______________________

E-mail: ___________________________________
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PART A: BACKGROUND INFORMATION ON YOUR INSTITUTION /
UNIT
1. The Institution name:
________________________________________________________________________
2. Type of institution:
1

Public Agency………………

2
3
4
5

Private not-for-profit organization

6
7

3. Your position in the organization:
Head of the unit
Chief engineer
Senior administrator (analyst) / researcher
Junior administrator (analyst)

1
2
3
4

4. Please provide a brief overview of your organisation i.e. what is its role in the
innovation system and its functions.
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
5. In which way has your organisation been involved in the research and innovation
policy activities until now? (Select all answers that apply to your institution.)
Responsible for programmes design ……………………………

1
2
3
4
5

This project has received funding from the European Union’s Horizon 2020 Research and
Innovation programme under Grant Agreement No 692191.
159

GRANT AGREEMENT
NUMBER — 692191 — SmartEIZ

PART B: THE ASSESSMENT OF THE CURRENT RESEARCH &
INNOVATION POLICY
6. Evaluate the relative importance of the following policy objectives in your
country by giving them weights from 1 (not relevant) to 7 (very relevant).
Support for public R&D
Support for R&D and innovation in firms
Support for formation of new technology-based
firms (start-ups)
Support to commercialization of public research
Support of university (research institutes) links
with industry
Improve framework conditions (environment) for
innovation

1
1

2
2

3
3

4
4

5
5

6
6

7
7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

7. Please, indicate whether the existing policy instruments have major, some or
negligible impact on R&D and innovation activities
Assessment of impact of incentives and
instruments on R&D and innovation activities
1. Support for human resources for R&D such as
doctoral grants supports to researchers’ mobility,
etc.
2. Support to the development of national research
infrastructures
3. Support to specific organisations like Centres of
Excellence or Centres of Competences
4. Non-competitive institutional funding of R&D
organisations and universities (block grants)
5. Competitive funding of R&D (applied/industrial or
fundamental research)
6. R&D and innovation related tax incentives for
firms
7. Innovation vouchers
8. Support for venture and seed capital
9. Public procurement of innovative solutions and
products
10. Networks (clusters, cooperative R&D)
11. Cluster policies
12. Technology platforms and innovation networks
13. Incentives for links between science and industry
(including grants for collaborative R&D)

Negligible

Instrument
(measure)
not
available

Major

Some

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4
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14. Support for participation in H2020 programs
15. Support for participation in other EU funded
programs
16. Awareness raising activities aimed at promoting
innovation and entrepreneurship
17. E-society activities like the ICT skills development
of citizens, e-governance solutions
18. Support to Intellectual Property Rights (IPRs)
(promotion of IPR through open days,
exhibitions, information centres, etc.)

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

8. Please, from the above list rank below three most successful (effective) policy
instruments in your country (Insert the number of policy instrument.):
1. ____________

2. _____________

3. ___________

9. Please, list the importance of the following priority areas for R&D and innovation
spending in your country by giving them the weight (1 - not important; 7 - very
important).
ICT
Energy
Biosciences and Biotechnology
Environment
Food
Healthcare
Digital services
Advanced materials
Advanced manufacturing
Electronics, sensors, and photonics
Space
Defence
Financial services

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7
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PART C: STRATEGIC AND OPERATIONAL FIT OF MEASURES WITH THE
LOCAL ENVIRONMENT
10. Please, evaluate the major weaknesses of R&D and innovation policy instruments
in your country by giving weight to each of the following aspects (1 - not weakness; 7 very important weakness). If necessary, please, clarify mark in the line below.
Instruments are not relevant to the local environment
Poorly designed incentives (instruments)
Poor management (implementation)
A lacking evaluation and feedback
Limited funding
Other (specify) _____________________________
__________________________________________

1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

4
4
4
4
4

5
5
5
5
5

6
6
6
6
6

7
7
7
7
7

1

2

3

4

5

6

7

11. Assess the impact of R&D & Innovation policy by giving weight to each of the
following statements ranging from 1 - ‘not the case’; to 7 - ‘very true'.
Formal evaluations procedures do exist, and they are useful
Substantial evaluations do exist, and their results are
transparent and publicly available
Identification of R&I priorities is well organised public
consultation process involving a range of stakeholders
Governance structures for R&I policy are developed and
appropriate
Overall set of support measures is appropriate given financial
and political constraints
Measures and forms of support reflect well needs of business
sector
Measures and forms of support reflect well needs of scientific
sector

1 2 3 4 5 6 7
1 2 3 4 5 6 7
1 2 3 4 5 6 7
1 2 3 4 5 6 7
1 2 3 4 5 6 7
1 2 3 4 5 6 7
1 2 3 4 5 6 7

PART D: ASSESSING FUTURE POLICY SUPPORT NEEDS
12. Research & Innovation policy in your country would need support in some areas in
better understanding the situation or the design of policy support.
YES………………. 1 Continue to question 13.
NO…………..……. 2 Skip to question 15.
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13. If yes, please indicate the importance of following policy support areas (1 - not
important; 7 - very important).
Science – industry links
Clusters
Tax incentives for R&D
Evaluation of R&D programs
Evaluation of R&D organisations (e.g. Centres of
Excellence)
6. S&T foresight
7. Skills and technical change: policy issues (SMART
skills)
8. Assessing innovation policy
9. International (global/regional) value chains
10. Creative and cultural industries – contribution to
economic transformation
11. Social innovations (for example, innovative
community projects)
12. Other policy area: ___________________________

1.
2.
3.
4.
5.

__________________________________________

1
1
1
1

2
2
2
2

3
3
3
3

4
4
4
4

5
5
5
5

6
6
6
6

7
7
7
7

1 2

3 4 5 6 7

1 2

3 4 5 6 7

1 2

3 4 5 6 7

1 2
1 2

3 4 5 6 7
3 4 5 6 7

1 2

3 4 5 6 7

1 2

3 4 5 6 7

1 2

3 4 5 6 7

14. Please, select only three most important issues from question above. Rank those from 1
to 3, where 1 stands for the most important issue (Write only the number of policy support
area above.).

1. (The most important issue): __________
2. (Second most important issue): _______
3. (Third most important issue): _________

PART E: THE ANALYSIS OF RESEARCH AND TRAINING NEEDS FOR BETTER
R&I POLICY
15. Improving R&I policy in your country requires also improved understanding of the R&D,
innovation activities and their link to the economic environment, growth, and
internationalization of the economy.
YES………………. 1 



NO…………..……. 2 
16. If yes, please indicate the importance of following research areas regarding their
importance for improving R&I policy (1 - not important; 7- very important).

1. Technology, growth, and productivity
2. Firms, innovation, and productivity
3. Technology, employment, and skills

1
1
1

2 3 4 5
2 3 4 5
2 3 4 5

6 7
6 7
6 7
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1
4. FDI, trade, and technology
1
5. Science system and science collaboration
6. Entrepreneurship: macro and micro aspects
1

2 3 4 5
2 3 4 5

6 7
6 7

2 3 4 5

6 7

1

2 3 4 5

6 7

1

2 3 4 5

6 7

1

2 3 4 5

6 7

1

2 3 4 5

6 7

1

2 3 4 5

6 7

(Small and medium enterprises)
7. Innovation systems and ecosystems of
innovation: sectoral (industry) studies/industrial
dynamics and innovation
8. Innovation systems and ecosystems of
innovation: regional level
9. National innovation system
10. Political and economic interests and their impact
on innovation activities of firms (‘political economy
of technology accumulation’)
11. Other policy area: _________________________
________________________________________

17. Please, list only three most important issues from the question above. Rank those
from 1 to 3, where 1 stands for the most important issue (Write only the number of
research area above.).

1. (The most important issue): __________
2. (Second most important issue): _______
3. (Third most important issue): _________

18. Administrators and policy makers involved in design and implementation of
research and innovation policy measures and mechanisms have required knowledge
and capacity for such jobs.
YES……………………….…. 1 Skip to question 20. 
NO…………..………….……. 2 Continue to question 19.
PARTIALLY…………..……. 3 Continue to question 19.


19. If not or partial, please indicate the importance of following training areas which
you consider as priority (1 - not important; 7 - very important).
1.
2.
3.
4.
5.

Evaluation of science and innovation policies
S&T foresight methodology
Analysis of economic growth, R&D and innovation
S&T indicators
Analysing innovation systems: national, sectoral
and regional

1
1
1
1

2
2
2
2

3
3
3
3

1 2 3

4
4
4
4

5
5
5
5

6
6
6
6

7
7
7
7

4 5 6 7
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6. Clusters, networks and linkages in innovation
1
system

2 3

4 5 6 7

7. Methods for analysing value chains and innovation 1

2 3

4 5 6 7

9. Other policy area: __________________________
____________________________________________

1 2 3

4 5 6 7

10. Other policy area: __________________________
____________________________________________

1 2 3

4 5 6 7

20. Are you familiar with smart specialization approach for research and innovation
strategies?
YES……………………….…. 1 End of questionnaire. 
NO…………..………….……. 2 Continue to question 21.
PARTIALLY…………..……. 3 Continue to question 21.
21. Please indicate on which S3 topics you would like to learn more by giving them
weights from 1 (not relevant) to 7 (very relevant).



1. Learning about S3 strategy design
2. Learning how to conduct sound analysis for S3
3. How to increase stakeholder involvement in R&I
policy development
4. Setting up a right governance of R&I policy
5. Entrepreneurial discovery process of identifying S3
priorities
6. Effective implementation instruments and measures

1 2 3
1 2 3

4 5 6 7
4 5 6 7

1 2 3

4 5 6 7

1 2 3

4 5 6 7

1 2 3

4 5 6 7

1 2 3

4 5 6 7

7. Developing transnational collaboration projects

1 2 3

4 5 6 7

8. Evaluation and monitoring of R&I strategies

1 2 3

4 5 6 7

9. Other (specify) ________________________
____________________________________________

1 2 3

4 5 6 7

End of questionnaire. Many thanks.
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