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Abstract 

The concept of innovation ecosystems has recently gained increasing interest among 
researchers, practitioners and policy makers. This article uses a systematic literature review 
approach by drawing on studies that bring together the most recent knowledge on innovation 
ecosystem performance indicators. Based on the indicators identified in these studies, the paper 
builds an integrated framework for analyzing the performance of innovation ecosystems based 
on their inputs and outputs. The results of this study allow researchers to observe the actors, 
activities and products that support the development of the ecosystem, including human capital, 
research and development, institutions, infrastructure, the business environment, financial 
support, products and innovation linkages, employment, and production. 
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1 Introduction 

As nations have made significant progress in improving their macroeconomic and institutional 
frameworks, attention has shifted to other engines of productivity, with the emergence of 
technology and innovation as core elements of the overall development process. One of the 
drivers of increased prosperity and economic efficiency is the extent to which an economy can 
adopt existing technologies or develop new technologies to improve the productivity of its 
industries (see, e.g., Acs and Armington, 2004). 

The concept of an innovation ecosystem has been widely discussed in the fields of strategy, 
innovation, and entrepreneurship, as well as among researchers, with a rapidly growing literature 
(see, e.g., Gomes et al., 2018). Researchers have developed a series of definitions related to 
innovation ecosystems, but a common definition would be to consider them as a dynamic set of 
actors (firms, universities, inventors, etc.), activities and resources, evolving through institutions 
and relationships, that are important for the innovation performance of a region or country (see, 
e.g., Granstrand and Holgersson, 2020). 

This study explores some of the conceptual indicators used to measure the performance of 
innovation ecosystems. The aim of this review is to list the indicators most used in the literature 
on innovation ecosystems. Thus, the common framework does not suggest the construction of 
new indicators or the selection of ones; it describes the most widely used indicators. These 
indicators are based on high-quality statistics and sound, measurable analytical principles. 
However, this literature review considers that the choice of indicators, according to their use in the 
literature, may be influenced by the period of publication of the articles, or the scope 
(macroeconomic or microeconomic) of the articles. 

This literature review on innovation ecosystems was commissioned by Statistics Canada to 
address the findings of the science, technology and innovation (STI) Data Gaps Initiative and to 
respond to the data needs of stakeholders by developing a broader, integrated measurement 
framework for profiling and mapping innovation ecosystems in Canada (Statistics Canada, 2021). 

Governments have progressively sought to adopt the concept of innovation ecosystems as a tool 
for promoting national and regional competitiveness, innovation, and growth1. For example, the 
National Research Council (NRC) has also launched a few initiatives since the early 2000s to 
support the growth of innovative firms clustered around NRC research institutes in different 
regions of Canada. In 2017, the Canadian government considered actions related to its Global 
Innovation Clusters in the budget, which include accelerating innovation through the provision of 
$950 million over five years to support several business-led innovations in superclusters. 

These initiatives address the problem of Canada’s poor performance in turning its excellent 
research and technology into commercialized innovations (Beaudry and Solar-Pelletier, 2020). 
The shift to a digital economy in Canada since the COVID-19 pandemic has contributed to a surge 
in technology adoption through more dynamic, IT-intensive and entrepreneurial services.2 It is 
therefore important to measure the performance of an innovation ecosystem to assess the 
effectiveness of the implementation of these initiatives. The performance analysis must be 
conducted over a given period, so the evolution of the performance over time can be observed 
and investment expenditures to develop innovation ecosystems can be adjusted. It is also 
important to be able to compare innovation ecosystems to have a precise development strategy.  

  

 
1. In Canada, examples include the Innovation Systems Research Network study from 2000 to 2005 (Wolfe and 

Gertler, 2004); Canada’s Innovation Strategy in the early 2000s, which had a goal of developing at least 10 
internationally recognized technology clusters by 2010; the Regional Innovation Ecosystems program in 2018; and 
the Conference Board of Canada research on the Nordic European innovation ecosystem in 2022. 

2. Many businesses in Canada have more than doubled their innovation funding since 2019 (Silcoff et al., 2021). 
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The paper makes several contributions to the literature on innovation ecosystems. First, it shows 
how the literature measures the performance of innovation ecosystem indicators by identifying 
some relevant articles, which may be useful for researchers interested in identifying such 
measures. Second, the paper proposes a standardized and integrated framework that can be 
replicated in different contexts, especially in Canada. The common framework includes 8 
indicator categories and 38 variables. The framework broadly follows in the footsteps of the Oslo 
Manual, but it differs by considering the full complexity of an innovation ecosystem and by not 
limiting innovation solely to the business perspective (OECD and Eurostat, 2018). Third, the 
paper identifies several research opportunities based on the common innovation ecosystem 
performance measurement framework. 

The remainder of the paper is organized as follows. Section 2 refers to a detailed literature review 
of innovation ecosystem indicators. Section 3 presents the common innovation ecosystem 
performance measurement framework. Section 4 presents a discussion of the common 
framework (with a synthetic example), shares opportunities for further research and concludes 
the study. 

2 Review of innovation ecosystem indicators 

The concept of an innovation ecosystem is inspired by theories that study how individuals and 
organizations interact and collaborate formally and informally. The theoretical underpinnings of 
the concept cover industry clusters, as well as geographic, social and cognitive proximities, all of 
which have been shown to have a positive impact on a business’s propensity to innovate. A well-
functioning ecosystem is necessary to increase the effectiveness of entrepreneurial and innovative 
activities, create jobs, and set the conditions for economic prosperity (Teece, 2007). Therefore, it 
is important to maintain and expand the impact of the ecosystem, which requires mapping and 
creating metrics to quantify and identify performance gaps, and possibly correct potential 
blockages (Adner, 2006). 

2.1 Innovation input and output 

This review proposes a common framework, illustrated in Figure 1, which the reader can use to 
compare and analyze the different papers studied in the following sections. These papers have 
analyzed innovation ecosystems in clusters, superclusters, small and large regions, and countries. 
The figure allows readers to examine the evolution of the frameworks proposed in the literature on 
innovation indicators, as well as their common features and specificities. These frameworks are 
built with indicators using reliable statistics and rigorous analysis methods, so that they are 
measurable and comparable at different geographical scales and over time. Most of these 
indicators help stimulate policy debates and highlight new dynamics, and this is why they are mostly 
developed by researchers from government agencies. 

The literature on the performance of innovation ecosystems proposes indicators that can be 
adapted to an input–output structure. The input–output structure is based on the idea that the 
performance of an innovation ecosystem depends on its importance in terms of employment and 
production and is moderated by favourable conditions and significant investments. The inputs are 
the conditions that favour the creation of innovation, and outputs are the direct outcomes and 
indirect economic improvements that result from innovation. 
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Innovation inputs are divided into two groups. The first group includes enabling conditions, such 
as human capital, research and development (R&D), infrastructure, institutions, and innovation 
linkages. Human capital shapes the degree to which a country’s workforce can participate in 
innovative activities. Higher levels of human capital are associated with higher levels of innovation 
and faster technology diffusion (Heunks, 1998; Hadjimanolis, 2000; Barker and Mueller, 2002; 
Romijn and Albaladejo, 2002; Crescenzi, 2005; Arvanitis and Stucki, 2012). Sen (1999) describes 
education as a resource for more effective participation in the economic and political life of the 
nation. This can include improvements in education and training, which create a pool of skilled 
workers who can assimilate and improve imported technologies or adapt them to local conditions.  

The global economy has become more sophisticated, and it is now evident that to be competitive, 
it is essential to enhance the human capital endowments and research capabilities of the 
workforce, whose members must have access to new knowledge and be continuously trained in 
new processes and the use of the latest technologies. The issue of the integration of a country 
and its private sector into the global economy has also become increasingly important over the 
past decade, in particular in the discussion of interactions between R&D actors.  

In an increasingly interdependent regional and global economy, a more open focus on close 
linkages between foreign academics, entrepreneurs and innovators improves growth prospects 
through increased efficiency and productivity (Niosi and Bas, 2001; Santoro and Gopalakrishnan, 
2001; Feller et al., 2002; Busom and Fernández-Ribas, 2008; Eom and Lee, 2010; Soetanto and 

Innovation ecosystem 
framework

Inputs

Enabling 
conditions

Human capital 
and research

Infrastructure and 
institutions

Innovation 
linkages

Market conditions

Finance and 
support

Business 
dynamics

Outputs

Innovation 
impacts

Knowledge 
outputs

Economic impacts

Employment

Production

Figure 1  
Common innovation ecosystem framework

Source: Authors' calculations.
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Jack, 2011; Arvanitis and Stucki, 2012). Greater integration into the economy also serves as an 
important channel for absorbing technological advances, including those from abroad, such as 
improvements in management practices, and positive effects on human capital development. 

Porter (1990, 1998) provides useful information in his analysis of the role of education in bringing 
an economy’s productive system to full scale. He highlights the importance of close collaboration 
between educational institutions and potential employers, as universities and other institutions of 
higher learning are called upon to adapt to the changing needs of industry. An effective R&D 
system is therefore essential to transfer knowledge and develop innovations (see Jaffe, 1989; 
Audretsch and Feldman, 1996; Cohen et al., 2002; Keller, 2002; Bottazzi and Peri, 2002; Bode, 
2004; Döring and Schnellenbach, 2006; Woodward et al., 2006; Drucker and Goldstein, 2007; 
Kirchhoff et al., 2007). 

The stability of the institutional environment and the quality of infrastructure are seen as critical to 
private sector development. Good regulation of institutions generally means good public 
management and, inevitably, fewer wasted resources, the surplus of which could contribute more 
directly to improved productivity and growth. High-quality infrastructure, especially in machinery 
and equipment that integrates new technologies such as information and communications 
technology (ICT) assets, is essential to stimulate innovation and improve the skills of employees, 
thus contributing to the productivity and competitiveness of businesses (Porter, 1990, 1998; 
Arthurs et al., 2009). 

The second group of innovation inputs is market conditions, which include business dynamics, 
and finance and support. Firms develop and implement new processes that increase productivity 
and competitiveness by turning ideas and inventions into new goods and services that feed 
markets (Porter, 1990). This creates more high-value jobs and contributes to increased national 
wealth that can support public investments in education, health, infrastructure, and social 
programs. Innovation plays a key role in the competitiveness of businesses in the modern global 
economy. With the right knowledge and skills, entrepreneurs can better assimilate cutting-edge 
technologies and changing business practices, making them more likely to choose innovation-
based business strategies that boost their competitiveness. 

Firms benefit from a variety of research talent and financial support to design and create new 
knowledge, products, processes, and other innovation activities and to effectively use ICT to 
improve productivity. While the decision to pursue an innovation-based business strategy rests 
with firms, governments, and research organizations play an important role in supporting business 
innovation by providing financial resources, directly and indirectly. This support provides firms 
with an environment of reliable access to talent, knowledge, and capital to support idea 
development and commercialization activities (see Cheshire and Magrini, 2000; Salter and Martin, 
2001; Warda, 2001; Bilbao-Osorio and Rodriguez-Pose, 2004; Wolfe and Gertler, 2004; 
Rodríguez-Pose and Crescenzi, 2008). 

Innovation outputs are also divided into two groups. The first group is innovation impacts, which 
include knowledge outputs. Knowledge outputs are the observed effects of innovations. Some 
outputs, such as product innovations, can have a direct influence on markets, while other 
innovations, such as process innovations, improve the quality or marketing of services, thereby 
enhancing the visibility or reputation of these services (OECD and Eurostat, 2018). 

The second group of innovation outputs is economic impacts, which include employment and 
production. Firms’ investments in innovation are rewarded when they result in increased 
productivity, greater production capacity, wages, and employment, as well as increased export 
market share in R&D-intensive industries. Thus, firms that invest in innovation will be more 
profitable and contribute to the growth of the local economy. Innovation is widely regarded as a 
driver of productivity, which in turn is essential to higher wages, profitability for investors and 
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improved economic welfare in the long run (Bednarzik, 2000; Kolko, 2000; Acs and Armington, 
2004; Hecker, 2005; Cukier et al., 2016). 

In the next sections, the review presents studies on innovation ecosystem indicators that analyze 
their performance from the finest level (cluster) to the broadest level (country). See Appendix 
Table A.1 for an outline of these studies. 

2.2 Cluster innovation ecosystem 

Firms gain a competitive advantage not only from their own capabilities, but also from resources 
and capabilities located in the business environment geographically close to the firm. Some 
empirical research has shown that clustering can have significant positive effects on firm 
productivity, innovation, profitability, growth, and resilience (Beaudry and Breschi, 2003; Duranton 
and Puga, 2004; Boschma, 2005; Gordon and McCann, 2005; Martin et al., 2011; Combes and 
Gobillon, 2015; Delgado and Porter, 2017). An industrial cluster refers to a group of businesses 
and organizations in a sector that are geographically located together, are interconnected, share 
common elements and are complementary to each other (Porter, 1990). This definition of clusters 
sets the stage for the innovation ecosystem framework used in this analysis (Granstrand and 
Holgersson, 2020). 

The first framework analyzed is that of Arthurs et al. (2009), who propose a simple cluster 
framework consisting of 34 variables. They analyze the implications of this framework for the 
current state of eight NRC cluster initiatives by exploring some of the conceptual issues and 
methodological challenges encountered in the analysis of the NRC-supported clusters.3 The NRC 
has launched several initiatives to support the growth of innovative firms clustered around their 
research institutes in different regions of Canada. 

Much of the analytical and policy work on clusters has been based on a diverse set of quantitative 
measures operating at very different conceptual and spatial scales. The authors explain that STI 
statistics and derived indexes are inadequate in capturing the core structures and relationships 
that are critical to understanding the state and performance of a cluster. Indeed, these statistics 
do not reflect emerging technology areas, tacit knowledge, and market linkages. They are 
sometimes unavailable at the level of geographic disaggregation required for small clusters 
because of privacy restrictions. Consequently, their methodology for cluster analysis relies mainly 
on interviews and surveys of firms and innovators because they provide rich information on how 
individual clusters perform. 

Their framework is built on earlier work (Porter, 1990, 1998) and incorporates the findings of the 
Innovation Systems Research Network regarding clusters in the Canadian context (Wolfe and 
Gertler, 2004). Innovation inputs consider enabling conditions and investments by firms to develop 
their innovation capabilities. The authors consider the conditions of the cluster environment that 
influence its performance, such as access to skilled human capital; current infrastructure, 
including the quality of transportation; and regulations that shape the business climate. Firms’ 
investments include support from organizations (such as NRC and government policies), 
customers and competitors in the development of the innovation ecosystem (here the cluster). 
The authors also emphasize the importance of interactions within the cluster in terms of innovation 
activity and add an international dimension to this interaction.  

Regarding the output measures that characterize cluster performance, the authors measure 
cluster employment in terms of the number, size and structure of firms by adding spin-off firms. 
They consider the exports of firms and their growth in terms of production. They complete their 

 
3. The eight NRC cluster initiatives are fuel cells and hydrogen technologies, nanotechnology, functional foods and 

nutraceuticals, sustainable infrastructure, biomedical technologies,  photonics technologies, aluminum 
technologies, and nutrisciences and health. 
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framework with a measure of cluster dynamism in terms of direct innovation outputs and R&D 
spending.4 

One feature of this framework, compared with others, is that it views innovation ecosystems as a 
dynamically evolving system with life cycles that can be latent, developing, established or 
transformational. The needs and interactions of cluster actors differ according to the stage of 
development of the cluster, and cluster policies must evolve accordingly, according to the authors. 
Furthermore, compared with the present paper’s common framework, they do not consider the 
investments in R&D that are important to guarantee an efficient innovation capacity for the 
ecosystem. They also do not consider ICT assets as a useful infrastructure for innovation that can 
help companies and ecosystem actors generate ideas, be productive and create innovation. 
Although their set of indicators is relatively simple to understand, the indicators are based on 
opinions and generally do not generate quantitative results and are resource intensive. In 
addition, the authors do not explain precisely how to construct many of their variables, making 
replication difficult. 

The next framework analyzed is that of Beaudry and Solar-Pelletier (2020), which focuses on 
superclusters. Superclusters are much closer to the concept of innovation ecosystems because 
they are generally more technology oriented.  

Beyond the geographical proximity of interconnected businesses within a sector, the supercluster 
considers the density of a knowledge network of actors around a core technology and the ability 
to collaborate with customers, suppliers, and universities. The authors’ framework, from 
Innovation, Science and Economic Development Canada, focuses on disruptive technologies 
such as big data analytics, artificial intelligence, advanced materials, additive manufacturing and 
blockchain. This interest is also driven by the Canadian government’s Global Innovation Clusters 
program to resolve Canada’s innovation paradox, which highlights the difficulty of translating 
scientific and technological performance into effective solutions and commercial success. 
Supercluster partners will be able to help strengthen regional innovation ecosystems, improve the 
growth and competitiveness of participating businesses, and maximize economic benefits 
(including well-paying jobs and prosperity for Canada) through the adoption of new and potentially 
disruptive technologies within innovation ecosystems (ISED, 2024).  

Thus, according to the authors, Canada’s innovation policy framework must be rethought to adapt 
to new ways of organizing and governing innovation. Their proposed framework consists of 15 
variables. This framework includes only two innovation inputs, namely the firm’s R&D 
expenditures, to measure the firm’s commitment to innovation. However, it includes several 
measures of innovation output because the aim of the study was to focus on direct measures of 
innovation to compare different superclusters. The authors measure the innovation inputs by the 
number of collaborative projects or professional actors working together on the same project, 
between private, academic, and public organizations. They also measure business investment in 
R&D. The authors propose measuring innovation outputs by the capacity of firms to produce 
effective innovation linkages and by their ability to build the best teams and mobilize the right set 
of resources to foster innovation. Second, they consider a measure of knowledge output as the 
number of new products or processes. 

Furthermore, the authors include the measures of employment and production of their innovation 
ecosystem in their framework. On the one hand, they look at how the ecosystem grows in terms 
of jobs and firms created, and high-growth firms that contribute to more than 50% of new jobs and 
sales in given sectors. On the other hand, they measure the output of the ecosystem by its ability 
to create wealth and increase economic growth and competitiveness through a rise in exports, 
productivity, and gross domestic product (GDP). 

 
4. R&D spending is placed in the finance and support category to make the common framework between the studies 

more consistent. 
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As mentioned above, the conditions for innovation are not developed in this framework compared 
with the present study’s common framework. The authors are limited to the sole investment of 
firms in R&D, which is not sufficient to understand the environment necessary for the creation of 
innovation in ecosystems. The authors recognize that this framework does not consider the human 
capital devoted to R&D or to tasks related to commercialization, and the mobility of the labour force 
in the innovation process. They also recognize the difficulties of their indicators in measuring the 
successful adoption of technologies that is likely to occur through informal relationships and the 
sharing of tacit knowledge.  

2.3 Regional innovation ecosystems 

The indicators in the previous frameworks are measured either at the firm level, to assess the 
performance of firms within clusters relative to more isolated firms, or at the cluster level, to 
examine the overall performance of the organizations that form a cluster. However, it is beneficial 
for both levels to be examined together to assess the extent to which their agreement is beneficial 
to the business and its environment. This is what the regional ecosystem framework allows, by 
promoting coherent and effective coordination of innovation that can take place at the subnational 
level (e.g., provincial, regional or city level). Thus, it enables an alternative structure of linkages 
and relationships beyond geographically bounded clusters. 

Cukier et al. (2016) are mapping the innovation ecosystem in eastern Ontario to better understand 
the breadth of innovation services that can help build a competitive advantage to attract 
businesses and investors and help stimulate the business environment. Their framework, called 
the Innovation Ecosystem Scorecard, is built on an exhaustive document review, a 
comprehensive data analysis and discussions with key stakeholders to develop a better overall 
understanding of the ecosystem’s drivers, with a particular focus on the dynamics of innovation 
in small communities.5 Since the authors are interested in innovation ecosystems in small regions, 
they do not look at the innovation linkages and the support and funding provided in these regions, 
which are generally lower, on average. They focus more on providing a wider range of indicators 
that can describe more important aspects of human capital, economic dynamics, productivity, and 
employment, and economic well-being than previous frameworks. 

They build their framework on an analysis inspired by the U.S. Economic Development 
Administration’s framework based on business and economic development data, including job 
supply and demand (U.S. Economic Development Administration, 2010). This approach has 
allowed them to develop an inventory of key players and intermediaries in the ecosystem, 
including investors, large employers, incubators, business service providers and government 
agencies. They also use an assessment of innovation models and methods such as the Global 
Entrepreneurship Monitor to understand the conditions that support entrepreneurship and 
innovation performance, such as the availability of financing, government policies and programs, 
education, R&D transfer, business and physical infrastructure, and cultural and social norms. 
Finally, the authors supplement their study with consultations with key stakeholders to understand 
the components of the ecosystem and their assessment of current programs and needs. 

They developed a framework consisting of 22 variables. This framework proposes a diverse set 
of variables whose purpose is to measure the inputs and outputs of innovation. Among the most 
extensive categories are (1) human capital, which examines the characteristics of the regional 
population and workforce (high educational attainment, young adults, and innovation-related 
occupations and jobs); (2) economic dynamics, which addresses local business conditions (size 
of existing establishments and churn of establishments); and (3) employment and output, which 

 
5. For the authors, studying small communities is especially interesting, because, even in these areas where the level 

of inputs may be lower, it is still possible to improve performance by being more strategic, better connected, more 
efficient or more creative in the use of resources. 
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assesses economic growth, regional attractiveness and economic well-being (high-tech 
employment, population and wealth growth, worker and owner earnings, etc.).  

However, compared with the present study’s common framework, this framework does not 
develop (or develops very few) indicators measuring research assets within human capital or ICT 
assets within the infrastructure supporting innovation activities. Neither does it develop direct 
measures of innovation, or the resources and funds available to entrepreneurs and firms to 
innovate. 

The framework used by Cukier and co-authors, from the U.S. Economic Development 
Administration, has been updated with a more extensive version. This version is presented by 
Slaper et al. (2016), from the Indiana Business Research Center, who propose a set of almost 70 
variables that can help regional leaders reach a strong consensus on regional strategic direction 
in the United States. The choice of variables was based on a broad coverage of the empirical and 
theoretical literature. Since it is a more regional definition of the term “innovation ecosystem,” it 
encompasses a larger dimension of the network concept, with innovation sites, incubators, 
university–business research partnerships, investment capital networks and relevant workforce 
development programs. 

The proposed indicators are more comprehensive in each of the subcategories. The framework 
the authors propose also uses categories based on innovation inputs and outputs to measure 
innovation capacity and production potential. The inputs include human capital and knowledge 
creation, which indicates the extent to which a region’s population can engage in innovative 
activities. They also include business dynamics, which are composed of a measure of firm 
dynamics that assesses the competitiveness of a region by tracking the entry and exit of individual 
firms, and a measure of firm profile that assesses local business conditions and the resources 
available to entrepreneurs and firms. 

Outputs are divided into two categories: the employment and productivity index that describes 
economic growth, regional attractiveness or direct outcomes of innovative activity, and the 
economic well-being index that explores living standards and other economic outcomes. 
Compared with Cukier et al. (2016), the authors add a measure of local business conditions and 
resources available to entrepreneurs and firms. In addition, they add a state context and social 
capital index. The former identifies the financial support and useful business dynamics that help 
understand the innovative environment. The l identifies the regional advantages of collaborative 
networks that underpin a community’s ability to address its challenges. These two additions 
remain optional, because the theory behind them is still under development and the data are not 
available at fine spatial scales, especially the social capital data. Therefore, in the paper, only the 
first set of state context variables has been included. 

The variables measuring the current level of human capital, investment in innovation, and the 
performance of innovation activity in terms of employment and output are more varied and 
consider more aspects than the previous framework. However, compared with the present study’s 
common framework, the authors do not consider innovation linkages; however, they briefly 
discuss them in the social capital index. 

2.4 Country innovation ecosystem performance 

This section analyzes proposed frameworks on the performance of innovation ecosystems at the 
country level. It places greater emphasis on the role played by governments, the infrastructure 
and institutional framework, and international cooperation to improve local innovation production. 
These studies therefore support investments to create globally competitive scale and capacity 
in key areas of strength and opportunity, as well as a seamless integration of organizations, 
activities, and funding mechanisms across the innovation ecosystem. 
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Cannon et al. (2015) propose an analytical framework from the Science, Technology and 
Innovation Council that examines 28 indicators measuring the performance of innovation 
ecosystems in Canada. They present an innovation ecosystem framework in which the 
government plays a central role. The framework proposes greater government investment with 
innovation support programs designed to encourage collaboration across the innovation 
ecosystem. Governments play an important role in supporting and encouraging business 
innovation. They should therefore routinely provide more direct support to high-risk, high-reward 
business R&D, especially in industries of economic importance to Canada. Higher education 
institutions should also leverage government programs to increase their research and innovation 
capacity. 

Thus, the authors emphasize human capital, research and business resources, and innovation 
support and finance as important inputs for innovation. They place a strong emphasis on R&D 
expenditures by business enterprises that are most closely linked to product and process 
innovation. Increased investment in R&D must be accompanied by increased investment in other 
knowledge assets, including talent in the business, engineering, science, and health sectors. 

The authors measure the performance of innovation ecosystems on innovation output in large 
businesses and in high-growth small and medium-sized enterprises (SMEs) with the potential to 
become major players. They recommend increasing the number of large innovative firms to 
improve future competitiveness and employment growth, because large firms are often more 
productive and tend to invest and export more than small firms. 

However, their framework has little regard for ICT assets in infrastructure and institutions and 
accounts very little for ICT assets and the business dynamics needed to develop coherent and 
effective innovation capital. Moreover, with the focus on the inputs of innovation, the outputs of 
innovation are not well developed, especially with respect to the linkages between innovations 
and the effect on employment. 

In their framework, similar to the present study’s common framework, Hollanders and Es-Sadki 
(2021) focus on the conditions that capture the key drivers of innovation performance in 27 
European countries and distinguish between human resources, attractive research systems and 
infrastructure through digitization. They also focus on investments, which capture investments in 
the public and business sectors, distinguishing between funding and support, business 
investments, and the use of IT. 

This paper follows in the footsteps of the Oslo Manual, which mainly considers innovation from 
the firm’s point of view (OECD and Eurostat, 2018). Although firms play an important role in 
innovation, universities, non-governmental organizations, not-for-profit organizations, 
autonomous researchers, and others are also known to contribute to the performance of an 
innovation ecosystem. The common framework reflects this complex picture. 

Innovation outcomes are measured by innovation activities that capture different aspects of 
innovation in the business sector and distinguish between innovators. They also include impacts 
that capture the effects of firms’ innovation activities and distinguish between impacts on 
employment and impacts on output, such as sales and environmental sustainability. Using this set 
of variables, the authors classify the innovation performance of European countries as innovation 
leaders, strong innovators, moderate innovators, and emerging innovators. 

In addition to these variables, a contextual analysis of the impact of structural differences between 
countries was assessed. To better understand the differences in performance between the 
innovation indicators used in the main measurement framework, a set of contextual indicators was 
added. These contextual indicators measure differences in the performance and structure of the 
economy, business activities and entrepreneurship, the introduction of innovation, the institutional 
and legal environment, climate change performance, and demographics. These variables were 
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added to the authors’ framework, including those that allow for international comparison, bringing 
the number of variables to 51. This provides the authors with a framework whose variables are 
distributed in a balanced way between the different categories of innovation inputs and outputs, 
allowing them to consider a varied set of key concepts related to innovation ecosystems. 

The Organisation for Economic Co-operation and Development (OECD) (2017) has also 
proposed a framework similar to the present study’s common framework, with the aim of helping 
governments of OECD and other countries (60 countries in total) to design more effective science, 
innovation and industry policies in a rapidly changing digital age. The selected indicators were 
developed to rely on high-quality statistics and robust analytical principles and be measurable 
internationally, over time, and with room for improvement. This framework focuses on the impact 
of knowledge and digital transformation in developed country economies in the context of today’s 
rapidly changing digital technology landscape. It proposes a set of over 80 indicators to measure 
the performance of innovation ecosystems. This set of indicators is derived from previous work 
by academics, the OECD, Eurostat and the World Bank. 

Within innovation inputs, this study focuses on human capital through knowledge, talent and skills 
and examines the knowledge assets that many businesses and governments see as current and 
future sources of long-term sustainable growth. The authors also develop indicators measuring 
research excellence and collaboration to help inform the policy debate through a series of metrics 
on the variety and nature of knowledge dissemination mechanisms in the digital age. In addition, 
they consider business innovation by exploring the dynamism of the business sector and the 
framework conditions essential for innovation. 

Unlike other frameworks, this one adds leadership and competitiveness by including indicators 
measuring how countries seek to develop their competitive strengths and the extent to which 
economies can integrate and specialize along global value chains. This framework, however, is 
not sufficiently balanced in terms of variables in the categories of innovation inputs and outputs, 
compared with the previous one. The study places a strong emphasis on innovation-enabling 
investments, especially in ICT assets, and completely omits tangible infrastructure and 
innovation-enabling institutions, especially for a national study. 

López-Claros and Mata (2010) developed a set of 61 variables that allowed them to construct 
the Innovation Capacity Index to assess how successful countries have been in developing an 
innovation-friendly climate capacity. The authors combine indicators used by various international 

organizations, including the European Commission’s Joint Research Centre, the International 
Monetary Fund, the OECD, the United Nations and the World Bank. This informs policy makers 

and entrepreneurs around the world (131 countries) about the wide range of country-specific 
factors that underpin innovation. 

Like the previous frameworks, the authors’ framework presents indicators that can be categorized 
into inputs and outputs of innovation. The authors present the factors that are essential to creating 
an environment conducive to innovation and the types of initiatives that will contribute in some 
way to boosting productivity and, hence, economic growth. 

In terms of innovation inputs, the authors emphasize the institutional environment that favours 
innovation, notably through good governance, a good country policy assessment, and a regulatory 
and legal framework that favours entrepreneurship. In addition, they note the importance of a good 
level of human capital, training, and social inclusion. Well-developed human capital resources 
increase the potential for innovation, which in turn increases a country’s ability to innovate and 
achieve sustained productivity growth. Finally, the authors stress the importance of adopting and 
using ICT and investing in R&D. Regarding the outputs of innovation, the emphasis is only on 
direct measures of innovation and knowledge products, such as patents and trademarks. 
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This framework is very well informed in terms of infrastructure variables and institutions. However, 
compared with the present study’s common framework, it lacks measures of the entrepreneurial 
conditions that guarantee a good innovation capability. In addition, the authors omit measures of 
employment and innovation linkages from their framework. Also, some underlying factors (e.g., 
budget deficit, education spending and R&D intensity) are difficult to measure, requiring surveys 
to capture perceptions of firms or civil society.  

The World Intellectual Property Organization (WIPO) (2021) provides a framework, similar to the 
present study’s common framework, based on new data and analysis on the state of global 
innovation. This framework allows readers and policy makers to compare the performance of the 
innovation ecosystems of over 132 economies. 

As such, the framework is designed to provide the most comprehensive picture of innovation 
possible, with the index comprising approximately 80 indicators, including measures of each 
economy’s policy environment, education, infrastructure, and knowledge creation. It has the 
advantage of being supported by empirical studies examining the choice of indicators as inputs 
and outputs of innovation. This is notably the case of Araujo Reis et al. (2021), who examine the 
relationship between innovation input and output with the Global Innovation Index. They show that 
innovation input has a significant and positive effect on innovation outputs in countries. 

The WIPO framework’s translation of an economy’s investments in innovation—in the form of 
R&D, education, infrastructure, and strong institutions supporting innovative activities—into 
innovation outcomes is no small task. This study develops an effective innovation system that 
balances knowledge creation, exploration, and investment (the inputs of innovation) with the 
generation of ideas and technologies for application, exploitation and impact (the outputs of 
innovation). 

The WIPO study is unique in that it was developed and presented during the COVID-19 pandemic, 
which was a trigger for innovation in economies, including the manufacture and implementation 
of vaccines, teleworking, and online services. According to the authors of this study, the key 
indicators that have been most affected by the pandemic are science, global innovation products, 
scientific publications, R&D expenditures, international patent filings and venture capital (VC) 
operations. 

3 Innovation ecosystem performance measurement 
framework 

This section returns in more detail to the composition of the common framework proposed in Figure 
1. The different studies examined above, which cover fine units such as clusters to very large units 
such as countries, allow more than 400 indicators of innovation performance measures to be 
gathered, divided between innovation inputs and outputs. 

After similar indicators were combined by removing duplicates and overlaps, the indicators were 
ranked according to bibliometric impact importance. The nine studies presented above, as well as 
the sources used in these studies, are considered to justify the choice of indicators. The sources 
employed to validate the use of an indicator are empirical or theoretical studies that have clearly 
demonstrated that an indicator has an effect on innovation (innovation input) or that an indicator 
is affected by innovation (innovation output). The most relevant sources, cited at least 100 times 
in the literature, are retained.6 The more a journal article is cited, the more it can be said to 
have influenced subsequent scientific research. This leaves 153 papers. 

 
6. Two tools are used for citation counts: Google Scholar and Scopus. 
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The indicators are then classified based on those 153 papers, from the least used to the most 
used. Indicators with fewer than 5 citations are weakly used, indicators with 5 to 10 citations are 
moderately used, and indicators with more than 10 citations are strongly used. The range of four 
items is the standard deviation and the mean of the distribution of the number of items per 
indicator. The minimum number of articles cited per indicator is 1, and the maximum number of 
articles cited per indicator is 20, for a total of 97 indicators listed. From the set of 97 indicators, 
12 are heavily used, 26 are moderately used and 59 are lightly used in the literature. In the 
proposed common framework, only medium- and high-use indicators are included to reflect their 
role in the literature. However, on request, users can access an appendix containing all the 
indicators investigated in the literature in this study, to view low-use indicators and adapt them to 
the context of their analysis. This leaves 38 variables, as illustrated below. 
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Common innovation ecosystem indicators 

Inputs 

Enabling conditions 

Human capital and research 

 Education expenditures 
 International students 
 Knowledge programs 
 Researchers and technicians in R&D 
 Scientific and technical articles 
 Tertiary education † 
 University-based knowledge spillovers † 
 Young adult population 

Infrastructure and institutions 

 Broadband connections † 
 Doing business index 
 ICT investment 
 Local availability of capital † 
 Logistics performance 

Innovation linkages 

 Business–university collaboration 
 Business local collaboration 
 Business international collaboration 

Market conditions 

Business dynamics 

 Business expenditures on R&D † 
 Business incubators † 
 Establishment size 

 High-tech industry employment † 
 Industry concentration 
 Institutionally based start-ups † 
 International workers 
 Proprietorship rate † 

Finance and support 

 Academic expenditures on R&D † 
 Foreign direct investment 
 Government expenditures on R&D † 
 Gross expenditures on R&D † 
 Venture capital investment † 

Outputs 

Innovation impacts 

Knowledge outputs 

 Patent applications † 
 Product and process innovations 
 Designs, copyrights and trademarks 

Economic impacts 

Employment 

 Change in establishment births † 
 Establishment churn 
 Job growth to population growth ratio 

Production 

 Exports in high-tech industries† 
 Gross domestic product growth 
 Proprietor income to wages and salaries 

 

† refers to highly used indicators 

Notes: The rest of the indicators are moderately used in the literature. R&D = research and development; 
ICT = information and communications technology. 

Source: Authors' calculations. 
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The fact that the majority of indicators are weakly replicated by other studies may indicate that they 
either are newly used or reflect contextual objectives of researchers. For example, some recent 
studies consider new indicators, such as those related to the effect of innovation on environmental 
performance. Furthermore, the availability of a variable does not mean that a particular indicator is 
robust. Some variables will be more widely used because they are more widely available, 
introducing potential bias in the results of the analysis. 

To understand the bias, two alternative classifications are proposed. The first classification 
includes only recent papers, from the last 10 years, reducing the number of papers analyzed from 
153 to 25. Indicators with fewer than three citations are weakly used, indicators with three to five 
citations are moderately used and indicators with more than five citations are strongly used. The 
interval of two between classes is the standard deviation of the distribution of the number of 
papers per indicator (the mean is three). The minimum number of articles cited per indicator is 1, 
and the maximum number of articles cited per indicator is 8, for a total of 81 indicators listed. 

The number of moderately or heavily used indicators has dropped from 38 to 32. This new 
ranking, as presented in Appendix B, does not change the innovation outputs in relation to the 
common framework. However, it does change the innovation inputs, especially the indicators 
measuring the quality of infrastructure and institutions, which go from five to two. The indicators 
of market conditions also decrease. The measures of business incubators, start-ups and public 
spending on R&D disappear. In sum, considering only recent studies restricts the number of 
indicators without adding indicators different from the common framework. The common 
classification is not biased by older articles. 

The second classification considers the fact that macro variables are generally easier to obtain 
than micro analyses, and this could result in a higher number of macro studies. This would result 
in more macro variables, which are less suitable for an analysis of ecosystem performance at the 
regional level. Therefore, a bibliometric analysis was conducted using only the microanalysis of the 
innovation ecosystem to see whether the list of indicators selected would be different. 

The new classification reduces the number of papers analyzed from 153 to 142. Indicators with 
fewer than five citations are weakly used, indicators with four to eight citations are moderately 
used and indicators with more than eight citations are strongly used. The interval of three between 
classes is the standard deviation of the distribution of the number of papers per indicator (the 
mean is four). The minimum number of articles cited per indicator is 1, and the maximum number 
of articles cited per indicator is 16, for a total of 56 indicators listed. 

The number of moderately or heavily used indicators has dropped from 38 to 30, as presented in 
Appendix C. A definite bias toward macroeconomic indicators is seen. Although there are only 11 
macroeconomic studies, these construct 42% of the total indicators listed, 24% of the moderately 
or heavily used indicators. In particular, the enabling conditions variables decrease significantly 
from 16 to 8. The rest of the indicators remain more or less the same, and this classification adds 
a new one, the measure of establishment churn, which becomes an average indicator used in the 
literature. 

The following points briefly discuss how to measure the indicators, especially in the Canadian 
context. For all the indicators described here, data sources for measuring them are available upon 
request from Statistics Canada at the national, provincial and sometimes municipal levels. 

3.1 Human capital and research 

Education expenditures: Spending on education is a good indicator of the priority and level of 
commitment a region places on education and human capital development, which have positive 
implications for innovation. Education provides the basic and advanced knowledge and skills that 
help individuals pursue and succeed in higher education, research and employment in innovation-
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related fields (see López-Claros and Mata, 2010; Cannon et al., 2015; Slaper et al., 2016; OECD, 
2017; WIPO, 2021). To better represent innovation, education spending can be restricted to 
specific areas such as tertiary education or science, technology, engineering and mathematics 
(STEM) programs. 

International students: International students reflect the importance of academic diversity as an 
active channel for the dissemination of knowledge (see Cannon et al., 2015; Slaper et al., 2016; 
OECD, 2017; Hollanders and Es-Sadki, 2021; WIPO, 2021). International students can be 
measured as the number of students from foreign countries. This number may contain 
international PhD students in particular. Not all international students stay—they may choose to 
return to their home country after graduation. Therefore, it may be better to count the number of 
postgraduation work permit applicants who stay and work in Canada after graduation. 

Knowledge programs: These programs indicate the quality of learning outcomes and creative 
thinking of human capital (see López-Claros and Mata, 2010; Cannon et al., 2015; OECD, 2017; 
Hollanders and Es-Sadki, 2021; WIPO, 2021). This indicator can be measured as the Programme 
for International Student Assessment scales in reading, mathematics and science or Programme for 
the International Assessment of Adult Competencies scales in numeracy, literacy and problem solving 
of the 15-year-old population or workers. However, this indicator is more suitable for a country 
innovation ecosystem. 

Researchers and technicians in R&D: Researchers and other R&D personnel are an essential 
input to the performance of R&D. Researchers are professionals involved in the design or creation 
of new knowledge in business, government, higher education and private non-profit organizations. 
They conduct research and improve or develop ideas, models, techniques, tools, software or 
operating methods. The number of researchers can be weighted by population (see Porter, 1990, 
1998; Wolfe and Gertler, 2004; Arthurs et al., 2009; López-Claros and Mata, 2010; Cannon et al., 
2015; OECD, 2017; WIPO, 2021). 

Scientific and technical articles: Publications are a measure of the effectiveness of the research 
system, as collaboration increases scientific productivity (see Cannon et al., 2015; Slaper et al., 
2016; OECD, 2017; Hollanders and Es-Sadki, 2021; WIPO, 2021). This indicator can be 
measured as the number of scientific publications with at least one foreign-based co-author. It 
can be measured as the number of scientific and technical journal articles per million people 
indexed in the journal database, published in the following fields: physics, biology, chemistry, 
mathematics, clinical medicine, biomedical research, engineering and technology, and earth and 
space sciences. 

Tertiary education: Government policy makers are especially interested in the supply of 
scientists, engineers and ICT experts because of their direct involvement in technical activities 
and the ongoing digital transformation (see Heunks, 1998; Hadjimanolis, 2000; Barker and 
Mueller, 2002; Romijn and Albaladejo, 2002; Wolfe and Gertler, 2004; Crescenzi, 2005; Arthurs 
et al., 2009; Atkinson and Mayo, 2010; López-Claros and Mata, 2010; Arvanitis and Stucki, 2012; 
Cannon et al., 2015; Cukier et al., 2016; Slaper et al., 2016; OECD, 2017; Hollanders and Es-
Sadki, 2021). STEM graduates are often employed in management positions. Tertiary education 
can be measured as university graduates, especially from STEM programs. 

University-based knowledge spillovers: This measure estimates how scientific knowledge 
spreads from universities to neighbouring regions. Since universities are less competitive and 
profit-driven than industries, their knowledge should spread more widely between institutions and 
regions. This indicator could also predict the level of patenting in a region. University knowledge 
spillovers are measured by the distance between the university and the chosen region, or by the 
number of universities in cities (see Audretsch and Feldman, 1996; Anselin et al., 1997; Breschi 
and Lissoni, 2001; Salter and Martin, 2001; Cohen et al., 2002; Keller, 2002; Bode, 2004; 
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Woodward et al., 2006; Drucker and Goldstein, 2007; Simonen and McCann, 2008; Casper, 2013; 
Slaper et al., 2016; WIPO, 2021). 

Young adult population: The young population is guaranteed to include university students and 
working professionals, who are the most likely to engage in innovative activities. These individuals 
are also more likely to be less risk averse and more entrepreneurial. Moreover, the growth in the 
younger population suggests that new residents are likely to enhance the innovative and 
entrepreneurial aspects of the core community (see Slaper et al., 2011; Cannon et al., 2015; 
Cukier et al., 2016; Slaper et al., 2016; Hollanders and Es-Sadki, 2021). 

3.2 Infrastructure and institutions 

Broadband connections: Broadband supplies high-speed Internet connections to businesses 
and consumers. Several studies suggest that broadband capacity has a significant positive effect 
on economic performance (see Crandall et al., 2007; López-Claros and Mata, 2010; Lehr et al., 
2006; Cukier et al., 2016; Slaper et al., 2016; OECD, 2017; Hollanders and Es-Sadki, 2021). 
Access to high-speed Internet allows businesses and individuals to collaborate from virtually any 
location. Broadband connections can be measured by the number of residential broadband 
connections per 1,000 households. 

Doing business index: This index reflects businesses’ perceptions of the ease of starting a 
business in their region (see Porter, 1990; Arthurs et al., 2009; López-Claros and Mata, 2010; 
Hollanders and Es-Sadki, 2021; WIPO, 2021). This index would be based on the simple average 
of the scores for each of three indicators, such as all the procedures officially required, or 
commonly undertaken in practice, for an entrepreneur to formally start and operate an industrial or 
commercial enterprise, as well as the time and cost to complete these procedures. 

ICT investment: ICT skills are highly relevant for innovation in an increasingly digital economy 
(see Arthurs et al., 2009; López-Claros and Mata, 2010; Grundke et al., 2017; OECD, 2017; 
Hollanders and Es-Sadki, 2021; WIPO, 2021). The share of investment in ICT is an indicator of 
the overall development of employee skills. It can be measured in monetary terms as external IT 
spending (technology products purchased) and internal IT spending (custom software and 
training), as well as spending on telecommunications and other office equipment (as a percentage 
of GDP). It can also be measured in numbers by the number of ICT specialist employees. 

Local availability of capital: Local availability of capital indicates the ability of local banks to 
lend to businesses. Areas with a higher concentration of local bank deposits are more likely to have 
higher rates of entrepreneurship, innovation, new business creation and overall economic success 
in a region (see Porter, 1990; Wolfe and Gertler, 2004; Benfratello et al., 2008; Arthurs et al., 2009; 
Kerr and Nanda, 2009; Ayyagari et al., 2011; Slaper et al., 2016; WIPO, 2021). Local availability 
can be measured by the share of local deposits at all banks in the region, which serves as a 
predictor of local lending, or total capital expenditures. 

Logistics performance: Logistics performance can be measured as an index assessing the 
perception of businesses and residents on the quality of trade and transport infrastructure and 
the competence and quality of logistics services (see Porter, 1990, 1998; Arthurs et al., 2009; 
López-Claros and Mata, 2010; Hollanders and Es-Sadki, 2021; WIPO, 2021). 

3.3 Innovation linkages 

Business–university collaboration: Innovation collaboration is a platform for disseminating 
knowledge and accelerating innovation development (see Porter, 1998; Arthurs et al., 2009; 
OECD, 2017; Beaudry and Solar-Pelletier, 2020; WIPO, 2021). Academic collaboration involves 
the active participation of universities and businesses. This indicator can be constructed from a 
survey question to businesses on the extent to which they collaborate with universities in R&D. It 
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can also be measured by the number of research publications co-authored by universities and 
private businesses. 

Business local collaboration: Local collaboration involves the active participation of businesses 
with other businesses and institutions, excluding academic organizations (see Porter, 1998; 
Sorenson and Fleming, 2004; Singh, 2005; Sorenson et al., 2006; Fleming et al., 2006; Arthurs 
et al., 2009; OECD, 2017; Beaudry and Solar-Pelletier, 2020; Hollanders and Es-Sadki, 2021). 
This indicator can be constructed from a survey question about the number of firms (usually 
innovative SMEs) that had cooperation agreements on innovation activities with other firms or 
institutions during the recent survey period. It can also be measured by the number of research 
publications co-authored by private or public-private firms. 

Business international collaboration: International innovation collaboration refers to active 
cross-border participation in innovation collaboration (see Arthurs et al., 2009; OECD, 2017; 
Beaudry and Solar-Pelletier, 2020; WIPO, 2021). This indicator can be constructed from a survey 
question asked to businesses about the extent to which they collaborate with foreign businesses 
or institutions. It can also be measured by the number (or share) of co-inventions (or co-
publications) in patent families with inventors located in at least two different countries. 

3.4 Business dynamics 

Business expenditures on R&D: Business R&D spending reflects the participation of 
businesses in the creation of new knowledge, which leads to greater economic growth in the 
region through higher patenting and productivity levels (see Audretsch and Feldman, 1996; Cohen 
et al., 2002; Keller, 2002; Bottazzi and Peri, 2002; Bilbao-Osorio and Rodriguez-Pose, 2004; 
Gulbrandsen and Smeby, 2005; Cannon et al., 2015; Slaper et al., 2016; Beaudry and Solar-
Pelletier, 2020; OECD, 2017; Hollanders and Es-Sadki, 2021; WIPO, 2021). Business 
expenditures on R&D can be expressed as the share of total business R&D expenditure in GDP. 

Business incubators: Incubators provide services to new businesses in the area and help them 
to survive and succeed, by transferring a flow of knowledge that increases their capacity for 
production and innovation (see Mian, 1996; Etzkowitz, 2002, 2003; Chan and Lau, 2005; Grimaldi 
and Grandi, 2005; Hansson et al., 2005; Löfsten and Lindelöf, 2005; Markman et al., 2005; Aerts 
et al., 2007; Slaper et al., 2016; Hollanders and Es-Sadki, 2021). This measure can be calculated 
by the proportion of business incubators in a region. 

Establishment size: Small firms are highly adaptable and can easily change their processes to 
incorporate new ideas or technologies (see Acs and Audretsch, 1988, 1990; Porter, 1990; Arthurs 
et al., 2009; Cukier et al., 2016; Slaper et al., 2016; OECD, 2017). Large firms would contribute 
positively to innovation through the increased availability of funds for R&D (see Acs and Audretsch, 
1988; Porter, 1990; Hicks and Hegde, 2005; Arthurs et al., 2009; Cukier et al., 2016; Slaper et al., 
2016). Large and small establishments can be measured as the number of establishments with 
fewer than 50 employees (small firms) or more than 500 employees (large firms) per 10,000 
workers. However, there may not be many differences between regions in terms of small 
businesses per employee. It may be relevant to consider the percentage of employees in small 
versus large businesses, which varies more from region to region. 

High-tech industry employment: Innovative areas contain businesses that require a highly 
skilled and specialized workforce. Employees in high tech provide services to consumers directly, 
such as telecommunications, and provide raw materials to innovative businesses in all sectors of 
the economy (see Audretsch and Feldman, 1996; Klepper, 1996; Kolko, 2000; Feser, 2003; 
Florida, 2003; Wolfe and Gertler, 2004; Koo, 2005; Arthurs et al., 2009; Belussi and Sedita, 2009; 
Tödtling et al., 2009; Neffke et al., 2011; Neumark et al., 2011; Cannon et al., 2015; Cukier et al., 
2016; Slaper et al., 2016; OECD, 2017; WIPO, 2021). This is knowledge-intensive service 
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employment, represented by the sum of those in managerial, professional and technical positions 
as a percentage of the total people employed. 

Industry concentration: The concentration measure can help determine the extent to which a 
country’s industrial system is competitive or uncompetitive in different industrial subsectors. Some 
studies show that the market structure significantly influences the production of innovations. This 
market structure can be competitive or poorly diversified and concentrated (see Porter, 1998, 
2000; Stuart and Sorenson, 2003; Wolfe and Gertler, 2004; Feldman et al., 2005; Arthurs et al., 
2009; Glaeser and Kerr, 2009; Delgado et al., 2010, 2014; Slaper et al., 2016; OECD, 2017; WIPO, 
2021). This measure of concentration can be measured in different ways. It can be measured by 
the Herfindahl-Hirschman Index for the national industry, defined as the sum of the squared shares 
of the subsectors, usually in total manufacturing output. It can also be measured by key indicators 
such as the number of competitors, the relative size of competitors (larger or smaller than the 
respondent firm or multinationals), or qualitative measures of the intensity of competition in the 
firm’s market. 

Institutionally based start-ups: Start-ups are actively involved in licensing technologies 
produced by universities and other research institutes to create new and improved goods and 
services. Technology transfer is an inherently innovative activity, representing the transformation 
of new knowledge into economic, or marketable, knowledge. A high rate of institutionally based 
start-ups means more concentrated innovation activity (see Porter, 1990; Almeida and Kogut, 1997; 
Thurik and Wennekers, 1999; Carree and Thurik, 2003; Audretsch and Keilbach, 2004; Acs and 
Plummer, 2005; Audretsch and Lehmann, 2005; Slaper et al., 2016; OECD, 2017). Institutional 
start-ups can be measured by the number of entities that universities and other non-profit 
research institutions have formed. 

International workers: International workers can raise the level of human capital and foster 
technological progress. They can increase consumption, living standards and incomes in the long 
run. Their presence, in particular that of international STEM workers, is correlated with high rates 
of entrepreneurship and innovation (see Wadhwa et al., 2008; Hart and Acs, 2011; Kerr, 2013; 
Langdon et al., 2013; Slaper et al., 2016). International workers can be measured as the number 
of inbound migrant workers relative to the working-age population, particularly in STEM 
occupations. STEM workers are better positioned to use existing innovations and create new 
ones. 

Proprietorship rate: High proprietorship rates are associated with greater employment growth and 
entrepreneurial activity conducive to innovation (see Thurik and Wennekers, 1999; Audretsch and 
Thurik, 2001; Thurik et al., 2008; Romero and Martínez-Román, 2012; Acs et al., 2013; Slaper et 
al., 2016). The proprietorship rate can be measured as the number of proprietors relative to the total 
number of employed people. It can also be measured by the proportion of self-employment in the 
region. 

3.5 Finance and support 

Academic expenditures on R&D: R&D within universities is a good predictor of the level of 
patenting. It predicts knowledge transfer to the private sector and subsequent innovation (see 
Audretsch and Feldman, 1996; Cheshire and Magrini, 2000; Cohen et al., 2002; Keller, 2002; 
Bottazzi and Peri, 2002; Bilbao-Osorio and Rodriguez-Pose, 2004; Bode, 2004; Woodward et al., 
2006; Bercovitz and Feldman, 2007; Drucker and Goldstein, 2007; Cannon et al., 2015; Slaper et 
al., 2016; OECD, 2017). It can be measured as the total expenditure on education (current 
expenditure, capital expenditure and transfers) as a percentage of GDP. 

Foreign direct investment: Foreign direct investment increases competition and gives rise to 
positive externalities and technology spillovers, thereby increasing dynamic efficiency (see 
Sjöholm, 1999; Branstetter, 2006; Blalock and Gertler, 2008; López-Claros and Mata, 2010; Slaper 
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et al., 2016; Hollanders and Es-Sadki, 2021; WIPO, 2021). This indicator helps determine the 
extent to which foreign or domestic firms invest in the region relative to others, improves 
knowledge and technology transfer, describes the openness of a region’s economy and 
community, and provides insights into a firm’s ability to improve productivity. Foreign direct 
investment can be measured as the average over recent years of net inflows characterized by the 
sum of equity, reinvested earnings, other long-term capital, and short-term capital as reported in 
the balance of payments. It can be expressed as a share of GDP or can also be divided by the 
working-age population. 

Government expenditures on R&D: Government support for R&D has been found to lead to an 
increase in the number of patents. There is a significant relationship between industry funding 
and the quality and quantity of university research. R&D funding leads to greater knowledge 
creation and more opportunities for innovation (see Audretsch and Feldman, 1996; Salter and 
Martin, 2001; Cohen et al., 2002; Keller, 2002; Bottazzi and Peri, 2002; Bilbao-Osorio and 
Rodriguez-Pose, 2004; Rodríguez-Pose and Crescenzi, 2008; Slaper et al., 2016; Hollanders and 
Es-Sadki, 2021). Public funding of R&D includes direct funding through instruments such as 
grants and public contracts and indirect support through the tax system. It is therefore the sum of 
government tax support for R&D spending and direct funding of business R&D spending, which 
can be expressed as a percentage of GDP. 

Gross expenditures on R&D: R&D spending is often used to forecast innovation and economic 
growth, and recent indexes have included R&D spending as a measure of innovation. R&D 
expenditures predict patenting and productivity levels and also have a positive effect on the 
creation of new businesses and other measures of innovation and economic development (see 
Audretsch and Feldman, 1996; Salter and Martin, 2001; Cohen et al., 2002; Keller, 2002; Bottazzi 
and Peri, 2002; Bilbao-Osorio and Rodriguez-Pose, 2004; Rodríguez-Pose and Crescenzi, 2008; 
Arthurs et al., 2009; López-Claros and Mata, 2010; Cannon et al., 2015; Slaper et al., 2016; OECD, 
2017; WIPO, 2021). Gross expenditures on R&D represent the total amount of funds spent on 
R&D activities across all sectors (business, higher education, federal and provincial or territorial 
governments, private non-profit organizations, and foreign organizations). 

VC investment: VC funds are used to bring new ideas to market, bring new technology to market 
or develop innovative businesses (see Kortum and Lerner, 2000; Engel and Keilbach, 2007; Mann 
and Sager, 2007; Hirukawa and Ueda, 2011; Rin et al., 2013; Cannon et al., 2015; Cukier et al., 
2016; Slaper et al., 2016; OECD, 2017; Hollanders and Es-Sadki, 2021; WIPO, 2021). Higher VC 
activity is associated with higher levels of innovation, as measured by patents and total factor 
productivity growth. VC investment can be measured in dollars as the private capital raised for 
investment in businesses, which includes seed capital (seed plus start-up) and expansion and 
replacement capital. It can also be measured by the total number of VC deals. VC can be expressed 
as a percentage of GDP and averaged over three years. 

3.6 Knowledge outputs 

Patent applications: The number of patents is an established measure of regional innovation, 
as it predicts subsequent patent filings and the birth of new industries (see Jaffe, 1989; Jaffe et 
al., 1993; Hall et al., 2001; Agrawal and Henderson, 2002; Bottazzi and Peri, 2002; Bilbao-Osorio 
and Rodriguez-Pose, 2004; Corrado et al., 2009; López-Claros and Mata, 2010; Cannon et al., 
2015; Cukier et al., 2016; Slaper et al., 2016; OECD, 2017; Hollanders and Es-Sadki, 2021; WIPO, 
2021). Patent-related knowledge is shared across networks and spreads to neighbouring regions. 
This indicator can be measured as the number of patent applications filed by residents. 

Product and process innovations: This is the direct measure of innovations. Product innovation 
is the creation and introduction of a new good or service to the market or an improved version of 
a previous product (see Wolfe and Gertler, 2004; Arthurs et al., 2009; Corrado et al., 2009; Cannon 
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et al., 2015; OECD, 2017; Beaudry and Solar-Pelletier, 2020; Hollanders and Es-Sadki, 2021). 
Process innovation is the introduction of a new or improved method of production or delivery. 

Designs, copyrights and trademarks: Trademarks, copyrights and designs are an important 
indicator of innovation, especially for the service sector, because their establishment ensures 
consistent product quality, productivity growth and competitiveness, which is essential for 
innovation growth (see Corrado et al., 2009; López-Claros and Mata, 2010; OECD, 2017; 
Hollanders and Es-Sadki, 2021; WIPO, 2021). This indicator can be measured as the number of 
individual trademarks, copyrights and designs filed. 

3.7 Employment 

Change in establishment births: New businesses stimulate and enhance competition among 
firms, which increases productivity and economic growth over the long term. Start-ups also play a 
key role in bringing about innovations, which often change the game, open new markets, and 
disrupt the status quo (see Fritsch, 2008; Neumark et al., 2011; Hyatt and Spletzer, 2013; Criscuolo 
et al., 2014; Decker et al., 2014; Foster et al., 2016; Slaper et al., 2016; OECD, 2017; WIPO, 2021). 
This indicator can be measured as the number of newly registered establishments per 1,000 
working-age people or the average of the number of new establishments less than 1 year old 
divided by the total number of active establishments. 

Establishment churn: Technology and knowledge requirements that have changed, or even 
been eliminated, offer the opportunity to create new industries, processes, and jobs. Labour 
turnover is an indicator of the improved employment tenure of labour force workers. Workers are 
moving into more desirable and better-paying jobs. Similarly, labour turnover, whether measured 
by the creation of new businesses or the increase in the workforce of existing businesses, is an 
indicator of positive economic change in the region (see Criscuolo et al., 2014; Decker et al., 2014; 
Hathaway and Litan, 2014; Cukier et al., 2016; OECD, 2017; Slaper et al., 2016). Establishment 
turnover can be measured as the ratio of establishments that increase employment (with or without 
adding entries) to firms that reduce employment (with or without adding exits). 

Job growth to population growth ratio: Employment growth is often used to measure economic 
growth and as an output of innovation. High employment growth relative to population growth 
indicates that jobs are being created faster than people are moving into an area. The ratio 
measures whether employment is growing faster or slower than the general population, indicating 
good innovation activity, as a firm’s performance is strongly correlated with its ability to innovate 
(see Dowrick and Nguyen, 1989; Acs and Armington, 2004; Boarnet, 2005; Cukier et al., 2016; 
Slaper et al., 2016; OECD, 2017; Beaudry and Solar-Pelletier, 2020). 

3.8 Production 

Exports in high-tech industries: Exports in high-tech industries measure technological 
competitiveness as the ability to commercialize the results of R&D and innovation in international 
markets. High-tech products are key drivers of economic growth, productivity, and welfare, and 
they are typically a source of high-value-added, well-paying jobs (see Porter, 1990, 1998; Wolfe 
and Gertler, 2004; Arthurs et al., 2009; Cannon et al., 2015; Slaper et al., 2016; OECD, 2017; 
Beaudry and Solar-Pelletier, 2020; Hollanders and Es-Sadki, 2021; WIPO, 2021). Typically, these 
are companies in management, scientific and technical consulting services; scientific R&D 
services; chemicals; basic pharmaceuticals; weapons and ammunition; computer, electronic and 
optical products; electrical equipment, machinery and equipment; motor vehicles; trailers and 
semi-trailers; other transportation equipment, excluding shipbuilding, air- and spacecraft and 
related machinery; or medical and dental instruments. High-tech exports can be expressed as a 
percentage of total trade. 
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GDP growth: GDP can be a measure of economic performance, because it includes labour 
compensation and returns to capital. Innovative products or processes are undertaken because 
they would increase wages or profits (see Slaper et al., 2011; Cukier et al., 2016; Slaper et al., 
2016; Beaudry and Solar-Pelletier, 2020; Hollanders and Es-Sadki, 2021; WIPO, 2021). Since 
not all companies that contribute to GDP growth are innovative or active in innovation, GDP 
growth of high-tech companies can be considered instead. However, GDP may give a misleading 
reading for Canada in recent years, given population growth. GDP per hour worked (i.e., labour 
productivity) or other measures of productivity (e.g., multifactor or total factor productivity growth) 
could therefore be considered instead. 

Proprietor income to wages and salaries: This measure examines the success of 
entrepreneurial activity by comparing owner income to total employee wages and salaries. A high 
ratio suggests the presence of profitable entrepreneurial activity, which may also indicate a more 
dynamic and innovative economy. The data on wage earnings and owner income are based on 
the location of the work. This allows for a stronger relationship between innovation activities and 
innovation rewards based on where the innovation activities took place (see Low et al., 2005; 
Wong et al., 2005; Hessels et al., 2008; Koellinger, 2008; Goetz and Rupasingha, 2009; Minniti 
and Lévesque, 2010; Slaper et al., 2016; OECD, 2017). Proprietor income to wages and salaries 
can be measured as the ratio of owner income to total wages and salaries. 

4 Discussion and conclusion 

4.1 Methodology of the innovation framework 

According to the OECD’s Handbook on Constructing Composite Indicators: Methodology and 
User Guide, the two main criteria for assessing composite indicators are ease of interpretation 
and the transparency of the methodology used. The selected indicators meet these criteria 
because they are widely used in the literature and at the international level, as well as on the 
methodological basis of simple popularity criteria. The common framework for analyzing the 
performance of innovation ecosystems is based on the use of factual data. Only 5 of 38 indicators 
(doing business, logistics performance and the three collaboration indicators) are based on 
indexes built on the perceptions of businesses or civil society. The framework is composed of 26 
innovation input indicators and 12 innovation output indicators. It allows innovation ecosystems to 
be analyzed based on a variety of indicators, measuring different dimensions of innovation. 

The literature review refers to indicators used to measure the performance of innovation 
ecosystems. These indicators can be used to construct a composite index to compare the evolution 
of a city’s innovation ecosystem over time or to compare two cities. A composite index can be 
created from all the indicators by using a simple or weighted average (based on their medium or 
high ranking) of the indicator scores. 

Following the methodology of the European Innovation Scoreboard (see Hollanders and Es-
Sadki, 2021) is proposed. It allows a simple and efficient construction of innovation indexes 
comparable in time and space. This methodology uses a scoring system to build a composite 
index. For each indicator, a base year is identified based on the availability of data from the 
observed sample. 

Missing data are then treated by replacing, for example, missing values with those from the 
previous or next available year. Then, outliers are identified and replaced by the respective 
maximum and minimum values observed over the entire period of the observed sample. This 
methodology also transforms the data if they are highly skewed. Some indicators will be 
expressed as percentages, while others will have values that are not limited to an upper threshold. 
If these values are very volatile and asymmetric, they can be replaced by the square root of the 
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indicator value. At this stage, it is possible to identify, for each indicator, the maximum score (the 
highest value of the sample over the whole observed period) and the minimum score (the lowest 
value of the sample over the whole observed period). 

The values of the indicators are finally rescaled for each period to have them from 0 to 100. To 
do this, a formula is applied: (value−minimum(maximum)) × 100. Finally, for each observed 
period, a composite synthetic innovation index can be computed as the unweighted average of 
the rescaled scores for all indicators, where all indicators receive the same weighting (1/38 if data 
are available for all 38 indicators of the common framework). The European methodology 
proposes expressing performance scores relative to those of the European Union, which would 
be equivalent to expressing, for example, the composite index of Canadian cities relative to that 
of Canada. 

4.2 Ecosystem performance analysis 

Table 1 presents the indicators for two regions, A and B. The indicator values were randomly 
generated between the minimum and maximum values observed for each indicator at the 
provincial level in Canada from 2016 to 2018. They were generated for 50 regions to construct a 
good sample of regions. Only two regions are presented for illustrative purposes. The scores 
generated are at the indicator group and subgroup level. The value column gives the observed 
value of the indicator. The score column gives the score generated following the methodology 
presented above. 

In the example presented, region B (58) has better overall innovation performance than region A 
(49). The framework allows the performance of these two ecosystems to be analyzed in more 
detail. Region A performs better in terms of innovation inputs than region B (54 versus 47), 
mainly because of better investment in the financial environment, as well as in the human and 
research capital of the ecosystem. By contrast, region B performs significantly better in all areas 
of innovation inputs than region A (68 versus 44), translating into better overall performance in 
terms of innovation. Another feature that this framework highlights is that region A’s better 
performance in terms of investment in innovation inputs does not translate well in terms of 
innovation outputs. This represents the major challenge for Canada in transforming its innovation 
investments into knowledge products. Given that these values were generated randomly, no 
further interpretive analysis can be done, but the common framework would allow researchers to 
assess, for example, which innovation input investment profile best translates into good innovation 
creation or existing innovation development. 

The framework allows for an analysis of important categorical indexes for the inputs and outputs 
of innovation. This framework does not indicate how the volume of inputs affects the quantity of 
outputs. The OECD recommends using indicators cautiously, with the objective of providing 
complementary information to already established analyses on innovation ecosystems. Thus, this 
framework should be combined with empirical and theoretical analysis, including informed 
judgments and common sense. 
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Indicators

value score value score

Innovation index … 48.9 … 57.9

1. Inputs … 53.8 … 47.4

Human capital and research … 47.0 … 22.8

Education expenditures (% GDP) 0.9 4.7 1.3 21.0

International students (% total students) 18.8 56.9 12.3 9.7

Knowledge programs (% population) 15.1 65.6 2.5 0.1

Researchers and technicians in R&D (% employment) 33.9 97.4 4.0 2.5

Scientific and technical articles (per capita) 1,469.0 21.6 966.0 8.2

Tertiary education (% population) 28.1 34.1 19.6 17.6

University-based knowledge spillovers (total universities) 29.0 58.3 28.0 56.3

Young adult population (% population) 5.8 37.3 6.3 66.7

Infrastructure and institutions … 45.5 … 53.9

Broadband connections (% firms) 48.8 83.2 30.8 18.9

Doing business index (international score) 79.5 61.6 92.0 90.0

ICT investment (% firms with ICT training) 18.6 44.2 34.6 100.0

Local availability of capital (bank deposits to GDP) 85.4 20.6 97.3 37.2

Logistics performance (resource productivity $/kg) 1.5 17.7 1.8 23.3

Innovation linkages … 57.3 … 45.2

Business–university collaboration (co-papers per capita) 553.0 50.1 495.0 42.8

Business local collaboration (% firms) 18.4 34.8 35.7 81.3

Business international collaboration (co-papers per capita) 3,862.0 86.9 1,014.0 11.4

Business dynamics … 64.0 … 64.5

Business expenditures on R&D (% GDP) 3.4 77.1 2.8 62.4

Business incubators (total firms) 23.0 43.6 23.0 43.6

Establishment size (SME % employment) 93.4 82.9 79.7 46.3

High-tech industry employment (% total employment) 13.4 33.5 33.1 99.7

Industry concentration (HHI measure) 56.2 97.9 14.5 23.7

Institutionally based start-ups (total academic spin-offs) 44.0 87.8 23.0 44.9

International workers (% employment) 14.0 43.9 28.5 95.2

Proprietorship rate (% self-employment) 13.4 45.2 19.6 100.0

Finance and support … 54.9 … 54.5

Academic expenditures on R&D (% GDP) 1.3 81.0 1.4 87.1

Foreign direct investment (% GDP) 5.3 78.2 3.5 50.8

Government expenditures on R&D (% GDP) 0.2 53.6 0.4 94.8

Gross expenditures on R&D (% GDP) 1.6 49.7 1.0 3.7

Venture capital investment  (% GDP) 5.5 11.9 15.0 36.1

2. Outputs … 43.9 … 68.3

Knowledge outputs … 41.5 … 54.7

Patents applications (per billion GDP) 2.0 22.2 1.0 11.1

Product and process innovations (per billion GDP) 11.0 2.3 53.0 100.0

Designs, copyrights and trademarks (per billion GDP) 36.0 100.0 21.0 53.1

Employment … 63.4 … 94.8

Change in establishment births (growth rate) 9.8 92.9 10.0 100.0

Establishment churn (turnover rate) 3.0 0.0 22.0 100.0

Job growth to population growth ratio 6.4 97.2 5.2 84.3

Production … 26.7 … 55.3

Exports in high-tech industries (% total exports) 11.2 16.2 64.0 95.2

Gross domestic product growth 4.3 49.1 1.6 20.4

Proprietor income to wages and salaries 0.7 14.8 0.8 50.5

… not applicable

Source: Authors' calculations.

Notes: GDP = gross domestic product; R&D = research and development; ICT = information and communications technology; SME = small and medium-sized 

enterprise; HHI = Herfindahl-Hirschman Index.

Table 1

Example of innovation ecosystem framework
Region A Region B 
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However, the selected indicators allow regions to be ranked according to their innovation input 
and output performance. Spatial and temporal analysis can be performed on specific or 
combined dimensions of ecosystem performance. Through the common framework, readers, and 
users—especially in the public domain—will be able to see, very quickly, the dimensions 
measured in innovation ecosystems. As a source of information, therefore, this framework can 
assist in the development of various policies. It can be useful for quantifying and defining numerical 
targets and benchmarks. For example, a comparative analysis between regions with numerical 
indicators that are easy to understand can be used to motivate behaviour change, because one 
can compare oneself to others. The United Nations Development Programme’s Human 
Development Index classifications have inspired development practitioners to approach economic 
development in a broader dimension, involving composite indicators. 

The analytical framework can also help develop common goals in public debate. Indexes and 
associated rankings are useful tools for focusing public attention on a particular set of policy issues. 
When supported by detailed data, they can provide valuable information about underlying strengths 
and weaknesses, which can then serve as a catalyst for further policy debate and efforts to 
improve specific areas of expertise. 

In conclusion, this study covers the literature on performance indicators for innovation ecosystems 
at different scales of analysis. The selected indicators are easily computable, provided that the data 
are available. They are also regionally and internationally comparable, thanks to the methodology 
used to select them. 

More than 400 indicators have been explored and combined into just over 100, classified 
according to their occurrence in the literature. The study provides a useful framework for 
assessment, which will be made more effective by a greater emphasis on improving the weakly 
developed dimensions of innovation. It is an interesting and comprehensive tool for policy makers, 
researchers, the private sector, and innovation actors. However, although this ranking lists the 
indicators most widely used in the literature, it does not include lesser-used indicators that reflect 
new trends and dynamics in local economies. To visualize low-use indicators and adapt them to 
the context of their analysis, readers can request access to the appendix containing all the 
indicators in the literature examined by this study.  
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Appendix A 

 

Appendix Table A.1

Main papers on innovation ecosystem indicators

Na tional  Res earch Counci l  

Index
34 Ca na da

Cluster 

analys i s

Arthurs  et a l ., 

2009

They mea sure through clusters  the success  of individua l  companies  and i ts  

modera tion by cluster fa ctors , supporting orga nizations , customers  and 

competi tors . They focus  on s ectoral  l inkages .

Innova tion, Science and 

Economic Development Ca nada
15 Ca na da

Supercluster 

analys i s

Bea udry and 

Solar-Pel letier, 

2020

Superclusters  are a  fra mework for identi fying the fa ctors  tha t faci l i tate the 

emergence and succes s  of innovation ecosystems . They focus  on technologica l  

l inkages .

Innova tion Ecosys tem Scorecard 22 Ca na da
Regiona l  

analys i s
Cukier et a l ., 2016

They ass ess  the innovation ecosystem of a  region a nd define i t as  a  dense 

network of s ta keholders , processes  and orga nizations  in an enabl ing 

envi ronment. They focus  on sma l l  communities .

Indiana Bus iness  Resea rch 

Center, Innovation Index 2.0
65

United 

Sta tes

Regiona l  

analys i s

Slaper et a l ., 

2016

They mea sure and provide a  comparison of the innova tion ca pa city and the 

production potentia l  of a  s tate or region through innovation inputs  and 

outputs .

Science, Technology a nd 

Innova tion Counci l
28 Ca na da

Country 

analys i s

Cannon et a l ., 

2015

They define an innovation ecosystem as  a  combination of ski l led and creative 

ta lent, high-qua l i ty knowledge, and a n innovative priva te s ector, supported by 

a  government that plays  a  key role in creating an enabl ing envi ronment that 

encourages  innova tion throughout the economy. 

European Innova tion 

Scoreboard
51 Europe

Country 

analys i s

Hol la nders  a nd 

Es -Sadki , 2021

They make a  compara tive as sess ment of the resea rch a nd innovation 

performance of European Union member s tates .

OECD Science, Technology a nd 

Industry Scoreboa rd 
78

OECD 

countries

Country 

analys i s
OECD, 2017

They bui ld a  data infra structure to connect a  country's  a ctors , outcomes  and 

impacts . They a l so highl ight knowledge a ssets , resea rch excel lence, 

col la bora tion, bus iness  innova tion, competi tiveness  and digita l  

transformation.

Innova tion Capaci ty Index 61 Worldwide
Country 

analys i s

López-Claros  and 

Mata, 2010

They make a  reasonably broa d covera ge of the fa ctors  that a ffect a  nation's  

a bi l i ty to innovate (ena bl ing condi tions) on the one hand, a nd a  certa in degree 

of economy (performa nce) on the other. 

WIPO Global  Innovation Index 81 Worldwide
Country 

analys i s
WIPO, 2021

They provide an innovation system tha t ba lances  knowledge creation, 

exploration a nd investment (the inputs  of innovation) with the production of 

ideas  and technologies  for appl ication, exploi tation a nd impact (the outputs  

of innovation).

Source: Authors ' ca lculations .

Notes: OECD = Organis ation for Economic Co-opera tion and Development; WIPO = World Intel lectua l  Property Organiza tion.

Papers Description Reference CommentsApplicationVariables
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Appendix B 

 

Common innovation ecosystem indicators (recent studies) 

Inputs 

Enabling conditions 

Human capital and research 

 Education expenditures 
 International students 
 Knowledge programs 
 Researchers and technicians in R&D 
 Scientific and technical articles 
 Tertiary education † 
 University-based knowledge spillovers  
 Young adult population 

Infrastructure and institutions 

 Broadband connections  
 ICT investment 

Innovation linkages 

 Business–university collaboration 
 Business local collaboration 
 Business international collaboration 

Market conditions 

Business dynamics 

 Business expenditures on R&D † 
 Establishment size 
 High-tech industry employment  
 Industry concentration 

 International workers 
 Proprietorship rate  

Finance and support 

 Academic expenditures on R&D † 
 Foreign direct investment 
 Government expenditures on R&D † 
 Gross expenditures on R&D † 
 Venture capital investment † 

Outputs 

Innovation impacts 

Knowledge outputs 

 Patent applications † 
 Product and process innovations 
 Designs, copyrights and trademarks 

Economic impacts 

Employment 

 Change in establishment births † 
 Establishment churn 
 Job growth to population growth ratio 

Production 

 Exports in high-tech industries† 
 Gross domestic product growth 
 Proprietor income to wages and salaries 

 

† refers to highly used indicators 

Notes: The rest of the indicators are moderately used in the literature. R&D = research and development; 
ICT = information and communications technology. 

Source: Authors' calculations. 
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Appendix C 

 

Common innovation ecosystem indicators (Microeconomics studies)

Inputs 

Enabling conditions 

Human capital and research 

 Researchers and technicians in R&D 
 Tertiary education † 
 University-based knowledge spillovers † 

Infrastructure and institutions 

 Broadband connections  
 Local availability of capital † 

Innovation linkages 

 Business–university collaboration 
 Business local collaboration 
 Business international collaboration 

Market conditions 

Business dynamics 

 Business expenditures on R&D † 
 Business incubators † 
 Establishment size 
 High-tech industry employment † 
 Industry concentration † 
 Institutionally based start-ups † 
 International workers 

 Proprietorship rate  

Finance and support 

 Academic expenditures on R&D † 
 Foreign direct investment 
 Government expenditures on R&D † 
 Gross expenditures on R&D † 
 Venture capital investment † 

Outputs 

Innovation impacts 

Knowledge outputs 

 Patent applications † 
 Product and process innovations 
 Designs, copyrights and trademarks 

Economic impacts 

Employment 

 Change in establishment births † 
 Establishment churn 
 Job growth to population growth ratio 

Production 

 Exports in high-tech industries† 
 Gross domestic product growth 
 Proprietor income to wages and salaries 

 

 

† refers to highly used indicators 

Notes: The rest of the indicators are moderately used in the literature. R&D = research and development; 
ICT = information and communications technology. 

Source: Authors' calculations. 
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