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Abstract

This report presents the 2022 results of the Innovation Output Indicator (101), which is a composite indicator
published by the European Commission since 2013 to offer an output-oriented measure of innovation
performance at the country and EU levels and measure countries’ capacity to derive economic benefits from
innovation. This edition is based on a revised methodological framework and structure of the index, which aimed
at improving the statistical properties of the index and aligning it with the new policy priorities set by the
Commission.

The report presents the latest figures for the composite index and its underlying indicators for 44 countries,
including European Union (EU) Member States (MSs) and selected EFTA, OECD and emerging economies.
According to the 10I, Sweden and Germany are the best performers in the EU and are followed by Finland,
Ireland and Belgium. Germany outperforms the other EU countries in the domestic value added content of its
knowledge-intensive manufacturing exports, whereas Sweden is very strong in terms of IP applications.
Conversely, Romania, Latvia and Bulgaria reported the lowest performance among EU countries. The EU, as a
single block, leads New Zealand, China, Australia and Brazil, but it still lags behind its main competitors, including
United States, South Korea and Japan.

IOl findings are complemented by an analysis of EU radical innovator and exporter companies, referred to as
“global innovation champions” (GICs), and of innovative startups and scaleups, which is based on recent waves
of the Eurostat Community Innovation Survey. The aim of this section of the report is to examine the
characteristics of these types of firms, which are important drivers of innovation and economic growth, and
contribute to understanding what sets them apart from other firms.
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1 Introduction

The Innovation Output Indicator (I0l) is a composite indicator, which has been used by the European Commission
since 2013. Its objective is to support policy makers by offering an output-oriented measure of innovation
performance at the country and EU levels and measure countries’ capacity to derive economic benefits from
innovation. It complements other benchmarking tools, as for example, the European Innovation Scoreboard. The
IOl measurement framework was introduced in the 2013 Communication and Staff Working Document
(European Commission, 2013) and further refined in 2014, 2016, 2017 and 2023.

This report, which illustrates the latest results of the I0I, is the first edition published using the 2023
methodological framework and structure of the index. The revision process included a number of virtual
workshops attended by staff within the Commission and experts from other international organisations and
academia, which aimed at improving the statistical properties of the 10l and aligning it with the new policy
priorities set by the organisation. It resulted in improvements of existing components, including the identification
of new indicators to better capture the technological capacity of countries, reflect innovation outside the
manufacturing sector and take a step away from a high-tech view of innovation. This version also includes an
extension of country coverage to 44 economies, including EU Member States and selected benchmark countries.

Besides the |0, this report also contains information on the country context in the form of the Global innovation
Champions and the Startup and Scaleup sections. These provide further data and analysis that compliments
the 101. Because most data in this report refers to 2020 or earlier, the initial impact of the Covid-19 pandemic
is only partly captured and mainly for those countries that were affected first. The implications of the pandemic
for country innovation performance will be more visible in future editions of this report when all components
will cover data from 2021 and onwards.

The report is structured as follows. The next section presents the new structure of the IOI. Section 3 discusses
country performance in terms of the composite score, both when comparing EU Member States with one another
and when comparing the EU as a whole with other benchmark countries, and in relation to each 10l component.
Section 4 includes a short description of contextual indicators to help understand performance differences
across countries and the analysis of radical innovators and startup and scaleup enterprises in the EU. Section 5
concludes. The description of the dataset and the methods applied to compute the aggregate measures,
alongside the description of a series of robustness and sensitivity tests of the 101 to the methodological choices
are provided in Annex 1 and Annex 2.



2 Measuring country innovation performance: The 10l

The Innovation Output Index includes four components, which are depicted in Figure 1 and are described in
more detail in Annex 5.

Figure 1 The Innovation Output Indicator Framework
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The IP component, namely Intellectual Property (/P), aims to capture the innovation outputs of a country. It
consists of two sub-components receiving equal weights and include: the number of Patent Cooperation Treaty
applications (PCT_POP) and the number of trademark classes in total resident trademark applications?
(TRA_POP), each denominated by population (in millions)2.

The first sub-component relies on patent data. The use of patent information as a proxy of innovation output
is very common in the innovation literature (Maurseth & Verspagen, 2002; Barzotto et al.,, 2019; Corradini et
al, 2021) as it can reflect the inventive performance of countries or firms. However, as known, patent data
have a number of drawbacks and may not fully capture the whole set of innovation activities. Not all inventions,
for instance, are patentable since they may not meet the patentability criteria (Choi et al., 2007, Dernis et al.,
2001) or some organisations may prefer other mechanisms to protect their technologies (e.g., secrecy) (OECD,
2009). The limitations of patent data as a measure of innovation outputs are particularly evident in sectors
with low propensities to patent, such as services (Scherer, 1983; Arundel and Kabla, 1998; Brouwer and
Kleinknecht, 1999). With a view to bring another light on innovation, which is less focused on the technological
side, the 2023 revision process of the 10l resulted in the inclusion of trademark data in the index. Trademarks
have been shown to convey information on non-technological innovations (Mendonca et al., 2004; Millot 2009),
such as innovation in services or marketing innovation, as well as to better capture innovation in SMEs than
traditional innovation indicators (Mendonca et al., 2004).

The second component, KIABI, measures the number of persons employed in knowledge-intensive business
industries within total employment. It aims to capture the structural orientation of the business economy
towards knowledge intensive activities. This component has remained unchanged as compared to the previous
edition of the 10l (Vertesy and Damioli, 2020).

The third component, TECH_CAP, aims to capture the contribution of domestic technology capacity to the
production and trade of knowledge-intensive manufacturing and service sectors. It is composed of two sub-
components: domestic value added content of medium-high and high-tech manufacturing exports as a share
of total manufacturing exports (GOOD_VA), and domestic value added content of knowledge-intensive service
exports as a share of total service exports (SERV_VA). This indicator replaces the component on the

L A trademark application is filed by an applicant who can be resident or non-resident in the country of application. For example, a Belgian
resident may want to protect their trademark in Germany (non-resident application). Each trademark application can cover multiple goods
and services which are categorized into classes. Trademark classes are designed for international comparison and therefore suitable for
the 101

2 Previous versions of the 101 used GDP to denominate PCT patents. During construction of the current I0I, the CC-COIN team found that
dividing trademarks and PCT patents by GDP created highly skewed data and low correlations that would hamper the ability of the 10l to
summarise information. Therefore it was decided to switch to denominating IP indicators by population which creates indicators with
more desirable statistical properties.



competitiveness of knowledge-intensive goods and services (COMP)3, used in previous editions of the 10I. The
COMP indicator was adopted in the 10l to measure the technological competitiveness of countries, i.e. their
ability to commercialize the results of research and development (R&D) and innovation in international markets.
It also reflects specialization in medium- and high-technology products, which have been found to be positively
associated with economic growth, productivity and welfare, as well as with high value-added and well-paid
employment (e.g. Hausmann et al 2007, Yoo 2008, Falk 2009). The COMP indicator is based on data on gross
exports. The increasing importance of global value chains, however, has highlighted the limitations of these
traditional measures of trade, which record flows of good and services every time they cross borders and can
lead to double counting and misguided policy decisions (OECD, 2013). In addition, it has been noted that gross
trade figures often fail to differentiate between exports that entail the contribution of domestic technology
capacity and those that are the results, for instance, of mere imported components assembling. On the contrary,
the TECHCAP indicator makes use of trade in value added data® which measures flows related to the value that
is added by a country in the production of any good or service that is exported (OECD, 2013). A higher value in
TECHCAP indicates a more important contribution of the country to the exports of knowledge-intensive goods
or services and a lower foreign content of the country’s exports in these industries.

The fourth and last component of the 101 is ENT, which is the share of innovation-active firms on the total
number of firms. The aim of this indicator is to capture both product and business process innovations (i.e.,
process, marketing and organisation innovation), as well as to reflect innovation activities in all sectors, including
those that are less knowledge-intensive industries, which are not captured in the KIABI or TECH_CAP
components.

3 It consists of two sub-components, the share of medium and high-tech goods in total exports (GOOD) and the share of knowledge-
intensive services in the total service exports (SERV).
“ https://www.oecd.org/sti/ind/measuring-trade-in-value-added.htm
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3 Results of the 101 2022

3.1 Country performance in composite scores

This section describes the 101 2022 scores obtained from the aggregation. Figure 2 shows IOl scores in 2011,
2020 and 2021 for EU MSs, the EU27 average and a selection of extra-EU countries. 101 scores are normalized
as to benchmark the EU27 to 100 in 2011. Following an approach developed in previous IOl editions, Figure 2
presents the EU27 aggregate constructed including both intra-EU and extra-EU trade (measured in the
GOOD_VA and SERV_VA indicators). This measure is suitable to compare EU Member States with the EU average,
while a different EU27 benchmark, which excludes intra-EU trade, will be used to compare scores of the EU as
a single entity with non-EU countries.

Israel has the largest 10l score among the countries in the sample in 2021, followed by Switzerland. Among EU
Member States, Sweden and Germany are the best performers. Finland, Ireland and Belgium are other EU good
performers, though they rank after the United States, Korea and Japan. On the opposite side of the ranking,
there are Romania, Latvia, Poland and Bulgaria, and, among non/EU countries, North Macedonia and Turkey.

Figure 2 10l scores normalized to the EU27 Average in 2011.
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Source: Authors’ calculation.

The trends across the 2011-2021 decade® show some signs of convergence across low and high performing
countries. In fact, the average |0l scores’ increase is larger for countries below than for countries above the
2011 IOl median score. In particular, considering all 44 countries, the average 2011-2021 absolute (relative to
the international EU 2011 score) 10l change is 4.3 (3.7%) for countries above the median 2011 10l score, and
13.8 (19.2%) for countries below such threshold (the simple average of |0l change across countries is 9.7 in
absolute terms and 12.5% in relative ones). Focusing on EU Member States, the average 2011-2021 absolute
(relative) 101 change is 7.4 (6.5%) for Member States above the median 2011 10l score (which is represented
by Greece, showing an 10l absolute increase equal to 13 and a relative one equal to 13.4%), and 14.5 (22.3%)
for Member States below the median, while the simple average of |10l change across EU member States is 11.4
in absolute terms and 15.4% in relative ones. The largest improvements are observed in South Korea, Cyprus
and Lithuania, as well as, though to a lower extent, in Sweden, Japan, Finland, Belgium, Norway, China, Malta,
Estonia, Serbia, Montenegro, Bulgaria and Poland. By contrast, 10l scores experienced a fall in a minority of

5 Given the number of methodological changes performed across the different editions of the 101 (including the present one), the comparison
of changes across years should be based on this version, which backdated IOl scores using the current methodology up to 2011, rather than
using the current version of previous 10l editions.



countries, particularly marked in Switzerland, Luxembourg and Brazil, and more nuanced in Ireland, Iceland and
Romania.

Figure 3 compares the EU aggregate performance with selected non-European countries using a slightly
modified index, which uses GOOD_VA and SERV_VA figures that characterize the EU as a block by excluding
intra-EU trade.® |0l scores are provided for 2011, 2020 and 2021. In 2021, Israel leads the international scene,
followed by a group of countries with similar 101 scores including the United States, South Korea, Japan and the
United Kingdom. The EU27 as a single block leads a group of following countries, which include New Zealand,
China and Australia. Brazil is more distanced with the worse rank among selected countries. Looking at trends
in the 2011-2021 period, South Korea shows the largest improvement, and the other considered Asian countries
(Japan and China) smaller but significant improvements. By contrast, Brazil showed a marked decline, while the
other countries, including the EU27, had limited changes in the same period.

It is important to keep in mind that performance scores for non-EU countries should be read with caution.
Differences in industrial classification and coverage may imply that KIABI scores are not fully comparable.
Moreover, the presence of missing indicators is more pronounced for non-European countries, in particular for
Montenegro (with missing GOOD_VA, SERV_VA and ENT) and North Macedonia (TRA, GOOD_VA and SERV_VA).
For comparisons across time, differences in data source (OECD, Eurostat and National Offices) within the same
country are present in a few countries for ENT (Switzerland, Sweden, United Kingdom) and KIABI (South Korea,
United Kingdom, United States).

Figure 3 Comparison with world / bench mark countries: 10l score normalized to the EU27 International score in 2011.
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3.2 Analysis by indicator

The 10l scores can serve as an entry point to examine the performance and trends at the level of indicators.
This sub-section analyses countries’ performance and changes over time for each 10l component.

Figure 4 shows per-capita PCT patent applications (PCT_POP) in 2011, 2020 and 2021 for all countries covered
in the analysis. Japan, South Korea, Sweden and Switzerland are leading the 2021 ranking, while a large number
of countries exhibits a particularly low performance, with Brazil, North Macedonia, Romania, Serbia and
Montenegro being at the bottom of the distribution with nearly no PCT patent applications (per million in

& Following an approach developed in previous 10l editions, Figure 2 presents the EU27 aggregate constructed including both intra-EU and
extra-EU trade (measured in the GOOD_VA and SERV_VA indicators), making it suitable to compare EU Member States with the EU average.
Figure 3, by contrast, provides a different EU27 benchmark, which excludes intra-EU trade, making it suitable to compare scores of the EU
as a single entity with non-EU countries.



population). As for changes, large improvements between 2011 and 2021 are observed in South Korea and
Japan, and milder ones in Switzerland, Sweden, China and Malta. In the other countries, changes over time were
very limited. Several countries experienced a decrease in PCT patent applications per capita including Finland,
Norway, Austria, New Zealand and Slovenia.

Figure 4 Number of patent applications filed under the Patent Cooperation Treaty per million in population (PCT_POP)
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Annex 4 for more details)

Figure 5 shows the number of trademark classes’ of resident applications per capita (TRA_POP) in 2011, 2020
and 2021 across countries, with the exception of Greece, Ireland and North Macedonia for which this indicator
is not available®. Despite its marked fall since 2011, Luxembourg continues to lead the ranking in 2021, followed
by China and Malta, which by contrast experienced the largest improvements in the 2010-2021 decade. These
scores can indicate the top performance of these countries in less technological innovation, but can as well be
linked to the presence of more favourable IPR-related regulations and procedures in these countries. At the
opposite side of the 2021 ranking, Serbia, North Macedonia and Israel show the lowest performance. South
Korea, Turkey, Estonia, the UK and Japan experienced marked improvements over time, though smaller than
those observed in China and Malta.

Figure 5 Number of trademark classes of resident applications per million in population (TRA_POP)
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7 Trademarks are registered with specific class codes - one for each type of product or service the trademark applies to. A single trademark

application can cover many trademark classes.
8 Annex 1 describes how data is imputed to build the final 101 for these countries.



Figure 6 shows the percentage of employment working in knowledge-intensive activities and business
industries (KIABI) in 2011, 2020 and 2021 except for China for which this indicator is not available. Israel has
the best performance in 2021 (as well as in 2011 and 2020), followed at a large distance by Luxembourg,
Ireland and New Zealand, indicating the importance of knowledge-intensive sectors for these economies.
Romania, North Macedonia and Turkey are, by contrast, the worst performers in 2021. As for changes, South
Korea showed the strongest improvement since 2011, while a large number of countries exhibited more
moderate ones, including: Sweden, Malta, the Netherlands, Cyprus, Belgium, Slovenia, Estonia, Portugal,

Lithuania, Latvia, Bulgaria and Turkey. Iceland is the only country to show a worsening of the indicator since
2011.

Figure 6 Employment in knowledge intensive activities and business industries (KIABI) as percentage of total employment
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Figure 7 and Figure 8 show the domestic value added content of exports in 2011, 2020 and 2021, respectively
in high and medium-high technology manufacturing (as a percentage of total manufacturing exports) and
knowledge-intensive service industries (as a percentage of total service exports). Data on these indicators are
not available for Montenegro, North Macedonia and Serbia. The best 2021 performances in manufacturing are
observed in Japan, followed by the United States, Switzerland, Germany and South Korea, while those in services
are in Israel and the United Kingdom. This reveals the greater competitiveness of these countries and their
lower dependency on foreign inputs in knowledge-intensive exports. On the opposite side of 2021 distribution,
New Zealand, Luxembourg and Iceland are the worst performers in exports of manufacturing industries, Japan
and Lithuania in those of services industries. Over time changes since 2011 are more marked in services than
manufacturing industries, with Cyprus showing the strongest improvements in manufacturing industries,
Slovakia, Israel, Malta and Finland in services ones. A marked worsening of the performance in services since
2011 is observed in Greece, Iceland, the Netherlands, Croatia and Luxembourg.

Figure 7 Domestic value added content of exports in high and medium-high technology manufacturing (MHT) industries
as percentage of total manufacturing exports
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Figure 8 Domestic value added content of exports in knowledge-intensive service industries as percentage of total
service exports
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Figure 9 shows the percentage of innovative-active enterprises in 2011, 2020 and 2021, with the exception
of Montenegro for which this indicator is not available. Canada exhibits the best performance in 2021, followed
by Greece and Belgium, while Romania shows the worst performance. This indicator shows the largest time
changes over the 2011-2021 as compared to other indicators, reflecting the large temporal volatility of
business dynamism, but also possible methodological changes in national surveys. Large improvements are
observed in Cyprus, Norway, Lithuania, Greece, Belgium, Finland, Croatia and Poland. The largest falls, by

10



contrast, are observed in Brazil and Switzerland®, and less prominent though still marked changes in
Luxembourg, Malta, Turkey and Romania.

Figure 9 Percentage of innovation-active enterprises as percentage of all enterprises
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The analysis of performance and change over time of the different 10l components has shown the high
heterogeneity in the contribution of the various dimensions of innovation to the overall ranking.

Within the EU, PCT patent applications drive the top performance of Sweden, the value added content of exports
in high and medium-high tech manufacturing explains that of Germany, employment in knowledge-intensive
activities and business industries drives the top performance of Ireland, the share of innovative enterprises
drives that of Belgium, while a mix of good performances in exports in knowledge-intensive services and share
of innovative enterprises explains the top performance of Finland.

A similar degree of variety is observed for extra-EU countries. A mix of good performances in employment in
knowledge-intensive activities and business industries and value added content of exports in knowledge-
intensive services is driving the ranking of Israel, which is the best 10l performer in 2021. A mix of good
performances in PCT patent applications and value added content of exports in high and medium-high tech
manufacturing drives the performance of Japan, South Korea and Switzerland. The value added content of
exports in high and medium-high tech manufacturing explains the high ranks of the United States.

As for changes over time, PCT patent applications particularly contributed to the 10l improvement of Asian
countries (China, Japan and South Korea), while employment in knowledge-intensive activities and business
industries and/or the share of innovative enterprises contributed to the improvements of many EU Member
States (Cyprus, Lithuania, Sweden, Finland, Belgium, Malta, Estonia, Bulgaria and Poland) as well as to the
worsening of Ireland and Romania.

S Particular caution should be taken for the assessment of the time change Switzerland given the discontinuity of the used data source
within the time series, with the indicator falling from 72% in 2016 to 50% in 2017 when moving from the OECD to the Eurostat data
source.
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4 Contextual Analysis

4.1 Macro-economic context

A set of contextual indicators is provided in Annex 6 to better understand differences across EU countries in
relation to the IOI, as well as to its single components. The selected indicators refer to the following macro-
economic dimensions: economic performance, structure of the economy, entrepreneurship and innovation.

The best performing countries in the 101, namely Sweden, Germany, Finland, Ireland and Belgium, were also
among the best performers in terms of GDP per capita (see Table 10 in Annex 6) in 2021, confirming the
positive link between innovation and economic performance. They, however, differ in terms of structural
orientation of their economy. Manufacturing, for instance, is more important for the German economy than it
is for the Swedish or Belgian economy, which are more service-oriented. Romania, which is at the bottom of
the 101 ranking, is the EU country with the lowest share of employment generated in the service sector.

Enterprises’ birth rates are also quite heterogeneous across EU countries. In 2020, they ranged from 4.6% in
Greece, 5.4% in Austria and 6.5% in Italy to 14.1% in Malta and 18.1% in Lithuania. Among the four top
innovators, as measured by the I0l, only Finland performed close to the EU average (nearly 9%), whereas the
other three countries reported lower birth rates. Over the past years, there has been a steady decline in business
dynamics in the EU, raising concerns about the implications for innovation. As shown in the Annex 6 (Table 12),
birth rates have declined in 20 out of the 27 EU countries over the period 2011-2020. This decline is
documented if enterprises’ births are measured as a share of the total number of active firms or as a share of
total employment. Several factors, including the demographic factors, the reduction in knowledge diffusion, the
combination of increasing mark-ups and changes in market structure, and the Covid-19 pandemic in recent
years, can explain this decline (European Commission, 2022).

Finally, fast-growing enterprises can also be a key driver of economic growth and knowledge creation. In this
regard, the EU has been found to lag behind its main international competitors (European Commission, 2021).
Fast-growing enterprises only represent 13% of EU total employment, although large differences exist across
countries. The share of fast-growing enterprises ranged from nearly 3% in Cyprus to around 25% in Ireland and
Greece in 2020. Section 4.3 discuss the characteristics of innovative startups and scaleups in the EU.

Box 1: Assessing the impact of the COVID-19 pandemic crisis on innovation

The COVID-19 pandemic crisis has largely disrupted the business environment, as well as the functioning of the
science and innovation systems. R&D investment (PPS, in constant prices), which tends to be pro-cyclical,
declined by 2% in 2020, whereas the share of R&D expenditure on GDP increased by nearly 3.6%, mainly due
to a stronger drop in GDP (by nearly 4%) in the same year (Eurostat, accessed on 7" March 2023). The impact
of the crisis on R&D, however, largely varied across sectors. R&D investments, for instance, increased in health
and ICT while it decreased in the automotive industry (European Commission, 2022). Preliminary data also
seems to point to a decline in the competitiveness of EU knowledge-intensive exports. The share of medium
and high-tech products exports declined by 3.4% in 2021 (Table 11 in Annex 6), which is the highest drop in
the last 10 years. Similarly, the share of these sectors in total employment declined by nearly 2%.

Finally, the crisis also affected business dynamics in the EU with the employment share of enterprises’ births
and that of fast-growing enterprises declining by 15% and 19%, respectively, in 2020 (Table 12 in Annex 6).

However, the effects of the pandemic crisis on countries’ innovation performance is not yet captured in the 10I.
Out of its six indicators, only two indicators, namely employment in knowledge intensive activities and business
industries (KIABI) and number of trademark classes of resident applications (TRA_POP)°, refer to the pandemic
period. In 2021, the employment share of knowledge-intensive activities and business industries only declined
in five EU countries, with the largest drop being recorded in Hungary (13%) and Finland (9%). In 2021 and
2020, the number of trademark classes of resident applications per million population declined in more than
ten countries, compared to the previous year. As trademark figures tend to fluctuate, it is not yet possible to
link these changes to the impact of COVID-19 pandemics.

0 The impact of the pandemic is hard to measure by the ENT indicator as the reference period of the latter covers the years from 2018 to
2020.
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4.2 Global Innovation Champions

This section presents evidence on European global innovation champions (GICs) to add contextual information
to the 101 on the European innovation scene. The GICs, term first introduced in the 101 2019 report, are defined
as exporters that have introduced a ‘world first’ product innovation. Radical innovators are important for shaping
the direction of technological change as well as for job creation (Pianta, 2003; Lucchese and Pianta, 2012).
While there is a rich body of literature on the innovative and economic performance of large corporations that
account for the bulk of business R&D expenditures (see e.g. Montresor and Vezzani 2015, Bogliacino 2014,
Ortega-Argilés et al. 2009), evidence on the small- or medium-sized radical innovator enterprises in Europe is
still limited. Yet, analysis of Community Innovation Survey 2014 data shows that about half of European GICs
are small- or medium-sized enterprises (SMEs) that are not part of a corporate group (Vertesy and Damioli,
2019). This suggests a similarity with “hidden champions”, a term introduced by Simon (1996) to describe
highly-specialized SME world leaders in a niche market, which have been the object of substantial research (e.q.
Audretsch et al. 2018, Witt and Carr 2013, Simon 2009, Fryges 2006). In particular, analogously to “hidden
champions”, GICs might have specific strategies and behaviours that may easily fall under the radar in spite of
their relevance for policy.

The analysis characterises the prevalence and features of GICs in the business economy of 12 EU Member
States and Norway, for whom micro data was accessible , and describes their export performances and IPR-
related behaviours using as a benchmark active innovator companies that had not introduced any ‘world first’
product innovations. It exploits company-level information from a recent wave of the Community Innovation
Survey (C1S2016 microdata safe centre files!!).

Figure 10 shows the percentage of enterprises that are innovation-active, product innovators, process
innovators, market and or organizational innovators and/or global innovation champions. There is a large variety
across countries in the percentage of firms that are active innovators, from 10% in Romania up to 72% in
Norway. On average, just under half of enterprises (45%) in the CIS 2016 are innovation-active.

Organizational and marketing innovators are most common type of innovation, being reported by 33% of
enterprises on average. Product and process innovations are reported less (23% on average) than other
innovation activities. Only 23% of enterprises on average report product or process innovations. However,
differences between countries are marked. In some countries, in particular in Greece, Italy, Norway, Portugal
and Sweden, product innovators account for more than half of the innovative active enterprises. As one can
expect given their definition, which aim to identify some of the most innovative among international active
product innovators, the GICs are a tiny share of enterprises in all countries, ranging from less than 2% in Eastern
European Member States and Greece to 5% in France, Portugal and Norway.

1 Data from the Community Innovation Survey 2018 and 2020 could not be used for the analysis as the question on “world first” innovation
is no longer included in the questionnaire.
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Figure 10: Percentage of all enterprises reporting an innovation
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Source: Eurostat’s Community Innovation Survey 2016.

Table 1 shows the correlations between the indicators of global innovation championship and different
indicators of innovation (product, process, marketing/organizational). These correlations show that most
innovating firms are not global innovation champions. All in all, GICs seem to constitute a phenomenon relatively
separate from other innovation activities, being their correlation with other types of innovation lower (raging
between 0.18 and 0.34) than the correlations between the other types of innovation shown in Table 1 (ranging
between 0.47 and 0.77).

Table 1. Correlations between Global Innovator Championships and innovation indicators.

1 2 3 4 5
GICs 100 021 034 021 018
Innovation-active 100 063 062 0.77
Product 1.00 054 047
Process 1.00 048
Marketing or Organisational 1.00

Note: all correlations are significant at p < 0.001

Figure 11 shows the percentage point difference between GICs and innovation-active-enterprises who export
(within or outside the EU market), export internationally (outside the EU) and enterprises whose largest market
share is outside the national borders. Thus, the higher the bar the lower the percentage of innovation active
enterprises who export. For example, the share of Bulgarian innovation-active enterprises that export is lower
than that of GICs by 36 percentage points, meaning 64% of innovative active enterprises export in Bulgaria. In
Norway, innovation active enterprises are more similar to GICs in exporting and international exporting.

In all countries the share of GICs who export, export internationally and whose largest market share is outside
the national borders is higher compared to other innovation active enterprises. Thus, the GICs are substantively
more export oriented. The percentage point difference is largest in Germany, France, Italy and Sweden (at least
40%) and lower in Norway, Hungary, Latvia, and Slovakia (25% of less). As the definition of GICs includes
exportation, these figures indicate that other innovation active enterprises in the high percentage point countries
export relatively little compared to countries with a lower percentage point difference.
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Figure 11: Percentage point difference between GICs and other innovation active enterprises in exporting
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Source: Eurostat’s Community Innovation Survey 2016.
Note: “Export” refers to the share of firms that export. “Export Intl.” refers to the share of firms that export outside the EU. “Large Exporter”
is the share of firms whose largest market share is outside the national borders.

Figure 12 shows the percentage point difference between GICs and other innovation active enterprises in
claiming intellectual property rights (patent, European utility model, industrial design and copyright). A greater
percentage of GICs claim IPR - regardless of the type - compared to other innovation active enterprises. The
only exception are Hungarian GICs, which claim copyrights less than other innovation active enterprises. In all
countries, the largest difference between GICs and other innovative active enterprises is in the percentage who
claim patents with the exceptions of Bulgaria, where the highest difference is in utility models, and Portugal,
where the greatest difference is in trademarks.

Figure 13 shows the percentage difference between GICs and other innovation active enterprises in the
percentage who have cooperation agreements with other actors. A higher percentage of GICs have cooperation
agreements with other enterprises in their group (internal), within the EU, outside the EU (Extra-EU), with other
private enterprises (Market) or public and private research institutions (research) than other innovation active
enterprises. Only in Norway do GICs engage less frequent in internal cooperation agreements than other
innovative active enterprises.

There are also some marked country differences in the type of innovation cooperation activities that GICs
perform compared to other innovative enterprises. For instance, in France and Greece GICs engage much more
frequently than in other countries in cooperation activities of various types. In particular, French and Greek GICs
are particularly engaged in internal cooperation agreements within their enterprise group, and, together with
Hungarian GICs, in cooperation with research institutions. French GICS, in addition, are particularly active in EU
cooperation agreements, and, together with Bulgarian GICs, in cooperation agreements with other private sector
actors. Greek and Norwegian GICs, by contrast, stand out in extra-EU cooperation agreements,
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Figure 12. Percentage point difference between GICs and other innovation active enterprises in intellectual property
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Figure 13: Percentage point difference between GICs and other innovation active enterprises collaborating on innovation
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16



Figure 14 shows a scatterplot between the 10l 2022 scores and the percentage of GICs in a country as the
percentage of total GICs. The correlation between the two measures is moderate and positive (r = 0.66) but
markedly larger than the correlations of GICs with the specific innovation activities shown in Table 1, indicating
that the 10l 2022 gives some indication of how likely a country will generate a GIC. Italy and France are two
outliers who have a considerably larger share of GICs than expected based on the trend line shown in the plot.
This may indicate that some contextual factors encouraging GIC emergence in these countries are not covered
by the 10l. It also reflects the broadness of the 101, as some of its components, such as SERV_va and ENT have
very low correlations with the percentage of GICs in a country, 0.08 and 0.33 respectively.

Figure 14. GICs percentage of total enterprises and |0l 2022 scores
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Source: Eurostat’'s Community Innovation Survey 2016.

Table 1 shows the correlations between the indicators of global innovation championship and different
indicators of innovation (product, process, marketing/organizational). These correlations show that most
innovating firms are not global innovation champions. All in all, GICs seem to constitute a phenomenon relatively
separate from other innovation activities, being their correlation with other types of innovation lower (raging
between 0.18 and 0.34) than the correlations between the other types of innovation shown in Table 1 (ranging
between 0.47 and 0.77).

Global innovation champions are distinct not only in view of having introduced a world first innovation and of
their global export orientation, but also in their high levels of IRP production and cooperation with other private
and public sector actors. The correlations in Source: Eurostat’s Community Innovation Survey 2016.

Table 1 shows the correlations between the indicators of global innovation championship and different
indicators of innovation (product, process, marketing/organizational). These correlations show that most
innovating firms are not global innovation champions. All in all, GICs seem to constitute a phenomenon relatively
separate from other innovation activities, being their correlation with other types of innovation lower (raging
between 0.18 and 0.34) than the correlations between the other types of innovation shown in Table 1 (ranging
between 0.47 and 0.77).

Table 1 show that indeed, GIC status is not highly correlated with any other categories of innovation activities.
Yet, at the aggregate level, the percentage of GICs in a country is correlated with the I0I, indicating that the 10l
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captures certain components that facilitate their emergence. In the future research, it could be interesting to
further investigate the GICs and track them across the 2010-2016 waves of the CIS!2

4.3 Startups and scaleups

Startups and scaleups are thought to be critical for employment growth, innovation and economic growth. This
section examines some characteristics of these types of firms to add further contextual analysis to complement
the I0l. The analysis is based on information from the Community Innovation Survey 2018 wave, which includes
for the first time a question on the company age. C1S2018 microdata safe centre files include data from 16
EUMS and candidates (BE, BG, CZ, DE, EE, EL, ES, FR, HR, HU, IT, LT, LV, PT, RO, SK). However, not every country
could provide the same information. For example, the turnover of enterprises is not available in FR. More
information can be found on the Eurostat website.

Startups are defined as companies that were founded in the last 5 years at the time of the survey. Scaleups
are defined in two ways. Turnover scaleups are companies that are within the top 10 percentile of growth in
turnover within their country and 2-digit NACE sector over the period January 2016 to December 2018.
Employment scaleups are enterprises, which are in the top 10 percentile in terms of employment growth in
their country and 2-digit NACE sector. Firms can be categorized in all three categories at once. Firm size and
innovation activity status are not considered in the definitions of startups and scaleups for the purpose of this
technical report.

4.3.1 What startups do and where can they be found?

Most startups are SMEs (949%) and are not part of an enterprise group (72%). Startups are a larger percentage
of firms in transport and storing, and information and communication sectors (NACE divisions H and J) (13-
15%) and less prevalent in manufacturing, utilities, wholesale and retail (NACE divisions C, D, E, G) (7-9%), as
well as in financial and insurance sector, and professional, scientific and technical activities (NACE divisions K
and M) (~10%). On average, about 10% of enterprises are startups.

Startups are often hailed as drivers of innovation and disruption. However, the CIS data shows that only 25%
of startups report a product innovation (good or service), about 5% points less than non-startups (30%). There
is a similar gap between innovative startups and non-startups in product or process innovating firms (37% of
startups and 44% of non-startups) and innovation active firms (40% of startups and 48% of non-startups).
Startups also lag behind non-startups in terms of buying, selling and creating intellectual property rights in the
form of patents, industrial designs, trademarks, and trade secrets. Within innovative startups, 62% are not part
of an enterprise group. Thus, it seems that startups are not distinctive in terms of having innovated.
Nevertheless, a significant proportion of startups does innovate and these are often SME’s, in line with
conventional wisdom on the topic.

Several statistics also show that startups still have to establish their network and diversify their funding
strategy. In particular, a lower percentage of startups collaborate on innovation with public, private or
international actors than non-startups; they have a lower percentage of funding from private and government
sources and a lower percentage of startups exports to the EU and outside the EU. However, a higher percentage
of startups (25%) say they will increase expenditure in innovation compared to non-startups (19%). Thus, many
startups are looking toward the future.

A place where startups shine is in turnover and employment growth. Among firms with positive turnover growth,
startups were responsible for 9% of total turnover. In some countries, startups were responsible for higher
percentages. In Bulgaria, Spain, Croatia and Slovakia startup turnover growth was between 13-15% of the total
while in RO it was 22%. Across sectors, startups contribute less to turnover growth in financial and insurance
activities (NACE division K) (4%) than the average across industries (9%) and more in water supply and
management activities (NACE division E) (11%), information and communication (NACE division J) (16%) and
professional, scientific and technical activities (NACE division M (35%). Startups are responsible for a large part
of employment growth. Startups were responsible for 15% of positive employment growth reported by all firms.
Startups are responsible for at least 20% of growth in Croatia, (31%), Bulgaria (26%), Italy, Lithuania, Slovakia
(~20%) and for less than 10% in Germany (3%), Belgium, and Czech Republic (8%).

2 The GIC section uses data from CIS2016 as it is the latest available data where the question on “world first” innovations was asked.
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4.3.2 Scaleup firms

Scaleup firms are generally defined as firms that grow very fast in terms of turnover or employment. What is
remarkable about these firms, and piqued policy-maker’s interest, is that they are responsible for a large part
of turnover or employment growth while other firms are relatively stagnant (Monteiro, 2019). Because the
employment and turnover definitions of scaleups identified mostly the same firms, this section report the
results for turnover scaleups only.

Like startups, turnover scaleups are most often SME’s (61%). Turn-over scaleup firms are almost equally split
between single entities (43%) and those part of EU-EFTA headquartered (24.1%) or national group (22.8%),
only 9% are headquartered in other countries. However, many EU-EFTA Enterprise groups (21.3%) and other
Enterprise groups (21.9%) are scaleups, more than among National groups (11.8%) or as single entities (6.8%).
Thus, scaleups are found equally between single entity and group enterprises but make up larger percentage
of firms which are part of international enterprise groups than national groups or single entities.

Additionally, among very large enterprises!® there are a considerable number of scaleups (45.4%), a much
higher percentage than among large enterprises (29.9%) or SMEs (7.1%). Thus, there is some indication that
being part of an enterprise group or being a large enterprise helps enterprises achieve scaleup. These figures
may reflect that scaleups are often enabled through mergers and acquisitions that occur after a start-up
managed to develop a viable business model and product innovation.

Unlike startups, scaleups are often doing process or product innovation (56%) compared to non-scale up firms
(449%). A similar difference is observed among innovation active firms (61% for scaleups, 48% for non-
scaleups). Additionally, the percentage of turnover scaleups creating, selling or buying intellectual property is
3-8% points higher than non-scaleups. They also more frequently report to collaborate on innovation with
international, EU, private sector and public sector actors by margins from 4-9% points. Turnover scaleups also
more frequently report planning to increase expenditure on innovation (27%) than non-scaleups (19%). Lastly,
more than half of scaleups (67%) export within the EU while 43% also export outside the EU. Thus, it seems
that many turnover scaleups are innovation oriented, have successfully entered a market and created a network
of collaborators.

As expected, turnover scaleups account for a large percentage of total turnover and employment growth within
a country. Turnover scaleup enterprises contribute 79% of total positive turnover growth from 2016-2018. The
percentage is lowest in Greece, Estonia and Lithuania, between 50 and 59%, while it is above 80% in Belgium,
Bulgaria, Czechia, Germany, Italia and Sweden. Turnover scaleups are a greater percentage of turnover growth
in electricity, gas, steam and air conditioning supply, wholesale and retail trade, and professional, scientific and
technical activities (NACE divisions D, G and M), while they contribute slightly less in manufacturing and water
supply; sewerage; waste management and remediation activities (NACE divisions C and E).

As for employment growth, turnover scaleups contributed on average 57% of total positive employment growth
reported by enterprises. The aggregate percentage masks marked differences across countries. Luxembourg,
Estonia, Greece, and Latvia show particularly low percentages (22, 39, 35, and 39%, respectively) compared to
Italy (64%) and Germany (749%). Turnover scaleups are responsible for more employment growth as a
percentage of total positive growth reported in wholesale and retail trade, transporting and storage, information
and communication, and financial and insurance activities (NACE divisions G, H, J and K).

13 SME’s are defined as having up to 250 employees, large enterprises have between 251 and 500 employees while very large enterprises
are defined as having more than 500 employees.
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5 Conclusions

This report presents the 2022 results of the I0l, an output-oriented measure of innovation performance at the
country and EU levels and measures countries’ capacity to derive economic benefits from innovation. This
edition is based on the new methodological framework and structure of the index, which are the results of a
revision process undertaken by the Commission between 2021 and 2022 to improve the statistical properties
of the index and align it with the new policy priorities set by the organisation.

The report presents the latest figures for the composite index and its underlying indicators for 44 countries,
including EU Member States and selected EFTA, OECD and emerging economies. According to the 101, Sweden
and Germany are the best performers in the EU and are followed by Finland, Ireland and Belgium. Germany
mainly outperforms the other EU countries in the domestic value-added!* content of its medium-high and high-
tech manufacturing exports, whereas Sweden is very strong in terms of IP applications. Conversely, Romania,
Latvia and Bulgaria reported the lowest performance among EU member states. The EU, as a single block, leads
New Zealand, China, Australia and Brazil, but it still lags behind its main competitors, including United States,
South Korea and Japan. These results are mainly due to its low performance in employment in knowledge-
intensive activities and share of innovative firms, while it is strong in the domestic value added content of its
medium-high and high-tech manufacturing exports.

IOl findings are complemented by an analysis of radical innovator and exporter companies, referred to as “global
innovation champions”, and a study of start-up and scaleup firms in the EU. This work is based on recent waves
of the Eurostat Community Innovation Survey and selected countries, for which micro data could be accessed.
The aim of this section of the report is to examine the characteristics of these types of firms that can make
outsized contributions to innovation and job creation, and contribute to understanding what sets them apart
from other firms. The analysis shows that the relatively small group of exporters that introduced a ‘world first’
product innovation distinguishes themselves also in terms of IRP production and cooperation with other private
and public sector actors. The positive correlation between the share of GICs by country and the 10l indicates
that the IOl allows to capture certain components that facilitate their emergence. Start-up and scaleup firms
are also slowly becoming important actors of the European innovation landscape. In the selected countries,
startups are mainly present in the transportation and information and communication sectors. While just over
one third are product or process innovator, they are more likely to increase innovation expenditure in the future
than other firms. Conversely, scaleup firms are for the most part product and process innovators and are more
likely among large firms and among those that are part of a group.

While the 101 ranking and analysis are limited to its country coverage and temporal horizon, which does not
allow to capture more recent phenomena such as that of the Covid-19 pandemics, they can provide important
contributions to better capture the key and evolving features of the science and innovation systems, and
improve the measurement systems of innovation. Results have, for instance, documented that countries with a
more dynamic and diversified innovation system are performing the best, while they have pointed to a need to
capture country innovation in a more comprehensive way and refrain from adopting a narrowed high-tech
understanding of innovation. Timely, richer, and more granular data, however, is needed to better understand
cross-country differences and inform European innovation policy on the complex range of factors influencing
innovation and on the impact of the latter on economic growth, sustainability and inclusiveness.

4 GOOD_VA component.
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Annexes

Annex 1. The 10l methodology

The 101 2022 dataset and index development

The 101 2022 dataset includes 496 country-year observations covering the 27 European Union Member States,
EFTA countries (Switzerland, Iceland, Norway), EU candidates (Montenegro, North Macedonia, Serbia, Tirkiye),
selected OECD countries (Australia, Canada, Israel, Japan, South Korea, New Zeeland, United Kingdom, United
States of America) and two of the BRICS (Brazil and China) over the time period 2011 until 2021. It also includes
observations for the 27 EU MS as an average (EU27) and as a single economic zone (EU27x) for international
comparisons. The dataset includes six indicators: PCT_POP, TRA_POP, KIABI, GOOD_VA, SERV_VA and ENT.

Data availability: The majority of missing data is imputed using the last known value. That is, in case data
was missing on one country-year, the last known value was imputed from a previous year. If data was missing
between two non-missing data points, the average of those adjacent years was imputed. In case no last known
values are available, the imputation was done using the Amelia Il package in R (Honaker, King and Blackwell,
2011), which uses a bootstrapped EM algorithm. The JRC imputed the KIABI indicator for China and the
trademark indicator for Greece, Ireland and North Macedonia using Amelia II. All descriptive statistics and
correlations shown in section 3 exclude the Amelia Il imputed data. Please refer to Table 8 in annex 3 for
statistics of the data including the Amelia Il imputation. Figure 23 up to Figure 28 in annex 3 show the
available data for each indicator by country and year.

Outlier treatment: No outliers were detected using the criteria set out in JRC/OECD (2008), according to which
(absolute) skewness and (absolute) kurtosis are considered excessive when they simultaneously cross the
threshold-values of 2 and 3.5, respectively. Descriptive statistics for the non-normalized 101 2022 dataset are
shown in Table 2. This table excludes data imputed with Amelia Il.

Table 2 Descriptive Statistics of 10l indicators for the 2021 data [before treatment and normalisation]

Indicator Min Max Mean Median Std Skew Kurt N. non-missing 9% non-missing
GOOD_VA 297 629 30 283 142 028 -043 41 93%
SERV_VA 151 594 33 317 9.69 0.96 11 41 93%
KIABI 6.8 341 16.1 155 521 1 2.26 43 98%
PCT_POP 0.54 361 98.2 499 108 121 0.39 44 100%
TRA_POP 519 8040 2790 2420 1680 112 132 41 93%
ENT 107 798 515 54.2 141 -045 029 43 98%

Standardization: After imputation, the data was standardized over the last ten years of all countries (country-
year observations). The min-max standardization is applied across all years and ensures the maximum score
of 10 corresponds to the maximum observed value over the 10 years while the minimum score, zero,
corresponds to the lowest observed value over the 10 years. Descriptive statistics for the standardised
indicators are provided in Table 3.

Weighting: All indicators of pillars and all pillars of the 101 are equally weighted within their aggregate. While
unequal weights were used in previous editions of the 10l so that the |0l was statistically balanced in its
underlying components, their use was not necessary for this edition given the new correlations among the 10l
components (See the following section)

Aggregation: All indicators were added up using the arithmetic mean to form components. All components of
the 101 were added up using the arithmetic mean using equal weights.
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Table 3. Normalized descriptive statistics of the 101 2022 indicators.

Indicator Min Max Mean Median Std Skew Kurt r’1\l‘|.isns?|:g
GOOD_VA 0.02 935 423 3.96 221 0.28 -043 41
SERV_VA 0.96 9.95 458 434 1.96 0.96 11 41
KIABI 071 10 387 367 177 1 2.26 43
PCT_POP 0.01 9.46 258 131 282 121 0.39 44
TRA_POP 0.13 5.78 184 1.56 1.26 112 132 41
ENT 0.07 10 593 6.33 2.02 -045 0.29 43

Correlations between normalised indicators and the structural coherence of the 101

The JRC/OECD guidelines on composite indicators (JRC/OECD, 2018) recommends correlations between 0.30
and 0.94 for any two indicators that share the same pillar. An adequate correlation ensures a minimum level
of information transmitted from indicators to aggregates. Figure 15 shows the indicators of the intellectual
property pillar (TRA_POP and PCT_POP) do not meet these criteria and have a slightly weaker correlation.
Nevertheless, both indicators are included to cover both goods and services innovations. By contrast, both
GOOD_VA and SERV_VA meet the criteria set in the guidelines.

Figure 15. Pairwise Pearson correlations between indicators

GOOD_VA 0.32 -0.05 0.61 -0.01 0.2
SERV_VA1 0.32 0.26 0.35 0.02 0.54
ENT A -0.05 0.26 0.3 0.02 0.32
PCT_POP A 0.61 0.35 0.3 0.24 0.56
TRA_POP A -0.01 0.02 0.02 0.24 0.4
KIABI 1 0.2 0.54 0.32 0.56 04
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Figure 16 shows correlations between the pillars of the 101. Overall, the correlation structure is adequate. Only
the correlations between TECH_CAP and ENT and between IP and ENT are weak, suggesting a lower rate of
information transmission from ENT to the 10l compared with other indicators.
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Figure 16 Pairwise correlations between Pillars
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The pairwise correlations between indicators with their respective pillars and the 10l are shown in Figure 17.
The PCT_POP and TRA_POP indicators are correlated with the IP pillar while GOOD_VA and SERV_VA are
correlated with TECH_CAP pillar in the left column. The right column shows indicator correlations with the 10I.
The strength of the correlation between indicator and aggregates most directly reflects the amount of
information an indicator transmits to the index. These correlations all fall within the recommended guideline,
providing evidence that the 101 effectively summarises the information from its indicators and pillars. However,
indicators’ correlation with the |0l varies. The KIABI and PCT_POP indicators have the strongest correlation with
the 101 while TRA_POP has the lowest. These correlations suggest that PCT_POP has a greater impact than
TRA_POP on the 10l scores.

Figure 17 Pairwise correlations between indicators and their respective pillars and with the 10l
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Figure 18 shows the correlations between pillars and the I10I. All pillars have an adequate correlation with the
IOI. The similarity of correlations indicates each pillar contributes information to the IOl to a similar degree. The
ENT pillar has a slightly lower correlation, as a result of its low correlation with the other pillars. Nevertheless,
all correlations are adequate and similar, providing evidence that the 10l summarises the information well.

Figure 18 Pairwise correlations between pillars and the 10l.
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Annex 2. Robustness of ranks and validation of results

Uncertainty analysis

Methodological choices are part of constructing a composite indicator. Developers make these choices using
expert opinion, statistical theory or other practical considerations. However, there are often equally valid
alternatives. Thus, these choices introduce some uncertainty, as users may ask whether rankings are robust to
these alternative specifications. Indeed, it is desirable for any composite indicator not to have much uncertainty
in ranking. This section investigates to what extent modelling choices influences the ranking of countries in the
10l.

The uncertainty analysis systematically changes four different modelling assumptions: the normalisation,
imputation, the weights and aggregation. Table 4 lists the current and alternative specifications in the 10l.
Mean imputation is the alternative method to test for uncertainty in the treatment of missing data. Mean
imputation is an often-used imputation method and provides a good benchmark. The standardization of
indicators with mean of five and a standard deviation of 1.5 is the alternative normalisation method. Previous
versions of the 10l used this standardization formula. The geometric mean is the alternative aggregation
method. The geometric mean penalizes countries for having imbalanced profiles across indicators while the
arithmetic mean implies full substitutability. Lastly, the weights are randomly varied by 20% from their original
value.
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Table 4 Uncertainty parameters: missing values, normalisation, aggregation and weights

Source of Uncertainty Original Alternative

|. Treatment of missing values EM algorithm Mean imputation

II. Normalisation of indicators Min-max across last 10 years Z-score (mean = 5,SD = 1.5) across last 10
years

Il. Aggregation formula at pillar level Arithmetic mean Geometric mean

IV. Pillar weights Equal weights +/- 20%

The analysis proceeds by specifying all combinations (original and alternative) of the normalisation, imputation
and aggregation steps. These are eight different versions of the 101. The analysis consists of computing each
of these versions 50 times using a randomly selected set of weights from a distribution of weights with random
perturbation of up to 20% of their original value. This results in 400 versions of the 10Il. The statistics of interest
- plotted in Figure 19 and shown in Table 5 - are the median rank, the 5 and 95" percentile rank for each
country across the 400 versions.

As Figure 19 shows, the ranks of the 10l are robust against changes in methodology. The dots in Figure 19
are the median rank across the simulations. These are ordered closely to the original ranking of the 10l as
indicated by the country order on the x-axis. In fact, 79.5% (35/44) of countries median rank is less than two
ranks away from the nominal ranking. These are cases like Japan, Finland and the UK, which do switch ranks,
but only by a few places. There are seven countries, which change two or three positions. Lastly, Montenegro
and North Macedonia are the only cases with large changes in positions. These gain 12 and 4 positions in the
median ranking, respectively.

The confidence interval (Cl) provides another indication of the uncertainty in the ranking due to modelling
choices. The confidence interval reflects whether modelling alternatives result in a wide variety of rankings. In
the uncertainty analysis, confidence intervals are computed as the 5" and 95" percentile of the observed
distribution of ranks across simulations.

The Cl indicates highly stable rankings for 19 out of 44 countries, which have a Cl of zero to three. An additional,
19 countries have a Cl range between four and six, indicating some uncertainty, but still allowing accurate
inference. Lastly, only six (Montenegro, Luxembourg, China, Canada, Korea and North Macedonia) out of 44
countries have a Cl of greater than six positions, which indicate some uncertainty in their ranking and their ranks
have to be interpreted with caution. Table 5 shows the median ranks, confidence intervals, and deviations from
the nominal rank.

Figure 19. Median rank in the Innovation Output Indicator across simulations with alternative methods.
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Table 5. Table of the Median rank, Q5 and Q95 across simulations and nominal rank.

Nominal 10l Rank  Country Median Rank Q5 Q95 Cl Range Deviation from Nominal
1 IL 1 1.00 4.00 3.00 0
2 CH 2 1.00 3.00 2.00 0
3 SE 3 2.00 3.00 1.00 0
4 DE 4 4.00 6.00 2.00 0
5 us 5 4.00 7.00 3.00 0
6 KR 6 4.00 11.00 7.00 0
7 JP 10 7.00 12.00 5.00 -3
8 FI 8 6.00 10.00 4.00 0
9 UK 7 6.00 9.00 3.00 2
10 IE 9 6.00 12.00 6.00 1
11 CA 11 9.00 17.00 8.00 0
12 BE 12 10.00 14.00 4.00 0
13 NO 14 13.00 16.00 3.00 -1
14 LU 14 8.00 18.00 10.00 0
15 NL 14 11.00 16.00 5.00 1
16 DK 17 14.00 18.00 4.00 -1
17 cY 16 14.00 20.05 6.05 1
18 FR 17 13.00 19.00 6.00 1
19 AT 19 16.95 21.00 4.05 0
20 NZ 21 17.00 23.00 6.00 -1
21 CN 22 18.00 27.00 9.00 -1
22 AU 21 20.00 23.00 3.00 1
23 IS 24 22.00 26.00 4.00 -1
24 MT 23 20.00 25.00 5.00 1
25 S| 25 24.00 27.00 3.00 0
26 IT 27 25.00 27.00 2.00 -1
27 EL 25 23.00 29.00 6.00 2
28 «z 28 27.00 28.00 1.00 0
29 EE 29 27.00 29.00 2.00 0

30 PT 30 30.00 31.00 1.00 0
31 HR 33 31.00 34.00 3.00 -2
32 RS 31 30.00 36.05 6.05 1
33 ES 33 31.00 35.00 4.00 0
34 LT 35 33.00 38.00 5.00 -1
35 HU 36 33.00 37.00 4.00 -1
36 BR 37 35.00 38.00 3.00 -1
37 SK 38 35.00 39.00 4.00 -1
38 BG 40 38.00 41.00 3.00 -2
39 TR 41 39.00 43.00 4.00 -2
40 PL 41 39.00 42.00 3.00 -1
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Nominal 10l Rank  Country Median Rank Q5 Q95 Cl Range Deviation from Nominal

41 Lv 42 41.00 43.00 200 -1
42 RO 44 4400 4400 0.00 -2
43 MK 39 36.00 43.00 7.00 4
44 ME 32 31.00 43.00 12.00 12

Sensitivity Analysis

Sensitivity analysis builds on the results from an uncertainty analysis to investigate which modelling
assumptions drive variation in the rankings of countries. Table 6 shows descriptive statistics of the sensitivity
analysis. It shows the median rank deviation from the nominal 10l ranks for each of the eight model
specifications across 50 runs with random perturbations of the weights.

As seen from Table 6, the random perturbation of the weight alone has little impact, half of the countries
median ranks are the same as the nominal rank. The median ranking of the other half of the countries is within
two positions of the nominal ranks, the only exception being Montenegro. Changing one of the aggregation,
imputation or normalisation functions in combination with the random weights has little impact on the ranking.
For instance, model specifications with geometric aggregation only cause five countries’ median rank to differ
with three or more positions from the nominal ranking. Moreover, only six countries change three or more ranks
in comparison to the nominal ranks when using all three alternative functions (normalisation, imputation,
aggregation) and random perturbations of the weights.

The descriptive statistics of the sensitivity analysis are supplemented by a linear regression of the median rank
deviation from the nominal rank on each modelling alternative and their interactions. The results show that the
alternative imputation method in combination with the alternative geometric aggregation method causes the
largest deviations in rank. The marginal effect of the interaction between alternative imputation and
aggregation methods on rank deviations is estimated to be -1.77 ranks.

Overall, the sensitivity analysis shows that the model specifications in the 10l are robust to changes in the
normalisation, imputation, weights and aggregation. However, Montenegro and North Macedonia are two
outlying cases, whose rank fluctuates to a greater extent. These outlying cases are likely caused by their high
percentage of missing data as any model specification with the alternative imputation strategy has the greatest
impact on the median ranking in the descriptive statistics.
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Table 6: Comparison of nominal rank to median rank of eight model specifications.

Alternative Specification

Nominal Rank county Only Weights Agg Imp Norm A\gf;lgnt: : Agg+norm Norm+Imp All
1 IL 0 -2 0 0 -2 0 0 0
2 CH 0 1 0 0 1 0 0 0
3 SE 0 1 0 0 1 0 0 0
4 DE -1 0 -1 -1 0 0 -1 0
5 us 0 -1 0 0 -1 0 0 0
6 KR 0 1 0 0 1 -3 0 -3
7 JP -0.5 -2 0 -3 -3 -5 -3 -5
8 Fl 0 0 0 -1 0 1 -1 1
9 UK 1 2 1 2 2 3 3 3
10 IE -1 0 -1 1 1 2 1 2
11 CA 1 -3 0 0 -2 1.5 -1 1
12 BE 0 0 0 -1 0 1 -1 1
13 NO 0 -2 0 -1 -2 -1 -1 -1
14 LU 0 -1.5 0 3 -3.5 -2 35 -2
15 NL 0 4 0 -1 4 1 -1 2
16 DK 0 1 0 -2 1 -2 -1 -2
17 cY 0 -2 0 2 -3 2 2 2
18 FR 0 3 0 0 3 1 0 1
19 AT 0 1 0 -1 2 0 -1 0
20 NZ -1 -2 0 1 -3 -1 1 -1
21 CN -2.5 0 -1 -0.5 2 -2 0 -1
22 AU 1 1 1 0 0 1 0 1
23 IS 0 -1.5 0 -1 -3 -1 -1 -1
24 MT 0 3 0 1 3 2 1 1
25 Sl -1 0.5 -1 -1 0.5 0 -1 0
26 IT -1 0 -1 -1 1 0 -1 -1
27 EL 2 -2 2 2 -2 1 2 1
28 cz 0 0.5 0 0 1 0 0 0
29 EE 0 1 0 0 1 0 0 0
30 PT 0 0 -1 0 0 0 0 0
31 HR -1 -2 -2 -1 -3 -1 -2 -2
32 RS 1 -1.5 2 1 0 1 1 1
33 ES -0.5 2 -1 0 2 0 -1 -1
34 LT 0 -2 -1 0 -3 -1 -1 -1
35 HU -1 2 -1 -1 0 -1 -1 -1
36 BR -1 -1 -1 0 -2 0 -1 -1
37 SK -1 2 -2 -1 1 -0.5 -2 -1
38 BG -2 -0.5 -3 -2 -2 -1 -2.5 -2
39 TR -1 -2 -3 -0.5 -4 -2 -1.5 -3
40 PL -1 0 -1 -1 -1 0 -2 -1
41 LV -1 0 -2 -1 -1 -1 -2 -2
42 RO -2 -2 -2 -2 -2 -2 -2 -2
43 MK 0 0 5 0 4 0 5 4
44 ME 9.5 5 12 9 11 9.5 12 12

Note: Agg refers to alternative aggregation formula, namely the geometric mean. Imp refers to the alternative imputation formula, ie.
mean imputation. Norm refers to the alternative normalisation procedure, namely standardization (Mean = 5, S.D. = 1.5).
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Index validation analysis

A composite indicator aims to summarize a phenomenon that is not directly measurable. As such, composite
indicators still require indicators of observable phenomena that are part of or closely related to the composite
indicator’'s target concept. Given that the target concept is unobservable, it is useful to validate the
measurement by comparing the composite indicator to other measures of the same or similar concepts. A
strong relationship exists between independently created measures of the same concept provide evidence that
they do indeed measure the same concept.

In this section, the |0l 2022 edition is plotted against the Global Innovation Index (Gll), developed by WIPO and
based on 81 indicators (WIPO, 2022), as well as the Summary Innovation Index (Sll) developed by the European
Commission (European Commission, 2022). The Gll includes input and output sub-pillars. In this section, the 101
is plotted against the GII and its output sub-pillar. Each plot shows the subsample of countries that appear in
both indexes.

Figure 20 is a scatterplot of the 101 2022 score and the Global Innovation Output sub-index 2022 score. In the
top left, readers can find the Pearson correlation coefficient. Overall, there is a strong correlation between the
two measures of innovation output, indicating that both measure a similar phenomenon. There are also some
difference, namely in the scores of top performers. A likely cause is the wider scope of the Gl output sub-index,
which tracks not only services, knowledge and technology outputs like the 101 but also creative outputs such as
create goods and services and online creativity. For example, Israel scores highly and is ranked 7 in knowledge
and technology outputs of the Gl output sub-index. However it is ranked 36™ in the creative outputs of the GlI.
Therefore, the overall score of Israel is much lower in the Gl output sub-index compared to the 10I.

Figure 20. Score of the |0l and Global Innovation Output sub-index with correlation coefficient
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Figure 21 shows the scatterplot of the 101 2022 and the Global Innovation Index 2022 scores. The correlation
coefficient shows a strong relationship between the two indexes. The relationship between the IOl and the GlI
is stronger than that of the 101 with the Gl output sub-index. A likely cause is the greater overlap in theme
between the Gl inputs and IOI. The GlI input indicators focus on high-tech goods and services, weighing down
the importance of the creative outputs, and aligning it further with the 10I. As a result, many countries in the
Gll and 101 have similar scores. Nevertheless, some countries scored differently. Israel scores lower in the Gll
compared to the 10l due to its score in institutions and infrastructure — which include rule of law and internet
and electricity coverage. While Ireland performs less well due to its low scores on market sophistication in the

Gll. Estonia on the other hand, scores higher in the Gll than the 10l because of its high scores on infrastructure,
institutions and market sophistication inputs.

Figure 21. Score of the 10l and Global Innovation Index with correlation coefficient.
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Figure 22 is a scatterplot of the 10l and SIlI scores. As with the GlI there is a high correlation indicating
substantial overlap in the phenomenon measured. Few countries deviate from the diagonal. Israel is one of
these, an outlier in terms of its low score in the Sl compared to the I0l. The cause is likely the inclusion of
digitalisation (including internet access) and environmental sustainability in the SlI, where Israel scores
substantially lower than other top performers. Finally, it is also informative to consider for comparison the S|
types of activities, i.e. investment, framework conditions, innovation activities and impacts. The latter includes
three dimensions, namely employment impacts, sales impacts and environmental sustainability. As expected,
the 101 correlates stronger with the impacts pillars (Table 7). This is mainly driven by the high correlation with
the 10l and employment impacts sub-pillar, which includes the KIABI component in addition to a second

component, which is close to the ENT indicator and corresponds to the share of innovative enterprises, measured
in terms of employment.

Figure 22. Score of the |10l and Summary Innovation Index and correlation coefficient
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Table 7. Correlation table between EIS and 10l
Investments Framework Innovation Impacts Impacts sub-pillars
Conditions Activities
Employment Sales Environmental
Impacts Impacts Sustainability
101 0.87 0.77 0.80 093 094 0.66 051

Note: all correlations are significant at p<0.001
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Annex 3. Missing data patterns per 10l indicator

Figure 23. Missing data years per country on KIABI
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Figure 24. Missing data years per country on ENT
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Figure 25. Missing data years per country on SERV_VA
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Figure 26. Missing data years per country on GOOD_VA
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Figure 27. Missing data years per county on TRA_POP
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Figure 28. Missing data years per county on PCT_POP
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Table 8. Normalized and Imputed descriptive statistics of the 101 2022 and data for the year 2021

N. non-
Indicator Min Max Mean Median Std Skew Kurt missing
GOOD_VA 0.02 9.35 417 3.95 2.16 0.34 -0.31 44
SERV_VA 0.96 9.95 4.56 4.25 191 1 129 44
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KIABI 071 10 384 363 176 1.03 232 44
PCT_POP 0.01 9.46 2.58 131 2.82 121 0.39 44
TRA_POP 0.08 578 176 1.37 1.26 1.15 141 44
ENT 0.07 10 5.96 6.37 2 -049 035 44
Annex 4. Country performance per 10l indicator
Table 9: Country performance per 10l indicator.
Country Indicator 101 GOOD_va SERV_va Patents  Trademarks TECH_CAP ENT IP KIABI
AT Rank
2021 185 18 28 10 16 25 12 10 24
AT Value
001 105 42 38 469 212 4 7.16 34 36
AT % Change 571 -1066 41325 1406 -124 -1189 1124 931 1226
AU Rank
001 22 41 11 22 11 31 9 22 26
AU Value 100 182 558 191 24 37 792 2.16 3.45
2021
AU % Change 3 -968 809 1723 1136 372 2.16 -131 432
BE Rank
001 12 24 13 15 28 16 3 23 13
BE Value 116 393 554 295 127 474 878 211 435
2021
BE % Change  18.1 231 6.59 584 1048 481 252 7.23 21.09
BG Rank
001 42 37 41 41 30 44 38 36 39
BG Value 54 232 278 0.19 117 255 374 068 234
2021
BG % Change 2778 2174 503 513 -787 1262 3385 056 4493
BR Rank
o001 39 29 20 42 39 23 40 41 40
BR Value 60 368 462 0.1 067 415 367 038 2.25
2021
BR -
0 - - -
% Change  -50 1331 103 2368 67.69 533 lagas 6211 898
CA Rank
001 11 23 23 20 35 22 1 26 12
CA Value 119 396 434 22 099 415 10 16 487
2021
CA % Change 672 -034 1.09 458 -38.88 041 16.05 -89 -08
CH Rank
o001 2 3 4 4 4 4 31 2 8
CH Value 143 782 739 858 368 761 571 6.13 53
2021
CH % Change | oo 8.03 -174 11.89 16.02 3.28 7476 1313 577
CN Rank
o001 24 8 17 26 2 8 34 12 25
N Value 95 6.54 492 114 46 573 439 287 345
2021
N % Change 1579 266 -258 8237 90.02 041 -164 885 5.17
cY Rank
o001 17 32 7 37 17 17 7 31 11
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Country Indicator 101 GOOD_va SERV_va Patents Trademarks TECH_CAP ENT IP KIABI

R Value 109 34 6.06 03 203 473 7.99 116 492
2021
cY % Change 31.19 4424 -2.15 2.88 3812 1451 4263 3364 28.28
cz Rank
2021 30 17 35 32 24 28 16 33 30
« Value 86 441 323 053 156 382 671 104 323
2021
4 % Change  15.12 735 -3.09 1481 3141 -555 2784  -1971 20
DE Rank
001 45 4 8 8 9 5 4 6 275
DE g?;f 132 775 597 586 263 6.86 842 424 336
DE % Change 076 -022 -10.12 549 2389 -453 324 11.19 -8.08
DK Rank
001 16 9 36 5 32 18 14 8 195
DK Value 111 63 3.03 6.44 114 467 683 379 391
2021
DK % Change 1081 1553 212 1694 -1827 1117 1389 1167 348
EE Rank
001 31 39 31 29 12 40 26 25 23
EE Value 81 208 354 0.89 236 281 591 163 367
2021
EE 9% Change 1975 302 281 -901 57.08 2.89 9 3897 4352
EL Rank
001 29 43 19 36 42 37 2 43 35
EL Value 88 14 474 033 0.43 3.07 897 038 2.82
2021
EL % Change 125 -49.47 -5074  22.09 -1968 -50.45 3253 -172 1928
ES Rank
o001 36 16 29 27 29 21 43 32 34
ES Value 66 455 377 102 125 416 334 113 285
2021
ES % Change  3.03 1118 1337 133 867 -007 -086 537 1548
EU27 2 Rank
020 o001 27 25 27 21 20 27 27 24 22
EU27_2 Value
020 001 89 3.88 3.92 2.17 174 39 59 196 369
EU27 2
020 % Change  10.11 -195 -0.46 6.93 =262 -12 1353 269 21.24
EU27_2 Rank
030 001 20 5 12 16 21 6 30 21 29
EU27_2 Value
020 o1 104 773 555 268 173 6.64 576 22 333
EU27 2
o2 m  %Change 385 0.18 -796 6.45 771 =322 399 6.95 1429
FI Rank
o001 85 19 6 7 25 12 5 7 175
Fl Value
125 419 651 623 135 535 841 379 411
2021
FI % Change 96 -2511 1792 -1833 -2481 107 2752  -1949 1074
FR Rank
o001 185 12 25 17 7 15 22 13 21
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Country Indicator 101 GOOD_va SERV_va Patents Trademarks TECH_CAP ENT IP KIABI
R \2’31519 105 6.12 417 266 3.08 515 641 287 377
FR % Change O -957 -535 -681 -7.36 -7.86 314 -7.11 1261
HR Rank
2021 35 36 32 38 36 38 21 39 42
HR Value 69 238 343 0.29 075 29 643 052 211
2021
HR % Change 1304  -3593 -33.46 7.18 2269 -34.47 3803 1839 484
HU Rank
001 38 27 30 30 41 30 44 38 31
HU Value 61 385 359 064 0.45 372 323 055 3.12
2021
HU % Change  4.92 -884 2631 467 -278 813 0.89 159 978
IE Rank
001 10 14 14 19 13 11 15 18 3
IE Value
121 54 553 234 235 5.46 676 234 638
2021
IE % Change -2.48 17.84 46 584 -167.76 11.14 -319  -8118 1489
IL Rank
001 1 11 1 6 45 2 32 11 1
IL Value
156 6.17 9.95 6.4 0.13 806 558 326 10
2021
IL % Change 321 -148 14.05 738 3695 3 0 797 245
IS Rank
001 23 46 10 14 10 39 13 14 175
IS Value
9% 0.02 564 2.98 256 283 687 277 411
2021
IS % Change -125  -69936  -31.46 151 -26.77 -3375 251  -1157  -1405
IT Rank
2001 27 15 43 23 26 26 19 28 275
u Value 89 521 272 164 133 397 6.54 149 336
2021
T % Change 225 -6.54 0.92 15.19 16.46 -398 -088 1576 1111
JP Rank
o001 7 1 45 1 19 10 23 3 14
P \2/3155 126 935 176 9.46 177 555 633 562 435
P % Change  11.9 -6.99 -1421 3298 6227 -8.13 1438 376 2.07
KR Rank
2001 6 6 16 2 5 7 42 1 5
KR Value 129 763 498 943 365 63 35 6.54 589
2021
KR % Change 29.46 1295 -1174 5075 5163 32 1438 51 415
LT Rank
o001 37 42 46 35 33 46 25 35 33
LT Value 64 178 096 038 103 137 6.15 07 2.89
2021
LT 9% Change 4375 -04 5324 68.78 41.49 1838 4696 4888 50.59
LU Rank
o001 14 45 40 12 1 45 29 5 2
L \zlgl;f 113 067 282 354 578 175 581 466 737
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Country Indicator 101 GOOD_va SERV_va Patents Trademarks TECH_CAP ENT IP KIABI
LU % Change  -17.7 626 3301 1824 -47.13 2785  -3837 -2232 553
LV Rank

001 44 40 34 34 37 43 45 37 365
Lv Value 51 194 335 041 07 265 313 056 248

2021
LV % Change 1961 4064 143 7.07 1594 1401 734 1264 411
ME Rank

o001 325 38 22 46 44 32 11 45 365
ME Value 78 226 454 001 017 34 7.49 0.09 248

2021
ME % Change 23.08 674 23.08 100 -12274 1765 2806 -10556 2055
MK Rank

001 45 21 33 43 46 29 36 46 45
MK \2’31519 47 404 341 0.09 -1.02 372 391 -046 102
MK % Change 1489 922 4993 5904 3336 1784 515  -4273 1667
MT Rank

001 25 28 18 28 3 20 35 16 9
MT \zlgl;'f 94 375 476 096 419 425 424 258 526
MT % Change 1383 1492 2391 8523 65.19 19.95 3864 6893 2581
NL Rank

o001 15 20 26 9 18 24 18 9 10
NL Value 112 406 415 515 193 41 656 354 516

2021
NL % Change 7.14  -1646 2626 -006 -13.98 2141 965 -385 3289
NO Rank

001 13 34 5 13 27 14 6 19 195
NO Value 114 299 731 337 129 515 825 233 391

2021
NO % Change 193 -952 118 -2092 -066 562 399  -1529 1391
NZ Rank

o001 21 44 21 24 6 42 24 20 4
Nz Value 101 072 46 147 3.15 266 621 231 623

2021
NZ % Change 396 -147 -125  -3477 27.04 -3.07 994 7.41 .12
PL Rank

001 42 31 42 40 40 36 41 40 41
PL Value 54 342 275 028 061 3.08 355 045 2.17

2021
PL % Change 2407  -24.93 2023 37.74 -5.98 -48 4818 7.89 2969
PT Rank

001 34 35 37 31 14 41 28 30 32
l Value 76 258 3.02 064 222 28 588 143 3.02

2021
PT % Change 658  -19.73 -1892 459 27.25 -19.29 856 3143 5056
RO Rank

001 46 10 24 44 38 13 46 42 44
RO \zlglgle 40 6.25 434 0.08 068 529 0.07 038 119
RO 9% Change  -10 931 -6.03 32,05 485 3.02 2000  7.79 4857
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Country Indicator 101 GOOD_va SERV_va Patents Trademarks TECH_CAP ENT IP KIABI
RS Rank
2021 325 26 15 45 43 19 17 44 43
RS Value 78 388 539 0.08 0.19 463 6.7 013 207
2021
RS % Change 2179 -8.46 3218 -7.62 93.14 15.16 1996 6333 377
SE Rank
001 3 13 9 3 23 9 8 4 7
oE Value 141 558 58 88 169 569 7.92 524 547
2021
SE 9% Change 1277 256 451 861 -9.12 3.55 17.06 575 2236
Sl Rank
2021 27 22 44 25 22 33 20 29 16
sl Value 89 3.99 263 115 173 331 647 144 424
2021
sl % Change 1011  -1936 -1011  -4631 =275 -1569 1933 -20.15 28
SK Rank
2001 40 33 39 39 31 35 37 34 38
K Value 58 33 295 0.29 114 312 38 071 244
2021
SK % Change 17.24 -6.12 59.77 3862 11.13 2501 985 1668 2083
TR Rank
001 42 30 38 33 8 34 39 27 46
TR Value 54 3.49 301 046 272 3.25 371 1.59 071
2021
TR % Change O 442 1026 6321 5066 7.13 4845 5249 100
UK Rank
2001 85 7 2 18 15 1 33 17 6
UK Value 125 6.55 9.85 255 22 82 534 238 574
2021
UK % Change 2.4 3.13 -0.16 6.13 55.14 116 =799 2883 482
us Rank
o001 45 2 3 11 34 3 10 15 15
us Value
o1 132 7.93 8.1 445 1 801 7.83 272 43
us % Change 227 -558 0.92 1755 4756 23 0 23.04 426
Annex 5. Definitions of 101 indicators
INDICATOR: PCT_POP
Numerator Denominator
Definition Number of PCT patent applications Millions Population
Source OECD MSTI (MSTI_PUB/P_PCT.) if available World Bank
OECD PATSTAT otherwise. sp.pop.totl

(PATS_IPC/PCT_A.INVENTORS.. TOTAL.PRIORITY)

OECD REGPAT Microdata used to compute
missing countries (incl. RS, ME)

a4




Notes
Most recent year used 2019 [2]
[Nr. Years lag vs. 2021]
Corresponding EIS | NA
indicator
INDICATOR: TRA_POP
Numerator Denominator
Definition Number of trademark classes in total trademark | Millions of
resident applications in direct and Madrid system by | Population
origin (equivalent count).
Source WIPO IP Statistics Data Center: | World Bank
https://www3.wipo.int/ipstats/index.htm?tab=trademark
sp.pop.totl
Indicator: “5 — Class count in total applications (direct
and via the Madrid system)”. Report type: “Total count
by applicant’s origin (equivalent count)’. Type =
“Resident”.
Notes Missing time-series for Greece, Ireland, North
Macedonia.
Most recent year used | 2020 [1]
[Nr. Years lag vs.
2021]
Corresponding EIS | NA
indicator
INDICATOR: KIABI
Numerator Denominator
Definition Employment in knowledge-intensive | Total employment
business industries
Sources Eurostat, htec_kia_emp2; Japan Statistical Office, LFS; US BLS CPB; UK
BRES, OECD, SSIS_BSC_ISIC4, KOSIS
Notes US, JP: data reporting discontinued on Eurostat website; figures were

by Eurostat htec_esms.

htec_esms.

re-computed using national sources, following methodology described

UK: data not available from 2020 onward, figures were re-computed
using national sources, following methodology described by Eurostat
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https://www3.wipo.int/ipstats/index.htm?tab=trademark

KR: Korean Office Statistical Information Service (KOSIS) from 2016-
2020

No data available for China.

Most recent year used [Nr.

year lag vs 2021]

2021 [0]

Corresponding EIS indicator

4.1.1 Employment in knowledge-intensive activities as percentage of
total employment

INDICATOR: GOOD_VA

Numerator Denominator
Definition Domestic value added content of medium- | Total manufacturing
high and high-tech manufacturing exports. | exports
Medium-high and high tech industries: ISIC | Manufacturing sectors:
Rev 4 Divisions 20,21,26,27,28,29,30. ISIC Rev. 4 Division 10-
33.
Sources OECD TIVA_2021_C1, EXGR_DVASH
Notes Data is missing for Montenegro, North Macedonia and Serbia

Most recent year used [Nr. | 2018 [3]

year lag vs 2021]

Corresponding EIS indicator NA

INDICATOR: SERV_VA
Numerator Denominator

Definition Domestic value added content of | Total service exports
knowledge-intensive service exports Service sectors: ISIC
Knowledge intensive service sectors: ISIC | Rev. 4 Division 45-95.
Rev. 4 Divisions: 50,51, 58, 59, 60, 61, 62,
63, 64, 65, 66, 69, 70, 71,72,73,74,75, 84,
85, 86, 87, 88, 90, 91, 92, 93

Sources OECD TIVA_2021_C1, EXGR_DVASH

Notes Sectors 78 and 80 are not considered as they are aggregated into

group 77-82.
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Data is missing for Montenegro, North Macedonia and Serbia

Most recent year used [Nr.
year lag vs 2021]

2018 [3]

Corresponding EIS indicator NA

INDICATOR: ENT

Numerator Denominator
Definition Number of Innovation-active enterprises Total number
of enterprises.
Innovation-active firms include product and/or process innovative
firs, as well as firms with only innovation activities
Sources Eurostat Community Innovation Survey
OECD Innovation Indicators database
Notes Figures are based on Eurostat CIS core industries (NACE Rev. 2 sections & divisions
B-C-D-E-46-H-J-K-71-72-73).
Most recent | 2020 [1]
year used [Nr.
year lag vs
2021]
Corresponding NA

EIS indicator
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Annex 6. Contextual indicators

Table 10: Country performance and structure of the economy

Country GDP per capita (PPS) FDI inflows (as % of GDP) Employment in the manufacturing sector, as a Employment in the service sector, as a
percentage of total employment percentage of total employment
2021 2020-21  2019-21 2011-21 2021  2020-21  2019-21 2011-21 2021 2020-21 2019-21 2011-21 2021 2020-21 2019-21 2011-21
Growth Growth Growth Growth Growth Growth Growth rate Growth rate Growth Growthrate  Growth rate Growth
rate rate rate rate rate rate rate rate
AT 39,7538 6.0 09 200 26 -195.7 -192.1 -518 167 7.1 44 50 707 -06 -06 23
BE 38,9937 91 59 278 4.0 -187.3 -2014 -87.1 115 -65 -65 -190 797 13 18 56
BG 18,6383 125 122 589 25 -50.7 -216 -30.7 186 05 -11 -7.0 629 -03 -06 18
cyY 21,3039 89 22 152 -1174 128 -157.7 -180.2 72 -53 -14 -65 793 19 00 49
«z 30,2516 78 37 400 27 -220 -36.5 480 261 -26 -51 -15 60.5 07 08 34
DE 389824 54 29 230 17 -529 -6.2 -335 200 0.0 58 05 709 -03 -10 11
DK 43,0165 80 88 300 37 7288 -4366 -63 115 18 45 -94 783 -05 -09 10
EE 28,8241 116 120 575 198 717 1015 3106 182 -11 -16 -76 68.3 16 15 82
EL 20,747.7 115 09 85 29 63.2 17.2 639.5 99 31 31 -20 734 -13 04 47
ES 26,9579 83 -52 135 31 72 65.7 69.8 123 -31 -24 -39 758 04 04 23
Fl 36,269.0 59 6.1 190 80 -977.5 38.1 -468.3 126 -31 -16 -13.1 74.1 -0.1 -04 22
FR 34,053.0 80 22 221 30 4358 525 938 110 -43 -6.8 -16.7 758 -10 -03 16
HR 22,9017 17.8 99 457 6.8 2109 69 2431 177 0.0 -06 17 64.3 -14 =27 114
HU 24,3226 8.7 6.4 418 16.1 -849 -73.2 1133 212 -19 -4.1 -05 64.1 13 14 -03
IE 70,6539 148 194 1103 16.1 96.7 -2376 62.1 117 17 6.4 35 76.8 0.1 01 00
IT 30,964.3 96 25 136 09 -177.0 -421 -403 186 -11 05 -05 69.3 -06 -14 19
LT 29,0494 105 10.2 704 44 -43.7 -293 26 166 51 44 6.4 684 -0.7 0.7 21
LU 87,1889 109 105 239 -106 -107.7 -1578 -1739 32 -158 -135 -448 848 16 24 24
Lv 232164 73 6.9 619 93 2444 187.7 68.8 126 -16 0.0 -53 694 06 0.7 18
MT 33,1321 126 20 535 252 -120 -52 -689 105 -54 -54 -309 809 04 11 89
NL 42,055.5 73 59 211 -14.0 -418 797.5 -138.2 83 -78 -88 -98 821 119 115 15.0
PL 25,2825 93 96 498 55 710 848 573 194 -25 -58 32 60.3 33 33 69
PT 24,290.1 6.1 -13 218 31 776 -280 -22.8 169 -17 -17 06 727 33 34 139
RO 24,0510 101 102 717 41 1883 408 2358 197 88 42 88 554 112 138 313
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Country GDP per capita (PPS) FDI inflows (as % of GDP) Employment in the manufacturing sector, as a Employment in the service sector, as a
percentage of total employment percentage of total employment

2021 2020-21  2019-21 2011-21 2021 2020-21 2019-21 2011-21 2021 2020-21 2019-21 2011-21 2021 2020-21 2019-21 2011-21

Growth Growth Growth Growth Growth Growth Growth rate Growth rate Growth Growthrate  Growth rate Growth
rate rate rate rate rate rate rate rate
SE 39,862.5 84 7.1 199 83 1398 1679 581.7 99 00 -10 -175 79.0 -05 -06 17
S| 29,1538 89 5.0 352 35 269.1 -12.1 1049 221 -126 -137 -5.2 65.7 6.5 7.0 99
SK 22,480.8 43 18 149 08 -1779 -614 -84.7 249 -0.8 12 29 60.8 -0.2 -0.5 24
EU 32,4795 8.0 36 26.4 22 25.1 -2.5 -60.5 16.1 -1.8 -1.2 -3.0 70.9 11 11 43

Source: Eurostat and World Bank’s World Development Indicators, accessed on 7 March 2023.
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Table 11: Orientation of the economy toward knowledge-intensive sectors

Country Employment in the high and medium-high tech | Employment in the knowledge-intensive service | The share of medium- and high-tech products in | Knowledge-intensive services exports as share
manufacturing sectors, as a share of total sector, as a share of total service employment total product exports (GOOD) of total service (SERV)
manufacturing employment exports
2021 2020-21 2019-21 2011-21 2021 2020-21 2019-21 2019-21 2021 2020-21 2019-21 2011-21 2021 2020-21 2019-21 2019-21
Growth Growth Growth Growth Growth Growth Growth Growth Growth Growth Growth Growth

rate rate rate rate rate rate rate rate rate rate rate rate
AT 6.5 6.6 48 182 40.2 20 36 104 56.2 -25 -36 42 554 89 209 276
BE 44 00 -43 -154 514 28 73 113 527 -09 39 126 741 0.7 37 129
BG 45 47 71 324 318 13 36 8.2 366 03 35 425 59.2 29 313 96.2
cy 11 222 375 57.1 420 42 8.2 173 541 -6.0 -26 420 86.6 -71 128 211
z 113 -17 -17 141 359 41 72 136 65.7 -34 -35 39 55.0 6.4 22.7 376
DE 101 00 20 31 422 -07 2.7 47 66.0 -15 -22 16 790 15 59 35
DK 5.0 20 87 91 494 04 14 -10 50.7 -46 -17 199 824 17 115 55
EE 43 00 24 -23 384 32 46 120 373 -76 -51 -31 68.7 120 314 484
EL 16 -59 00 143 391 2.1 6.8 127 250 -136 86 197 64.9 -129 263 143
ES 40 00 00 53 383 24 6.1 76 439 -43 -37 -57 482 -101 50.5 57.2
Fl 47 -6.0 00 -113 457 -38 -11 36 445 -39 -32 75 85.0 26 112 326
FR 38 -73 -95 -208 466 -23 -02 54 54.2 -49 -74 -32 67.9 -28 78 80
HR 37 28 57 -26 345 -39 -4.7 169 358 91 -118 -174 230 -258 6.1 133
HU 93 -31 -41 69 370 39 6.0 72 66.6 -41 -29 -09 535 -34 51 80
IE 46 95 278 -8.0 484 30 76 73 63.0 32 105 239 94.5 0.7 17 69
IT 6.4 0.0 16 103 354 00 17 38 499 -36 -23 -0.1 60.2 -38 244 152
LT 28 77 16.7 64.7 371 08 57 9.1 39.1 -20 36 217 318 196 388 75.2
LU 05 -286 -375 -286 574 18 36 29 416 -24 -133 -152 92.7 01 14 6.5
Lv 20 91 176 538 38.0 24 41 76 318 -6.0 -43 75 60.5 84 141 194
MT 28 -152 -176 -333 498 38 6.4 17.7 54.8 -103 52 110 478 -89 -49 -243
NL 29 36 36 16.0 521 116 130 150 509 -6.0 -0.1 210 794 -13 -06 278
PL 52 -37 -103 83 332 31 47 107 488 -11 -13 -16 486 -01 9.7 226
PT 35 6.1 6.1 20.7 417 100 136 311 410 -39 -3.7 113 474 -0.7 287 94
RO 6.8 79 46 447 252 96 120 223 55.2 -6.3 -39 102 523 -36 9.0 302
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Country

Employment in the high and medium-high tech

Employment in the knowledge-intensive service

The share of medium- and high-tech products in

Knowledge-intensive services exports as share

manufacturing sectors, as a share of total sector, as a share of total service employment total product exports (GOOD) of total service (SERV)
manufacturing employment exports
2021 2020-21 2019-21 2011-21 2021 2020-21 2019-21 2019-21 2021 2020-21 2019-21 2011-21 2021 2020-21 2019-21 2019-21
Growth Growth Growth Growth Growth Growth Growth Growth Growth Growth Growth Growth
rate rate rate rate rate rate rate rate rate rate rate rate
SE 44 48 48 -43 556 18 30 86 531 -57 -54 -0.1 812 -33 39 10.2
] 88 -154 -146 73 418 112 17.1 212 609 =31 21 12.1 425 18 239 238
SK 119 6.3 9.2 227 36.3 23 34 124 678 -4.2 -1.7 126 46.3 10 210 931
EU 6.1 -1.6 -16 34 40.7 15 44 8.5 55.6 -3.4 -23 4.1 74.7 -0.3 10.8 129

Source: Eurostat, accessed on 7 March 2023.
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Table 12: Entrepreneurship

Country
Birth rate, number of ent.erprise birt!ns on the total number of Employment share of enterprise births Employment in fast-growing enterprises, as a share of total
active enterprises employment (DYN_rev)
2020 2019-20 2018-20 2011-20 2020 20159-20 2018-20 2011-20 2020 2019-20 2018-20 2011-20
Growth rate Growth rate Growth rate Growth rate Growth rate Growth rate Growth rate Growth rate Growth rate

AT 54 -98 -132 -294 11 -1638 -193 -46.3 70 0.0 -203 -265
BE 6.9 -38 38 -23 23 -21 142 110 57 -212 -45 -39.2
BG 91 -204 -20.2 -17.4 21 -21.1 -260 -278 142 0.0 -254 -224
cyY 91 33 -127 1004 20 6.4 -203 198 29 -63.9 -644 -755
z 82 -65 -138 =227 19 -78 -104 -417 109 -194 -289 -38
DE 72 -216 -105 -173 12 -24.1 -16 -16.3 123 -92 -100 -166
DK 110 05 0.2 91 15 41 10.1 -12.1 118 0.0 00 145
EE 121 9.1 -0.7 19 35 215 94 215 127 -143 -200 108
EL 46 -38 -1.7 -107 27 -69 -22 -109 256 0.0 00 00
ES 74 -207 =237 -7.0 25 -22.1 -267 -196 154 -214 -278 535
FI 88 17 100 -9.8 15 69 -263 1081 156 -257 -196 377
FR 113 -6.1 37 28 33 -49 93 323 73 -266 -259 -50.1
HR 94 -26.1 -48 145 24 -26.3 -205 -258 123 -146 -14.0 129
HU 107 -132 -183 76 2.7 -41.0 -394 -26.8 20.1 -15 -45 197
IE 6.7 00 256 72 17 0.0 509 97.7 237 -42 -49 69.2
IT 6.5 -119 -87 -24 19 -155 -155 -159 122 -200 -284 243
LT 181 -6.4 -46 -236 29 -83 -43 -475 16.1 -116 -58 -17.8
LU 78 -144 -13.1 -194 13 -254 -17.1 -259 119 -125 -152 319
Lv 113 -28 74 -409 24 -59 -236 -539 122 -75 -114 -270
MT 141 19 -51 305.7 44 9.0 347 1302 194 -143 -143 31.2
NL 104 -3.0 55 -65 14 -22 79 -171 169 -274 -394 74
PL 104 -179 -214 -16.3 29 -17.8 -219 -280 182 -6.7 -6.7 175
PT 122 -226 -237 -28 38 -243 -246 -111 218 -57 109 732
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Country

Birth rate, number of enterprise births on the total number of
active enterprises

Employment share of enterprise births

Employment in fast-growing enterprises, as a share of total
employment (DYN_rev)

2020 2019-20 2018-20 2011-20 2020 2015-20 2018-20 2011-20 2020 2019-20 2018-20 2011-20

Growth rate Growth rate Growth rate Growth rate Growth rate Growth rate Growth rate Growth rate Growth rate
RO 108 -75 -09 -17.2 33 -58 42 -198 52 -90 -243 -99
SE 6.8 93 73 -17.0 18 -06 -22 -270 192 136 81 151
Sl 91 -122 -142 -105 22 -114 -146 -111 107 -36.5 -389 125
SK 104 -14.1 -17.2 -27.5 36 -16.7 -179 -24.1 10.2 0.0 -45.2 -526
EU 8.9 -11.6 -8.7 -14 2.2 -14.7 -10.6 -10.6 125 -17.9 -213 84

Source: Eurostat, accessed on 7 March 2023. Note: Data on employment in fast-growing enterprises refers to 2019 for Poland and to 2018 for Denmark, Greece, Hungary, Ireland and Portugal.
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Table 13: Innovation

Country . . . Employment in innovation-active firms, Share of turnover from new-to-market
R&D investment (PPS, 2005 constant prices) R&D expenditure, as a percentage of GDP as a share of total employment products
2021 2020-21 2019-21 2011-21 2021 2020-21 2019-21 2011-21 2020 2018-20 2011-20 2020 2018-20 2011-20
Growthrate  Growthrate  Growth rate Growthrate  Growthrate  Growth rate Growth rate Growth rate Growth rate Growth rate

AT 89735 41 -04 298 32 -03 19 195 80.7 -0.1 58 5.7 -95 385
BE 11,306.6 17 23 67.0 32 -39 19 484 86.0 17 7.1 55 341 36.5
BG 739.0 -21 -40 785 08 -94 72 453 599 36 251 28 0.0 540
cy 1959 94 245 1246 09 36 225 933 765 -09 267 49 53.1 123
z 5,087.7 41 13 55.0 20 05 36 299 76.3 135 9.8 6.1 -47 75
DE 82,116.7 27 -2.2 237 31 0.0 -13 114 86.4 -0.1 01 34 -29 142
DK 5,186.2 -07 -18 135 28 -51 41 -44 68.2 -04 -6.7 47 516 -421
EE 4713 81 154 54 18 0.0 74 -24.2 770 -93 192 23 -68.3 -37.0
EL 2,755.2 43 123 98.0 15 -4.0 133 1132 825 94 177 9.7 -6.7 724
ES 15309.3 69 70 118 14 14 144 75 582 21 -63 6.4 72 197

FI 47105 54 70 -119 30 24 6.4 -17.7 818 10 88 50 -74 145
FR 40,4345 26 -06 9.8 22 -39 09 09 820 39 57 36 -265 -42.7
HR 8164 133 192 97.0 12 0.0 148 67.6 723 63 106 39 219 81
HU 3,081.1 106 143 826 17 38 122 398 535 27 -113 26 -36.6 -471
IE 3,136.8 =27 4.0 426 11 -13.8 -13.8 -316 76.0 423 0.0 184 166.7 -66.0
IT 20,558.0 54 -12 205 15 -13 21 242 717 -65 -34 43 -317 -153
LT 688.3 34 181 718 11 -26 121 233 76.2 7.2 393 43 194 105.9
LU 3927 -15 -98 -92 10 -64 -136 -282 65.2 -22 -202 14 -417 -64.7
Lv 2335 43 102 278 07 0.0 78 -42 516 -7.0 -21 30 -63 289
MT 94.1 82 146 64.1 06 -31 125 -6.0 595 -51 -192 31 -139 188
NL 13,9458 19 4.1 356 23 -26 32 197 706 78 -8.1 49 21 -299
PL 114276 107 136 165.7 14 36 9.1 920 609 208 124 36 636 356
PT 3,460.7 86 152 200 17 31 186 137 704 173 -19 43 -104 -332
RO 1,306.1 75 12 366 05 0.0 -21 0.0 214 -137 -39.7 10 -545 100
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Country

R&D investment (PPS, 2005 constant prices)

R&D expenditure, as a percentage of GDP

Employment in innovation-active firms,

Share of turnover from new-to-market

as a share of total employment products
2021 2020-21 2019-21 2011-21 2021 2020-21 2019-21 2011-21 2020 2018-20 2011-20 2020 2018-20 2011-20
Growthrate  Growthrate  Growth rate Growthrate  Growthrate  Growth rate Growth rate  Growth rate Growth rate  Growth rate
SE 11,569.7 11 19 272 34 -37 -09 53 811 09 9.0 6.3 167 66.2
Sl 11330 81 85 86 21 0.0 49 -112 75.7 92 56 36 385 -109
SK 1,100.9 6.9 128 752 09 33 134 431 61.7 134 58 119 58.7 -191
EU 250,231.26 3.6 1.2 26.5 23 -1.7 18 119 73.2 34 2.7 4.6 -2.1 -3.2

Source: Eurostat, accessed on 7 March 2023.
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GETTING IN TOUCH WITH THE EU
In person

All over the European Union there are hundreds of Europe Direct centres. You can find the address of the centre nearest you online
(european-union.europa.eu/contact-eu/meet-us en).

On the phone or in writing

Europe Direct is a service that answers your questions about the European Union. You can contact this service:
— by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls),

— at the following standard number: +32 22999696,

— via the following form: european-union.europa.eu/contact-eu/write-us _en.

FINDING INFORMATION ABOUT THE EU
Online

Information about the European Union in all the official languages of the EU is available on the Europa website (european-
union.europa.eu).

EU publications

You can view or order EU publications at op.europa.eu/en/publications. Multiple copies of free publications can be obtained by
contacting Europe Direct or your local documentation centre (european-union.europa.eu/contact-eu/meet-us en).

EU law and related documents

For access to legal information from the EU, including all EU law since 1951 in all the official language versions, go to EUR-Lex (eur-
lex.europa.eu).

Open data from the EU

The portal data.europa.eu provides access to open datasets from the EU institutions, bodies and agencies. These can be downloaded
and reused for free, for both commercial and non-commercial purposes. The portal also provides access to a wealth of datasets
from European countries.
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