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FOREWORD

Foreword

The OECD Science, Technology and Industry Scoreboard 2017 draws on the latest internationally
comparable data to uncover the strengths of the OECD and other leading economies, and shows how
the digital transformation is affecting science, innovation, the economy, and the way people work and
live. It aims to help governments design more effective science, innovation and industry policies in
the fast-changing digital era.

It features indicators traditionally used to monitor developments in science, technology, innovation
and industry, and complements them with new and experimental indicators that provide new insights
into areas of policy interest.

The aim of the STI Scoreboard is not to “rank” countries or develop composite indicators. Instead,
its objective is to provide policy makers and analysts with the means to compare economies with
others of a similar size or with a similar structure and to monitor progress towards desired national
or supranational policy goals. It draws on OECD efforts to build data infrastructure to link actors,
outcomes and impacts, and highlights the potential and limits of certain metrics, as well as indicating
directions for further work.

Indicators are pointers; they do not address causal relationships. Moreover, the validity of a
set of indicators depends on its use. The selected indicators have been developed with the following
criteria in mind:

@ Indicators should be based on high-quality statistics and robust analytical principles and be
measurable internationally, over time and with prospects of improvement.

@ Indicators should be relevant, particularly for decision makers.

® Experimental indicators that complement more established ones should bring new perspectives
and advance the measurement agenda. They should help to stimulate policy debates and uncover
new dynamics.

The first chapter, Knowledge economies and the digital transformation, provides a broad
overview. Trends in science, innovation and growth are presented in the context of today’s fast-changing
digital technology landscape. Section 1, “Science, innovation and the digital revolution”, presents the
latest developments and the top players in artificial intelligence (Al) and other breakthrough ICT
technologies, and examines the overall science landscape and the concentration of business R&D.
Section 2, “Growth, jobs and the digital transformation”, provides insights into countries’ participation
in global value chains, in particular ICT global production networks, explores the changing nature of
jobs, and presents the knowledge-based assets at the heart of innovation and productivity. Section 3,
“Innovation today: Taking action”, offers evidence in support of actions to address digital divides and
foster innovation and entrepreneurship.

Five thematic chapters focus on key areas of policy interest:

® Knowledge, talent and skills examines the knowledge assets that many firms and governments
view as current and future sources of long-term sustainable growth. It provides metrics of
knowledge-based capital, such as formal and on-the-job training and organisational assets, both
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in the market and non-market sector. Skills required for the new working environment shaped by
ICTs, as well as returns to ICT skills, are analysed through a new set of indicators.

® Research excellence and collaboration helps to inform the policy debate with a set of metrics on
the variety and nature of mechanisms for knowledge diffusion in the age of digitalisation. It points
to the research performance of countries that follow different paths of scientific specialisation, the
international mobility of highly skilled individuals, innovation across borders and collaboration
among firms in innovation processes.

® Innovation in firms explores the dynamism of the business sector and framework conditions crucial
for innovation. It examines sectoral R&D patterns and intellectual property bundles with a focus
on firms’ joint use of ICT patents, trademarks and industrial designs to protect their innovations.
Estimates of R&D tax incentives are combined with direct funding of R&D to provide a more complete
picture of government efforts to promote business R&D, while innovation survey data allow an
analysis of the participation of innovative firms in public procurement markets.

® Leadership and competitiveness investigates how countries seek to build their competitive
strengths and the extent to which economies are successful in integrating and specialising along
global value chains. It assesses indicators on R&D specialisation, technological advantages and
relative strengths, and e-business uptake in firms and sectors together with start-up dynamics in
ICT sectors vis-a-vis the rest of the economy. Indicators building on the OECD-WTO Trade in Value
Added (TiVA) database shed light on economies’ participation in global trade and value chains,
and the implications for jobs and consumers everywhere.

@ Society and the digital transformation uses metrics that focus on digital inclusiveness to help
inform the policy debate. A set of key indicators is used to examine individuals’ access to and use
of technologies from an early age, the level of sophistication of users, and their role as e-consumers
and e-citizens. Finally, a series of indicators on trust shed some light on firms and individuals’
security and privacy concerns in an increasingly digitised world.

The main audience of the STI Scoreboard is policy analysts with a good understanding of the
use of indicators and those engaged in producing indicators for analytical or policy-making purposes.
A few paragraphs introduce each indicator and offer some interpretation. Accompanying boxes
entitled “Definitions”, “Measurability” and “Did you know?” provide detail on the methodologies used,
summarise measurement gaps, challenges and recent initiatives, and draw attention to interesting
facts or figures based on the findings of the five thematic chapters.

All charts and underlying data can be downloaded via the StatLinks (hyperlink to a webpage).
Additional data that expand the coverage of countries and time periods are available at the same
links. Several thematic briefs and country notes, as well as online tools to visualise indicators and help
users develop analyses based on their own interests, are available from the STI Scoreboard website
(www.oecd.org/sti/scoreboard.htm).
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Executive summary

Mobility, cloud computing, the Internet of Things (IoT), artificial intelligence (AI) and
big data analytics are among the most important technologies in the digital economy
today. Collectively they are enabling a future of “smart everything”, and empowering
businesses, consumers and society as a whole. The OECD Science, Technology and Industry
Scoreboard 2017 shows how the digital transformation is affecting science, innovation,
the economy, and the way people work and live. It aims to help governments design
more effective science, innovation and industry policies in the fast-changing digital era.
Below are key insights from the report, with a specific focus on digital trends among all
the other themes covered.

The digital revolution continues apace

Over 2012-15, China, Chinese Taipei, Korea, Japan and the United States were responsible
for developing between 70% and 100% of the top 20 cutting-edge ICT technologies, with
Japan and Korea innovating across the whole spectrum of ICT technologies. Al technologies,
as measured by inventions patented in the five top IP offices (IP5), increased by 6% per year
on average between 2010 and 2015, twice the average annual growth rate observed for all
patents. In 2015, 18 000 Al inventions were filed worldwide. Japan, Korea and the United
States accounted for over 62% of those inventions. Up to 30% of patents filed on medical
diagnostic include Al-related components.

Scientific power-houses drive digital innovation

Over the past 15 years, China has tripled its high-impact scientific efforts — as measured
by its share of top 10% most-cited publications (14%) - making it the second largest scientific
powerhouse, behind the United States (25%). The United States leads in machine learning
research, followed by China. India has also entered the game and now accounts for a third
of papers published in this field, though ranking fourth behind the United Kingdom when
adjusted for quality. Machine-to-machine communication (M2M) is key to enabling the IoT.
In June 2017, China accounted for 44% of worldwide M2M sim card subscriptions - three
times the share of the United States.

Frontier technologies are highly concentrated

R&D is a highly concentrated activity: within economies a small number of firms
are responsible for a large proportion of total business R&D. The 50 largest domestic R&D
performers account for 40% of business R&D efforts in Canada and the United States,
and for 55% in Germany and Japan. The headquarters of the top 2 000 R&D corporations
worldwide are concentrated in just a few economies - notably the United States, Japan and
China - and about 70% of their total R&D spending is concentrated in the top 200 firms.
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These top 2 000 R&D firms lead in the development of digital technologies and own about
75% of global ICT-related patents, 55% of ICT-related designs and 75% of the IP5 patent
families related to AL

The digital transformation is not affecting every sector equally

Much of the value added related to ICT production is generated elsewhere in the
economy. The non-ICT industry value added embodied in global demand for ICT goods and
services (e.g. the glass that makes up a smart phone’s screen) contributed by the rest of
the economy accounts for 19-34% of overall value added, rising to 41% in China. The digital
transformation is now affecting all sectors of the economy, though to varying degrees. A new
taxonomy of digital-intensive sectors shows that Telecommunications and IT services
rank consistently at the top in terms of digital intensity, while Agriculture, Mining and Real
estate are consistently at the bottom. Other sectors show more heterogeneity across the
various indicators, pointing to different rates of transformation. While almost no business
today is run without ICTs, their impact depends on the type and sophistication of ICT tools
integrated into business processes. For example, while most companies in the OECD area
have a broadband connection, only 25% reported using cloud computing services in 2016 —
22% of small firms and 47% of large ones.

Broad skill sets are required

Creation, adoption and effective use of new technology require appropriate skills.
Economies where workers use ICT more intensively at work (e.g. the Netherlands, Norway
and New Zealand) also have a higher share of “non-routine jobs” involving relatively
complex tasks. Workers in jobs that are 10% more ICT-intensive than the average job may
earn hourly wages that are up to 4% higher. However, ICT skills alone are insufficient to
thrive in the digital economy. Workers enjoy extra rewards when ICT and tasks requiring
management and communication skills are performed together. Workers in digital-
intensive industries exhibit both higher levels of cognitive skills (e.g. literacy, numeracy
and problem solving), as well as non-cognitive and social skills (e.g. communication and
creativity).

More people are being connected, but gaps remain

The Internet and connected devices have become a crucial part of everyday life
for most individuals, and are now reaching nearly 100% of individuals in several OECD
countries. Over 50% of 16-74 year olds in Brazil, China and South Africa use the Internet
today, and the gap with OECD countries is narrowing. As the cost of online access
technology falls further and today’s “digital natives” become adults, this gap will continue
to decline. In the OECD area, 17% of students first accessed the Internet at or before the
age of 6, reaching 30% in Denmark. However, significant differences remain in the uptake
and use of digital technologies in a majority of OECD countries, including between younger
and older generations, by educational background, urban and rural locations, and firms
of different size.

Women lag in the digital transformation

In the OECD area, approximately 30% of graduates in the natural sciences, engineering
and ICTs are women. Only 22% of scientific authors are women, a figure that is even lower
for subgroups of authors, such as those engaged in paid review or editorial activity, or
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those fully dedicated to research. The proportion of patents featuring women inventors
ranges between about 4% in Austria to over 15% in Portugal. At work, women often earn
significantly less than men, even after individual and job-related characteristics are taken
into consideration. Skills, in particular ICT skills, partially explain the gender wage gap
across countries. Estimates suggest that, other things being equal, returns to ICT tasks
are higher for women than for men. Training women and endowing them with additional
ICT skills may therefore contribute to increasing their wages and help bridge the gender

wage gap.
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1. Science, innovation and the digital revolution

Broadband infrastructure

Fixed and mobile broadband subscriptions continue to grow apace. The number of worldwide fixed broadband subscriptions
increased by 72% in the last ten years, from 531.8 million in 2010 to 916.7 million in 2016. In OECD countries, fixed broadband
subscriptions increased from 307.3 million in 2010 to 386.8 million in 2016, an increase of 26%. Mobile broadband growth
by far outstripped fixed broadband with worldwide subscriptions increasing from 824.5 million in 2010 to 3 864 million in
2016. At the end of 2016, just over half the world’s population had a mobile broadband subscription. By way of contrast,
the average for OECD countries was 99.3%. The pace of change can be rapid, however. Mobile broadband subscriptions in
non-OECD countries registered a nine-fold increase over the last decade, with India adding almost 100 million broadband
subscriptions in 2016 alone.

1. Worldwide fixed and mobile broadband penetration, 2010 and 2016

Total subscriptions and per 100 inhabitants

I Total subscriptions, 2016 [0 Total subscriptions, 2010 <> Subscriptions per 100 inhabitants
Fixed broadband Mobile broadband
Millions Per 100 inhabitants Millions Per 100 inhabitants
1000 -4 50 4000 -1 120
800 | 1 40 <
3000 | 4 90
600 & -4 30
& 2000 [ 4 60
400 4 20
&
1000 | 4 30
200 4 10
0 0 0 0
World  OECD Non- World OECD Non- World  OECD Non- World  OECD Non-
0ECD 0ECD 0ECD 0ECD

Source: OECD, Broadband Portal, http://oe.cd/broadband and ITU, World Telecommunication/ICT Indicators Database, July 2017.
StatLink sa=m http://dx.doi.org/10.1787/888933616864

2. Mobile broadband penetration, OECD, G20 and BRIICS, 2016

Total subscriptions and per 100 inhabitants

I Subscriptions per 100 inhabitants <> Total subscriptions (right-hand scale)

Per 100 |nhab|tants 1275 184 174 941 217 Millions
180 (193 Ol * & & O 120
160 | <&

-4 100
140
120 4 80
&
100
~ <& 1 60
80 M » Q o
60 & A 1 40
L4 s ®
40 o o 1 5
20 o M C
& @ @ @ » & &
0 ol B Helle & ol ® ® A *He 0
RS E NN ¢ N PFERSFR D S AW% A TR LR TS LN LS

Source: OECD, Broadband Portal, http://oe.cd/broadband and ITU, World Telecommunication/ICT Indicators Database, July 2017. See chapter notes.
StatLink Sazr http://dx.doi.org/10.1787/888933616883
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1. Science, innovation and the digital revolution

Machine-to-machine communication

The Internet of Things (IoT) refers to an ecosystem in which applications and services are driven by data collected from
devices that act as sensors and interface with the physical world. This ecosystem could soon constitute a common part of the
everyday lives of people in OECD countries and beyond. Important IoT application domains span almost all major economic
sectors including: health, education, agriculture, transportation, manufacturing, electric grids and many more. Part of the
underlying infrastructure of the IoT is machine-to-machine (M2M) communication. The Groupe Spéciale Mobile Association
(GSMA) tracks the number of M2M subscriptions around the world. These data show the number of SIM cards embedded in
machines, such as automobiles or sensors, which allow communication between such devices. Among G20 economies, the
United States had the highest penetration (number of M2M SIM cards per inhabitant) in June 2017, followed by France and the
United Kingdom. Between 2012 and Q2 2017, the number of subscriptions increased by 131% in OECD countries and 272% in
the G20, although from a smaller base. The People’s Republic of China (hereafter “China”) had the largest share of worldwide
M2M subscriptions (44%) at 228 million subscriptions in June 2017, representing three times the share of the United States.

3. M2M SIM card penetration, OECD, World and G20 countries, June 2017
Per 100 inhabitants

2017 <& 2012

Per 100 inhabitants
25

20

15 |

10 |

NI R Y Y R Y N U N
F & & & FPF & FF T FS @ QP T E Lo

Source: OECD calculations based on GSMA Intelligence, September 2017. StatLink contains more data. See chapter notes.
StatLink si=r http://dx.doi.org/10.1787/888933616902

4. Top M2M SIM card connections, June 2017
Total connections and as a percentage of world total

I Total connections as a percentage of world total <> Total connections (right-hand scale)

Millions
100

90
80
70
60
50
40
30
20
10
0

S & < 3 N
S F TSRS LS FESEESS S

Source: OECD calculations based on GSMA Intelligence, September 2017. StatLink contains more data. See chapter notes.
StatLink sa=r http://dx.doi.org/10.1787/888933616921

Measuring the infrastructure for IoT using GSMA data on M2M

The GSMA’s definition of M2M is: “A unique SIM card registered on the mobile network at the end of the period, enabling mobile
data transmission between two or more machines. It excludes computing devices in consumer electronics such as e-readers,
smartphones, dongles and tablets”. The GSMA collects publicly available information about mobile operators that have commercially
deployed M2M services. It then uses a data model based on a set of historic M2M connections reported at any point in time by
mobile operators and regulators, along with market assumptions based on their large-scale survey of M2M operators and vendors.
This pool of data is then reconciled by GSMA with their definition, normalised and analysed to identify specific M2M adoption
profiles. These adoption profiles are then applied by the GSMA to all operators that have commercially launched M2M services,
but do not publicly report M2M connections to produce national figures. For more information, see www.gsmaintelligence.com.
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ICT technologies at the cutting edge

Technologies take time to develop and mature and may follow different development and adoption paths. Technologies that
have several applications may at some point experience accelerated development - they may start to “burst”. Information
and communication technologies (ICTs) are an example of bursting technologies. ICT products such as mobile phones and
computers are renowned for their complexity and modularity, their rapid obsolescence, and their reliance on a wide array
of continuously evolving technologies. A novel data-mining approach is used to monitor the extent to which different ICT
fields emerge and develop, and to identify bursting technologies. Over 2012-15, five economies accounted for 69% to 98% of
the top 20 bursting ICT technologies. Japan and Korea contributed to the development of all ICT fields whose development
accelerated during this period, together accounting for 21% to about 70% of all patenting activities in these bursting
ICT fields. The United States led the development of ICT technologies related to payment protocols (34%), transmission
arrangement (28%) and digital video signal coding (28%). China was among the top five economies developing technologies
in most bursting ICT fields, and was particularly active in light modulation and control inventions (28%). A few European
economies, namely Sweden, Germany and France, also featured among the top five leaders of some bursting ICT fields.

5. Top players in emerging ICT technologies, 2012-15
Share of top five economies’ patents in top 20 technologies bursting from 2010 onwards
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Source: OECD, STI Micro-data Lab: Intellectual Property Database, http://oe.cd/ipstats, June 2017. StatLink contains more data. See chapter notes.
StatLink sz http://dx.doi.org/10.1787/888933616940

Identifying acceleration in technological development

Patents protect novel inventions and technologies, and patent data can help investigate a number of policy-relevant issues related
to innovation and technological development. A new data mining approach called “DETECTS” (see Dernis et al., 2016), exploits
information contained in patents to identify technologies whose development increases sharply (i.e. “bursts”), compared to
previous levels and to the development of other technologies, and maps the time it takes for such dynamics to unfold. A technology
field is said to burst or accelerate when a substantial increase in the number of patents filed in the field is observed. DETECTS
monitors such acceleration in relative terms (i.e. compared to past development patterns in the field and relative to the pace of
development in other fields). Monitoring fields in which accelerations occur is vital for policy making, as developments tend to
persist in these areas over the short and medium term. Furthermore, information contained in patents about the technologies
themselves and the geographical location of patent owners and inventors enables the identification of economies leading such
technology developments, and can shed light on the generation of new fields arising from the cross-fertilisation of different
technologies (e.g. ICT and environmental technologies).
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1. Science, innovation and the digital revolution

ICT technologies at the cutting edge

Aburst analysis focusing on ICT-related fields over the period 2000-14 reveals the sequence of technological developments
occurring during these 15 years, the extent to which some ICT fields saw their development accelerated and the length
of the period during which such bursts were sustained (the “duration of the burst”). At the start of the 2000s, activities
burgeoned in the field of digital data processing, editing and optical recording, whereas the late 2000s saw accelerations
in semi-conductor devices and wireless communications. Since 2012, inventions patented in the five top IP offices (IP5)
and related to digital data transfer experienced a persistent acceleration of unprecedented intensity, reaching about 24 000
IP5 patent families in 2012-14 alone. During the last part of the period considered, open-ended bursts are underway in
various domains linked to organic materials devices, image analysis, connection management and payment protocols.
Compared to those observed at the beginning of the period, recent bursts seem to last longer and consist of a higher
number of inventions.

6. Intensity and development speed in ICT-related technologies, 2000-14
Intensity of bursts (bubble size) and duration over time
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Source: OECD, STI Micro-data Lab: Intellectual Property Database, http://oe.cd/ipstats, July 2017. StatLink contains more data. See chapter notes.
StatLink sz http://dx.doi.org/10.1787/888933616959

How to read this figure

The size of the bubble indicates the intensity of the burst (i.e. the pace at which they accelerate), and the different shades indicate
different technologies that start to burst at the same time. The X axis indicates the year in which technologies start to burst,
and the Y axis displays the number of years after technologies stop bursting and continued their development at a very much
slower pace. For example, acceleration in the development of patented technologies related to optical recording and reproduction
(top-left) was first observed in 2001 (X axis), and lasted for four years (Y axis), until the end of 2004. Bubbles located along the
diagonal line on the right-hand side of the figure represent open-ended bursting technologies (i.e. technologies still developing
at an accelerated pace at the end of the sample period). Among ICT technologies that began to burst in 2012 are those related
to digital data transfer, organic materials devices and image analysis. While developments in these fields were characterised
by a varying number of patents — with digital data transfer accounting for the highest amount - inventive activities in all fields
continued to occur at an accelerated pace up to the end of 2014.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY SCOREBOARD 2017: THE DIGITAL TRANSFORMATION © OECD 2017

21



IES AND THE DIGITAL TRANSFORMATION

1. Science, innovation and the digital revolution

Artificial intelligence

Artificial Intelligence (Al) is a term used to describe machines performing human-like cognitive functions (e.g. learning,
understanding, reasoning or interacting). It has the potential to revolutionise production as well as contribute to tackling
global challenges related to health, transport and the environment. The development of Al-related technologies, as
measured by inventions patented in the five top IP offices (IP5), increased by 6% per year on average between 2010 and 2015,
twice the average annual growth rate observed for patents in every domain. In 2015, 18 000 IP5 patent families related to
Al were filed worldwide. Japan, Korea and the United States account for over 62% of Al-related patent applications during
2010-15, down from 70% in 2000-05. Over the same period, Korea, China and Chinese Taipei increased their number of
Al patents compared to rates observed in 2000-05. EU 28 countries contributed to 12% of the total stock of IP5 Al-related
inventions in 2010-15, down from 19% in the previous decade. Al technological breakthroughs such as “machine learning”
coupled with emerging technologies such as big data and cloud computing are strengthening the potential impact of Al

7. Patents in artificial intelligence technologies, 2000-15
Number of IP5 patent families, annual growth rates and top inventors’ economies
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Source: OECD, STI Micro-data Lab: Intellectual Property Database, http://oe.cd/ipstats June 2017. StatLink contains more data. See chapter notes.
StatLink =a=m http://dx.doi.org/10.1787/888933616978

How to measure Al technologies?

Measuring the development of Al technologies is challenging as the boundaries between Al and other technologies blur and
change over time. The indicators presented here make use of technology classes (i.e. the International Patent Classification, IPC,
codes) listed in the patent documents to identify Al-related inventions. All inventions belonging to the “Human interface” and
“Cognition and meaning understanding” categories listed in the 2017 OECD ICT taxonomy (see Inaba and Squicciarini, 2017) are
here considered as being Al-related.

As inventions protected by patents can be assigned to a number of technology classes at the same time, it is possible to investigate
the extent to which Al is combined with other technologies by examining the “co-occurrence” of IPC codes in patent families
(i-e. the listing of several IPC codes in the same patent document). The figures presented here show technologies that are more
often combined with Al, and are displayed in accordance with the WIPO IPC-Technology concordance (2013) and the ICT taxonomy.
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Artificial intelligence

An examination of all technology fields in which Al-related patents are filed shows that Al technologies are frequently
associated with a variety of digital technologies used for big data analytics. These include digital data processing and
transfer as well as applications used for transport and health. For example, a closer look at medical technologies reveals
that up to 30% of inventions used for medical diagnosis (e.g. eye testing or general medical examinations) incorporate
embedded Al-related components.

8. Patents for top technologies that embed artificial intelligence, 2000-05 and 2010-15
Number of IP5 patent families in Al by non-Al patent classes
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Source: OECD, STI Micro-data Lab: Intellectual Property Database, http://oe.cd/ipstats, June 2017. StatLink contains more data. See chapter notes.
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9. Top 10 medical technologies combined with artificial intelligence, 2000-05 and 2010-15
Share of Al-related patents in IP5 patent families related to medical technologies
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Science landscape

The world’s top R&D performer is the United States, which surpassed USD 500 billion of domestic R&D expenditure
in 2015. The second biggest performer of R&D is China (USD 409 billion PPP), which overtook the combined EU28 area
(USD 386 billion PPP) in 2015. Israel and Korea have the highest ratio of R&D expenditures to GDP owing to rapid increases
in recent years. OECD partner economies account for a growing share of the world’s R&D, measured in terms of total
researchers and R&D expenditures. In most economies personnel costs, including researchers, account for the bulk of R&D
expenditures. This explains the close relationship between R&D as a percentage of GDP and the number of researchers as
a percentage of total employment. Variations can be related to differences in the relative prices of different R&D inputs
(including researcher remuneration), the degree of R&D specialisation in each economy, and R&D capital expenditures
relating to research infrastructures being developed for the future.

10. R&D in OECD and key partner countries, 2015
R&D expenditures in 2010 USD constant prices and PPP O BRIICS
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Note: Owing to methodological differences, data for some OECD partner economies may not be fully comparable with figures for other countries.
Source: OECD, Main Science and Technology Indicators Database, http://oe.cd/msti and UNESCO Institute for Statistics, Research and experimental
development (full dataset), July 2017. See chapter notes.
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1. Science, innovation and the digital revolution

Top science

The global volume of scientific production, as indexed in the private bibliometric database Scopus, grew significantly over
the 2005-16 period. Indicators of “scientific excellence” focus on the changing contributions of countries to the top cited
publications. China increased its production of highly-cited scientific output and so its share in the world’s top 10% most-
cited publications from less than 4% in 2005 to 14% in 2016, making it the second largest country behind the United States.
The combined EU area maintained its global share of high quality scientific production, surpassing the United States as
a scientific powerhouse. However, as the second figure shows, the average “excellence” of EU research is still lagging at
about 12%, lower than both the United States and the United Kingdom, which maintain their status as countries with
high shares of high-quality scientific research (14%). Starting from a low base, the Russian Federation also saw its average
performance increase to over 4% over the period.

11. Economies with the largest volume of top-cited scientific publications, 2005 and 2016
As a percentage of the world’s top 10% most-cited publications
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Source: OECD calculations based on Scopus Custom Data, Elsevier, Version 4.2017, July 2017. StatLink contains more data. See chapter notes.
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12. Recent trends in scientific excellence, selected countries, 2005-16

As a percentage of domestic documents in the world’s top 10% most cited
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How to read these figures

Figure 11 depicts the area or country share of the world’s top 10% most-cited documents within their class (articles, reviews and
conference proceedings) and publication year. For example, more than 30% of top-cited documents are produced by EU-based
authors. Figure 12 illustrates the percentage of documents produced within each country that attain a top 10% cited status. For
the EU area, this is close to 12%. A citation-based measure of journal influence, the Scimago Journal Rank, has been used to rank
documents with identical numbers of citations. Because more recent documents attract fewer citations, values for recent years
will be more influenced by this adjustment. The same applies to fields where citations take longer to occur.
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R&D trends

IES AND THE DIGITAL TRANSFORMATION

Gross domestic expenditure on R&D (GERD) in the OECD area grew 2.3% in real terms from 2014-15 to reach USD 1.14 trillion.
This increase furthered the recovery of R&D expenditure in the aftermath of the 2008-09 global and financial crisis.
Since 2013, OECD GERD has remained stable as a percentage of GDP at 2.4%. Recent growth has been driven primarily by
businesses, which account for around 70% of all R&D. Private non-profit institutions’ R&D (which includes most charities)
also grew strongly over 2013-15, although this represents only a small share of total R&D (2.4%). Government-performed
R&D rebounded slightly, while the pace of growth of R&D undertaken by higher education (the second biggest R&D
performing sector) slowed. Among countries covered in the OECD Main Science and Technology Indicators (http://oe.cd/
msti), R&D intensity was highest in Israel and Korea, the latter of which has experienced fast growth since 2002 - driven
primarily by increasing business R&D. This is also the case in China where GERD as a share of GDP surpassed the EU28
share in 2012 and continued to grow towards the OECD level (2.4%), reaching 2.07% in 2015. The higher education sector is
a significant contributor to R&D performance in most countries, particularly with respect to fundamental basic research.
However, in China, higher education institutions’ R&D accounts for only 7% of GERD, markedly below the OECD and EU28
levels (18% and 23%, respectively).

13. R&D expenditures by performing sector, OECD area, 1995-2015
Constant price index (USD PPPs 1995 = 100) and share of GERD in 2015
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14. Trends in total R&D performance, OECD and selected economies, 1995-2015
As a percentage of GDP
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1. Science, innovation and the digital revolution

R&D trends

As with other types of investment, expenditures on R&D and innovation are pro-cyclical (positively related to economic
performance). Business-financed R&D is particularly affected by varying finance availability and aggregate demand. The
major drop in GDP and business R&D in 2008-09 was partly balanced by growing government-funded R&D. Since 2010,
business-funded R&D has recovered, while direct government funding of R&D has declined - mainly due to budget
consolidation policies. Since 1985, the three types of R&D have evolved differently: applied research and experimental
development, which account for most of R&D expenditure (21% and 62% of GERD, respectively, in 2015; reaching a combined
95% in China) have more than doubled in real terms since 1985. Basic research (17%) has nearly quadrupled over the same
period, driven by sustained growth in R&D within higher education. Considerable differences across sectors and countries
underlie the general trends presented. For example, relative increases in business-performed basic research are also a factor
in some countries including the United States, which has seen this rise from 3% to 5% of GERD between 2005 and 2015.

15. R&D expenditures over the business cycle by source of financing, OECD area, 1995-2016
Constant price index (USD PPPs 1995 = 100) and share of GERD in 2015
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Source: OECD, Main Science and Technology Indicators Database, http://oe.cd/msti, July 2017. See chapter notes.
StatLink sz http://dx.doi.org/10.1787/888933617130

16. Trends in basic and applied research and experimental development in the OECD area, 1985-2015
Constant price index (USD PPPs 1985 = 100) and share of GERD in 2015
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Note: The index has been estimated by chain-linking year-on-year growth rates that are calculated on a variable pool of countries for which balanced
data are available in consecutive years and no breaks in series apply.
Source: OECD, calculations based on Main Science and Technology Indicators Database, http://oe.cd/msti and Research and Development Statistics
database http://oe.cd/rds, June 2017. See chapter notes.

StatLink Sazr http://dx.doi.org/10.1787/888933617149

Measuring R&D and its components

R&D activity is measured by summing all relevant expenditures incurred in performing R&D as defined in the Frascati Manual (OECD,
2015a). R&D comprises basic research (creating new knowledge with no specific application in view), applied research (creating
new knowledge with a specific practical aim), and experimental development (of new products or processes). Separating these
components is challenging in some countries and sectors, leading to coverage gaps. Financial incentives, especially government
funding decisions and priorities, may also affect survey respondents’ reporting of R&D projects as basic or applied research,
impacting measures of sector and/or industry specialisation in different types of R&D.
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Concentration of business R&D

R&D is a highly concentrated activity: within countries a small number of firms are responsible for a large proportion of
total business R&D (BERD). This is corroborated by a new analysis of R&D performance across a number of OECD countries
at the enterprise level. The 50 largest domestic R&D performers account for 40% of BERD in Canada and the United States,
55% in Germany and Japan, and 70% in Denmark and New Zealand. Broadening the analysis to the top 100 R&D performers
leads to a relatively moderate increase in the cumulative share of BERD accounted for by large R&D performers. These
figures should be considered in relation to the size of the country and the total number of business R&D performers.
In New Zealand, for example, the top 50 performers represent 4% of all R&D performing enterprises, whereas in France
or Germany they represent a much smaller fraction. Understanding the concentration of business R&D has immediate
implications for the allocation and potential targeting of public support for business R&D, which is prone to be skewed
towards large R&D performers.

17. Concentration of business R&D: top 50 and top 100 performers, 2014
As a percentage of domestic business R&D expenditure and of total count of performers
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Source: OECD, based on preliminary results from the OECD microBeRD project, http://oe.cd/microberd, July 2017. See chapter notes.
StatLink sa=r http://dx.doi.org/10.1787/888933617168

microBeRD: the OECD microdata project on impact and incidence of public support for business R&D

The OECD has launched the microBeRD project to analyse the extent and impact of public support for business R&D at the
micro level. microBeRD seeks to facilitate policy learning by exploring the wide heterogeneity in companies’ eligibility and use of
government support — both within and across countries. The project adopts a coordinated, distributed approach to the analysis
of microdata across different jurisdictions, undertaken in collaboration with national experts with access to R&D and public
support microdata. The majority of these experts already collaborate with the OECD on longstanding activities to set measurement
standards for R&D and develop internationally comparable aggregate R&D indicators.

The use of a common, adaptable code facilitates consistent, multi-country analysis of heterogeneity in the uptake and impact of
public support for business R&D across firms. This approach also preserves data confidentiality (only aggregated, non-disclosive
data are shared with OECD), while addressing questions that cannot be explored through analysis within a single country or with
publicly available data sources alone.

A series of indicators derived from R&D microdata can inform the policy analysis of markets and policy drivers of R&D performance
and their impacts. Indicators on the concentration of R&D performance within OECD countries can help understand the role
of competition, for example, through comparison with other measures of economic concentration at industry or country level.
Furthermore, a comparison of the actual concentration of R&D performance with microdata-based measures of the concentration
of public support for R&D can help identify the existence of potential biases and consistency with the stated rationales for
allocating support. While it is broadly acknowledged that R&D is a highly concentrated activity, there is only limited internationally
comparable evidence available on the degree of R&D concentration within OECD countries. microBeRD seeks to help close this
evidence gap.

For more information on the microBeRD project, see http://oe.cd/microberd.
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Concentration of business R&D

While large firms account for the bulk of business R&D in most of the countries considered, small and medium-sized firms
still account for a significant share of BERD, ranging from 21% in Belgium to 56% in Norway. Within each size category,
most R&D is performed by firms established five or more years ago. With the exception of the Czech Republic and Italy,
most of the R&D performed by younger firms (established less than five years ago) is attributable to small companies with
10-49 employees, vis-a-vis medium-sized (50-249 employees) and large (250 and more employees) enterprises. The countries
with the largest share of R&D performed by younger firms are Israel (9.3%), Norway (8.6%) and the Czech Republic (7.6%).
Across countries, there are significant differences in the extent to which firms of different size and age rely on external
sources of R&D funding. In Belgium and Norway, external sources of funding account on average for at least 15% of R&D
expenditure in every size and age category, while in the Czech Republic and Israel, external sources make up less than 7%.
Overall, small R&D performers tend to rely more heavily on external R&D funding. Government funding is particularly
important for small R&D performers, while its relative importance for young versus old small companies varies across
countries. Funds from abroad play a more important role for medium-sized and large R&D performers.

18. Business R&D performance by size and age, 2014

As a percentage of domestic business R&D expenditure
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Source: OECD, based on preliminary results from the OECD microBeRD project, http://oe.cd/microberd, July 2017. See chapter notes.
StatLink sazr http://dx.doi.org/10.1787/888933617187

19. External sources of R&D funding by firm size and age, 2014

Share in intramural R&D expenditure, weighted average
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IES AND THE DIGITAL TRANSFORMATION

1. Science, innovation and the digital revolution

Top corporate R&D players

Top corporate R&D investors are companies at the technology frontier that account for a substantial amount of innovation-
related investment and output. Their headquarters are concentrated in a few economies, in particular the United States,
Japan and China. On average, each top 2 000 R&D investor has affiliates in 21 economies and is active in 9 different
industries. R&D expenditure as well as innovative output in the form of patents and trademarks also appears to be highly
concentrated. In 2014, the top 10% of these corporate R&D investors (i.e. the top 200 companies with their affiliates)
accounted for about 70% of R&D expenditure, 60% of IP5 patent families (inventions patented in the five top IP offices), 53%
of designs and 38% of trademarks. Industry-specific dynamics, product complexity and market differentiation strategies,
among others, help to explain differences among companies in the use of intellectual property types. Top R&D investors
play a leading role in the development of digital technologies. They account for the ownership of about 75% and 55% of
global ICT-related patents and designs, respectively, while about 21% of their affiliates operate in ICT industries, on average.
Patents protecting ICT-related developments represent 44% of the total patent portfolio of top R&D investors in the ICT
sector. However, the share of ICT-related patents owned by non-ICT corporations varies substantially, reaching 70% or more
in the case of companies operating in the “Finance and insurance” and the “Administrative and support services” industries.

20. R&D expenditures and the IP bundle of top R&D companies, 2014
Cumulative percentage shares within the top 2 000 R&D companies
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Source: OECD calculations based on JRC-OECD, COR&DIP®© Database v.1, July 2017. See chapter notes.
StatLink Sa=m http://dx.doi.org/10.1787/888933617225

21. Patent portfolio of top R&D companies, by industry, 2012-14
Total and ICT-related IP5 patent families
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Source: OECD calculations based on JRC-OECD, COR&DIP®© Database v.1, July 2017. See chapter notes.
StatLink sa=r http://dx.doi.org/10.1787/888933617244
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1. Science, innovation and the digital revolution

Top corporate R&D players

Top corporate R&D investors in the “Computers and electronics” industry are, by far, the most reliant on intellectual
property (IP) rights and account for about one-third of total patent filings by top R&D investors. “Transport equipment”,
“Machinery and Chemicals” are also emerging as patent-intensive industries. Companies differ in the extent to which
they rely on various IP assets. Among ICT corporations, top R&D investors such as Samsung or Sony rely on patents and
designs to almost the same extent, while others such as Fujitsu and Toshiba rely more on technological developments
than design, and yet others, e.g. Microsoft and Apple place a greater emphasis on design than patents.

22. Top corporate R&D with IP, 2012-14
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How to read the word clouds

The word clouds are assembled using information about the distribution of patent and design portfolios of top corporate R&D
investors. The font size of the company names reflects the relative size of the patent or design portfolios of the company vis-a-vis
those of other companies in the sample. The names of top corporate R&D investors active in the ICT sector appear in dark blue
bold characters, whereas those from other sectors are shown in light blue. The position and orientation (i.e. vertical vs horizontal)
of names in the word clouds has no meaning, aside from ensuring that the names are clearly visible.

Who are the world’s top corporate R&D investors?

Top R&D investors worldwide are companies that are either parents of (a number of) subsidiaries or independent entities. In the
former case, the R&D spending figure used for the ranking is that which appears in consolidated accounts and includes spending
made by subsidiaries. Among top R&D investors in 2014, 82% of the companies also appear in the 2012 list (see Dernis et al., 2015).
Notable differences between the lists include a smaller number of ‘Computer and electronics’ companies and a higher number
of ‘Pharmaceuticals’ corporations in 2014, as compared to 2012. Asia-based companies emerge as the biggest patent assignees
among the sample. Out of the top 50 IP5 assignees, 30 are headquartered in Asia of which 19 are located in Japan and 6 in Korea.
Top R&D investors headquartered in the European Union, the United States and Japan specialise in a relatively broad number of
technologies. EU and US companies often focus on technologies that play a fundamental role in addressing key societal challenges,
such as health or the environment. Companies headquartered in China and Korea specialise almost exclusively in ICT-related
technologies. More than half of top R&D investors employ the full IP bundle (patents, trademarks and designs). However, IP
strategies vary depending on the target market and the industry in which the companies operate. More information about these
companies and their patenting, design and trademarking activities can be found in Daiko et al. (2017).
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1. Science, innovation and the digital revolution

Technology at the global frontier

Top corporate R&D investors worldwide lead the development of many emerging technologies. This is evident from an
examination of the technology fields in which these companies intensified their inventive activities during 2012-14 and the
contribution of top R&D investors to the overall development of these fields. Top corporate R&D investors accelerated their
inventive activities in areas such as engines, automated driving systems, and information and communication technologies
(ICT) related to connectivity, transmission and digital data transfer. In many of these fields, top R&D corporate investors
own 80% or more of the worldwide portfolio of patents related to these technologies.

23. Top 20 emerging technologies developed by top R&D companies, 2012-14
Share of patents owned by top 2000 R&D companies in total IP5 patent families in the field, percentages
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Source: OECD calculations based on JRC-OECD, COR&DIP®© Database v.1. and OECD, STI Micro-data Lab: Intellectual Property Database, http://oe.cd/
ipstats, July 2017. See chapter notes.
StatLink Sy=m http://dx.doi.org/10.1787/888933617282

In which technologies are top R&D companies leading?

R&D activities undertaken by the world’s top corporate R&D investors result in the development of new technologies. The DETECTS
methodology (see Dernis et al., 2016, for details) was applied to the portfolio of top 2000 R&D players to highlight technology fields
experiencing an accelerated (“bursting”) development, compared to other technologies. Patent bursts are sudden and persistent
increases in the number of patents in a given field, as compared to those observed in other fields, and are characterised here
at the level of International Patent Classification (IPC) groups. The top emerging technologies are defined according to the IPC
codes that follow open-ended bursting behaviour, i.e. a rapid acceleration in patenting, from the early 2010s onwards. Artificial
intelligence refers to the “Human interface” and “Cognition and meaning understanding” categories in the ICT patent taxonomy
as described in Inaba and Squicciarini (2017).
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1. Science, innovation and the digital revolution

Top players in artificial intelligence

Top 2000 corporate R&D investors own 75% of the IP5 patent families related to artificial intelligence (AI). These investors
are not necessarily global companies in the ICT sector; firms in each and every industry contribute to advancing Al, albeit
to different extents. In addition to “Computers and electronics”, which accounts for 64% of the Al portfolio of top R&D
players, corporations operating in “Transport equipment” and “Machinery” are responsible for high levels of inventive
activities in the AI domain over the period considered (almost 1000 patents a year, on average). The development of
Al technologies is fairly concentrated. R&D corporations based in Japan, Korea, Chinese Taipei and China account for
about 70% of all Al-related inventions belonging to the world’s 2000 top corporate R&D investors and their affiliates, and
US-based companies for 18%.

24. Artificial intelligence patents by top 2 000 R&D companies, by sector, 2012-14
Number of IP5 patent families, top 20 industries

Top 5 industries Other industries

Number of patents Number of patents
10000 - 2tt2 1250 -

8000 1000 |

6000 750
4000 500

2000

o

Source: OECD calculations based on JRC-OECD, COR&DIP® Database v.1. and OECD, STI Micro-data Lab: Intellectual Property Database, http://oe.cd/
ipstats, July 2017. See chapter notes.

StatLink =a=m http://dx.doi.org/10.1787/888933617301

25. Artificial intelligence patents by top R&D companies, by headquarters’ location, 2012-14
Share of economies in total Al-related IP5 patent families owned by top 2 000 R&D companies
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Source: OECD calculations based on JRC-OECD, COR&DIP® Database v.1. and OECD, STI Micro-data Lab: Intellectual Property Database, http://oe.cd/
ipstats, July 2017. StatLink contains more data. See chapter notes.

StatLink sa=r http://dx.doi.org/10.1787/888933617320
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ONOMIES AND THE DIGITAL TRANSFORMATION

1. Science, innovation and the digital revolution

Research in machine learning

Research in the field of artificial intelligence (Al) has aimed for decades to allow machines to perform human-like cognitive
functions. Breakthroughs in computational power and systems design have raised the profile of Al, with its outputs increasingly
resembling those of humans. Such advances enabled IBM’s Deep Blue computer to beat world chess champion Garry Kasparov in
1997 and allowed computers to distinguish between objects and text in images and videos. A key driver has been the development
of machine learning (ML) techniques. ML deals with the development of computer algorithms that learn autonomously based
on available data and information. Drawing on the power of “big data” sources, algorithms can deal with more complex
problems that were assailable only to human beings. Experimental bibliometric analysis shows remarkable growth in scientific
publications related to ML, especially during 2014-15. The United States leads in this area of research both in terms of total
publications and highly cited ones. Also worthy of note is the fast growth experienced by India, now the third largest producer
of scientific documents on ML after China and fourth behind the United Kingdom on a quality-adjusted basis.

26. Trends in scientific publications related to machine learning, 2003-16
Economies with the largest number of ML documents, fractional counts
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Source: OECD calculations based on Scopus Custom Data, Elsevier, Version 4.2017, July 2017. StatLink contains more data. See chapter notes.
StatLink sa=m http://dx.doi.org/10.1787/888933617339

27. Top-cited scientific publications related to machine learning, 2006 and 2016
Economies with the largest number of ML documents among the 10% most cited, fractional counts
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(accessed June 2017), July 2017. See chapter notes.
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1. Science, innovation and the digital revolution

Which scientific documents have been identified as related to machine-learning?

These experimental estimates are based on a search for the text item ““machine learn*” in the abstracts, titles and keywords
of documents published up to 2016 and indexed in the Scopus database. The accuracy of this appr